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COMPOSITIONS AND METHODBS FOR PRODUCING STEREQISOMERICALLY
PURE STATINS AND SYNTHETIC INTERMEDIATES THEREFOR

L. TECHNICAL FIELD

[0601] The present disclosure relates to compositions and methods useful for the
stereoselective reduction of hydroxy oxo esfers, such as 5-hydroxy-3-oxo-hexanoate esters, to
vield stereoisomerically pure corresponding syn dihydroxy esters. More specifically, the
disclosure concerns non-naturally occurring engineered ketoreductase enzymes having
mmproved properties as compared to the wild-type ketoreductases from which they were
derived, polynucleotides encoding the engineered ketoreductase enzymes, host cells
comprising such polynucleotides, methods of using the engineered ketoreductase enzymes to
synthesize a variety of stereoisomerically pure compounds, and the stereoisomerically pure

compounds synthesized therewith.
2. REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM

[0002] The Sequence Listing submitted concurrentty herewith under 37 C.F.R. §§ 1.82l{¢c)

and 1.821(e) is herein incorporated by reference in its entirety.
3. BACKGROUND

[0063] Stereoisomerically pure syn 3,5-dihydroxyhexanoate esters are key chiral
intermediates for the synthesis of cholesterol lowering statins such as atorvastatin calcium
(sold under the brand name LIPITOR® by Pfizer, Inc.), rosuvastatin calcium (sold under the
brand name CRESTOR® by AstraZeneca, Ltd.), and pitavastatin (soid in Japan under the
brand name Lipalo by Kowa Company Lid. and Nissan Chemical Industries). While various
methods for producing these chiral intermediates are known, including both chemical and
enzymatic methods of reducing the corresponding 5-hydroxy-3-oxohexanoate ester, these
methods suffer significant drawbacks, making them less than ideal for commercial scale
synthesis. Given the importance of these key chiral intermediates in the synthesis of
cholesterol lowering statins, compositions and methods useful for synthesizing these

compounds in a cost effective and efficient manner would be highly desirable.
4. SUMMARY

[0064] As mentioned above, stereoisomerically pure syn 3,5-dihydroxyhexanoate esters

according to structural formula (1la):
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OH OH O
(Ia) X o’
wherein X is selected from halo (e.g., chloro and bromo), cyano and ~OR®, where RS
is hydrogen or a protecting group, and R' is selected from (C2-C12) alkyl, (C6-C10) ary! and
(C7-C12) arylalkyl, are key intermediates in the synthesis of cholesterol lowering statins,
including but not limited to, atorvastatin; rosuvastatin, and pitavastatin. These key chiral
intermediates are typically synthesized by reducing the corresponding enantiomerically pure

S-hydroxy-3-oxohexanoate ester according to structural formula (Ia):

OH O ©
(Ia) X or'

under conditions in which the syr dihydroxy ester diastercomer of structural formula
(Ia), supra, 1s obtained in diastereomeric excess over the corresponding anti dihydroxy ester
diastereomer of structural formula (IIb):
OH Q:)H O
(11} X . OR'
[0605] Recently, certain ketoreductase enzymes have been identified that can be used to
carry out this enantioselective reduction (see, e.g., U.S. Patent No. 6,645,746 and WO
01/40450). The present inventors have discovered that ketoreductase enzymes capable of
catalyzing the above-described enantioselective reduction can be engineered using laboratory
evolution technologies, such as DNA shuffling, to yield non-naturally occurring engineered
ketoreductases that have improved properties as compared to the naturally-occurring wild-
type ketoreductase enzyme obtained from Saccharomyces cerevisiae. Further, the disciosure
also provides isolated naturally-occurring ketoreductases that comprise any one of the sets of
mutations disclosed herein for the engineered ketoreductases. Thus, such naturally-occurring
ketoreductases that comprise such sets of mutations can be used in any one of the processes,

kits, reaction mixtures, etc. disclosed herein.

[0006] The improved properties can be related to different aspects of the wild-type
ketoreductase enzyme. For example, the improved properties can involve the stability of the
enzyme under the conditions of the stercoselective reduction reaction, the enzymatic activity

of the ketoreductase enzyme, and/or sensitivity to inhibition (e.g., product inhibition).



[6007] Thus, in one aspect, there is provided a engineered ketoreductase enzyme derived from the wild

type ketoreductase enzyme

of Saccharomyces cerevisiae capable of stereoselectively reducing the 3-oxo group of a S-hydraxy-
3-oxohexanoate to yield the corresponding syn 3,5-dihydroxyhexanoate ester, which enzyme has a
specific activity that is at least about 1.5-300 times or more greater than fhe specific activity of the
wild-type ketoreductase enzyme of SEQ ID NO:2 and comprises an amino acid sequence

that is: (a) at least 90% identical to SEQ ID NO:2, and {b) has one or more of the following characteristics:

3¢ is 2 polar or acidic amino acid residue;

X% is an aliphatic or basic amine asid residne;

X* is 2 hydroxy] contzining or aliphatic amine asid residu;

X% is 2 small amino acid residus;

X* is 2 basic amino acid residue;

X® is an aromatic amino acid residue;

X is a hydroxy] containing or small amino acid residue;

%® is an aliphatic or bydropbobic amine acid residue;

X' is an aliphatic or aromatic amino acid residue;

¥ i a basic amino acid residoe;

X is a hydroxy! contrining or small amino acid residue;

3 is a polar or acidic amino acid residue;

X" is'an aromatic amine acid or polar hydrophilic amino acid residue
X" is a polar hydrophilic aminoe acid residue;

X*'® ig a hydroxyl containing amino acid residue;,

X®* is a polar hydrophilic amine acid residue;

X% is an aliphatic amino acid residue;

% {5 a basic amino acid residue;

X2 is 2 acidic or polar amino acid residue;

¥** is an acidic amino acid reéidue;

¥ is an aliphatic amino acid residue
X™" is an aromatic amino acid residue;

¥** is an alipbatic or hydroxy! containing or acidic or hydrophilic or basic amino acid

residue; and
307 .
X7 s an aromatic, z polar or a hydroxyl containing amino acid residue.

The present disclosure provides engineered (or isolated naturally-

LE )



occurring variant) ketoreductase enzymes having an improved property as compared to the
naturally-occurring wild-type ketoreductase enzyme obtained from Saccharomyces
cerevisiae. The engineered ketoreductases can possess a single improved property, or they
can possess two or more improved properties, in any'éombination(s). In some embodiments, the
engineered ketoreductases can comprise an amino acid sequence that is at least 90%, 91%,
92%, 93%, 94%, 95%, 56%, 97%, 98%, or 99% identical to the wild-type ketoreductase
enzyme amino acid sequence, with the proviso that the engineered amino acid sequence

comprises one or more mutations thet are sufficient to provide an improved property.

[0008] In some embodiments, the engineered ketoreductase enzyme has increased enzymatic
activity as compared to the wild-type ketoreductase enzyme. Improvements in enzymatic
activity can be measured by comparing the specific activity of the engineered ketoreductzse
with that of the wild-type ketoreductase enzyme using standard enzyme assays. The amount
of the mprovement can range from 1.5 times the enzymatic activity of the corresponding
wild-type ketoreductase enzyme, (o as much as 2 times. 5 times, 10 times, 20 times, 25 times,
50 times, 75 times, 100 times, 150 times, 200 times, 250 times, 300 times, or more enzymatic
activity. In specific embodiments, the engineered ketoreductase enzyme exhibits improved
enzymatic activity in the range of 1.5 to 50 times, 1.5 to 100 times, 1.5 to 150 times, 1.5 to
200 times, 1.5 to 250 times, or 1.5 to 300 times greater than that of the wild-type
ketoreductase enzyme. Improvemesnts in enzyme activity also include increases in

stereoselectivity or reduced product mhibition,

[0009] In some embodiments, the engineered ketoreductase enzyme exhibits improved
thermal stability as compared to the wild- e. ketoreductase enzyme. Improvements in
thermal stability can be measured by comparing the degree of enzythatic activity retained by
the engimeered ketoreductase enzyme following 2 specified period of incubation at a specified
temperamré ‘with that retained by the corresponding wild-type enzyme under similar

conditions.

[0010] The engineered ketoreductase enzymes described herein can be obtained by
mutagenizing the gene encoding naturally-occurring wild-type ketoreductase enzyme of
Saccharomyces utilizing standard laboratory technigues, including the various mutagenesis

- and recombination technigues.

3a
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[8011] In some embodiments, the engineered ketoreductase enzymes described herein have a
sequence that corresponds to the amino acid sequence of the wild-type ketoreductase from
which they are derived and include one or more amino acid mutations that result in an
improvement in the property of the enzyme. In some embodiments, the mutations are a
selected combination of mutations that overall improve one or more properties of the enzyme.
In some embodiments, such as where the improved property is from a single mutation or
specific combination of mutations, the engineered ketoreductase may optionally include one

or more conservative mutations at other residue positions within the polypeptide sequence.

[0012] In some embodiments, the ketoreductase enzyme comprises an amino acid sequence
that corresponds to SEQ 1D NO:2, or is at least about 90%, 91%, 92%, 93%, 94%, 95%,
6%, 97%, 98%, or 99% identical to SEQ ID NO:2, and wherein the amino acid sequence
comprises at least one mutation over SEQ 1D NO:2 at one of the following residue positions:
6,27, 31, 36, 48, 63, 65, 86, 125, 152, 160, 165, 194, 214, 218, 234, 248, 250, 263, 290, 296,
297,301, and 307. In one embodiment, the at least one mutation at one of the above
positions must be a non-conservative mutation as compared to the wild-type SEQ ID NO:2

sequence.

[0813] In some embodiments, the ketoreductase enzyme comprises an amino acid sequence
that corresponds to SEQ 1D NO:2, or is at {east about 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identical to SEQ 1D NO:2, and wherein the amino acid sequence
comprises an aromatic residue at position 63. In one embodimert, the aromatic residue is

tryptophan.

[0014] In some embodiments, the ketoreductase enzyme has an amine acid sequence that is
at feast about 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to any one of the
amino acid sequences listed in the Sequence Listing, with the proviso that the amino acid
sequence is not identical to the wild-type sequence (SEQ ID NO:2). In some embodiments,
the ketoreductase has an amino acid sequence that is identical to any one of the amino acid
sequences listed in the Sequence Listing and includes one or more conservative mutations

(including for example, 1, 2, 3, 1-5, 1-10~, 1-20, or more conservative mutations).

[0015] In some embodiments, the ketoreductase comprises an amino acid sequence that
corresponds to SEQ 1D NO:2, or 1s at least about 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99%

identical to SEQ ID NO:2, and comprises one or more of the following characteristics:
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X® is a polar or acidic amino acid residue;

X* is an aliphatic or basic amino acid residue;

X*! is a hydroxyl containing or aliphatic amino acid residue;

X% is a small amino acid residue;

X* is a basic amino acid residue;

X% is a hydrophobic or aromatic amino acid;

X% is a hydroxyl containing or small amino acid residue;

X* i an aliphatic or hydrophobic amino acid residue;

X' is an aliphatic or aromatic amino acid residue;

X'*? is a basic amino acid residue;

X' is a hydroxyl containing or smali amino acid residue;

X1 is a polar or acidic amino acid residue;

X% is an aromatic amino acid or polar hydrophilic amino acid residue

X is a polar hydrophilic amino acid residue;

X*1% is a hydroxyl containing amino acid residue;,

X** is a polar hydrophilic amino acid residue;

X** is an aliphatic amino acid residue;

X% is a bagic amino acid residue;

X*%% i3 a acidic or polar amine acid residue;

X* is an acidic amino acid residue;

X* is an aliphatic amino acid residue

X*7 is an aromatic amino acid residue;

X*" is an aliphatic or hydroxy! containing or acidic or hydrophilic or basic amino
acid residue; and

X" is an aromatic, 2 polar or a hydroxyl containing amino acid residue. In one
embodiment, the ketoreductase comprises all of the above characteristics. In one
embodiment, the ketoreductase comprises at least one characteristic such that at least one
residue is mutated as compared to SEQ 1D NO:2. In one embodiment, the ketoreductase
comprises at least one characteristic such that at least one residue is non-conservatively

mutated as compared to SEQ ID NO:2.
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[0016] Insome embodiments, the ketoreductase enzyme comprises an amino acid sequence
that corresponds to SEQ 1D NO:2, or is at least about 90, 91, 92, 93, 94, 95, 96, 97, 9%, or

99% identical to SEQ ID NO:2, and comprises one or more of the following characteristics:

X% is a polar or acidic amino acid residue;

X" is an aliphatic or basic amino acid residue;

X! is a hydroxyl containing or aliphatic amino acid residue;

X% is a small amino acid residue;

X* is a basic amino acid residue;

X% is an aromatic amino acid;

X is a hydroxyl containing or small amino acid residue;

X is an aliphatic or hydrophobic amino acid residue;

X'* is an aliphatic or aromatic amino acid residue;

X' {5 a basic amino acid residue;

X% is a hydroxyl containing or small amino acid residue;

X' is a polar or acidic amino acid residue;

X" is an aromatic amino acid or polar hydrophilic amino acid residue

X' is a polar hydrophilic amino acid residuge;

X' is a hydroxyl containing amino acid residue;,

X*isa polar hydrophilic amino acid residue;

X**® is an aliphatic amino acid residue;

X*% {5 a basic amino acid residue;

X*%* i3 a acidic or polar amino acid residue;

X% ig an acidic amino acid residue;

X**° is an aliphatic amino acid residue

X*7 is an aromatic amino acid residue;

X*** is an aliphatic or hydroxyl containing or acidic or hydrophilic or basic amino
acid residue; and

X*%7 is an aromatic, a polar or a hydroxyl containing amino acid residue. In one
embodiment, the ketoreductase comprises all of the above characteristics. In one
embodiment, the ketoreductase comprises at least one characteristic such that at least one

residue 1s mutated as compared to SEQ ID NO:2. In one embodiment, the ketoreductase



comprises at least one characteristic such that at least one residue is non-conservatively

mutated as compared to SEQ D NO:2.

[6017] In some embodiments, the ketoreductase comprises a ketoreductase having an
improved activity as compared to a ketoreductase of SEQ ID NO:2, and that has an amino
acid sequence that corresponds to the wild-type sequence ketoreductase of FIG. 3 (SEQ ID
NO:2) and includes one or more mutations selected from: R27A, R2Z7K, N318, A36V,
Y48H, 163W, R65G, R65S, 1861, F125L, K152R, A160T, Y194C, A218T, V2481, K250R,
E290D, L296V, Y297W, Y297F, L301K, L30iR, L301A, L301S, L301E, L301P, L301Q,
L301V, L301T, L301Y, L301DY307H, Y307N, and Y307S. In some embodiments, such
improved engineered ketoreductases comprise an amino acid sequence that is at least 90%,
91%, 92%, 93%, 94%, 35%, 96%, 97%, 98%, or 99% identical to SEQ ID NO:2, with the
proviso that the amino acid sequence comprises at least one or more of the above listed
mutations (in some embodiments, at least 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,

I8, 19, 20 or more of the mutations).

{0018} In some embodiments, the engineered ketoreductase comprises a ketoreductase with
an improved enzyme stability having an amino acid sequence that corresponds to the wild-
type sequence of FIG. 3 (SEQ ID NO:2) and includes one or more mutations selected from:
44D, 1461, 155V, I56V, A60T, 163V, L76M,, G103S, L1061, D114G, L1211, Q144R,
S148T, N158H, Q223H, I1237G, 1237N, 1237R, S239T, and V253A.

[6019] In some embodiments, the engineered ketoreductase comprises a ketoreductase with a
combination of improved enzyme activity and improved enzyme stability having a amino acid
sequence that corresponds to the wild type sequence of FIG. 3 (SEQ ID NO:2) and that
includes one or more mutations selected from: Q6E, N31P, A160S, Q165E, Q214H, Q214R,

E234Q, and Q263E. In one embodiment, the ketoreductase comprises all of these mutations,

[0020] In some embodiments, the engineered ketoreductase comprises a ketoreductase with a
combination of improved enzyme activity and/or improved enzyme stability having an amino
acid sequence that corresponds to the wild type sequence of FIG. 3 (SEQ ID NO:2) and
includes one or more mutations selected from: N40Y, V43L, K5S1E, 158V, E62Q, A73P,
K79R, K152Q, K169E, F1851, Q189H, G192D, H200L, D201G, K215E, K215M, K216R,
D221V, 8233C, 1237D, K250E, 1265V, L287R, K304R, Q310R, K311E, V3128, and V312E.



[0021] Specific exemplary embodiments of such engineered ketoreductases include SEQ ID
NOS: 16, 18,20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60,
62, 64, 66, 68, 70,72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106,
108,110, 112,114, 116, 118,120, 122, 124,126, 128, 130, 132, 134, 136, 138, 140, 142,
144,146, 148, 150, 152, 154, 136, 138, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178,
180, 182, 184, 186, 18%, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210, 212, 214,
216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242, 244,246, 248, 250,
252,254, 256, 258, 260, 262, 266, 268, 270,272, 274, 276, 278, 280, 282, 284, 286, 288,
250,292, 294, 296, 298, 300, 302, 304, 306, 308, 310, 312, 314, 316, 318, 320, 322, 324,
326,328, 330, 332, 334, 336, 338, 340, 342, 344, 346, 348, 350, 332, 354, 356, 358, 360,
362, 364, and 366.

[6022] In some embodiments, the engineered ketoreductase enzyme has an amino acid
sequence that 15 at Jeast about 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to an

amino acid sequence listed in Table 1.

[0623] In some embodiments, the ketoreductase comprises an amino acid sequence that is at

least about 95, 96, 97, 98, or 99% identical to SEQ ID NO:316 or 318, In.one embodiment,

the ketoreductase comprises the amino acid sequence of SEQ 1D NO:316 or 318, but with

one or more conservative mutations (including 1,2, 3,4, 5,6, 7,8, 9, 10, or more) at residues

that have not been mutated as compared to SEQ ID NO:2.

[0024] In another aspect, there is provided a polynucleotide comprising a sequence that encodes a
ketoreductase enzyme as described herein. The present disclosure provides polynucleotides encoding the

engineered ketoreductases described herein or polynucleotides that hybridize to such

polynucieotides under highly stringent conditions. The polynucleotide can include promoter's

and other regulatory elements usefu!l for expression of the encoded engineered ketoreductase,

and can utilize codons optimized for specific desired expression systerns.

[0025] In still another aspect, there is provided an expression system comprising the polynucleotide as

described herein operably linked to a control sequence suitable for directing expression in a host cell. In yet
another aspect, there is provided a host cell comprising the expression system as defined above. The

present disclosure provides host cells comprising the
polynucicotides and/or expression vectors described herein. The host cells may be

Saccharoniyces cerevisiae, which the engineered ketoreductese enzyme was derived from, or
they may be a different organism. The host cells can be used for the expression and isolation
of the engineered ketoreductase enzymes described herein, or, alternatively, they can be used

in the vanous methods described further below.



[0026] The ketoreductase enzymes can be used to reduce hydroxy oxo ester enantiomers of
structural formula (la) to their corresponding syz dibydroxys in high vield and with a high

degree of stereoselectivity.

[0627] In one embodiment, the ketoreductase enzymes are used in purified or isolated form. In another

embodiment, extracts from cells expressing the enzymes are used.

[0028] Thus, in another aspect, there is provided a process for preparing 2 syn 3,5-dihydroxyhexanocate

compound according to formula (Ila}:

OH OH D
{Iia) X

R1
wiersin ¥ is ssiected from halo, cyano and ~-OR, where RS is nydrogen or & protecting
group, and R’ is szlected from (C1-C12) alkyl, (C6-C10) ary) and (C7-C12) arvialikyl,
comprising stersoselectively reducing an enartiomer of a S-hydroxy-3-oxohaxanoate

compound according to strustural formuls (Ja):

@ x A AN

" wherein ¥ and R’ are as defined for struenral formule (e,

using a ketoreductase as described herein under conditions suitabie for

-~

reducing the 3-oxo group to a 3-hydroxy group,

In yet another aspect, there is provided a reaction mixture comprising a ketoreductase enzyme as described herein, a
cofactor for said ketoreductase enzyme and a substrate according to structural formula (Ta):
oH © C

(iz} % p

whersin X is selected from halo, cyane and —OR®, where R® is hydrogen or 2 protecting
group, and R' s selected from (C1-C12) alkyl, (C6-C10) aryl and (C7-C12) arvialicyl,

In still another agpect, there is provided a reaction mixture comprising a ketoreductase enzyme as described herein, a

cofactor for said ketoreductase enzyme and a substrate according to structural formula (Ila):

?H oM O

8

(Lia) X oR'

whersin X is selected from halo, cyano and ~OR®, where R’ is bydrogen or & protecting

group, and R’ is selected fFom (C1-C12) alkyl, (C6-C10) aryl and (C7-C12) aryialicyl.



In stili another aspect, there is provided in a method of synthesizing a stafin compound that includes as
one step the enantioselective reduction of a compound according to structural formula (Ia) to yield a
compound according to structural formula (Ila), the improvement comprising carrying out the
enantioselective reduction of compound (la) to compound (fla) with a ketoreductase enzyme as described herein;

wherein structural formula (1a) is:

OH O O
w2 I
wherein X is seiected from halo, cyano and —OR’, where R® is hydrogen or & protecting
group, and R’ is seiected from (C1-C12) alkyl, (C6-C10) aryl and (C7-C12) aryialityl; and
wherein struchral formuis (Hz) is;

o8 OH O
(Ha) X oR!

wherein X and R are defined a5 for struchural formula (fa),

The present disclosure provides methods of producing a syn dihydroxy ester according to structural

formula (Ila_):

OH OH D
ia
(lla) X or!
wheremn X and R' are as previously defined. The methods generally comprise

selectively reducing a hydroxy oxo ester enantiomer according to structural formula (Ja):

OoH O O

CHES &S o

wherein X and R’ are as defined for structural formula {Ila), using an engineered
ketoreductase enzyme described herein. The method may be carried out using whole cells
that express the engineered ketoreductase enzyme, such as the host cells described herein,

extracts or lysates from such cells, or purified engineered ketoreductase Enzymes.

Sa



[0029] As will be appreciated by skilled artisans, the reduction reaction illustrated above
generally requires a cofactor, which is normally NADH or NADPH, and a system for
regenerating the cofactor, for example glucose and glucose dehydrogenase. Since cells
generally provide such cofactors and cofactor regeneration systems, in embodiments
empioying whole cells cell extracts or cell lysates, the addition of such cofactors and cofactor
regeneration systems may be unnecessary. In embodiments employing purified engineered
ketoreductase enzyme(s), such cofactors and optionally such cofactor regeneration systems
will typically be added to the reaction medium along with the hydroxy oxo ester substrate and
the ketoreductase enzyme(s). Like the engineered ketoreductase enzyme, any enzyme(s)
comprising the cofactor regeneration system can be supplied to the reaction mixture in the
form of extracts or lysates of such cells, or as purified enzyme(s). In embodiments
employing cell extracts or cell Iysates, the cells used to generate the extracts or lysates can be

engineered to express the enzyme(s) comprising the cofactor regeneration systems alone, or

9
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together with the engineered ketoreductase enzyme. In embodiments employing whole cells,
the cells can be engineered to express the enzyme(s) comprising the cofactor regeneration

systems and the engineered ketoreductase enzyme together.

[6030] Whether carrying out the method with whole cells, cell extracts or purified
ketoreductase enzymes, 2 single ketoreductase enzyme may be used or, alternatively,

mixtures of two or more ketoreductase enzymes may be used.

[0031] The ketoreductase enzymes described herein are highly specific for the enantiomer of
structural formula (Ja) and catalyze the above-described reduction reaction in high yield and
with a high degree of stereoselectivity. Depending upon the particular engineered
ketoreductase enzyme used, yields in the range of about 80 to 99.9% with a diastereomeric
excess (“d.e.”) of » 99.5%, can be readily achieved. For example, it has been discovered that
engineered ketoreductase enzymes of the present disclosure can be used to stereoselectively
reduce the 5-hydroxyoxo ester enantiomer of structural formula (Ia), supra, to the
corresponding syn dihydroxy of structural formula (112) with yields in the range of 90 to

99.9% and with a degree of stereoselectivity of > 99.7%.

[0032] In many embodiments, diastercoselectivities of > 99.8%, 99.9%, 69.91%, 99.92%,
99.93%, 99.94%, 99.5%, 99.96%, 99.97%, 99.98% and even 99.99% d.e. can be achieved.
Indeed, as will be discussed in more detail below in connection with FIGS. 6 and 7, a crude,
unpurified reduction product obtained from a starting substrate that was > 99% pure in the
enantiomer of structural formula (Ia) using the engineered ketoreductase enzyme of SEQ ID

NO:316 was >99.99% pure in the syn diastereomer of structural formula (ITa).

[6033} Because the engineered ketoreductase enzymes described herein are so highly
stereoselective, the resultant syn dihydroxy ester of structural formula (11a) can be recovered
in substantially stercochemically pure form without the need to chirally separate it from the
corresponding anfi or any other diastereomer. Indeed, owing to the high yield and high
stereoselectivity of the reaction, if the hydroxy oxo ester substrate of structural formula (1) is
substantially pure in the enantiomer of structural formula (la), the specific syn dihydroxy
ester diastereomer of structural formula (I1a) can be recovered from the reaction medium as a

substantially pure or pure diastereomer without purification.

[6034] The chiral dihydroxy ester of structural formula (I1a) can be used as 2 starting material

to synthesize cholesterol-lowering stating, including but not Himited to, atorvastatin,

10



rosuvastatin, end pitavastatin. A key step in many of these methods i protecting the
hycdroxyl groups of the syn dihydroxy ester of structural formula {Ila}, yielding & protected
syn dihiydroxy ester according fo structural formuta (I1Ia):

i} OR? OR? O

my K
OR!

wherein X and R' are as-previously defined for structural formula (Ta) and sach R is

a protecting group ot, altematively, the two R groups can be taken together o form a

substituted or unsubstituted alkylene bridge. Hence, in an aspect, there is provided a process for the

preparation of a protected syn 3,5-dihydroxy-3-oxohexanoate compound according te structural formula
{Ia):

OR? OR?Z O

(ia) x oR!

wherein:

X 15 selectzd from bale, cyane and ~OR®, where R is hydrogen or z protecting groug;

R is selected from (C1-C12) alkyl, (C6~C10) aryl and (C71-C12) aryialkyt: and

each R’ is 2 protecting group, or, alternatively, the R? groups may be taken together 1o form
an alkylene bridge of the formmiz -CR'R*, or 2 boronate of -BR’- wherein R® and R* are sach,
ndependently of one another, selectsd from kvdrogen, (C1-C12) alkyl, (C6-C10) aryl and (C7-C12)
arylalicyl, or aliernatively, R’ and R* taken topsther form 2 (C4-C10) cycloalicy] or heterocycioalkyl,
and R’ is selected from (C1-C12) alkyl, (C6-C10) aryl and (C7-C12) aryvialkyl, comprising the steps
of:

(1) stereoselectively reducing a S-hydroxy-3-oxohexansate enantiomer of structural formmis

(ia)

wherein struchira! formula (Ja) is:

W x I

wierein X is sejected from halg, oyane and —OR®, where RS is hydrogen or a protecting

group, and R’ is ssiected from (C1-C12) alicyl, (C6-C10} ary! emd (C7-C12) aryialkcyl:
using a ketoreductase enzyme as described herein under conditions
suitabie o rednce fhe 3-0xo group to 2 3-hydroxy group 1o vield 2 first reactiop product comprising 2
syn 3, 5-diydroxyhexanoate compound according o smuctoral formmia (Iia)
wheretn struciral formula (Ta) is:

y OH OH O

a

(I X -
wherein X and R are defined 25 for strushi) formale (ia}

and
(ii} protecting the hydroxy! groups of the syn 3, 5-dihydroxyhexancate compoumnd 1o yielda

second reaction product comprising the protected svn 3 ~~-dinydroxy-3-oxohexanoats compound
-acmrt:ﬁng o structoral formuia (Ts).
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- In some embodiments, the protected syn dihydroxy ester is a compound according to structural formula
(Iva):

(TVa) o e o

wherein X and R are as previously defined for structural formula (Tfz) and R? and R’
are each, independently of one another, selected from hydrogen, (CI-C12) alkyl, (C6-C10)
aryl and (C7-C12) arylalkyl, or alternatively, R® and R* tzken together form a (C4-C10)
cycloalky! or heterocycloalkyl. In a specific embodiment, R and R? are each methyl.

[6035] In some embodiments, the protected syn dihydroxy ester is a compound according to

structural formula (Va):

(Va) oPo o

wherein X and R' are as previously defined for structural formula (Tfa), and R® is

selected from (C1-C12) alkyl, (C6-C10) aryl and (C7-C12) arylaikyl. In some embodiments
R’ is phenyl.

H

10636] Owing fo therr stereoselectivity, the engineered ketoreductase enzymes described
herein can be used to synthesize stereoisomerically pure preparations of protected SR
dihydroxy esters according to structural formula (IITe), (TVa) and {(Va). The methods

generally comprise enantioselectively reducing a hydroxyoxoester enantiomer according o

1la
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structural formula (Ia), supra, using an engineered ketoreductase enzyme as described herein
to yield a first reaction product comprising a syn dihydroxy ester according to structural
formula (IIa), supra, and protecting the hydroxyl groups of the syn dihydroxy ester to yield
the protected syn dihydroxy ester of structural formula (II1a). Owing o the high
stereoselectivity of the engineered ketoreductase enzymes, the protected syn dihydroxy ester
of structural formula (IIfa) can be recovered as a substantially stereochemically pure or pure
diastereomer, i.e., substantially free of the corresponding anti diastereomer and any other

diastereomers, without chiral separation.

{6037} The syn dihydroxy esters and/or protected syn dihydroxy esters can be used as
reactants in known methods to synthesize cholesterol lowering statins, Exemplary synthetic
routes for preparing exemplary statins are illustrated in FIGS. &, 9, and 10. Thus, in another
aspect, the present disclosure provides methods of producing substantially stereoisomerically
pure preparations of statins, such as, for example, atorvastatin, rosuvastatin, and pitavastatin.
The methods generally comprises: () reducing a substantially enantiomerically pure hydroxy

0x0 ester enantiomer according to structural formula (Ia):

OH O O
Ia \W
(Ia) X o’
wherein R* and X are as previously defined, with an engineered ketoreductase
enzyme described herein to yield a first reaction product comprising a substantially
diastereomerically pure syn dihydroxy ester according to structural formula (Ila):

OH OH C

(112) x .

wherein X and R' are as defined for structural formula (Ta); and (ii) thereafter using
the syn dihydroxy ester of structural formuia (I1a) to synthesize a statin. Since the engineered
ketoreductases described herein catalyze the reduction of step (i) with a high degree of
enantioselectivity, the syn dihydroxy ester of structural formuia (Ifa) can be used to
synthesize statins having a high degree of stereoisomeric purity using reactions carried out at
nearly ambient temperature and without the need for chiral separations. Indeed, the high
degree of stereoselectivity of the reduction reaction allows preparation of statins having a %
d.e. that is within about 90 to 99.99 % of the %e.e. of the hydroxy oxo ester starting substrate,

readily and economically in high vield.

12



5. BRIEF DESCRIPTION OF THE FIGURES

[6038] FIG.1 illustrates the role of ketoreductases and halohydrin dehalogenases in converting

an alkyl 4-halo-3-oxobutyrate to various intermediates useful in the synthesis of statins.

[0039] FIG 2 illustrates various routes for synthesizing t-butyl (6R)-(2-cyanoethyl)-2.2
dimethyl-1,3 -dioxane from a t-butyl-3,5-dihydroxy-6-halohexanoate.

[0040] LIG. 3 provides the wild-type sequence of the ketoreductase encoded by the YdlI24wp
gene (Genbank Acc. No..NP_010159.1; G1:6320079) from Saccharomyces cerevisiae (SEQ
1D NO:2).

[0641] FIG. 4 provides the amino acid sequence of the ketoreductase from Saccharomyces
cerevisiae with the residues marked that can be modified to generate engineered polypeptides

with improved ketoreductase properties.

10042] FIG. 5 provides an illustration of plasmid pCK110900 in which cloned ketoreductase
genes are operatively linked to the lac promoter under control of the lacl repressor for

expressing engineered ketoreductase enzymes.

[0643] FIG. 6 shows LC/MS/MS chromatograms of t-butyl 6-cyano-(3R,5R)-
dihydroxyhexanoate samples of Example 17 (a sampie prepared by an embodiment of the
methods described herein)(upper panel) and a sample prepared from commercial crystalline t-

butyl (6R)-(2-cyanoethyl)-2,2 dimethyl-1,3-dioxane-(4R)-acetate (lower panel).

[0044] FIG. 7 shows GC/MS chromatograms of t-butyl (6R)~(2-cyanoethyl)-2,2 dimethyl-1,3
dioxane-(4R)-acetate samples of Example 23 (a sample prepared by the method of the

invention) and a commercial crystalline sample.

[8045] FIG. 8 illustrates a synthetic scheme for rosuvastatin; R represents H or a suitable

protecting group.

[6046] F1G. 9 illustrates a synthetic scheme for pitavastatin; R represents H or a suitable

protecting group.

[0047] FIG. 10 illustrates a synthetic scheme for atorvastatin; R represents H or a suitable

protecting group.

6. DETAILED DESCRIPTION

13
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6.1 Definitions
[0048] As used herein, the following terms are intended to have the following meanings:

100497 “Alkvl” by itself or as part of another substituent refers to a saturated or unsaturated
branched, straight-chain or cyclic monovalent hydrocarbon radical having the stated number
of carbon atoms (i.e., C1-C6 means one to six carbon atoms) that is derived by the removal of
one hydrogen atom from a single carbon atom of a parent alkane, alkene or alkyne. Typical
alkyl groups include, but are not limited to, methyl; ethyls such as ethanyl, ethenyl, ethynyl;
propyls such as propan-1-yl, propan-2-yl, cyclopropan-1-yl, prop-1-en-1-yi, prop-1-en-2-yl,
prop-2-en-1-yl, cycloprop-i-en-1-yl; cycloprop-2-en~1-yl, prop-1-yn-1-yl , prop-2-yn-1-yl,
etc.; butyls such as butan-1-yl, butan-2-yl, 2-methyl-propan-1-yl, 2-methyl-propan-2-yl,
cyclobutan-1-yl, but-1-en-1-yi, but-1-en-2-yl, 2-methyl-prop-1-en-1-yi, but-2-cn-1-yl ,
but-2-en-2-yl, buta-1,3-dien-1-yl, buta-1,3-dien-2-yl, cyclobut-1-en-1-yl, cyclobut-1-¢n-3-yl,
cyclobuta-1,3-dien-1-yl, but-1-yn-1-yl, but-1-yn-3-yi, but-3-yn-1-yl, etc.; and the like.

Where specific levels of saturation are intended, the nomenclature “alkanyl,” “alkenyl”
and/or “alkynyl” is used, as defined below. “Lower alkyl” refers to an alkyl group containing

from 1 to 6 carbon atoms.

[0030] “Alkany!l” by itself or as part of another substituent refers to a saturated branched,
stratght-chain or cyclic alkyl derived by the removal of one hydrogen atom from a single
carbon atom of a parent alkane. Typical alkanyl groups include, but are not limited to,
methanyl; ethanyl; propanyis such as propan-1-yl, propan-2-y! (isopropyl), cyclopropan-1-yl,
efc.; butanyls such as butan-1-yl, butan-2-yl {(sec-butyl), 2-methyl-propan-1-yl {iscbutyl),
2-methyi-propan-2-yl {-butyl), cvclobutan-1-yl, efc.; and the like,

[0851] “Alkenvl™ by itself or as part of another substituent refers to an unsaturated branched,
straight-chain or cyclic alkyl having at least one carbon-carbon double bond derived by the
removal of one hydrogen atom from a single carbon atom of a parent alkene. The group may
be in either the cis or trans conformation about the double bond(s). Typical alkenyl groups
include, but are not limited to, ethenyl; propenyis such as prop-1-en-1-yl, prop-1-en-2-yl,
prop-2-en-1-yl, prop-2-en-2-yl, cycloprop-1-en-1-yl; cycloprop-2-en-1-yl ; butenyls such as
but-1-en-1-yl, but-1-en-2-yl, 2-methyl-prop-1-en-1-yl, but-2-en-1-yl, but-2-en-2-yi,
buta-1,3-dien-1-yl, buta-1,3-dien-2-yl, cyclobut-1-en-1-yl, cyclobut-1-en-3-yl,
cyclobuta-1,3-dien-1-yl, erc.; and the like.
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[0652] “Alkynyl” by itself or as part of another substituent refers to an unsaturated branched,
straight-chain or cyclic alkyl having at least one carbon-carbon triple bond derived by the
removal of one hydrogen atom from a single carbon atom of a parent alkyne. Typical alkynyl
groups include, but are not limited to, ethynyl; propynyls such as prop-1-yn-1-yl,
prop-2-yn-1-yl, etc.; butynyls such as but-1-yn-1-yl, but-1-yn-3-yl, but-3-yn-1-yl, etc.; and
the like.

[0033] “Alkyldiyl” by itself or as part of another substituent refers to a saturated or
unsaturated, branched, straight-chain or cyclic divalent hydrocarbon group having the stated
number of carbon atoms (i.e., C1-Cé means from one to six carbon atoms) derived by the
rernoval of one hydrogen atom from each of two different carbon atoms of a parent alkane,
alkene or alkyne, or by the removal of two hydrogen atoms from a single carbon atom of a
parent alkane, alkene or alkyne. The two monovalent radical centers or each valency of the
divalent radical center can form bonds with the same or different atoms, Typical alkyldiyl
groups include, but are not limited to, methandiyl; ethyldiyls such as ethan-1,1-diyl,
ethan-1,2-diyl, ethen-1,1-diyl, ethen-1,2-diyl; propyldiyls such as propan-1,1-diyl,
propan-1,2-diyl, propan-2,2-diyl, propan-1,3-diyl, cyclopropan-1,1-diyl,
cyclopropan-1,2-diyl, prop-1-en-1,I-diyl, prop-1-en-1,2-diyl, prop-2-en-1,2-diyl,
prop-1-en-1,3-diyl, cycloprop-1-en-1,2-diyl, cycloprop-2-en-1,2-diyl,
cycloprop-2-en-1,1-diyl, prop-1-yn-1,3-diyl, etc.; butyldiyls such as, butan-1,1-diyl,
butan-1,2-diyl, butan-1,3-diyl, butan-1,4-diyl, butan-2,2-diyl, 2-methyl-propan-1,1-diyl,
2-methyl-propan-1,2-diyl, cyclobutan-1,1-diyl; cyclobutan-1,2-diyl, cyclobutan-1,3-diyl,
but-1-en-1,1-diyl, but-1-en-1,2-diyl, but-1-en-1,3-diyl, but-1-en-1,4-diyl,
2-methyl-prop-1-en-1,1-diyl, 2-methanylidene-propan-1,1-diyl, buta-1,3-dien-1,1-diyl,
buta-1,3-dien-1,2-diyl, buta-1,3-dien-1,3-diyl, buta-1,3-dien-1,4-diyl, cyclobut-1-en-1,2-diyl,
cyclobut-1-en-1,3-diyl, cyclobut-2-en-1,2-diyi, cyclobuta-1,3-dien-1,2-diyl,
cyclobuta-1,3-dien-1,3-diyl, but-1-yn-1,3-diyl, but-1-yn-1,4-diyl, buta-1,3-diyn-1,4-divyl, etc.;
and the like. Where specific levels of saturation are intended, the nomenclature atkanyldiyi,
alkenyldiyl and/or alkynyldiyl is used. Where it is specifically intended that the two
valencies be on the same carbon atom, the nomenclature “alkyiidene” is used. A “lower
alkyldiyl” is an alkyldiyl group containing | to 6 carbon atoms. In some embodiments the

alkyldiyl groups are saturated acyclic alkanyldiyl groups in which the radical centers are at
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the terminal carbons, e.g., methandiyl (methano); ethan-1,2-diyl (ethano); propan-1,3-diyl
{(propano); butan-1,4-diyl (butano); and the like (also referred to as alkylenes, defined infia).

[6054] “Alkylene” by itself or as part of another substituent refers to a straight-chain saturated
or unsaturated alkyldiyl group having two terminal monovalent radical centers derived by the
removal of one hydrogen atom from each of the two terminal carbon atoms of straight-chain
parent alkane, alkene or alkyne. The locant of a double bond or triple bond, if present, in a
particular alkylene is indicated in square brackets. Typical alkylene groups include, but are
not limited to, methylene (methano); ethylenes such as ethano, etheno, ethyno; propylenes
such as propano, prop{1]eno, propafl,2]dieno, prop[1]yno, etc.; butylenes such as butano,
butf1]eno, but[2]eno, buta[1,3]dieno, but{1]yno, but{2]yno, buta[1,3]diyno, etc.; and the like.
Where specific levels of saturation are intended, the nomenclature alkano, alkeno and/or
alkyno is used. In some embodiments, the alkylene group is (C1-C6) or (C1-C3) alkylene. In
some embodiments, the alkylene group is a straight-chain saturated alkano group, e.g.,

methano, ethano, propano, butano, and the like.

[0055} “Cycloalkyl” by itself or as part of another substituent refers to a cyclic version of an
“alkyl™ group. Typical cycloalkyl groups include, but are not limited to, cyclopropyl;
cyclobutyls such as cyciobutanyl and cyclobutenyl; cyclopentyls such as cyclopentanyl and

cyclopentenyl; cyclohexyls such as cyclohexanyl and cyclohexenyl; and the like.

[0056] “Parent Aromatic Ring System” refers to an unsaturated cyclic or polycyclic ring

system having a conjugated m electron system. Specifically included within the definition of
“parent aromatic ring system” are fused ring systems in which one or more of the rings are
aromatic and one or more of the rings are saturated or unsaturated, such as, for example,
fluorene, indane, indene, phenalene, tetrahydronaphthalene, etc, Typical parent aromatic ring
systems include, but are not limited to, aceanthrylene, acenaphthylene, acephenanthrylene,
anthracene, azulene, benzene, chrysene, coronene, fluoranthene, fluorene, hexacene,
hexaphene, hexalene, indacene, s-indacene, indane, indene, naphthalene, octacene, octaphene,
octalene, ovalene, penta-2,4-diene, pentacene, pentalene, pentaphene, perylene, phenalene,
phenanthrene, picene, pleiadene, pyrene, pyranthrene, rubicene, tetrahydronaphthalene,

triphenylene, trinaphthalene, and the like.

[0057] “Aryl” by itself or as part of another substituent refers to a monovalent aromatic

hydrocarbon group having the stated number of carbon atoms (i.e., C5-C15 means from 5 to
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15 carbon atoms) derived by the removal of one hydrogen atom from a single carbon atom of
a parent aromatic ring system. Typical aryl groups include, but are not limited to, groups
derived from aceanthrylene, acenaphthylene, acephenanthrylene, anthracene, azulene,
benzene, chrysene, coronene, fluoranthene, fluorene, hexacene, hexaphene, hexalene,
as-indacene, s-indacene, indane, indene, naphthalene, octacene, octaphene, octalene, ovalene,
penta-2,4-diene, pentacene, pentalene, pentaphene, perylene, phenalene, phenanthrene,
picene, pleiadene, pyrene, pyranthrene, rubicene, triphenylene, trinaphthalene, and the like, as
well as the various hydro isomers thereof. In some embodiments, the aryl group is (C6-C10)

Specific examples are phenyl and naphthyl.

[0058] “Arvlalkyl” by itself or as part of another substituent refers to an acyclic alkyl group
in which one of the hydrogen atoms bonded to a carbon atom, typically a terminal or sp’
carbon atom, 1s replaced with an aryl group. Typical arylalkyl groups include, but are not
limited to, benzyl, 2-phenylethan-1-yl, 2-phenylethen-1-yl, naphthylmethyl,
2-naphthylethan-1-yl, 2-naphthylethen-1-yl, naphthobenzyl, 2-naphthophenylethan-1-y1 and
the like. Where specifically saturated or unsaturated alkyl moieties are intended, the
nomenclature arylalkanyl, arylalkenyl and/or arylalkynyl is used. In some embodiments, the
arylalkyl group 1s (C7-C12) arvlalkyl. In a specific embodiment the alkanyl, alkenyl or

alkynyl moiety of the arylalkyl group is (C1-C2) and the aryl moiety is (C6-C10).

[6059] “Ketoreductase™ and “KRED” are used interchangeably herein to refer to a
polypeptide that is capable of enantioselectively reducing the 3-oxo group of a 5-hydroxy-3-
oxohexanoate ester enantiomer to yield the corresponding syn 3,-5-dithvdroxyhexanoate ester,
The polypeptide typically utilizes the cofactor reduced nicotinamide adenine dinucleotide
(NADH) or reduced nicotinamide adenine dinucieotide phosphate (NADPI) as the reducing
agent. Ketoreductases as used herein include naturally occurring (wild type) ketoreductases

as well as non-naturally occurring engineered polypeptides generated by human manipulation.

[0060] “Coding sequence” refers to that portion of a nucleic acid (e.g., a gene) that encodes an

amino acid sequence of a protein.

[0061] “Naturally-occurring” or “wild-type” refers to the form found in nature. For example,

a naturally occurring or wild-type polypeptide or polynucleotide sequence is a sequence
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present in an organism that can be isolated from a source in nature and which has not been

intentionally modified by human manipulation.

[6062] “Recombinant” when used with reference to, e.g., a cell, nucleic acid, or polypeptide,
refers fo a material, or a material corresponding to the natural 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 derived from synthetic materials and/or by manipulation using
recombinant techniques. Non-limiting examples include, among others, recombinant cells
expressing genes that are not found within the native (non-recombinant) form of the cell or

express native genes that are otherwise expressed at a different level.

[0063] “Percentage of sequence identity” and “percentage homology™ are used

mnterchangeably herein to refer to comparisons among polynucleotides 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 comprisc additions or deletions (i.e., gaps) as compared to the reference sequence
{which does not comprise additions or deletions) for optimal alignment of the two sequences.
The percentage may be calculated by determining the number of positions at which the
identical nucieic acid base or amine acid residue occurs in both sequences to yield the
number of matched positions, dividing the number of matched positions by the total number
of positions in the window of comparison and multiplying the result by 100 to yield the
percentage of sequence identity. Alternatively, the percentage may be calculated 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 is aligned
with a gap to yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the window of comparison and multiplying the
result by 100 to yield the percentage of sequence identity. Those of skill in the art appreciate
that there are many established algorithms available to align two sequences. Optimal
alignment of sequences for comparison can be conducted, e.g., by the local homology
algorithm of Smith and Waterman, 1981, Adv. Appl. Marh. 2:482, by the homology alignment
algorithm of Needleman and Wunsch, 1970, J. Mol. Biol. 48:443, by the search for similarity
method of Pearson and Lipman, 1988, Proc. Natl. Acad. Sci. US4 85:2444, by computerized
implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the GCG

Wisconsin Software Package), or by visual inspection (see generally, Current Protocols in
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Molecular Biology, F. M. Ausubel et al., eds., Current Protocols, a joint venture between
Greene Publishing Associates, Inc. and John Wiley & Sons, Inc., (1995 Supplement)
(Ausubel)). Examples of algorithms that are suitable for determining percent sequence
identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are
described in Altschul et al., 1990, J Mol Biol. 215: 403-410 and Altschul et al.,, 1977,
Nucleic Acids Res. 3389-3402, respectively. Software for performing BLAST analyses is
publicly available through the National Center for Biotechnology Information website. This
algorithm involves first identifying high scoring sequence pairs (HSPs) by identifying short
words of length W in the query sequence, which either match or satisfy some positive-valued
threshold score T when aligned with a word of the same length in a databasc sequence. T is
referred to as, the neighborhood word score threshold (Altschul et al, supra). These initial
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
nucleotide 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 cumulative score. Extension of the word hits in each
direction are halted when: the cumulative alignment score falls off by the quantity X from its
maximum achieved value; the cumulative score goes to zero or below, due to the
accumulation of one or more negative-scoring 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 alignment. The BLASTN program (for nucleotide sequences)
uses as defaults a wordlength (W) of 11, an expectation (E) of 10, M=5, 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 (E) of 10, and the BLOSUM®62 scoring matrix
(see Henikoff and Henikoft, 1989, Proc Natl Acad Sci USA 89:10915). 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.

[00664] “Reference sequence” 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 sequence. Generally, a reference sequence is at
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least 20 nucleotide or amino acid residues in length, at least 25 residues in length, at least 50
residues in length, or the full length of the nucleic acid or polypeptide. Since two
polynucleotides or polypeptides may each (1) comprise a sequence (i.¢., a portion of the
complete sequence) that is similar between the two sequences, and (2) may further comprise
a sequence that is divergent between the two sequences, sequence comparisons between two
{or more) polynucleotides or polypeptide are typically performed by comparing sequences of
the two polynucleotides over a “comparison window” to identify and compare local regions

of sequence similarity.

[0065] “Comparison window” refers to a conceptual segment of at least about 20 contiguous
nucleotide positions or amino acids residues wherein a sequence may be compared to a
reference sequence of at least 20 contiguous nucleotides or amino acids and wherein the
portion of the sequence in the comparison window may comprise additions or deletions (i.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 comparison window
can be longer than 20 contiguous residues, and includes, optionally 30, 40, 50, 100, or longer

windows.

[0666] “Substantial identity” refers to a polynucleotide or polypeptide sequence that has at

least 80 percent sequence identity, at least 85 percent identity and 89 to 95 percent sequence
identity, more usually at least 99 percent sequence identity as compared to a reference
sequence over a comparison window of at least 20 residue positions, frequently over a
window of at least 30-50 residues, wherein the percentage of sequence identity is calculated
by comparing the reference sequence to a sequence that includes deletions or additions which
total 20 percent or less of the reference sequence over the window of comparison. In specific
embodiments applied to polypeptides, the term “substantial identity” means that two
polypeptide sequences, when optimally aligned, such as by the programs GAP or BESTFIT
using default gap weights, share at least 80 percent sequence identity, preferably at least 89
percent sequence identity, at least 95 percent sequence identity or more (e.g., 99 percent
sequence identity). Preferably, residue positions which are not identical differ by

conservative amino acid substitutions.

10067] “Stereoselectivity” refers to the preferential formation in a chemical or enzymatic

reaction of one stereoisomer over another. Stercoselectivity can be partial, where the

formation of one stereoisomer is favored over the other, or it may be complete where only
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one stereoisomer is formed. When the stereoisomers are enantiomers, the stereoselectivity 18
referred to as enantioselectivity, the fraction (typically reported as a percentage) of one
enantiomer in the sum of both. It is commonly reported in the art (typically as a percentage)
as the enantiomeric excess calculated therefrom according to the formula {major enantiomer
- minor enantiomer}/[major enantiomer + minor enantiomerj. Where the stercoisomers are
diastereoisomers, the stereoselectivity is referred to as diastereoselectivity, the fraction
{typically reported as a percentage) of one diastereomer in the sum with others, In the
context of the present disclosure, diastereoselectivity refers to the fraction (typically reported
as a percentage) of the hydroxy oxo ester of structural formula (I2) that gets converted into
the syn dihydroxy ester of structural formula Ila, as opposed to the anti dihydroxy ester of
formula ITb. It may also be reported (typically as a percentage) as the diastereomeric excess

calculated therefrom according to the formula [syn la — anti TIb]/ [syn [la + anti ITb].
6.2  Ketoreductase Enzymes

[0068] The present disclosure provides engineered ketoreductase (“KRED”) enzymes that are
capable of enantioselectively reducing the 3-oxo group of a 5-hydroxy-3-oxohexanoate ester
enantiomer to produce the corresponding syn 3,5-dihydroxyhexanoate ester, and have at least
one improved property when compared with the naturally-occurring, wild-type KRED
enzyme obtained from Saccharomyces cerevisiae. As noted above, the stereoisomerically
pure syn 3,5-dihydroxyhexanoate esters produced by the ketoreductase can serve as
intermediates for the synthesis of several cholesterol lowering statins. Improvements in
various enzyme propertics can facilitate use of these engineered ketoreductases in large scale
production of this intermediate compound. Any number of improvements in enzymatic
properties would be useful for the described application, for example, enzymatic activity,

thermal stability, and reduced co-factor requirement.

[0069] Ketoreductase enzymes having improved properties can be obtained by mutating the
genetic material encoding the ketoreductase enzyme of Saccharomyces cerevisiae and
identifying polynucleotides that express engineered enzymes with a desired property. These
non-naturally occurring ketoreductases can be generated by various well-known techniques,
such as in vitro mutagenesis or directed evoliution. In some embodiments, directed evolution
18 an attractive method for generating engineered enzymes because of the relative ease of
generating mutations throughout the whole of the gene coding for the polypeptide, as well as

providing the ability to take previously mutated polynucleotides and subjecting them to
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additional cycles of mutagenesis and/or recombination to obtain further improvements in a
selected enzyme property. Subjecting the whole gene to mutagenesis can reduce the bias that
may result from restricting the changes to a limited region of the gene. It can also enhance
generation of enzymes affected in different enzyme properties since distantly spaced parts of
the enzyme may play a role in various aspects of enzyme function. Mutagenests and directed
evolution techniques useful for the purposes herein are amply described in the literature:
Ling, et al., 1997, “Approaches to DNA mutagenesis: an overview,” Anal. Biochem.
254(2):157-78; Dale et al., 1996, “Oligonucleotide-~-directed random mutagenesis using the
phosphorothioate method,” Methods Mol. Biol. 57:369-74; Smith, 1985, “In vitro
mutagenesis,” Ann. Rev. Genet. 19:423-462; Botstein et al., 1985, “Strategies and
applications of in vitro mutagenesis,” Science 229:1193-1201; Carter, 1986, “Site-directed
mutagenesis,” Biochem. J. 237:1-7; Kramer et al., 1984, “Point Mismatch Repair,” Cel/,
38:879-887; Wells et al., 1985, “Cassette mutagenesis: an efficient method for generation of
multiple mutations at defined sites,” Gene 34:315-323; Minshull et al., 1999, “Protein
evolution by molecular breeding,” Curr Opin Chem Biol 3:284-290; Christians et al,, 1999,
“Directed evolution of thymidine kinase for AZT phosphorylation using DNA family _
shuffling,” Nature Biotech 17:259-264; Crameri et al., 1998, “DNA shuffling of a family of
genes from diverse species accelerates directed evolution,” Nature 391:288-291; Crameri et
al., 1997, “Molecular evolution of an arsenate detoxification pathway by DNA shuffling,”
Nature Biotech 15:436-438; Zhang et al., 1997, “Directed evolution of an effective
fructosidase from a galactosidase by DNA shuffling and screening,” Proc Natl Acad Sci USA
94:45-4-4509; Crameri et al., 1996, “Improved green fluorescent protein by molecular
evolution using DNA shuffling,” Nature Biotech 14:315-319; Stemmer, 1994, “Ramd
evolution of a protein in vitro by DNA shuffling,” Nature 370:389-391; Stemmer, 1994,
“DNA shuffling by random fragmentation and reassembly: In vitro recombination for
molecular evolution,” Proc Natl Acad Sci USA 91:10747-10751; 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, All publications are incorporated herein by reference.

[6070] The naturally occurring polynucieotide encoding the naturally occurring
ketoreductase of Saccharomyces cerevisiae can be obtained from the isolated polynucleotide
known to encode the ketoreductase activity {Genbank accession no. NP_010159

G1:6320079). Alternatively, a polynucleotide encoding the naturally occurring
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ketoreductases can be synthesized by polynucleotide synthesis methodologies known in the
art based on the reported polynucleotide sequence of the Saccharomyces cerevisiae
ketoreductase-encoding gene. In various embodiments, as further described below, the
naturally occurring polynucleotide encoding the ketoreductase can be codon optimized to the
codons preferred by a specific host cell used for expression of the enzyme. See e.g., Example
1.

[0071] The parent or reference polynucleotide encoding the naturally occurring or wild type
ketoreductase is subjected to mutagenic processes, for example random mutagenesis and
recornbination, to introduce mutations into the polynucleotide. The mutated polynucleotide
is expressed and translated, thereby generating engineered ketoreductase enzymes with
modifications to the polypeptide. As used herein, “modifications” include amino acid
substitutions, deletions, and insertions. Any one or a combination of modifications can be
introduced mto the naturally occurring enzymatically active polypeptide to generate
engineered enzymes, which are then screened by various methods to identify polypeptides,
and corresponding polynucleotides, having a desired improvement in a specific enzyme
property. A polynucleotide encoding an engineered ketoreductase with an improved property
can be subjected to additional rounds of mutagenesis treatments to generate polypeptides with

further improvements in the desired enzyme property.

[0072] As used herein, a ketoreductase enzyme that has an “improved enzyme property”
refers to a ketoreductase enzyme that exhibits an improvement in any enzyme property as
compared to a reference ketoreductase enzyme. For the engineered ketoreductase enzymes
described herein, the comparison is generally made to the wild-type Saccharomyces
cerevisiqe ketoreductase enzyme (SEQ ID NO:2), although in some embodiments, the
reference ketoreductase can be another improved engineered ketoreductase. Enzyme
properties for which improvement is desirable include, but are not limited to, enzymatic
activity, thermal stability, pH activity profile, cofactor requirements, refractoriness to

inhibitors (e.g., product inhibition), sterospecificity, and sterecoselectivity.

[0073] As used herein the context of engineered ketoreductase enzymes, “derived from”
identifies the originating ketoreductase enzyme, and/or the gene encoding such ketoreductase
enzyme, upon which the engineering was based. For example, the engincered ketoreductase
enzyme of SEQ ID NO:80 was obtained by artificially evolving, over multiple generations

the gene encoding the Saccharomyces cerevisiae ketoreductase enzyme of SEQ 1D NO:2,
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Thus, this engineered ketoreductase enzyme is “derived from” the wild-type ketoreductase of
SEQ IDNO.: 2.

[0674] While not intending to be bound by any theory of operation, it is believed that the
improvements in enzyme properties arise from introduction of modifications into a
polypeptide chain that, in effect, perturb the structure-function of the enzyme and/or its
interactions with another molecule (e.g., substrate). Some regions of the polypeptide may be
critical to enzyme activity, for example amino acids involved in catalysis and substrate
binding domains, such that small perturbations to these regions may have significant effects
on enzyme function. Some amino acid residues may be at important positions for
maintaining the secondary or tertiary structure of the enzyme, and thus also produce
noticeabie changes in enzyme properties when modified. On the other hand, some regions of
the polypeptide may have a global structural role or form part of the enzyme less involved in
the critical aspects of enzyme function (e.g., a peptide loop connecting alpha helices) and
produce a measurable effect on enzyme function only when a large number of substitutions
have accumulated in the region. Thus, in some embodiments, the number of modifications to
the naturally occurring polypeptide that produces an improved ketoreductase property may
comprise one or more amino acids, 2 or more amino acids, 5 or more amino acids, 10 or more
amino acids, or 20 or more amino acids, up to 10% of the total number of amino acids, up to
20% of the total number of amino acids, or up to 30% of the total number of amino acids of

the reference enzyme sequence.

[6075] Because of the nature of the technique, gene evolution approaches, such as DNA
mutagenesis and recombination, biases the modification towards amino acid substitutions.
Thus, mn various embodiments, the improvements in enzyme properties can arise from
substitutions at one amino acid residue, 2 or more amino acid residues, 5 or more amino acid
residues, 10 or more amino acid residue, 15 or more amino acid residues, 20 or more amino
acid residues, up to 10% of the total number of amino acids, up to 20% of the total number of
amino acids, or up to 30% of the total number of amino acids making up the reference

enzyme sequence.

[0076] As will be apparent to the skilled artisan, an analysis of amino acid substitutions for a
large number of engineered ketoreductase with an improved enzyme property shows that the
substitutions recur at certain amino acid residues in the ketoreductase polypeptide as well as a

bias towards certain types of amino acids. This recwrence of substitutions at certain defined
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positions within the polypeptide may reflect the effect of amino acid residue on that particular
enzyme property and its retention by the continued imposition of selection for the particular
tmproved enzyme property. The recurrence of substitutions as well as the bias of the types of
substituted amino acids can be grouped to describe the types of substitutions allowable for
generating the improved enzyme property. Typically, genctically encoded amino acids can

be grouped into the following classes based on their side chain properties:

[0077] “Hydrophilic Amino Acid or Residue” refers to an amino acid or residue having a

side chain exhibiting a hydrophobicity of less than zero according to the normalized
consensus hydrophobicity scale of Eisenberg er al., 1984, J. Mol. Biol. 179:125-142,
Genetically encoded hydrophilic amino acids include L-Thr (1), L-Ser (S), L-His (H), L-Glu
(E), L-Asn (N), L-Gln (Q), L-Asp (D), L-Lys (K) and L-Arg (R).

{0078] “Acidic Amino Acid or Residue” refers to a hydrophilic amino acid or residue having
a side chain exhibiting a pK value of less than about 6 when the amino acid is included in a
peptide or polypeptide. Acidic amino acids typically have negatively charged side chains at
physiological pH due to loss of a hydrogen ion. Genetically encoded acidic amino acids
inchude L-Glu (E) and E-Asp (D).

[0079] “Basic Amino Acid or Residue” refers to a hydrophilic amino acid or residue having a
side chain exhibiting a pK value of greater than about 6 when the amino acid is included in a
peptide or polypeptide. Basic amino acids typically have positively charged side chains at
phystological pH due to association with hydronium ion. Genetically encoded basic amino

acids include L-His (H}), L-Arg (R} and L-Lys (K).

[0080] “Polar Amino Acid or Residue” refers to a hydrophilic amino acid or residue having a
side chain that is uncharged at physiological pH, but which has at least one bond in which the
pair of electrons shared in common by two atoms is held more closely by one of the atoms,
Genetically encoded polar amino acids include L-Asn (N), L-Gin (Q), L-Ser (8) and L-Thr
(T).

[0081] “Hydrophobic Amino Acid or Residue” refers to an amino acid or residue having a

side chain exhibiting a hydrophobicity of greater than zero according to the normalized
consensus hydrophobicity scale of Eisenberg ef al., 1984, J. Mol. Biol. 179:125-142.
Genetically encoded hydrophobic amino acids include L-Pro (P), L-Ile (1), L-Phe (F), L-Val
(V), L-Leu (L), L-Trp (W), L-Met (M), L-Ala (A) and L-Tyr (Y).
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[6082] “Aromatic Amino Acid or Residue” refers to a hydrophilic or hydrophobic amino acid

or residue having a side chain that includes at least one aromatic or heteroaromatic ring.
Genetically encoded aromatic amino acids include L-Phe (F), L-Tyr (Y) and L-Trp (W).
Although owing to the pKa of its heteroaromatic nitrogen atom L-His (H) is classified above
as a basic residue, as its side chain includes a heteroaromatic ring, it may also be classified as

an aromatic residue.

[0083] “Non-polar Amino Acid or Residue” refers to a hydrophobic amino acid or residue
having a side chain that is uncharged at physiological pH and which has bonds in which the
pair of electrons shared in common by two atoms is generally held equally by each of the two
atoms (7.e., the side chain is not polar). Genetically encoded non-polar amino acids include

L-Leu (L), L-Val (V), L-lle (I), L-Met (M) and L-Ala (A).

[0084] “Aliphatic Amino Acid or Residue” refers to a hydrophobic amino acid or residue
having an aliphatic hydrocarbon side chain. Genetically encoded aliphatic anmine acids
include L-Ala (A), L-Val (V), L-Leu (L) and L-lle (1).

[0085] The amino acid L-Cys (C) is unusual in that it can form disulfide bridges with other
L-Cys (C} amino acids or other sulfanyl- or sulfhydryl-containing amino acids. The
“cysteine-like residues” include cysteine and other amino acids that contain sulthydryl
moieties that are available for formation of disulfide bridges. The ability of L-Cys (C) (and
other amino acids with -SH containing side chains) to exist in a peptide in either the reduced
free -SH or oxidized disulfide-bridged form affects whether L-Cys (C) contributes net
hydrophobic or hydrophilic character to a peptide. While L-Cys (C) exhibits a hydrophobicity
of 0.29 according to the normalized consensus scale of Eisenberg (Eisenberg e al., 1984,
supra), 1t 1 to be understood that for purposes of the present disclosure L-Cys (C} is
categorized as a polar hydrophilic amino acid, notwithstanding the general classifications

defined above.

[0086] The amino acid Gly (G) 1s also unusual in that 1t bears no side chain on its c-carbon
and, as a consequence, contributes only a peptide bond to a particular peptide sequence.
Moreover, owing fo the lack of a side chain, it is the only genetically-encoded amino acid
having an achiral a-carbon. Although Gly (G) exhibits a hydrophobicity of 0.48 according to
the normalized consensus scale of Eisenberg (Eisenberg ef al., 1984, supra), for purposes of

the present invention, Gly is categorized as an aliphatic amino acid or residue,
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{0087] “Small Amino Acid or Residue” refers to an amino acid or residue having a side chain

that 1s composed of a total three or fewer carbon and/or heteroatoms (excluding the a-carbon
and hydrogens). The small amino acids or residues may be further categorized as aliphatic,
non-polar, polar or acidic small amino acids or residues, in accordance with the above
definitions. Genetically-encoded small amino acids include Gly, L-Ala (A}, L-Val (V),
L-Cys (C), L-Asn (N), L-Ser (S), L-Thr (T) and L-Asp (D).

[0088] “Hydroxvi-containing Amino Acid or Residue™ refers to an amino acid containing a
hydroxyl (-OH) moiety. Genetically-encoded hydroxyl-containing amino acids include L-Ser
(S) L-Thr (T) and L-Tyr (Y).

[6089] As will be appreciated by those of skill in the art, the above-defined categories are not
mutually exclusive. Indeed, the delineated category of small amino acids includes amino
acids from all of the other delineated categories except the aromatic category. Thus, amino
acids having side chains exhibiting two or more physico-chemical properties can be inchuded
in multiple categories, As a specific example, amino acid side chains having heteroaromatic
moieties that include ionizable heteroatoms, such as His, may exhibit both aromatic
properties and basic properties, and can therefore be included in both the aromatic and basic
categories. The appropriate classification of any amino acid or residue will be apparent to

those of skill in the art, especially i light of the detailed disclosure provided herein.

{0090] In some embodiments, the substitution in the engineered ketoreductase may be a
conservative substitution, The term “conservative aming acid substitutions” refer to the
interchangeability of residues having similar side chains, and thus typically involves
substitution of the amino acid in the polypeptide with amino acids within the same or similar
defined class of amino acids. By way of example and not limitation, an amino acid with an
aliphatic side chain may be substituted with another aliphatic amino acid, e.g., alanine,
valine, leucine, isoleucine, and methionine; an amino acid with hydroxyl side chain is
substituted with another amino acid with a hydroxyl side chain, e.g., serine and threonine; an
amino acids having aromatic side chains 1s substituted with another amino acid having an
aromatic side chain, e.g., phenylalanine, 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, arginine, and histidine; an amino acid with an acidic side chain is substituted with

another amino acid with an acidic side chain, e.g., aspartic acid or glutamic acid; and a
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hydrophobic or hydrophilic amino acid 1s replaced with another hydrophobic or hydrophilic

amino acid, respectively.

[6091] In some embodiments, the substitution in the engineered ketoreductase may be 2
conservative substitution. The term “conservative amino acid substitutions™ refer to the
interchangeability of residues having similar side chains, and thus typically involves
substitution of the amino acid in the polypeptide with amino acids within the same or similar
defined class of amino acids. By way of example and not limitation, an amino acid with an
aliphatic side chain may be substituted with another aliphatic amino acid, e.g., alanine,
valine, leucine, isoleucine, and methionine; an amino acid with hydroxyl side chain is
substituted with another amino acid with a hydroxyl side chain, e.g., serine and threonine; an
amino acids having aromatic side chains is substituted with another amino acid having an
aromatic side chain, e.g., phenylalanine, 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, arginine, and histidine; an amino acid with an acidic side chain is substituted with
another amino acid with an acidic side chain, e.g., aspartic acid or glutamic acid; and a
hydrophebic or hydrophilic amino acid is replaced with another hydrophobic or hydrophilic

amino acid, respectively.

[0092] In various embodiments, the substitutions for generating an improved ketoreductase
can comprise conservative substitutions, non-conservative substitutions, as well as

combinations of conservative and non-conservative substitutions.

{0093] In some embodiments, the improved engineered ketoreductase enzymes comprise
deletions of the naturally occurring ketoreductase polypeptides as well as deletions of other
improved ketoreductase polypeptides. The term “deletion” refers to modification to the
polypeptide by removal of one or more amino acids from the reference polypeptide.
Deletions can comprise removal of 1 or more amino acids, 2 or more amino acids, 5 or more
amino acids, 10 or more amino acids, 13 or more amino acids, or 20 or more amino acids, up
to 10% of the total number of amino acids, or up fo 20% of the total number of amino acids
making up the reference enzyme while retaining enzymatic activity and/or retaining the
improved properties of an engineered ketoreductase enzyme. Deletions can be directed to the
internal portions and/or terminal portions of the polypeptide. In various embodiments, the

deletion can comprise a continuous segment or can be discontinuous.
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[0694] In other embodiments, the improved engineered ketoreductase enzymes comprise
msertions of one or more amino acids to the naturally occurring ketoreductase polypeptide as
well as insertions of one or more amino acids to other improved ketoreductase polypeptides.
Insertions can be in the internal portions of the polypeptide, or to the carboxy or amino
terminus. Insertions as used herein include fusion proteins as is known in the art. The
insertion can be a contiguous segment of amino acids or separated by one or more of the

amino acids in the naturally occurring polypeptide,

[0095] As described above the various medifications introduced into the naturally occurring
polypeptide to generate an engineered ketoreductase enzyme can be targeted to a specific
property of the enzyme. Thus, in some embodiments, the improved property of the
engineered ketoreductase polypeptides is an increased enzymatic activity, typically
represented by an increase in specific activity (e.g., product produced/time/weight protein) as
compared to the reference ketoreductase enzyme (i.e., the naturally occurring ketoreductase).
Exemplary methods to determine enzyme activity are provided in the Examples. Any
property relating to enzyme activity may be affected, including the classical enzyme
properties of K, V.. or k., changes of which can lead to increased enzymatic activity.
Improvements in enzyme activity can be from about 1.5 times the enzymatic activity of the
corresponding wild-type ketoreductase enzyme, to as much as 2 times. 5 times, 10 times, 20
times, 25 times, 50 times, 75 times, 100 times, 150 times, 200 times, 250 times, 300 times, or
more enzymatic activity than the naturally occurring ketoreductase of SEQ ID NO:2. In
specific embodiments, the engineered ketoreductase enzyme exhibits improved enzymatic
activity in the range of 1.5 to 50 times, 1.5 to 100 times, 1.5 to 150 times, 1.5 to 200 times,
1.5 to 250 times, or 1.5 to 300 times greater than that of the wild-type ketoreductase enzyme,
It is understood by the skilled artisan that the activity of any enzyme is diffusion limited such
that the catalytic turnover rate cannot exceed the diffusion rate of the substrate, including any
required cofactors. The theoretical maximum of the diffusion limit, ot k.q/K,., is generally
about 10 10 10° (M s™). Hence, any improvements in the enzyme activity of the
ketoreductase will have an upper limit related to the diffusion rate of the substrates acted on
by the ketoreductase enzyme. Ketoreductase activity can be measured by any one of standard
assays used for measuring ketoreductase, such as a decrease in absorbance or fluorescence of
NADPH due to its oxidation with the concomitant reduction of a ketone to the corresponding

alcohol, or by product produced in a coupled assay. Comparisons of enzyme activities are
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made using a defined preparation of enzyme and a defined assay under a set condition, as
further described in detail herein. Generally, when lysates are compared, the numbers of cells
and the amount of protein assayed are determined as well as use of identical expression
systems and identical host cells to minimize variations in amount of enzyme produced by the

host cells and present in the lysates.

[6096] In some embodiments, the engineered ketoreductase with improved enzyme activity
comprise engineered polypeptides derived from Saccharomyces cerevisiae ketoreductase of
SEQ ID NO:2. In some embodiments, the enginecred ketoreductase comprises an amino acid
sequence that is at least about 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to SEQID
NO:2. Amino acid residues that can be modified to generate engineered polypeptides with
improved enzyme activity are shown in FIG. 4 in which X" represents the modified amino
acid residue. In some embodiments, one or more of the naturally occurring amino acid

residue of

SEQ ID NO:2 can be substituted as follows :
X isa polar or acidic amino acid residue;
X* is an aliphatic or basic amino acid residue;
X*isa hydroxyl containing or aliphatic amino acid residue;
X3¢ is a small amino acid residue;
X* is a basic amino acid residue;
X%isa hydrophobic or aromatic amino acid;
X" is a hydroxyl containing or small amino acid residue;
X* isan aliphatic or hydrophobic amino acid residue;
X' is an aliphatic or aromatic amino acid residue;
X% is a basic amino acid residue;
X"%isa hydroxyl containing or small amino acid residue;
X% isa polar or acidic amino acid residue;
X' is an aromatic amino acid or polar hydrophilic amino acid residue
X isa polar hydrophilic amino acid residue;
XM*isa hydroxyl containing amino acid residue;,
X** is a polar hydrophilic amino acid residue;
X* ig an aliphatic amino acid residue;
X** is a basic amino acid residue;

X*% is a acidic or polar amino acid residue;
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X" is an acidic amino acid residue;

X* is an aliphatic amino acid residue

X*7 is an aromatic amino acid residue;

X% is an aliphatic, hydroxyl containing, acidic, hydrophilic, or basic amino acid
residue; and/or

X**7 is an aromatic, a polar or a hydroxy! containing amino acid residue. In some

embodiments, the ketoreductase has all of these residue characteristics.

[8097] In some embodiments, the ketoreductase has one or more of these residue
characteristics. In some embodiments, at least one of these residue positions does not include
a substitution that is a conservative mutation with respect to SEQ ID NO:2. In some
embodiments, X* is an aromatic residue. In some embodiments, X* is tryptophan. Tn some
embodiments, residues at other positions can be conservatively mutated with respect to SEQ
D NO:2.

[6098] In some embodiments, the amino acid residues of the ketoreductase of SEQ ID NO:2
can be substituted with one or more specific amino acids as follows:

X% is E;

X*is Aor K;

X*igSorP;

X s A'A

X¥ s H;

XPis W,

X¥isGorS;

X*¥ il

X' i1,

XM s R;

X' Tors;

X' is E;

X5 ¢

X% is R or H;

XM s T

%23 i Q;

X s,
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XU s R;

X s E;

X* sV or D;

X s 1;

X*isFor W,

X¥MisR, K, A, V,S, T, Y, D, E, P, or Q; and/or
X**7is H, N or S.

[6099] In some embodiments, the engineered ketoreductases with improved enzyme activity
have substitutions in a subset of the amino acid residues indicated above. Thus, in some
embodiments the amino acid substitutions can occur in one or more of the amino acid
pOSlltl'OHSZ ){27‘5 X_B], Xgé, X48, X63, XGS, XSG’ Xl25’ X}SZ, XIGGB Xl%, X218’ qus, :XZSOD XQQO, ngﬁ,
X7 3% and XY, wherein the amino acid residues for substitution are selected as indicated

above,

[0100] In some embodiments, the engineered ketoreductase comprises one or more mutations
selected from: R27A, R27K, N318S, A36V, Y48H, [63W, R65G, R65S, L86I, F1251,
KI52R, A160T, Y194C, A218T, V2481, K250R, E290D, L296V, Y297W, Y297F, L301K,
L30IR, L301A, L3018, L301E, L301P, L301Q, L301V, L301T, L301Y, L301D, Y307H,
Y307N, and Y307S.

[0101] It is also shown herein that the various amino acid residue positions whose
substitutions result in a ketoreductase with improved properties are found to cluster in certain
segments of the ketoreductase enzyme, which allows targeted modifications of the segments.
Accordingly, in some emboediments, selected segments of the ketoreductase polypeptide may
be subject to modification. For the reference sequence of SEQ ID NO:2, the segments
affecting ketoreductase enzymatic activity include, among others, those represented by amino
acid residues 27 to 36, 40 to 65, 103 to 125, 144 t0 169, 233 to 263, and/or 287 to 312. One
or more of the amino acid residues within each segment or combination of segments may be
modified. In some embodiments, the corresponding amino acid sequences and positions for

substitutions comprise:
XTWYKXEETDX®
Xd(JSLX43X44QX46VX48ALXSi-LPGXSSX56HX5SDXGOAX62X63YX65
X'“LDX'PALKK MGTX"*YVDLYLX'"HSPX'®
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KRB YXPRXPPEAQIULR WX TX? RGXFILPVTTSS KPXHRX*: and

XZQOHEPI RX296X297\N—NKX30}YGKYNX 3{)7AAX3 1 0X31 lXS i2

wherein X" indicates positions of the amino acid substitutions.

[0£02] In some embodiments, the engineered ketoreductase enzyme with improved

enzymatic activity has an amino acid sequence selected from the amino acid sequences

recited in Table 1:

TABLE 1
Nucleie
Acid | Protein temperature
SEQ SEQ for stability
1D NO. | ID NO. Residue substitutions Activity test ("C) | Stability
15 16 L106]; * 37 +
17 18 G1I2R; AL60T; * 37 +
19 20 E44D; Y3075; * 37 +
21 22 I22M; S148T; * 37 +
23 24 E290D; * 37 +
25 26 R27A; * 40 -
27 28 V253A; Y30TN; K 40 -
29 30 R27A; Y48H; * 40 -
31 32 A60T; * 40 +
33 34 D114G; * 40 +
35 36 FI85L; * 40 -
37 38 N31S; * 40 -
39 40 L2996V, * 40 -
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TABLE 1
Nucleic
Acid | Profein temperature
SEQ SEQ for stability
ID NO. | ID NO. Residue substitutions Activity test ("C) | Stability
41 42 E78K; A160T; * 40 -
43 44 N40Y; §233C; % 40 -
45 46 Q214H,; * 40 -
47 48 V248T; * 40 -
49 50 F62Q; F185L; * 40 -
51 52 A60T; * 40 +
53 54 R27A; Y48H; A160T; * 40 -
55 56 122M; A101V; G112R; A160T; * 40 -
Y3078S;

57 58 R27A; Y3078; * 40 -
59 60 R27K; KS1E; S148T; 1237N; # 40 +
61 62 A60T; D102G; I237N,; u 40 +
63 64 1237N; o 40 +
65 66 R27A; Y48H; A160T; # 40 -
67 68 A60T; 1237N; * 40 +
69 70 122M; A60T; 1237N; * 40 +
7 72 R27A; A160T; K261IR; * 40 -
73 74 122M; 1237N; V253 A, * 40 +
75 76 122M; E44D; 1237N; E290Q; * 40 +
77 78 A160T; E290D; * 40 -
79 80 122M; 1237N; E290D; * 40 +
81 82 G1i2R; A160T; Y307S; * 40 -
83 84 122M; T77A; G112R; A160T, * 40 -
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TABLE 1
Nucleic
Acid | Protein temperature
SEQ SEQ for stability
1D NO. | 1D NO. Residue substitutions Activity test (“C) Stability
85 &6 122M; I237N; * 40 +
87 88 N31S; 1237N; * 40 +
89 90 A60T,; 1237T; g 40 +
91 92 Al60T; Y307S; * 40 -
93 94 K147R; A160T; 1237N; Y307S; * 40 +
95 96 R27K; A160T; 1237N; # 40 +
97 9% R27K; K79R; A160T; * 40 -
99 100 | R27A; GII2R; A160T; I237N; * 40 -
101 102 | A60T; KI95R; I237N; * 40 +
103 104 | A160T; * 40 -
105 106 | 163V; E78K; A160T; Q214R; * 40 -
107 108 | KS1E; Y194C; * 40 -
109 110§ N31S; 12377, * 40 -
111 112 | R27K; A160T; Q2I4R; 1237N; o 40 +
113 114 1 R27K; A160T,; S233G; 1237N; ok 40 -
115 116 | R27K; D114N; A160T; 1237N; o 40 -
V2481;

117 P8 | R2Z7K; A160T; 1237N; V253A; * 40 +
119 120 | R27K; V43F; A160T; I237N; wE 40 -
121 122 1 R27K; AI60T,; V22915 1237N; * 40 +
123 124 | R27K; Fi25L; A160T; I237N; ik 40 -
125 126 | R27K; Li215; A160T; 1237N; * 40 +
127 128 | R27K; AT60T; I237N; K261M,; o 40 -
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Acid | Protein temperature
SEQ SEQ for stability
1D NG. | ID NO. Residue substitutions Activity test (“C) Stability
129 130 | A160S; 1237R; o 40 +
131 132 | Al160S; 1237G; A 40 +
133 134 | A160S;1237Q); ok 44 +
135 136 R27K; L76M; A160T; I237N; * 49 +
137 138 R27K; S148R; A160T; 1237N; o 40 -
139 140 R27K; A160T; 1237N; S239T; * 40 +
141 142 R27K; A160T; S222R; Q223H; * 40 +
1237N;
143 144 R27K; V47L; A160T, D221V, * 40 +
1237N,;
145 146 R27K; A160T; I237N; 1.296Q); *E 40 -
147 148 R27K; A160S; Q214R; 1237N; ok 43 +
149 150 1 R27K; Y48H; A160T, Q214R; ok 43 -
1237N;
151 152 R27K; KSIE; 163V, Li21iL o 43 +
A160T; Q214R; 1237G;
153 154 R27IG N31S; Li211; A160T; ok 43 +
Q214R; K215M; 1237N;
155 156 R27A;N31S; A160T; H200L, HHk 43 -
Q214R; K215E; 1237N;
157 158 R27A; N318; A160T, Q214R; R 43 -
[237N; V312E;
159 160 1 R27K; N31S; I58V; A160T; o 43 -
Q214R; I237N; 1265V,
161 162 R27A; N31S; Y48H; A160T; ok 43 -
Q214R; 1237N;
163 164 R27K; A160T,; G192D; Q214R; ok 43 -
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Acid | Protein temperature
SEQ SEQ for stability
1D NO. | 1D NO. Residue substitutions Activity test (°C) Stability
1237N; K230E,
165 166 | R27K; 163V L1211; F125L; *E 43 +
A160T; Q214R; 1237N;
167 168 | R27K; K152R; A160T; Q214R; e 43 -
1237N;
169 170 | R27A; N31IS; A160T; Q214R; ok 43 -
1237N;
171 172 | R27K; G103S; A160T; Q214R; ok 43 +
1237N;
173 174 . | R2Z7K; A60T, I84V; A160T; * 43 +
Q214R; 1237N;
175 176 | R27K; A160T; Q214R; 1237R; ok 43 -
Y3078;
177 178 | R2Z7A; N31S; FI25L; A160T; ok 43 -
K169R; Q214R; 1237N;
179 180 | R27K; Q144R; A160T; Q214R; ko 43 +
1237N;
181 182 | R27K; L121E A160T; Q214R; ok 43 +
1237D;
183 184 | R27K; N31S; AT160T, Q214R; Rk 43 -
[237N; Y307S;
185 186 R27K; LiZ211; A160T; Y194C; okt 43 +
Q214R; I237N;
187 188 | R27K; N31S; E78K; A160T; ok 43 -
Q214R; T217A; S222G; 1237N;
189 190 R27K; L1211 A160T; Q214R; o 43 +
1237,
191 192 | R27K; A160T; Q214R; Q223H; o 43 +
1237N;
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Acid | Protein temperature
SEQ SEQ for stability
ID NO. | IP NO. Residue substitutions Activity test (°C) Stability
193 194 1 R27K; E78K; A160T; Q214R; o 43 -
1237N; Y3078S;
193 196 R27A; N31S; L1211; A160T, ook ok 43 +
QZ14R; I237N;
197 198 | R27K; L1211, A160T,; Y194C; ok 43 +
Q214R; 1237N;
199 200 | R27K; N3iS; Li211; A160T; Rk 43 +
Q214R; I1237N,;
201 202 | R27K; N3iS; A160T, Q214R; A 43 -
1237G;
203 204 | H9T; R27K; N31S; A160T, HEE 43 -
Q214R; 1237G;
205 206 | R27K; 163V; A160T; Q214R; o 43 +
1237N;
207 208 | R27K; N31S; K51E; A160T; il 43 -
Q214R; J237N; K304R,
209 210 R27K; N31S; L1215 AL60T, ok 43 +
Y194C; Q214R; 1237R,
211 212 | R27K; AL60T; G192D; Q214R; ok 43 -
1237N; Y3075,
213 214 | R27A; N31S; A160T; Y194C; ok 43 -
Q214R; 1237R;
215 216 | R27K; E78K; L1211 A160T; e 43 +
Q214R; K216R; 1237G;
217 218 R2TK; AIO0T; Q214R; 1237G; o 43 +
219 220 P R2TK; 156V; A160T; Q214R; o 43 +
237N,
221 222 JR27K; N31S; 163V; A160T; ok 43 +
Q214R; 1237N;

38




WO 2008/042876 PCT/US2007/080125
TABLE1
Nucleic
Acid | Protein temperature
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1D NO. | 1D NO. Residue substifutions Activity test (°C) Stability

223 224 R27K; A160T, Q214R; I1237N, ok 43 -
K230R;

225 226 R27K; V130G; A160T; Q214R; Hkk 43 -
1237N;

227 228 RZ7K; L1211; A160T; Q214R; HE 43 b
1237N;

229 230 R27K; A160T, Q189H; Q214R; e 43 +
237N, L2RTR;

231 232 R27K; A73P; A160T; D201G; ok 43 -
Q214R; 1237G;

233 234 R27K; A160T; Q214R; 1237N; HAR 43 -
Y307H;

235 236 R27K; N31iS; L1211, A160T; o 43 +
Y194C; Q214R; 1237N;

237 238 R27K; N31S; L1211; A160S; wEE 43 +
Y194C; Q214R; 1237N;

239 240 R27K; N318; ST48T; A160T; ik 43 -
Q214R; 1237N; Y3078S;

241 242 R27K; L121iI; A160S; Y194C; ok 43 +
Q214R; 1237N,

243 244 R27K; N31S; E78K; A160T; *EE 43 -
Q214K 1237G; Y3075;

245 246 R2Z7K; N31S; L1211; S127T; ko 43 +
A160T; Y194C; Q214R; 1237N;

247 248 R27A; N31S, L1211 A160S; Hood ok 43 +
Y194C; Q214R; 1237N;

249 250 R27K; N315; L1211; S148T; lalaly 43 +
AT60T; Y194C; Q214R; 1237N;

251 252 R27K; N3IS; L1211 A160T; ol 43 +
Y 194C; Q214R; 1237G;
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Acid | Protein temperature
SEQ SEQ for stability
ID NO. | ID NO. Residue substitutions Activity test (°C) Stability

253 254 R27K; N31S; L106I; L1217, A 43 +
AT1608; Y194C; Q214R; I237N;

255 256 R27A; N31S; L1211; A160S; otk 43 +
(Q214R; 1237N;

257 258 R27K; N31S; L1211, S148T; Rl 43 +
AT60S; Y194C; Q214R; 1237N;

259 260 R27A; N31S; Fi25L; A160T, ;o 45 -
Y194C, Q214R; 237N,

261 262 R27A; N31S; FI25L; A160T; HoAE R 45 -
KI169R; Q214R,; 1237N;

263 264 R27A; N31S; FI125L; A160T; ok 45 -
Q214R; 1237R;

265 266 R27K; N31S; L12171; F12351,; ootk 45 +
A160T; Y194C; Q214R; K215M;
1237N;

267 268 R27A; N3185; S148T, A160T; ok 45 -
K169R; Q214R; I237N;

269 270 I21T; R27A; N31S; L1217, Ak 45 -
FI25L; A160T,; Q214R; 1237N;

271 272 R27A; N31S; F125L; A160T; o 45 -
Y194C; Q214R; 1237R,

273 274 R27A; N3IS; F125L; A160T; A 45 -
Q214R; 1237N;

275 276 R27A; N31S; L1211; F125L; A 45 -
Al160T,; Y194C; Q214R: 1237N;

277 278 R27A;N31P; L1211 F1251,; Rk 48 -
A160T,; Y194C; Q214R; 1237N;

279 280 119V; R27A; N318S; E44D; K72R; Sk 48 -
D10SE; L1211; F125L; A160T;
FI185L; Y194C; Q214R; 1237N;
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1243V; E290D;

281 282 | Q6E; R27A; N31S; S41T; L1217, Aokt 48 +
F125L; A160T; Y194C; E199Q;
Q214R; 1237N; L2711,

283 284 | QO6E; R27A; N31S; S41T; 146L; ok 48 +
155V, L1211 F1251; A160T;
Y194C; E199Q; Q214R; 1237N;

285 286 | Q6E; R27A; N315; S41T; 146L.; ok ok 48 +
F125L1; Q144E; A160T; Y194C;
E199Q; Q214R; 1237N; S2397T;
L2715

287 288 | Q6E; R27A; N318S; 146L; L1211, ok 48 +
F125L1; A160T; Y194C, Q214R;
1237N; S2397T; 12441;

289 290 | Q6E; R27A; N318S; L1215 F125L,; ok 48 +
A160T; Y194C; Q214R; 1237N;
S239T;

291 292 | Q6E; R27A; N318; S41T; L1217; ook 48 +
F125L; A160T; Y194C; Q214R;
I237N; L2717,

293 294 | Q6E; R27A; N31S; L1211, F125L,; Rk 48 +
A160T; Y194C; Q214R; E234Q;
1237N; 8239T;

295 296 | QO6E; R27A; N31S; I58L; F125L; R 48 -
A160T; Y194C; E199Q; Q214R;
1237N; 1244L;

297 298 ] Q6E; R27A;N31§; 146L; L1211 hokokk 48 +
F125L; A160T; Y194C, E199Q;
Q214R; 1237N,; S239T; 12441,

299 300 | Q6E; R27A; N31S; I58L; L86l; ko 48 +
LI21E F125L; A160T; Y194C;
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Q214R; 1237N; S239T; 12441,
301 302 Q6E; R27A; N31S; 1461, L1211, ookt 48 +
F125L; A160T; Y194C; Q214R;
12Z37N; S239T;
303 304 Q6E; R27A; N31S; L1211, Fi25L; alokalo 48 +
AT60T; Y194C; Q214R; I237N;
L2715
305 306 Q6E; R27A; N318S; I46L; 158L,; Hokokk 48 -
L1215 Fi250; QI44E; A160T,
Y194C; Q214R; 1237N; A300T;
307 308 QO6E; R27A; N31S; L.1211; F1251; okt k 48 -
Q144E; A160T; QI65E; Y194C,;
E199Q; Q214R; 1237N; S239T;
12441.; Y305H,
309 310 QOE; R27A; N31S; S41T; 146L; Rk 48 +
E1211; F1251; A160T,; Y194C;
Q214R; 1237N;,
3t} 312 QO6E; R27A; N318S; S41T; 1461; ok 48 +
L1211 F1251; A160T; Y194C;
(Q214R; 1237N;
313 314 QO6E; R27A; N31P; 146L; L&6I; Rk 50 +
L1211, F1250L; A160T; Y194C;
Q214R; 1237N; S239T;
315 316 R27A; N31P; 163W; L1211; HAAE 50 -
F125L; A160T; Y194C; Q214R;
I237N;
317 318 R27A; N31P; 163W; L1211 A 30 -
F125L; A160T; Y194C; Q214R;
1237N;
319 320 R27A;N3LP; L1211, F125L; ok 50 -
A160T, Y194C,; Q214R; [237N,;
Y297TW;
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Acid Protein temperature
SEQ SEQ for stability
B NGO, | ID NO. Residue substitutions Activity test (°C) Stability

321 322 R27A;N31P; L1211; F125L, ok o 50 -
AI60T, Y194C; Q214R; 1237N,;
L301R;

323 324 R27A; N31P; L1211; F125L; wEAAE 50 -
AT60T, Y194C; Q214R; I237N;
L301K;

325 326 R27A; N31P; I63W,; L1211, ok 50 -
F125L,; A160T,; YI94C, Q214R;
1237N; Y297W;

327 328 R27A; N31P; I63W; L.1211; HE Ak 50 -
F125L; A160T; Y194C; Q214R;
[237N; Y297W,; L301K,

329 330 Q6E; R27A; N31P; 146L; I63W,; Bkt 50 +
L86L, L1211, F125L; A160T,
Y194C; Q214R; 1237N; S239T;

331 332 R27A; N31P; 163W; L1211; ok ND ND
F1251.; A160T; Y194C, Q214R;
1237N; Y297W,; L301A,;

333 334 R27A; N31P; 163W; L1211, ok ok ND ND
F125L; A160T; Y194C; Q214R;
1237N; Y297W,; L301S;

335 336 R2Z7A; N31P; 163W; L1211; ok ko ND ND
FI25L; A160T; Y194C; Q214R;
I237N; Y297W; 1.301E;

337 338 R27A; N31P; 163W,; L1211, etk ND ND
FI251; A160T; Y194C, Q214R;
I237N; Y297W, L301P;

339 340 R27A; N31P; 163W; L1211, lalalel ND ND
F125L; A160T; Y194C,; Q214R;
1237N; Y297W; L301Q;

341 342 R27A; N3IP; I63W; Li21l; EoAA 50 -
F1250; A160T; Y194C; Q214R;
1237N; 1L301E;
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Acid | Protein temperature
SEQ SEQ for stability
ID NO. | 1D NGO, Residue substitutions Activity test (°C) Stability

343 344 | R2TA; N31P; S41G; 163W; L1211, ko 50 -
F125L; A160T; Y194C; Q214R;
1237N; L301A;

345 346 | R27TA; N31P; 163W; L1211; kR 50 -
FI25L; A160T, Y194C; Q214R;
I237N; Y297F; L301E;

347 348 | R27A; N31P; 163W; R63G; R 50 -
L1211; F125L; A160T; Y194C;
Q214R; 1237N; Y297W; L.301Q;

349 350 | R27A; N31P; I63W; R63S; L1211, Kokl 50 -
F125L; A160T; Y194C; Q214R;
1237N; Y297W,; L301Q;

351 352 | R27A; N31P; A36V; 163W; e 50 -
L1211 F1250; A160T; Y194C,
Q214R; 1237N; Y297W; L301Q;

353 354 | R2ZTA; N31P; 163W; L1217, ok 50 -
F125L; A160T; Y194C; Q214R,;
[237N; Y297W; L301Q; Q310R;
K311E; V31285; *313V;

355 356 | R27A; N31P; 163W; L121T; o 50 -
FI25L; A160T; Y194C, Q214R;
AZI8T; 1237N; Y297W; L301Q;

357 358 | R27A; N31P; 163W; L1211, Rk 50 -
FI25L; A160T; Y194C, Q214R,;
1237N; Y297W, L301Q; Q310P;
K311E; V3128S; *313V;

359 360 | QOE; R27A; N31P; 146L; 163W; HARE ND ND
L86L L1211; FI25L; A160T;
Y194C; Q214R; I237N; S239T;
L301E;

361 362 | Q6E; R27A; N31P; 1461, LRéI; o ND ND

Li2iL FI25L; A160T; Y194C;
Q214R; 1237N; S239T, Y297W,
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Nucleic
Acid | Protein temperature
SEQ SEQ for stability
ID NO. | 1D NO. Residue substitutions Activity test (°C) Stability
363 364 Q6E; R27A; N31P; 146L; 163W; ok ok ND ND
L86I, L1211, F1251,; A160T;
Y194C; Q214R; 1237N; S239T;
Y297W;
365 366 (Q6E; R27A; N31P; H46L,; 163W; ko ND ND

Lge6l; LiZ11; F1251; A160T,
Y194C; Q214R; 1237N; S239T;
Y297W; L301Q;

* = 150-500% enzymatic activity of SEQ ID NO: 2

o = 500-900% enzymatic activity of SEQ ID NO: 2

HEX = 900-1600% enzymatic activity of SEQ ID NO: 2

FEXE = greater than 1600% enzymatic activity of SEQ 1D NO: 2

+ = variant retains residual activity after heat treatment at indicated temperature for 16

hrs.
ND = Not Determined

[6103] In other embodiments, the engineered ketoreductase comprises a ketoreductase with
improved thermal stability as compared to the naturally occurring ketoreductase from which
the engineered enzymes are derived. Thermally stable enzymes allow longer incubations
with substrate, such as in conditions of high substrate concentrations used in large scale
production, and also minimize the amount of enzyme needed. An enzyme that has “improved
thermal stability” refers to an enzyme that displays increased resistance to inactivation when
exposed to a set temperature or set of temperatures in defined assay conditions as compared

to the resistance to inactivation of a reference enzyme.

[0104] A number of methods are available for measuring enzyme thermal stability, Enzymes
may be treated for a defined time period at various temperatures under a standard set of assay
conditions (e.g., ionic strength, pH, protein concentration, etc.). Half-inactivation
temperatures, i.e., temperatures at which 50% inactivation occurs after heat treatment for the
defined time are used to compare the thermal stabilities of the enzymes. Another method of
determining thermal stability is to treat the enzyme at a set temperature and measure the

amount of enzyme activity remaining. The amount of enzyme activity remaining is
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compared to the activity remaining of the naturally occurring enzyme prepared under similar
or identical conditions. Useful temperatures for analysis of thermal stability are temperature
encompassing the reaction temperature for used for carrying out the reaction, for example as
in large scale reactions, and/or temperatures at which the engineered enzymes have been
selected for improved thermal stability. For example, the engineered enzymes can have
improved thermal stability as compared to a reference enzyme (e.g., a naturally occurring
enzyme) at temperatures of about 30°C or above, about 35°C or above, 40°C or above, 45°C
or above, 50°C or above, 55°C or above, to about 65°C. In some embodiments, the enzyme
can have an improved thermal stability in which the engineered enzyme retains, as compared
to a reference enzyme, about 10% or more activity, about 15% or more activity, about 20% or
more activity, about 30% or more activity, about 50% or more activity, about 70% or more
activity, about 90% or more activity. Under the conditions of treatment, the times at which
enzyme activity shows enhanced thermal stability can include, about 5 hrs or more, about 6
hrs or more, about 12 hrs or more, about 18 hrs or more, about 24 hrs or more, about 36 hrs or
more, about 48 hrs or more, about 72 hrs or more. Substrate may or may not be present
during thermal treatment, although presence of substrate is known to stabilize enzyme

structures in some instances.

[0105] In other embodiments, the thermal stability of an enzyme can be measured by
determining protein folding stability, such as by detecting protein unfolding with calorimetry
or circular dichroism. For example, to determine the thermal stability of the engineered and
naturally occurring ketoreductase, changes in CD profile at various temperatures can be used.
An Arrhenius plot of the unfolding rate constants of the enzymes is generated by use of
temperature-jumps (e.g., from a temperature where an enzyme is active to a temperature
where the enzyme is inactive) and measuring changes in protein structure. The first-order rate
constants, activation enthalpies, and activation free energies between the stable and transition
state of the unfolding reaction at an inactivating temperature may be compared. Typically, the
activation free energy increases with more thermally stable enzymes. Other metheds for

determining thermal stability will be apparent to the skilled artisan.

[6166] In some embodiments, the improved thermal stability is separable from other
properties of the ketoreductase enzymes, while in other embodiments, the thermal stability is
also observed with another improved property. In some embodiments, the ketoreductases

comprise engineered ketoreductases with improved thermal stability is derived from the
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Saccharomyces cerevisiae ketoreductase of SEQ ID NO:2. In some embodiments, the
engineered ketoreductase with improved thermal stability retains about 20 % or more of
enzyme activity following treatment at temperature ranging from 37 to 50°C for 16 hrs at pH
7.0. By comparison, the naturally occurring ketoreductase of SEQ 1D NO:2 retains only 5-
10% of its activity after incubation at 37°C for 16 hrs at pH 7.0 and retains essentially no

activity when incubated at higher temperatures under the same conditions.

[0107] In some embodiments, the enginecred ketoreductases with improved thermal stability
comprises an amino acid sequence corresponding to SEQ D NO:2 and includes one or more
of the following substitutions:

X°® is a polar or acidic amino acid residue;

X*! is a hydroxyl containing or aliphatic amino acid residue;

X* is an acidic amino acid residue;

X* is an aliphatic amino acid residue

X is an aliphatic amino acid residue;

X% is an aliphatic amino acid;

X* is an hydroxyl containing or small amino acid;

X* is a hydrophobic or aromatic amino acid;

X6 is a amino acid residue M;

X'* is a hydroxyl containing amino acid residue;

X'% is an aliphatic amino acid residue;

X% {5 a small amino acid residue;

X'?! is a hydrophobic or aliphatic amino acid residue;

X' is a hydrophilic or basic amino acid residue

X' is a hydroxyl containing amino acid residue

X'*® is an aromatic amino acid residue

X' is a hydroxyl containing or small amino acid residue;

X'% is a polar or acidic amino acid residuc;

X% is a aliphatic or basic amino acid residue;

X'® is an aromatic or aliphatic amino acid residue;

X' is an aromatic amino acid or polar hydrophilic amino acid residue

X' is a polar amino acid residue;

X*' is an aromatic or basic amino acid residue;
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X*** is an aromatic amino acid residue;

X** is a polar hydrophific amino acid residue;
X*7 is a hydrophilic or small amino acid residue;
X* is a hydroxyl containing amino acid residue;
X*isan aliphatic amino acid residue; and/or

2. g . - .
X** is a acidic or polar amino acid residue.

[6108] In some embodiments, X% is an aromatic residue. In some embodiments, X% is
tryptophan. In some embodiments, the ketoreductase comprises one or more conservative

mutations at other positions than those listed above.

[0109] In some embodiments, the engineered ketoreductases with improved thermal stability
comprises an amino acid sequence corresponding to SEQ 1D NO:2 and includes one or more
of the following substitutions:

X*is E;

Xis Py

X*is D;

X"%isL:

X7 isV;

X is V;

X% s T:

X®is v;

X% is M;

X' is S,

X" i1,

X"Mis Gy

X st or M;

X" s R,

X" s T,

X"%is H;

X' s §;

X' is E;

X**isRor H;

X s H Ror@;
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X234 iS Q;
XP s N. G, Ror Q,;
X* is T; and/or

X* is A,

[0110] In some embodiments, the engineered ketoreductase with improved thermal stability
have substitutions in a subset of the amino acid residues indicated above. Thus, in some
embodiments the amino acid substitutions can occur at one or more of the amino acid
positions X*, X%, X%, X%, X060 x5, 76 K102 106 w11 121yl x4 158 5223 257
X?** and X**, wherein the amino acid residues for substitution are selected as indicated

above.

{0111} Insome embodiments, the engineered ketoreductase with improved thermal stability
comprises one or more of the following substitutions as compared to SEQ ID NO:2: E44D,
146L, 155V, 156V, A60T, 163V, L76M,, G103S, L1061, D114G, L1211, Q144R, S148T,
NI158H, Q223H, 1237G, I237N, 1237R, S239T, and V233A.

[0112] As observed for the engineered ketoreductases with improved enzymatic activity,
various amino acid residue positions whose substitutions result in an engineered ketoreductase
with improved thermal stability are also found to cluster in certain segments of the
ketoreductase of SEQ ID NO:2, which allows targeted modifications. Substitutions resulting
in improved thermal stability overlap with those that occur in engineered enzymes with
improved enzymatic activity, although some do not. Accordingly, in some embodiments,
selected segments of the ketoreductase polypeptide may be subject to modification to generate
engineered ketoreductases with improved thermal stability. For the reference sequence of SEQ
ID NO:2, the segments affecting ketoreductase enzymatic activity include, among others,
those represented by amino acid residues 27 to 36, 40 to 65, 103 to 125, 144 to 169, 233 to
2635, and 287 to 312. In some embodiments, the segments affecting ketoreductase enzymatic
activity include, among others, those represented by amino acid residues 27-32, 60-65, 90-93,
120-125, 157-159, 208-211, and 293-306. One or more of the amino acid residues in each

segment or combination of segments may be modified.

[0113] In some embodiments, the corresponding ammino acid sequences and positions for

substitutions comprise:;
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XTWYKX'EETDX®
X4OSLX43X44QX4GVX48ALX51LPGXS5X56H_X58DX60AX62X63YX65
X'LDX'™MALKK MGTX Y VDLYLX * HSPX %
XMLYRX P GRAXNIGVSXPE X OVEDLX O RILX

XX PRYX PR EAQULR WX B TX?® RGXPPLPVTTSS KPX*’RX%**: and
XZQOHEPLRX296X297WNKX3OIYGKYNX3O7AAX3IOX3 1 1X3§2

wherein X" indicates positions of the amino acid substitutions. Both conservative and

non-conservative substations can be made in the segments as indicated.

[0114] In some embodiments, the improved property can be a combination of properties,
such as improved enzymatic activity and improved thermal stability. In some embodiments,
the engineered ketoreductase comprises a ketoreductase with a combination of improved
enzyme activity and improved enzyme stability having a amino acid sequence that
corresponds to the wild type sequence of the ketoreductase of SEQ ID NO:2 and includes one
or more mutations selected from: Q6E, N31P, A160S, QI65E, Q214H, Q214R, E234Q,
Q263E.

[0115] In some embodiments, the engineered ketoreductase comprises a ketoreductase with a
combination of improved enzyme activity and/or stability having an amino acid sequence that
corresponds to the wild type sequence of the ketoreductase SEQ ID NO:2 and includes one or
more mutations selected from: N40Y, V43L, K51E, 158V, E62Q, A73P, K79R, K1520Q),
K169E, F1851, Q189H, G192D, H200L, D201G, K215E, K215M, K216R, D221V, S233C,
1237D, K250E, 1265V, L287R, K304R, Q310R, K311E, V3128, V312E.

[6116] Iitis fo be understood that the engincered ketoreductases are not limited to those
identified directly by mutagenesis or other gene evolution techniques, but also include
variants or analogs of the improved engineered ketoreductase polypeptides. The term
“variant” or “analog” as used herein refers to polypeptides which are comprised of a segment
having ketoreductase activity, with or without retention of the improved property, and has
substantial identity to a portion of the engineered ketoreductase. In some embodiments,
analog polypeptides comprise a conservative amino acid substitution, or addition or deletion
of one or more amino acid residues with respect to the engineered sequence. Analogs
typically are at least an enzymatically active fragment and typically as long as the full-length

naturatly-occurring reference polypeptide of SEQ ID NO:2 (e.g., 312 amino acid residues).
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10117] In some embodimenfs, the variant or analog of the engineered ketoreductase
polypeptides can comprise an enzymatically active ketoreductase polypeptide that has about
70% or more amino acid identity, about 80% or more amino acid identity, about 90% or more
amino acid identity, about 95% or more amino acid identity, about 97% or more amino acid
identity, about 98% or more amino acid identity, or about 99% or more amino acid identity to
a reference engineered ketoreductase or an enzymatically active fragment of an engineered

ketoreductase.

[0118] In some embodiments, the reference engineered ketoreductase is selected from the
amino acid sequences recited in Table 1. An exemplary reference sequence of an improved
ketoreductase is SEQ ID NO:314. In some embodiments, the variant or analog of the
engineered ketoreductase polypeptides can comprise an enzymatically active ketoreductase
polypeptide that has about 95.5% or more amino acid identity, about 97% or more amino acid
identity, about 98% or more amino acid identity, or about 99% or more amino acid identity to

SEQ ID NO:314, or an enzymatically active fragment of SEQ ID NO:314,

[6119] Another exemplary reference sequence of an improved ketoreductase is SEQ ID
NO:316. In some embodiments, the variant or analog of the engineered ketoreductase
polypeptides can comprise an enzymatically active ketoreductase polypeptide that has about
95.5% or more amino acid identity, about 97% or more amino acid identity, about 98% or
more amino acid identity, or about 99% or more amino acid identity to SEQ ID NO:316 or an

enzymatically active fragment of SEQ ID NQO:316.

[6128] Another exemplary reference sequence of an improved ketorreductase is SEQ 1D
NO:318. In some embodiments, the variant or analog of the engineered ketoreductase
polypeptides can comprise an enzymatically active ketoreductase polypeptide that has about
95.5% or more amino acid identity, about 97% or more amino acid identity, about 98% or
more amino acid identity, or about 99% or more amino acid identity to SEQ ID NO:318 or an

enzymatically active fragment of SEQ 1D NO:318.

[6121] Another exemplary reference sequence of an improved ketorreductase is SEQ 1D
NO:376. In some embodiments, the variant or analog of the engineered ketoreductase
polypeptides can comprise an enzymatically active ketoreductase polypeptide that has about

95.5% or more amino acid identity, about 97% or more amino acid identity, about 98% or
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more amino acid identity, or about 99% or more amino acid identity to SEQ 1D NO:376 or an

enzymatically active fragment of SEQ 1D NO:376.

[0122] In some embodiments, segments of the improved ketoreductase polypeptides can be
deleted to generate polypeptide fragments. The term “fragment™ as used herein refers to a
polypeptide that has an amino-terminal and/or carboxy-terminal deletion, but where the
remaining amino acid sequence is identical to the corresponding positions in the sequence.
Fragments can be at least 14 amino acids long, at least 20 amino acids long, at least 50 amino
acids long or longer, and up to 70%, 80%, 90%, 95%, 98%, and 99% of the full-length
naturally-occurring ketoreductase polypeptide of SEQ ID NO:2.

101231 The improved ketoreductase enzymes 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 improved ketoreductase enzyme can be an isolated
polypeptide. The term “isolated polypeptide” refers to a polypeptide which is substantialiy
separated from other contaminants that naturally accompany it, e.g., protein, lipids, and
polynucleotides. The term embraces polypeptides which have been removed or purified from
their naturally-occurring environment or expression system (e.g., host cell or in vitro

synthesis).

[0124] In some embodiments, the isolated improved ketoreductases polypeptide is a
substantially pure polypeptide composition. The term “substantially pure polypeptide” refers
to a compaosition in which the polypeptide species is the predominant species present (i.e., on
a molar or weight basis it is more abundant than any other individual macromolecular species
in the composition}, and 1s generally a substantially purified composition when the object
species comprises at least about 50 percent of the macromolecular species present by mole or
% weight. Generally, a substantially pure ketoreductase composition will comprise about 60
% or more, about 70% or more, about 80% or more, about 90% or more, about 95% or more,
and about 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
(i.e., contaminant species cannot be detected in the composition by conventional detection
methods) wherein the composition consists essentially of a single macromolecular species.
Solvent species, small molecules (<500 Daltons), and elemental ion species are not

considered macromolecular species.
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6.3  Polynucicotides Encoding Engincered Ketoreductases

[0125] In another aspect, the present disclosure provides polynucleotides encoding the
engineered ketoreductase enzymes. The polynucleotides may be operatively linked to one or
more heterologous regulatory sequences that control gene expression to create a recombinant
polynucleotide capable of expressing the polypeptide. Expression constructs containing a
heterologous polynucleotide encoding the engineered ketoreductase can be introduced into
appropriate host cells to express the corresponding ketoreductase polypeptide. The term
“heterologous” polynucieotide refers to any polynucleotide that is introduced into a host cell
by laboratory techniques, and includes polynucleotides that are removed from a host cell,

subjected to laboratory manipulation, and then reintroduced into a host cell.

[0126] Because of the knowledge of the codons corresponding to the various amino acids,
availability of a protein sequence provides a description of all the polynucleotides capable of
encoding the subject. The degeneracy of the genetic code, where the same amino acids are
encoded by alternative or synonymous codons allows an extremely large number of nucleic
acids to be made, all of which encode the improved ketoreductase enzymes disclosed herein.
Thus, having identified a particular amino acid sequence, those skilied in the art could make
any number of different nucleic acids by simply modifying the sequence of on¢ or more
codons in a way which does not change the amino acid sequence of the protein. In this
regard, the present disclosure specifically contemplates each and every possible variation of
polynucleotides that could be made by sclecting combinations based on the possible codon
choices, and all such variations are to be considered specifically disclosed for any

polypeptide disclosed herein, including the amino acid sequences presented in Table 1.

{0127} In some embodiments, the polynucleotides encoding the ketoreductases enzymes may
be codon optimized for optimal production from the host organism selected for expression.
The term "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 is
efficiently expressed in the organism of interest. Although the genetic code is degenerate in
that most amino acids are represented by several codons, called “synonyms” or
“synonymous” codons, it 1S well known that codon usage by particular organisms is
nonrandom and biased towards particular codon triplets. This codon usage bias may be higher

in reference to a given gene, genes of common function or ancestral origin, highly expressed
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proteins versus low copy number proteins, and the aggregate protein coding regions of an

organism's genome.

[0128] The terms “preferred,” “optimal,” or "high codon usage bias” codons refers
mterchangeably to codons that are used at higher frequency in the protein coding regions than
other codons that code for the same amino acid. The preferred codons may be determined in
relation to codon usage in a single gene, a set of genes of common function or origin, highly
expressed genes, the coden frequency in the aggregate protein coding regions of the whole
organism, codon frequency in the aggregate protein coding regions of related organisms, or
combinations thereof. Codons whose frequency increases with the level of gene expression

are typically optimal codons for expression.

[0129] A variety of methods are known for determining the codon frequency (e.g., codon
usage, relative synonymous codon usage) and codon preference in specific organisms,
mcluding multivariat analysis, for example, using cluster analysis or correspondence zinalysis,
and the effective number of codons used in a gene (see GCG CodonPreference, Genetics
Computer Group Wisconsin Package; CodonW, John Peden, University of Nottingham;
Mclnerney, J. O, 1998, Bioinformatics 14:372-73; Stenico et al., 1994, Nucleic Acids Res.
222437-46; Wright, F., 1990, Gene §7:23-29),

{0130] Codon usage tables are available for a growing list of organisms (see for example,
Wada et al., 1992, Nucleic Acids Res. 20:2111-2118; Nakamura et al., 2000, Nucl. Acids Res.
28:292; Duret, et al., supra; Henaut and Danchin, “Escherichia coli and Salmonella,” 1996,
Neidhardt, et al. Eds., ASM Press, Washington D.C., p. 2047-2066. The data source for
obtaining codon usage may rely on any available nucleotide sequence capable of coding for a
protein. These data sets include nucleic acid sequences actually known to encode expressed
proteins (e.g., complete protein coding sequences-CDS), expressed sequence tags (ESTS), or
predicted coding regions of genomic sequences (see for example, Mount, D., Bicinformatics:
Seguence and Genome Analysis, Chapter 8, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y ., 2001: Uberbacher, E. C., 1996, Methods Enzvmol. 266:259-281; Tiwari
et al., 1997, Comput. Appl. Biosci. 13:263-270).

[0131] In various embodiments, the codons are preferably selected to fit the host cell in
which the protein is being produced. For example, preferred codons used in bacteria are used

to express the gene i bacteria; preferred codons used in yeast are used for expression in
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yeast; and preferred codons used in mammals are used for expression in mammalian cells.
By way of example, the polynucleotide of SEQ ID NO: 1 has been codon optimized for
expression in E. coli, but otherwise encodes the naturally occurring ketoreductase of

Saccharomyces cerevisiae.

[0£32] In certain embodiments, all codons need not be replaced to optimize the codon usage
of the ketoreductases since the natural sequence will comprise preferred codons and because
use of preferred codons may not be required for all amino acid residues. Consequently,
codon optimized polynucleotides encoding the ketoreductase enzymes may contain preferred
codons at about 40%, 50%, 60%, 70%, 80%, or greater than 90% of codon positions of the
full length coding region.

[8133] In the embodiments, the polynucleotides encoding the engincered ketoreductases are
derived from Saccharomyces cerevisiae ydl gene. In some embodiments, the polynucleotides
encoding the engineered ketoreductases are selected from SEQ ID NOS: 15, 17, 19, 21, 23,
25,27,29,31, 33, 35,37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67,69, 71, 73,
75,77,79, 81, §3, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105, 107, 109, 111, 113, 115, 117,
119,121, 123,125, 127, 129, 131, 133, 135, 137, 139, 141, 143, 145, 147, 149, 151, 153,
155,157,159, 161, 163, 165, 167, 169, 171, 173, 175, 177, 179, 181, 183, 185, 187, 189,
191, 193, 195, 197, 199, 201, 203, 205, 207, 209, 211, 213, 215, 217, 219, 221, 223, 225,
227,229,231, 233, 235, 237, 239, 241, 243, 245, 247, 249, 251, 253, 255, 257, 259, 261,
263, 265,267,269, 271, 273, 275,277, 279, 281, 283, 285, 287, 289, 291, 293, 295, 267,
299, 301, 303, 305, 307, 309, 311, 313,315,317, 319, 321, 323, 325, 327, 329, 331, 333,
335,337,339, 341, 343, 345, 347, 349, 351, 353, 355, 357, 359, 361, 363, and 365.

[0134] These polynucleotides encode the corresponding polypeptides represented by the
amino acid sequences listed in Table 1, which were derived by subjecting the E. coli codon

optimized Saccharomyces ydl gene to directed gene evolution techniques described herein.

{0135] In other embodiments, the polynucleotides comprise polynucleotides that have about
80% or more sequence identity, about 85% or more sequence identity, about 90% or more
sequence identity, about 95% or more scquence identity, about 98% or more sequence
identity, or 99% or more sequence identity at the nucleotide level 1o a reference
polynucleotide encoding an engincered ketoreductase with improved enzymatic properties or

a fragment of an engineered ketoreductase with improved properties. In some embodiments,
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the reference polynucleotide is selected from polynucleotide sequences represented by SED
ID NOS: 15, 17,19, 21, 23, 25, 27,29, 31, 33, 35,37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57,
59, 61, 63,65, 67,69,71,73,75,77,79, 81, 83, 85, 87, 89,91, 93, 95, 97, 99, 101, 103, 105,
107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131, 133, 135, 137, 139, 141,
143, 145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165, 167, 169, 171, 173, 175, 177,
179, 181, 183, 185, 187, 189, 191, 193, 195, 197, 199, 201, 203, 205, 207, 200, 211, 213,
215,217,219, 221, 223,225, 227,229, 231, 233, 235, 237, 239, 241, 243, 245, 247, 249,
251, 253,255, 257, 259, 261, 263, 265, 267, 269, 271, 273, 275, 277, 279, 281, 283, 285,
287, 289,291, 293, 295, 297, 299, 301, 303, 305, 307, 309, 311, 313, 315, 317, 319, 321,
323,325,327,329, 331, 333, 335, 337, 339, 341, 343, 345, 347, 349, 351, 353, 355, 357,
359, 361, 363, and 365.

[0136] In some embodiments, the polynucleotide encodes an enzymatically active
ketoreductase and hybridizes under defined conditions, such as moderately stringent or highty
stringent conditions, to the complement of a sequence encoding an engineered ketoreductase
enzyme of the present diclosure. The phrase “stringent hybridization" is used herein to refer
to conditions under which nucleic acid hybrids are stable. As known to those of skill in the
art, the stability of hybrids is reflected in the melting temperature (7} of the hybrids. In
general, the stability of a hybrid s a function of ion strength, temperature, G/C content, and
the presence of chaotropic agents. The 7, values for polynucleotides can be calculated using
known methods for predicting melting temperatures (see, e.g., Baldino et al., Methods
Enzymology 168:761-777; Bolton et al., 1962, Proc. Natl. Acad. Sci. USA 48:1390;
Bresslauer et al., 1986, Proc. Natl. Acad. Sci USA 83:8893-8897; Freier et al., 1986, Proc.
Natl. Acad. Sci USA 83:9373-9377; Kierzek et al., Biochemistry 25.7840-7846; Rychlik et al.,
1690, Nucleic Acids Res 18:6409-6412 (erratum, 1991, Nucleic Acids Res 19:698); Sambrook
et al,, supra); Suggs et al., 1981, In Developmenial Biology Using Purified Genes (Brown et
al., eds.), pp. 683-693, Academic Press; and Wetmur, 1991, Crit Rev Biochem Mol Biol

26:227-259. All publications incorporate herein by reference).

[6137} Generally, hybridization reactions are performed under conditions of lower
stringency, followed by washes of varying but higher stringency. Typically, reference to
“hybridization stringency” relates to such washing conditions. The term “moderately
stringent hybridization” refers to conditions that permit target-DNA to bind a complementary

nucleic acid that has about 60% identity, preferably about 75% identity, about 85% identity to
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the target DNA; with greater than about 90% identity to target-polynucleotide. Exemplary
moderately stringent conditions are conditions equivalent to hybridization in 50% formamide,
5x Denhart's solution, 5xSSPE, 0.2% SDS at 42°C., followed by washing in 0.2xSSPE, 0.2%
SDS, at 42°C.

[6138] The term “high stringency hybridization” 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 sequence. In some embodiments, a high stringency
condition refers to conditions that permit hybridization of only those nucleic acid sequences
that form stable hybrids in 0.018M NaCl 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 herein).
High stringency conditions can be provided, for example, by hybridization in conditions
equivalent to 50% formamide, 5% Denhart's solution, 5xSSPE, 0.2% SDS at 42°C, followed
by washing in 0.1xSSPE, and 0.1% SDS at 65°C. Other high stringency hybridization
conditions, as well as moderately stringent conditions, are described in the references cited

above,

[0139] An isolated polynucleotide encoding an improved ketoreductase polypeptide may be
manipulated in a varicty of ways to provide for expression of the polypeptide. Manipulation
of the isolated polynucleotide prior to its insertion into a vector may be desirable or necessary
depending on the expression vector. The techniques for modifying polynucleotides and
nucleic acid sequences utilizing recombinant DNA methods are well known in the art,
Guidance 1s provided in Sambrook ct al., 2001, Molecular Cloning: A Laboratory Manual,
3" Ed., Cold Spring Harbor Laboratory Press; and Current Protocols in Molecular Biology,
Ausubel. F. ed., Greene Pub. Associates, 1998, updates to 2006.

[6140] The term “control sequence” is defined herein to include all components, which are
necessary or advantageous for the expression of a polypeptide of the present disclosure. Each
control sequence may be native or foreign to the nucleic acid sequence encoding the
polypeptide. Such control sequences include, but are not limited to, a leader, polyadenylation
sequence, propeptide sequence, promater, signal peptide sequence, and transcription
terminator. Af a minimumm, the control sequences include a promoter, and transcriptional and
translational stop signals. The control sequences may be provided with linkers for the
purpose of introducing specific restriction sites facilitating ligation of the control sequences

with the coding region of the nucleic acid sequence encoding a polypeptide.
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[0141] The term “operably linked” 1s defined herein as a configuration in which a control
scquence is appropriately placed at a position relative to the coding sequence of the DNA
sequence such that the control sequence directs the expression of a polynucleotide and/or

polypeptide.

[0142] The control sequence may be an appropriate promoter sequence. The “promoter
sequence” is a nucleic acid sequence that is recognized by a host cell for expression of the
coding region. The promoter sequence contains transcriptional control sequences, which
mediate the expression of the polypeptide. The promoter may be any nucleic acid sequence
which shows transcriptional activity in the host cell of choice including mutant, truncated,
and hybrid promoters, and may be obtained from genes encoding extracellular or intracellular

polypeptides either homologous or heterologous to the host cell.

(0143} For bacterial host cells, suitable promoters for directing transcription of the nucleic
acid constructs of the present disclosure, include the promoters obtained from the £, coli lac
operon, Streptomyces coelicolor agarase gene (dagA), Bacillus subtilis levansucrase gene
(sacB), Bacillus licheniformis alpha-amylase gene (amyL), Bacillus stearothermophilus
maltogenic amylase gene (amyM), Bacillus amyloliquefaciens alpha-amylase gene (amyQ),
Bacillus licheniformis penicillinasé gene {penP), Bacillus subtilis xylA and xylB genes, and
prokaryotic beta-lactamase gene (Villa-Kamaroff et al., 1978, Proc. Natl Acad. Sci. USA 75:
3727-3731), as well as the tac promoter (DeBoer et al., 1983, Proc. Natl Acad. Sci. USA 80:

21-25). Further promoters are described in "Useful proteins from recombinant bacteria" in

Scientific American, 1980, 242:74-94; and in Sambrook et al.,, supra.

[0144] For filamentous fungal host cells, suitable promoters for directing the transcription of
the nucleic acid constructs of the present disclosure include promoters obtained from the
genes for Aspergillus oryzae TAKA amylase, Rhizomucor miehel aspartic proteinase,
Aspergillus niger neutral alpha-amylase, Aspergillus niger acid stable alpha-amylase,
Aspergillus niger or Aspergilius awamori glucoamylase (glaA}, Rhizomucor miehei lipase,
Aspergillus oryzae alkaline protease, Aspergilius oryvzae triose phosphate isomerase,
Aspergillus nidulans acctamidase, and Fusarium oxysporum trypsin-like protease (WO
96/00787), as well as the NAZ-tpi promoter (a hybrid of the promoters from the genes for
Aspergillus niger neutral alpha-amylase and Aspergillus oryzae triose phosphate isomerase),

and mutant, truncated, and hybrid promoters thercof.
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[6145] In a veast host, useful promoters can be from the genes for Saccharomyees cerevisiae
enolase (ENO-1), Saccharomyces cerevisine galactokinase (GAL), Saccharomyces
cerevisiae alcohol dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP),
and Saccharomyces cerevisiae 3-phosphoglycerate kinase. Other useful promoters for yeast

host cells are described by Romanos et al., 1992, Yeast 8:423-488.

[0146] The control sequence may also be a suitable transcription terminator sequence, a
sequence recognized by a host cell to terminate transcription. The terminator sequernce is
operably linked to the 3' terminus of the nucleic acid sequence encoding the polypeptide. Any

terminator which is functional in the host cell of choice may be used in the present invention.

[0147] For example, exemplary transcription terminators for filamentous fungal host cells
can be obtained from the genes for Aspergillus oryzae TAKA amylase, Aspergillus niger
glucoamylase, Aspergillus nidulans anthranilate synthase, Aspergillus niger alpha-

glucosidase, and Fusarium oxysporum trypsin-like protease.

[0148] Exemplary terminators for yeast host cells can be obtained from the genes for
Saccharomyces cerevisiae cnolase, Saccharomyces cerevisiae cytochrome C (CYC1), and
Saccharomyces cerevisiae glyceraldehyde-3-phosphate dehydrogenase. Other useful

terminators for yeast host cells are described by Romanos et al., 1992, supra.

[0149] The control sequence may also be a suitable leader sequence, a nontransiated region
of an mRNA that is important for translation by the host cell. The leader sequence is
operably linked to the 5' terminus of the nucleic acid sequence encoding the polypeptide.
Any leader sequence that is functional in the host cell of choice may be used. Exemplary
leaders for filamentous fungal host cells are obtained from the genes for Aspergiflus oryzae
TAKA amylase and Aspergilius nidulans triose phosphate isomerase. Suitable lcaders for
yeast host cells are obtained from the genes for Saccharomyces cerevisiae enolase (ENO-1),
Saccharomyces cerevisiae 3-phosphoglycerate kinase, Saccharomyces cerevisiae alpha-
factor, and Saccharomyces cerevisiae alcohol dehydrogenase/glyceraldehyde-3-phosphate
dehydrogenase (ADH2/GAP).

[01501 The control sequence may also be a polyadenylation sequence, a sequence operably
linked to the 3' terminus of the nucleic acid sequence and which, when transcribed, is
recognized by the host cell as a signal to add polyadenosine residues to transcribed mRNA.

Any polyaéenylétion sequence which is functional in the host cell of choice may be used in
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the present invention. Exemplary polyadenylation sequences for filamentous fungal host
cells can be from the genes for Aspergillus oryzae TAKA amylase, Aspergillus niger
glucoamylase, Aspergillus nidulans anthranilate synthase, Fusarium oxysporum trypsin-tike
protease, and Aspergillus niger alpha-glucosidase. Useful polyadenylation sequences for

yeast host cells are described by Guo and Sherman, 1993, Mol Cell Bio 15:5983-5990.

[0151] The control sequence may also be a signal peptide coding region that codes for an
amino acid sequence linked to the amino terminus of a polypeptide and directs the encoded
polypeptide into 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 segment of the coding region that encodes the secreted
polypeptide. Alternatively, the 5' end of the coding sequence may contain a signal peptide
coding region that is foreign to the coding sequence. The foreign signal peptide coding
region may be required where the coding sequence does not naturally contain a signal peptide

coding region.

[0152] Alternatively, the foreign signal peptide coding region may simply replace the natural
signal peptide coding region in order to enhance secretion of the polypeptide. However, any
signal peptide coding region which directs the expressed polypeptide into the secretory

pathway of a host cell of choice may be used in the present invention.

[0153] Effective signal peptide coding regions for bacterial host cells are the signal peptide
coding regions obtained from the genes for Bacillus NCIB 11837 maltogenic amylase,
Bacillus stearothermophilus alpha-amylase, Bacillus licheniformis subtilisin, Bacillus
licheniformis beta-lactamase, Bacillus stearothermophilus neutral proteases (nprT, nprS,
nprM), and Baciflus subtilis prsA. Further signal peptides are described by Simonen and
Palva, 1993, Microbiol Rev 57: 109-137.

[0154] Effective signal peptide coding regions for filamentous fungal host cells can be the
signal peptide coding regions obtained from the genes for Aspergillus orvzae TAKA amylase,
Aspergillus niger neutral amylase, Aspergillus niger glucoamylase, Rhizomucor miehei

aspartic proteinase, Humicola insolens cetlulase, and Humicola lanuginosa lipase.

[0155] Useful signal peptides for yeast host cells can be from the genes for Saccharomyces
cerevisiae alpha-factor and Succharomyces cerevisiae invertase. Other useful signal peptide

coding regions are described by Romanos et al., 1992, supra.
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[0156] The control sequence may also be a propeptide coding region that codes for an amino
acid sequence positioned at the amino terminus of a polypeptide. The resultant polypeptide is
known as a proenzyme or propolypeptide (or a zymogen in some cases). A propolypeptide is
generally inactive and can be converted to a mature active polypeptide by catalytic or
autocatalytic cleavage of the propeptide from the propolypeptide. The propeptide coding
region may be obtained from the genes for Bacillus subtilis alkaline protease (aptE), Bacillus
subtilis neutral protease (nprT), Saccharomyces cerevisiae alpha-factor, Rhizomucor michei

aspartic proteinase, and Myceliophthora thermophila lactase (WO 95/33836).

[6157] Where both signal peptide and propeptide regions are present af the amino terminus of
a polypeptide, the propeptide region is positioned next to the amino terminus of & polypeptide
and the signal peptide region 1s positioned next to the amino terminus of the propeptide

region,

[0158] It may also be desirabie to add reguiatory sequences, which allow 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 chemical or physical stimulus, including the presence of a regulatory
compound. In prokaryotic host cells, suitable regulatory sequences inciude the lac, tac, and
trp operator systems. In yeast host cells, suitable regulatory systems include, as examples,
the ADH2 system or GAL1 system. In filamentous fungi, suitable regulatory sequences
include the TAKA alpha-amylase promoter, Aspergilius niger glucoamylase promoter, and

Aspergillus orvzae glucoamylase promoter.

[0159] Other examples of regulatory sequences are those which allow for gene amplification.
In cukaryotic systems, these include the dihydrofolate reductase gene, which is amplified in
the presence of methotrexate, and the metallothionein genes, which are amplified with heavy
metals. In these cases, the nucleic acid sequence encoding the KRED polypeptide of the

present invention would be operably linked with the regulatory sequence.

[0166] Thus, in another aspect, the present disclosure is also directed to a recombinant
expression vector comprising a polynucleotide encoding an improved ketoreductase
polypeptide or a variant thereof, and one or more expression regulating regions such as a
promoter and a terminator, a replication origin, etc., depending on the type of hosts into

which they are to be introduced. The various nucleic acid and control sequences described
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above may be joined together to produce a recombinant expression vector which may include
one of more convenient restriction sites to allow for insertion or substitution of the nucleic
acid sequence encoding the polypeptide at such sites. Alternatively, the nucleic acid
sequence of the present disclosure may be expressed by inserting the nucleic acid sequence or
a nucleic acid construct comprising the sequence into an appropriate vector for expression.

In creating the expression vector, the coding sequence is located in the vector so that the

coding sequence is operably linked with the appropriate control sequences for expression.

f0161] The recombinant expression vector may be any vector (e.g., a plasmid or virus),
which can be conveniently subjected to recombinant DNA procedures and can bring about
the expression of the polynucleotide sequence. The choice of the vector will typically depend
on the compatibility of the vector with the host cell into which the vector is to be introduced.

The vectors may be linear or closed circular plasmids.

[0162] The expression vector may be an autonomously replicating vector, i.e., a vector that
cxists as an extrachromosomal entity, the replication of which is independent of
chromosomal replication, e.g., a plasmid, an extrachromosomal element, a minichromosome,
or an artificial chromosome. The vector may contain any means for assuring self-replication.
Alternatively, the vector may be onc which, when introduced into the host cell, is integrated
into the genome and replicated together with the chromosome(s) into which it has been
integrated. Furthermore, a single vector or plasmid or two or more vectors or plasmids which
together contain the total DNA to be introduced into the genome of the host cell, or a

transposon may be used.

[0163] The expression vector of the present invention preferably contains one or more
selectable markers, which permit casy selection of transformed cells. A selectable marker s
a gene the product of which provides for biocide or viral resistance, resistance to heavy
metals, prototrophy to auxotrophs, and the like. Examples of bacterial selectable markers are
the dal genes from Bacillus subtilis or Bacillus licheniformis, or markers, which confer
antibiotic resistance such as ampicillin, kanamycin, chioramphenicol (Example 1) or
tetracycline resistance. Suitable markers for yeast host cells are ADE2, HIS3, LEU2, LYS2,
MET3, TRP1, and URA3.

[0164] Selectable markers for use in a filamentous fungal host cell include, but are not

limited to, amdS (acetamidase), argB (ornithine carbamoyltransferase), bar (phosphinothricin
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acetyltransferase), hph (hygromycin phosphotransferase), niaD (nitrate reductase), pyrG
(orotidine-5'-phosphate decarboxylase), sC (sulfate adenyltransferase), and trpC (anthranilate
synthase), as well as equivalents thereof. Embodiments for use in an Aspergillus cell include
the amdS and pyrG genes of Aspergillus nidulans or Aspergillus oryzae and the bar gene of

Streptomyces hygroscopicus.

[0165] The expression vectors of the present invention preferably contain an element(s) that
permits integration of the vector into the host cell's genome or autonomous replication of the
vector in the cell independent of the genome. For integration into the host cell genome, the
vector may rely on the nucleic acid sequence encoding the polypeptide or any other element
of the vector for integration of the vector into the genome by homologous or nonhomologous

recombination.

[0166] Alternatively, the expression vector may contain additional nucleic acid sequences for
directing integration by homologous recombination into the genome of the host cell. The
additional nucleic acid sequences enable the vector to be integrated into the host cell genome
at a precise location(s) in the chromosome(s). To increase the likelihood of integration at a
precise location, the integrational elements should preferably contain a sufficient number of
nucleic acids, such as 100 to 10,000 base pairs, preferably 400 to 10,000 base pairs, and most
preferably 800 to 10,000 base pairs, which are highly homologous with the corresponding
target sequence to enhance the probability of homologous recombination. The integrational
elements may be any sequence that is homologous with the target sequence in the genome of
the host cell. Furthermore, the integrational elements may be non-encoding or encoding
nucleic acid sequences. On the other hand, the vector may be integrated into the genome of

the host cell by non-homologous recombination.

[0167] For autonomous replication, the vector may further comprise an origin of replication
enabling the vector to replicate autonomously in the host cell in question. Examples of
bacterial origins of replication are P15A ori (as shown in the plasmid of FIG. 5) or the origins
of replication of plasmids pBR322, pUC19, pACYCI77 (which plasmid has the P15A ori), or
pACYCI184 permitting replication in . coli, and pUB110, pE194, pTA1060, or pAMB1
permiiting replication in Bacillus. Examples of origins of replication for use in a veast host
cell are the 2 micron origin of replication, ARS1, ARS4, the combination of ARS1 and
CEN3, and the combination of ARS4 and CEN6. The origin of replication may be one

63



WO 2008/042876 PCT/US2007/686125

having a mutation which makes it’s functioning temperature-sensitive in the host cell (see,

e.g., Ehrlich, 1978, Proc Natl Acad Sci. US4 75:1433).

[0168] More than one copy of a nucleic acid sequence of the present invention may be
inserted into the host cell to increase production of the gene product. An increase in the copy
number of the nucleic acid sequence can be obtained by infegrating at least one additional
copy of the sequence into the host cell genome or by including an amplifiable selectable
marker gene with the nucleic acid sequence where cells containing amplified copies of the
selectable marker gene, and thereby additional copies of the nucleic acid sequence, can be

selected for by cultivating the cells in the presence of the appropriate selectable agent.

[0169] Many of the expression vectors for use in the present invention are commercially
available. Suitable commercial expression vectors include p3xFLAGTM ™ expression
vectors from Sigma-Aldrich Chemicals, St. Louis MO., which includes a CMV promoter and
hGH polyadenylation site for expression in mammalian host cells and a pBR322 origin of
replication and ampicillin resistance markers for amplification in E. coli. Other suitable
expression vectors are pBluescriptll SK(-) and pBK-CMV, which arc commercially available
from Stratagene, Lalolla CA, and plasmids which are derived from pBR322 (Gibco BRL),
pUC (Gibco BRL), pREP4, pCEP4 (Invitrogen) or pPoly (Lathe ¢t al., 1987, Gene 57:193-
201).

6.4  Host Cells for Expression of Ketoreductase Polypeptides

[0170] In another aspect, the present disclosure provides a host cell comprising a
polynucleotide encoding an improved ketoreductase polypeptide of the present disclosure, the
polynucleotide being operatively linked to one or more control sequences for expression of
the ketoreductase enzyme in the host cell. Host cells for use in expressing the KRED
polypeptides encoded by the expression vectors of the present invention are well known in
the art and include but are not limited to, bacterial cells, such as E. coli, Streptomyces and
Salmonella typhimurium cells; fungal cells, such as yeast cells (e.g., Succharomyces
cerevisiae or Pichia pastoris (ATCC Accession No. 201178)); insect cells such as Drosophila
S2 and Spodoptera St9 cells; animal cells such as CHO, CGS, BHK, 293, and Bowes
melanoma cells; and plant cells. Appropriate culture mediums and growth conditions for the

above-described host cells are well known in the art.
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[0171] Polynucleotides for expression of the ketoreductase may be introduced into cells by
various methods known in the art. Techniques mclude among others, electroporation,
biolistic particle bombardment, liposome mediated transfection, calcium chloride
transfection, and protoplast fusion. Various methods for introducing polynucleotides into

cells will be apparent to the skilled artisan.

[0172] An excmplary host cell is Escherichia coli W3110 as described in Example 1. The
expression vector was created by operatively linking a polynucleotide encoding an improved
ketoreductase into the plasmid pCK 110900 operatively linked to the lac promoter under
control of the /acl repressor. The expression vector also contained the P15a origin of
replication and the chloramphenicol resistance gene. Cells containing the subject
polynucleotide in Escherichia coli W3110 were isolated by subjecting the cells to

chioramphenicol selection.
6.5  Methods of Generating Engineered Ketoreductase Polypeptides.

[0173] To make the improved KRED polynucleotides and polypeptides of the present
disclosure, the naturally-occurring ketoreductase enzyme that catalyzes the reduction reaction
is obtained from Saccharomyces cerevisiae. In some embodiments, the parent polynucieotide
sequence 1s codon optimized to enhance expression of the ketoreductase in a specified host
cell. As an illustration, the parental polynucleotide sequence encoding the wild-type KRED
polypeptide (vdl) of Saccharomyces cerevisiae was constructed from oligonucleotides
composed of 42 nucleotides based upon the known polypeptide sequence of Saccharomyces
cerevisiae KRED scquence (vd/) available in Genbank database (NP_010159; GI1:6320079).
The parental polynucleotide sequence, designated as SEQ ID NO: I, was codon optimized for
expression in E. coli and the codon-optimized polynucleotide cloned into the Sfil cloning
sites of the expression vector, pCK 110900 (depicted in FIG. 3), placing the expression of the
ketoreductase gene under the control of the lac promoter and lacl repressor gene. The
expression vector also contained the P15A origin of replication and the chloramphenicol
resistance gene. Clones expressing the active ketoreductase in £. coli W3110 were identified
and the genes sequenced to confirm their identity. The sequence designated vdlC (SEQ ID
NO: 1) was the parent sequence utilized as the starting point for all experiments and library

construction of engineered ketoreductases evolved from the S. cerevisiae ketoreductase.
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[0174] The engineered ketoreductases can be obtained by subjecting the polynucleotide
encoding the naturally occurring ketoreductase to mutagenesis and/or directed evolution
methods. An exemplary directed evolution technique is mutagenesis and/or DNA shuffling as
described in Stemmer. 1994, Proc Natl Acad Sci US4 91:10747-10751; 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 procedures that can be used include, among others,
staggered extension process (StEP), in vitro recombination (Zhao et al., 1998, Nat.
Biotechnol. 16:258-261), mutagenic PCR (Caldwell et al., 1994, PCR Methods Appl. 3:5136-
5140), and cassette mutagenesis (Black et al., 1996, Proc Natl Acad Sci USA 93:3525-3529).

[0175] The clones obtained following mutagenesis treatment are screened for engineered
ketoreductases having a desired improved enzyme property, Measuring enzyme activity from
the expression libraries can be performed using the standard biochemistry technique of
moniforing the rate of decrease (via a decrease in absorbance or fluorescence) of NADH or
NADPH concentration, as it is converted into NAD " or NADP™, In this reaction, the NADH
or NADPH 1s consumed (oxidized) by the ketoreductase as the ketoreductase reduces a ketone
substrate to the corresponding hydroxyl group. The rate of decrease of NADH or NADPH
concentration, as measured by the decrease in absorbance or fluorescence, per unit time
indicates the relative (enzymatic) activity of the KRED polypeptide in a fixed amount of the
lysate (or a Iyophilized powder made therefrom). Example 11 discloses an exemplary
biochemical assay for ketoreductase activity. Where the improved enzyme property desired is
thermal stability, enzyme activity may be measured after subjecting the enzyme preparations
to a defined temperature and measuring the amount of enzyme activity remaining after heat
treatments, such as in Example 12. Clones containing a polynucleotide encoding a
ketoreductase are then isolated, sequenced to identify the nucleotide sequence changes (if

any), and used to express the enzyme in a host cell.

[0176] Where the sequence of the engineered polypeptide is known, the polynucleotides
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
indrvidually synthesized, then joined (e.g., by enzymatic or chemical ligation methods, or
polymerase mediated methods) to form any desired continuous sequence. For example,
polynucleotides and oligonucleotides of the invention can be prepared by chemical synthesis

using, e.g., the classical phosphoramidite method described by Beaucage et al., 1981, Ter Lert
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22:1859-69, or the method described by Matthes et al., 1984, EAMBO J. 3:801-03, e.g., as it is
typically practiced in automated synthetic methods. According to the phosphoramidite
method, oligonucleotides are synthesized, e.g., in an automatic DNA synthesizer, purified,
annealed, ligated and cloned in appropriate vectors. In addition, essentially any nucleic acid
can be obtained from any of a variety of commercial sources, such as The Midland Certified
Reagent Company, Midland, TX, The Great American Gene Company, Ramona, CA,

ExpressGen Inc, Chicago, IL, Operon Technologies Inc., Alameda, CA, and many others.

[0177] Enginecred ketoreductase enzymes expressed in a host cell can be recovered from the
cells and or the culture medium using any one or more of the well known techniques for
protein purification, including, among others, lysozyme treatment, sonication, filtration,
salting-out, ultra-centrifugation, and chromatography. Suitable solutions for lysing and the
high efficiency extraction of proteins from bacteria, such as E. coli, are commercially

available under the trade name CelLytic B™ from Sigma-Aldrich of St. Louis MO.

[0178] Chromatographic techniques for isolation of the ketoreductase polypeptide include,
among others, reverse phase chromatography high performance liquid chromatography, ion
exchange chromatography, gel electrophoresis, and affinity chromatography. Conditions for
purifying a particular enzyme will depend, in part, on factors such as net charge,
hydrophobicity, hydrophilicity, molecular weight, molecular shape, etc., and will be apparent

to those having skiil in the art.

[6179] In some embodiments, affinity techniques may be used to isolate the improved
ketoreductase enzymes. For affinity chromatography purification, any antibody which
specifically binds the ketoreductase polypeptide may be used. For the production of
antibodics, various host animals, including but not limited to rabbits, mice, rats, etc., may be
immunized by injection with a compound. The compound may be attached to a suitable
carrier, such as BSA, by means of a side chain functional group or linkers attached to a side
chain functional group. Various adjuvants may be used to increase the mmunological
response, depending on the host species, including but not limited to Freund’s (complete and
incomplete), mineral gels such as aluminum hydroxide, surface active substances such as
lysalecithin, pluronic polyols, polyanions, peptides, oil emulsions, keyhole limpet
hemocyanin, dinitrophenol, and potentially usefil human adjuvants such as BCG (bacilli

Calmette Guerin) and Corynebacterium parvum.
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[0180] An exemplary process for recovering the KRED polypeptides from cell lysate for
applications in a chemcal process is disclosed in Example 2.

11.4  Methods of Using the Engineered Ketoreductase Enzymes and Compounds
Prepared Therewith

[0181] The engineered ketoreductase enzymes described herein catalyze the reduction of 5-

hydroxy-3-oxohexanoate enantiomers according to structural formula (Ia):

OH O O
(Ia) X\/‘\MOR1
wherein X and R'are as previously defined, to yield the corresponding syn 3.5-
dihydroxyhexanoate ester compound. As will be recognized by skilled artisans, the carbon at
the 5-position of the compound of structural formula (I) 1s chiral. As a consequence, the
compound can exist in two different enantiomeric forms: the enantiomer of structural formula

(Ia) above and the enantiomer of structural formula (Ib):

DR 5

[6182] Skilled artisans will also recognize that when the oxo group at the 3-position is
reduced to a hydroxy group, the carbon atom of the 3-position in the resultant 3,5-dihydroxy
ester is also chiral. Thus, each of the enantiomers of structural formulae (Ia) and (Ib) can
yield two different reduction products: a syn diastereomer and anti diastereomer. The syn
and anti diastereomers preduced by reduction of enantiomer (1a) are illustrated below as
compounds (1Ia) and (1Ib), respectively, and those produced by reduction of enantiomer (Ib)

are illustrated as compounds (lic) and (1id), respectively:

OH OH O

HE)
(a) X (R OR’

(IIb) X

I SN
(He) X (s) OR'

(Iid) X
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[0183] The absolute configurations about the 3-carbon are illustrated in the above structural
dragrams. The R- or S- designations for the absolute configurations about the 5-carbon will
depend upon the identity of the X. When X is cyano, the 5-carbon is designated R- in
structures (Ia), (1la) and (I1b) and designated S- in structures (Ib), (Ilc) and (IId). When X is
halo or hydroxy, the S-carbon is designated S- in structures (Ia), (11a) and (IIb) and designated
R- in structures (Ib), (Iic) and (IId). This is due to the conventions for designating R or S,

which reverse between X = cyano and X = halo or hydroxyl.

[0184] In some embodiments, the substrate (Ia) is of high enantiopunty, substantially free of
(Ib).

[0185] In some embodiments, the reduction reaction is also highly diastercoselective,
producing the syn diastercomer of structurel formula (1la) in > 99.95% diasteromeric purity,
i.e. <0.05% of the anti diastereomer of structural formula (1Ib) (i.e., >.99.9% diastereomeric
excess). Many embodiments of the engineered ketoreductases described herein exhibit even
higher stereoselectivities. For example, in reactions of t-butyl 6-cyano-(5R)-hydroxy-3-
oxohexanoate (structural formula (Ia), X=CN, R'=t-butyl) carried out with the engineered
ketoreductases referenced in Table 2, diastereoselectivities for 6-cyano-(3R,5R)-
dihydroxyhexanoate (structural formula (Tla), X=CN, R'=t-butyl) of > 99.99% have been
observed. Thus, diastereoselective reductions ranging from > 99.9%, > 99.91%, = 99.92%,
> 99.93%, > 99.94%, > 99.95%, > 99.96%, > 99.97%, > 99.98% and even > 99.99%
diastereoselectivity can be readily achieved with the engineered ketoreductase enzymes

described herein.

[0186] The high degree of diastereoselectivity observed in reduction reactions catalyzed by
the engineered ketoreductases described herein enables the ability to produce preparations of
the syn 3,5-dihydroxyhexanoate ester of structural formula (ITa) that are substantially
diastereomerically pure, 7.e., that are substantially free of all other diastereomers, without
having to perform chiral isolation or separation steps. Because the reaction can be performed
1n high yield, utihzing highly enantiopure 5-hydroxy-3-oxohexanoate ester (1a) starting
materials, the present disclosure enables the preparation of svn 3,5-diydroxyhexanoate esters
of structural formula (I1a) that are substantially diastercomerically pure with minimal or no
purification. In contrast to the present disclosure, prior reduction methods (e.g., U.S. Patent
6,596,879) produced 3-4% (1Ib) (X=CN, R'=t-butyl), which is an oil, and which was then
reacted to form ((t-butyl 6-cyanomethyl-2,2-dimethyl-1,3-dioxane-4-acetate) (X=CN, R '=t-
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butyl, R R*= methyl), a crystalline compound. In the prior known methods, the purity was

improved by crystallization to lower the (Ilb) content, which resulted in yield losses of (Ifa).

[0187} The high degree of diasteromeric purity of the reduction products obtained with the
engineered ketoreductase enzymes described herein is illustrated in FIG. 6, which compares
the LC/MS/MS chromatogram of tert-butyl 6-cyanoethyl-(3R,5R)-dihydroxyhexanoate
(structural formula (1), X=CN, R'=t-butyl) prepared from commercially available crystalline
i-butyl (6R)-cyanomethyl-2,2-dimethyl-1,3-dioxane-(4R}-acetate (structural formula (IVa),
X=CN, R'=t-butyl, R*,R*= methyl) (Aldrich, St. Louis, MO) with that of crude tert-buty] 6-
cyano-(3R,5R)-dihydroxyhexanoate oil prepared from t-butyl 6-cyano-{5R)-hydroxy-3-
oxohexanoate (structural formula (Iz), X=CN, R'=t-butyl) using an engineecred ketoreductase
enzyme of the present disclosure. As illustrated in FIG. 6, compared to a tert-butyl (6R)-
cyanoethyl-3,5-dihydroxyhexanoate sample prepared from commercially available crystalline
i-butyl (6R}-cvanomethyl-2.2-dimethyl-1,3-dioxane-(4R )-acetate containing less than about
0.1% of the undesired (3S,5R) diastereomer (IIb), the crude tert-butyl 6-cyano-(3R.5R)-
dihydroxyhexanoate oil prepared using the engineered ketoreductase of the disclosure

contains no more than possibly 0.005% of the undesired (35,5R) diastereomer.

(0188} Similarly striking differences in diastereomeric purity are observed for f~butyl (6R)-
cyanomethyl-2,2-dimethyl-1,3-dioxane-(4R }-acetate (see Example 23 and FIG. 7). GC/MS
chromatograms comparing the stereoisomeric purity of the commercially available crystalline
TBIN ((4R, cis)-1,1-dimethyl-6-cyanomethyl-2,2-dimethyl-1,3-dioxane-4-acetate)) and crude,
extracted, but never crystallized TBIN prepared from crude C7 diol prepared using an
engineered ketoreductase enzyme of the present invention are iHustrated in FIG. 7. Likewise,
the diastereomeric purity of atorvastatin produced from C7 diol prepared using the methods of
the present disclosure are greater than what is currently present in commercial preparations

(e.g., 0.03% atorvastatin diastereomer present in a Lipitor® pill).

[0189] As used herein, a compound is “enriched” in a particular stereoisomer when that
stereoisomer is present in excess over any other sterecisomer present in the compound. A
compound that is enriched in a particular stereoisomer will typically comprise at least about
60%, 70%, 80%, 90%, or even more, of the specified stereoisomer. The amount of
enrichment of a particular stereoisomer can be confirmed using conventional analytical

methods routinely used by those of skill in the art, as will be discussed in more detail, below.

70



{6190] In some embodiments, the amount of undesired stereoisomers may be less than 10%,
for example, less than 9%, less than 8%, less than 7%, less than 6%, less than 5%, less than
4%, less than 3%, less than 2%, less than 1% or even less than (.9%, 0.8%, 0.7%, 0.6%, 0.5%,
0.4%, 0.2%, or 0.1%. Stereoisomerically enriched compounds that contain at least about
99.5% or more of the desired stereoisomer are referred to herein as “substantially pure”
stereoisomers. In some embodiments, compounds that are substantially pure in a specified
stereoisomer contain greater than 99.6%, 99.7%, 99.8%, 99.9%, 99.91%, 99.92%, 99.93%.
99.94%. 99.95%, 99.96%, 99.97%, 95.98% or even 99.99% of the particular sterecisomer.
Stereoisomerically enriched compounds that contain > 99.99% of the desired stereoisomer

are referred {o herein as “pure” stereoisomers.

[0191] The stereoisomeric purity of any chiral compound described herein can be determined
or confirmed using conventional analytical methods known in the art. Highly sensitive
LC/MS and GC/MS methods and for assessing diastereoisomeric purity of the synthetic
mtermediates described herein are provided in Examples 3-7. A method for determining
diastereomeric purity of atorvastatin is given in Ertlrk et al., 2003, J Pharm Biomed Anal.

33(5):1017-23,

[0192] Asis known by those of skill in the art, ketoreductase-catalyzed reduction reactions
typically require a cofactor. Reduction reactions catalyzed by the engineered ketoreductase
enzymes described herein also typically require a cofactor, although many embodiments of
the engineered ketoreductases require far less cofactor than reactions catalyzed with wild-type
ketoreductase enzymes. As used herein, the term “cofactor” refers to a non-protein compound
that operates in combination with a ketoreductase enzyme. Cofactors suitable for use with the
engineered ketoreductase enzymes described herein include, but are not limited to, NADP™
(nicotinamide adenine dinucleotide phosphate), NADPH (the reduced form of NADP"),
NAD' (nicotinamide adenine dinucleotide) and NADH (the reduced form of NAD™),
Equation (1), below, illustrates an embodiment of a ketoreductase (“KRED)-catalyzed
reduction reaction utilizing NADH or NADPH as a cofactor, which are represented as

alternatives by the designation NAD(P)H:

oH © O oH OH O

X\/Y\)\/:E\ KRED X\/KJ\/LL
OR! + NAD{P)H + H* OR1 + NAD(P)*

1)
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101931 As illustrated, the reduced form of the cofactor 1s added to the reaction mixture. The
reduced NAD(P)H form can be optionally regenerated from the oxidized NAD(P)  form

using a cofactor regeneration system.

[6194] The term “cofactor regeneration system” refers to a set of reactants that participate in
a reaction that reduces the oxidized form of the cofactor (e.g., NADP™ to NADPH).
Cofactors oxidized by the ketoreductase-catalyzed reduction of the 5-hydroxy-3-oxo-
hexanoate ester are regenerated in reduced form by the cofactor regeneration system.
Cofactor regeneration systems comprise a stoichiometric reductant that is a source of
reducing hydrogen equivalents and is capable of reducing the oxidized form of the cofactor.
The cofactor regeneration system may further comprise a catalyst, for example an enzyme
catalyst, that catalyzes the reduction of the oxidized form of the cofactor by the reductant.
Cofactor regeneration systems to regenerate NADH or NADPH from NAD' or NADP',

respectively, are known in the art and may be used in the methods described herein.

[0195} Suitable exemplary cofactor regeneration systems that may be employed include, but
are not limited to, glucose and glucose dehydrogenase, formate and formate dehydrogenase,
glucose-6-phosphate and glucose-6-phosphate dehydrogenase, a secondary (e.g., isopropanol)
alcohol and sccondary alcohol dehydrogenase, phosphite and phosphite dehydrogenase,
molecular hydrogen and hydrogenase, and the like. These systems may be used in
combination with either NADP'/NADPH or NAD/NADH as the cofactor. Electrochemical -
regeneration using hydrogenase may also be used as a cofactor regeneration system. See,
e.g., U.S. Pat. Nos. 5,538,867 and 6,495,023, both of which are incorporated herein by
reference. Chemical cofactor regeneration systems comprising a metal catalyst and a
reducing agent (for example, molecular hydrogen or formate) are also suitable. See, e.g.,

PCT publication WO 2000/05373 1, which is incorporated herein by reference.

[0196] The terms “glucose dehydrogenase” and “GDH” are used interchangeably herein to
refer to an NAD™ or NADP -dependent enzyme that catalyzes the conversion of D-glucose
and NAD™ or NADP™ to gluconic acid and NADH or NADPH, respectively. Equation (2),
below, describes the glucose dehydrogenase-catalyzed reduction of NAD™ or NADP™ by

glucose.

GDH
2) glucose + NAD(P)* + H,O ——— gluconic acid + NAD(P)H + H*
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[6197] Glucose dehydrogenases that are suitable for use in the practice of the methods
described herein include both naturally occurring glucose dehydrogenases, as well as non-
naturally occurring glucose dehydrogenases. Naturally occurring glucose dehydrogenase
encoding genes have been reported m the literature. For example, the Bacillus subtilis 61297
GDH gene was expressed in . coli and was reported to exhibit the same physicochemical
properties as the enzyme produced in its native host (Vasantha et al., 1983, Proc. Natl. Acad.
Seci. USA 80:785). The gene sequence of the B. subrilis GDH gene, which corresponds to
Genbank Acc. No. M12276, was reported by Lampel et al., 1986. J. Bacteriol 166:238-243,
and in corrected form by Yamane et al., 1996, Microbiology 142:3047-3056 as Genbank Acc.
No. D50453. Naturally occurring GDIH genes aiso include those that encode the GDH from
B. cereus ATCC 14579 (Nature, 2003, 423:87-91; Genbank Acc. No. AE017013 ) and B.
megaterium (Eur. J. Biochem., 1988, 174:485-490, Genbank Acc. No. X12370; J. Ferment.
Bioeng., 1990, 70:363-369, Genbank Acc. No. GI216270). Glucose dehydrogenases from
Bacillus sp. are provided in PCT publication WO 2005/018579 as SEQ ID NOS: 10 and 12
(encoded by polynucleotide sequences corresponding to SEQ 1D NOS: 9 and 11, respectively,

of the PCT publication), the disclosure of which is incorporated herein by reference.

[6198] Non-naturally occurring giucose dehydrogenases may be generated using known
methods, such as, for example, mutagenesis, directed evolution, and the like. GDH enzymes
having suitable activity, whether naturally occurring or non-naturally occurring, may be
readily identified using the assay described in Example 4 of PCT publication WO
2005/018579, the disclosure of which is incorporated herein by reference. Exemplary non-
naturally occurring glucose dehydrogenases are provided in PCT publication WO
2005/018579 as SEQ ID NOS: 62, 64, 66, 68, 122, 124, and 126. The polynucleotide
sequences that encode them are provided in PCT publication WO 2005/018579 as SEQ ID
NOS: 61, 63, 65,67, 121, 123, and 125, respectively. All of these sequences are incorporated
herein by reference. Additional non-naturally occurring glucose dehydrogenases that are
suitable for use in the ketoreductase-catalyzed reduction reactions disclosed herein are
provided in U.S. application pubhication Nos. 2005/0095619 and 2005/0153417, the

disclosures of which are incorporated herein by reference.

[0199] Glucose dehydrogenases employed in the ketoreductase-catalyzed reduction reactions

described herein may exhibit an activity of at least about 10 umol/min/mg and sometimes at



least about 10° ymol/min/mg or about 10° pmol/min/mg, up to about 10* pmol/min/mg or
higher in the assay described in Example 4 of PCT publication WO 2005/018579.

[0200] When glucose and glucose dehydrogenase are employed as the cofactor regeneration
system, as the 5-hydroxy-3-oxohexanoate ester substrate 1s reduced by the engineered
ketoreductase and NADH or NADPH, the resulting NAD™ or NADP™ is reduced by the
coupled oxidation of glucose to gluconic acid by the glucose dehydrogenase. The net reaction
is described by equation (3), which is the summation of equations (1) and (2):

oH O 0O oM OH O

KRED
3) GDH
NAD(P)H

OR' + gluconic acid

[0201] The ketoreductase-catalyzed reduction reactions described herein are generally carried
out in a solvent. Suitable solvents include water, organic solvents (e.g., ethyl acetate, butyl
acetate, 1-octanol, heptane, octane, methyl t-butyl ether (MTBE), toluene, and the like), 1onic
liquids (e.g., 1-ethyl 4-methylimidazolium tetrafluoroborate, 1-butyl-3-methylimidazolium
tetrafluoroborate, 1-butyl-3-methylimidazolinum hexafluorophosphate, and the like). In some

embodiments, aqueous solvents, including water and aqueous co-solvent systems, are used.

[0202] Exemplary aqueous co-solvent systems have water and one or more organic solvent.
In general, an organic solvent component of an aqueous co-solvent system is selected such
that it does not completely nactivate the ketoreductase enzyme. Appropriate co-solvent
systems can be readily identified by measuring the enzymatic activity of the specified
engineered ketoreductase enzyme with the 5-hydroxy-3-oxohexanoate ester of interest in the
candidate solvent system, utilizing an enzyme activity assay, such as those described in the

Examples.

10203] The organic solvent component of an agqueous co-solvent system may be miscible
with the aqueous component, providing a single liquid phase, or may be partly miscible or
immiscible with the aqueous component, providing two liquid phases. Generally, when an
aqueous co-solvent system is employed, it is selected to be biphasic, with water dispersed in
an organic solvent, or vice-versa. Generally, when an aqueous co-solvent system is utilized,
it 1s desirable to select an organic solvent that can be readily separated from the aqueous

phase. In general, the ratio of water to organic solvent in the co-solvent system is typically in
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the range of from about 90:10 1o about 10:90 (v/v) organic solvent to water, and between
80:20 and 20:80 (v/v) organic solvent to water. The co-solvent system may be pre-formed

prior to addition to the reaction mixture, or it may be formed in situ in the reaction vessel.

[0204] The aqueous solvent (water or aqueous co-solvent system) may be pH-buffered or
unbuffered. The reduction of the 5-hydroxy-3-oxohexanoate ester to the corresponding
3,5-dihydroxyhexanoate ester can be carried out at a pH of about 5 or above. Generally, the
reduction is carried out at a pH of about 10 or below, usually in the range of from about 5 to
about 10. In some embodiments, the reduction is carried out at a pH of about 9 or below,
usually in the range of from about 5 to about 9. In some embodiments, the reduction is
carried out at a pH of about 8 or below, often in the range of from about 5 to about 8, and
usually in the range of from about 6 to about 8. The reduction may also be carried out at a pH
of about 7.8 or below, or 7.5 or below. Alternatively, the reduction may be carried out a

neutral pH, i.e., about 7.

10205] During the course of the reduction reactions, the pH of the reaction mixture may
change. The pH of the reaction mixture may be maintained at a desired pH or within a desired
pH range by the addition of an acid or a base during the course of the reaction. Alternatively,
the pH may be controlled by using an aqueous solvent that comprises a buffer. Suitable
buffers to maintain desired pH ranges are known in the art and include, for example,
phosphate buffer, triethanolamine buffer, and the ike. Combinations of buffering and acid or

base addition may also be used.

[0266] When the glucose/glucose dehydrogenase cofactor regeneration system is employed,
~ the co-production of ghiconic acid (pKa=3.6), as represented in equation (3) causes the pH of
the reaction mixture to drop if the resulting aqueous gluconic acid is not otherwise
neutralized. The pH of the reaction mixture may be maintained at the desired level by
standard buffering techniques, wherein the buffer neutralizes the gluconic acid up to the
buffering capacity provided, or by the addition of a base concurrent with the course of the
conversion. Combinations of buffering and base addition may also be used. Suitable buffers
to maintain desired pH ranges are described above. Suitable bases for neutralization of
gluconic acid are organic bases, for example amines, alkoxides and the like, and inorganic
bases, for example, hydroxide salts (e.g., NaOH), carbonate salts (e.g., K,COs3), bicarbonate
salts (e.g., NaHCOs), basic phosphate salts (e.g., K;HPO4, NazPOy), and the like. The

addition of a base concurrent with the course of the conversion may be done manually while
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monitoring the reaction mixture pH or, more conveniently, by using an automatic titrator as a
pH stat. A combination of partial buffering capacity and base addition can also be used for

process control.

[0207] In such reduction reactions when the pH is maintained by buffering or by addition of
a base over the course of the conversion, an aqueous gluconate salt rather than aqueous
gluconic acid is the product of the overall process. For example, equation (4) represents the
overall process when aqueous sodium hydroxide (Na" + OH ) is added over the course of the

reaction to maintain an initial pH below about 5 or above,

oM O @] CH CH O
e _x 1 IR
(4) X\)\MOW + glucose + {Na* + OH™) ———a X OR! + (Na* + gluconate™)
GDH
NAD()H

[0208] When base addition is employed to neutralize the gluconic acid released during the
ketoreductase-catalyzed reduction reaction, the progress of the conversion may be monitored
by the amount of base added to maintain the pH. Typically, bases added to unbuffered or
partially buffered reaction mixtures over the course of the reduction are added in aqueous

solutions.

10289} In some embodiments, when the process is carried out using whole cells of the host
organism, the whole cell may natively provide the cofactor. Alternatively or in combination,

the cell may natively or recombinantly provide the glucose dehydrogenase.

[0210] The terms “formate dchydrogenase™ and “FDH” are used interchangeably herein to
refer to an NAD" or NADP -dependent enzyme that catalyzes the conversion of formate and
NAD" or NADP' to carbon dioxide and NADH or NADPH, respectively. Formate
dehydrogenases that are suttable for use as cofactor regenerating systems in the
ketoreductase-catalyzed reduction reactions described herein include both naturally occurring
formate dehydrogenases, as well as non-naturally occurring formate dehydrogenases.

Formate dehydrogenases include those corresponding to SEQ ID NOS: 70 (Pseudonionas sp.)
and 72 (Candida boidinii) of PCT publication WO 2005/418579, which are encoded by
polynucleatide sequences corresponding to SEQ ID NOS: 69 and 71, respectively, of PCT
publication 2005/018579, the disclosures of which are incorporated herein by reference.

Formate dehydrogenases employed in the methods described herein, whether naturally
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occurring or non-naturally occurring, may exhibit an activity of at least about 1
umol/min/mg, sometimes at least about 10 umol/min/mg, or at least about 10° pmol/min/mg,
up to about 10° pmol/min/mg or higher, and can be readily screened for activity in the assay

described in Example 4 of PCT publication WO 2005/018579.

[0211] As used herein, the term “formate” refers to formate anion (HCO,), formic acid
(HCO;H), and mixtures thereof. Formate may be provided in the form of a salt, typically an
alkali or ammonium salt (for example, HCO,Na, KHCO,NHy4, and the like), in the form of
formic acid, typically aqueous formic acid, or mixtures thereof. Formic acid is a moderate acid.
In aqueous solutions within several pH units of its pKa (pKa=3.7 in water) formate is present as
both HCO;" and HCO,H in equilibrium concentrations. At pH values above about pH 4, formate
is predominantly present as HCO,". When formate is provided as formic acid, the reaction
mixture is typically buffered or made less acidic by adding a base to provide the desired pH,
typically of about pH 5 or above. Suitable bases for neutralization of formic acid include, but are
not limited to, organic bases, for example amines, alkoxides and the like, and inorganic bases,
for example, hydroxide salts (e.g., NaOI), carbonate salts (e.g., K2COs), bicarbonate salts (e.g.,
NaHCQO3), basic phosphate salts (e.g., K;HPO4, NasPOy), and the like.

[0212] For pH values above about pH 5, at which formate is predominantly present as HCO;',
equation (3), below, describes the formate dehydrogenase-catalyzed reduction of NAD™ or

NADP" by formate.

FDH
HCO;" + NAD(P)*

5) CO, + NAD(PH

{6213} When formate and formate dehydrogenase are employed as the cofactor regeneration
system, the 5-hydroxy-3-oxohexanoate ester is reduced by the ketoreductase and NADH or
NADPH, the resulting NAD" or NADP" is reduced by the coupled oxidation of formate to
carbon dioxide by the formate dehydrogenase. An embodiment of the net reaction 1s

described by equation (6), which is the summation of equations (1) and (3):

OH O O OH OH O
x A e RED UL
OR! +HCO; +H B —— oR! +CO,
6) FOH
NAD(P)H

[0214] Equation (6) shows that when the formate/formate dehydrogenase cofactor

regeneration system is emploved for the reduction of 5-hydroxy-3-oxohexanoate ester in
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aqueous solution at a pH above about pH 5, protons in solution are consumed and the
reaction causes the pH of the reaction mixture to rise if it is not otherwise buffered or re-
acidified. The pH of the reaction mixture may be maintained at the desired level by standard
buffering techniques, wherein the buffer releases protons up to the buffering capacity
provided, or by the addition of an acid concurrent with the course of the conversion. Suitable
acids to add during the course of the reaction to maintain the pH include organic acids, for
example carboxylic acids, sulfonic acids, phosphonic acids, and the like, mineral acids, for
example hydrohalic acids (such as hydrochloric acid), sulfuric acid, phosphoeric acid, and the
like, acidic salts, for example dihydrogenphosphate salts (e.g., KH,PQy), bisulfate salts (e.g.,
NaHS0y) and the like. Some embodiments utilize formic acid, whereby both the formate
concentration and the pH of the solution are maintained. For example, equation (7)
represents the overall process when formic acid (HCO;H) is added over the course of the
reaction to maintain an initial pH above about pH 5. While the formate is present
predominantly as HCO, in the reaction mixture, the HCO, concentration is maintained while

the conversion 1n net consumes the added formic acid.

OH © O OH OH O
OR' + HCOuH OR' +C0O,
(7} EDH
NAD(PIH
HCO,"

[0215] When acid addition is employed to maintain the pH during a reduction reaction using
the formate/formate dehydrogenase cofactor regeneration system, the progress of the
conversion may be monitored by the amount of acid added to maintain the pH. Typically,
acids added to unbuffered or partially buffered reaction mixtures over the course of

conversion are added in aqueous solutions.

{0216} The terms “secondary alcohol dehydrogenase™ and “sADH” are used interchangeably
herein to refer to an NAD™ or NADP -dependent enzyme that catalyzes the conversion of a
secondary alcohol and NAD™ or NADP” to a ketone and NADH or NADPH, respectively.
Equation (8), below, describes the reduction of NAD™ or NADP™ by a secondary alcohol,
iliustrated by isopropanol.

ADH
(&) o +NAMH’—i-»- i + NAD(P)H + H*
/‘\
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[0217] Secondary alcohol dehydrogenases that are suitable for use as cofactor regenerating
systems in the ketoreductase-catalyzed reduction reactions described herein include both
naturally occurring secondary alcohol dehydrogenases . as well as non-naturally occurring
secondary alcoho! dehydrogenases. Naturally occurring secondary alcohol dehydrogenases
include known aicohol dehydrogenases from, Thermoanaerobium brockii, Rhodococcus
erythropolis, Lactobacillus kefiri, and Lactobacillus brevis, and non-naturally occurring
secondary alcohol dehydrogenases include engineered alcohol dehydrogenases derived
therefrom. Secondary alcohol dehydrogenases employed in the methods described herein,

- whether naturally occurring or non-naturally occurring, may exhibit an activity of at least
about 1 umol/min/mg, sometimes at least about 10 pmol/min/mg, or at least about 107

umol/min/mg, up to about 10° wmol/min/mg or higher.

10218] Suitable secondary alcohols include lower secondary alkanols and aryl-alkyl carbinols.
Examples of lower secondary alcohols include isopropanol, 2-butanol, 3-methyl-2-butanol, 2-
pentanol, 3-pentanol, 3,3-dimethyl-2-butanol, and the like. In one embodiment the secondary
alcohol is isopropanol. Suitable aryl-alkyl carbinols include unsubstituted and substituted 1-

arylethanols.

[0219] When a secondary alcohol and secondary alcohol dehydrogenase are employed as the
cofactor regeneration system, as the 5-hydroxy-3-oxohexanoate ester substrate 1s reduced by
the engineered ketoreductase and NADH or NADPH, the resulting NAD™ or NADP is
reduced by the coupled oxidation of the secondary alcohol to the ketone by the secondary
alcohol dehydrogenase. The net reaction is described by equation (9), illustrated with

isopropanoc!, which is the summation of equations (1) and (8):

OH ¢ © oH  KRED CH OH O 0
XMOR1 + /j\ sADH x\/'\/k/l'LOR‘E + )]\
9
NAD(P)H

{6220] It will be appreciated by the skilled artisan this reaction of a ketone and alcohol to the
corresponding alcohol and ketone, respectively, is reversible, and will reach an equilibrium.
The inventors found that the forward reaction is thermodynamically favored, and that only a
modest excess of 1sopropanol is required to obtain high conversion of the 3-oxchexanoate
ester to the desired 3,5-dthydroxyhexanoate ester at the equilibrium. Typically, the molar
ratio of the secondary alcohol to the 3-oxohexanoate ester provided to the reaction is in the

range of 1 to 20. In some embodiments this molar ratiois [ to0 10, I to 5, or 1 to 2.
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[0221] Some engineered ketoreductases also have activity to dehydrogenate a secondary
alcohol reductant. In some embodiments using secondary aicohol as reductant, the engineered

ketoreductase and the secondary alcohol dehydrogenase are the same enzyme.

[0222] In carrying out embodiments of the ketoreductase-catalyzed reduction reactions
described herein employing a cofactor regeneration system, either the oxidized or reduced
form of the cofactor may be provided initially. As described above, the cofactor regeneration
svstem converts oxidized cofactor to its reduced form, which is then utilized in the reduction
of the ketoreductase substrate (i.e., 5-hydroxy-3-oxohexanoate ester) to the corresponding 3,5-

dihydroxyhexanoate ester.

[0223] In some embodiments, cofactor regeneration systems are not used. For reduction
reactions carried out without the use of a cofactor regenerating systems, the cofactor is added

to the reaction mixture in reduced form,

[0224] In carrying out the enantioselective reduction reactions described herein, the
engineered ketoreductase enzyme, and any enzymes comprising the optional cofactor
regeneration system , may be added to the reaction mixture in the form of the purified
enzymes, whole cells transformed with gene(s) encoding the enzymes, and/or cell extracts
and/or lysates of such cells. The gene(s) encoding the engineered ketoreductase enzyme and
the optional cofactor regeneration enzymes can be transformed into host cells separately or
together into the same host cell. For example, in some embodiments one set of host cells can
be transformed with gene(s) encoding the engineered ketoreductase enzyme and another set
can be transformed with gene(s) encoding the cofactor regeneration enzymes. Both sets of
transformed cells can be utilized together in the reaction mixture in the form of whole cells, or
in the form of lysates or extracts derived therefrom. In other embodiments, a host cell can be
transformed with gene(s) encoding both the engineered ketoreductase enzyme and the

cofactor regeneration enzymes.

{0225] Whole cells transformed with gene(s) encoding the engineered ketoreductase enzyme
and/or the optional cofactor regeneration enzymes, or cell extracts and/or lysates thereof, may
be employed in a variety of different forms, including solid (e.g., lyophilized, spray-dried, and

the like) or semisolid (e.g., a crude paste).

[6226] The cell extracts or cell lysates may be partially purified by precipitation (ammonium

sulfate, polyethyleneimine, heat treatment or the like, followed by a desalting procedure prior
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to lyophilization (e.g., ultrafiltration, dialysis, and the like). Any of the cell preparations may
be stabilized by crosslinking using known crosshinking agents, such as, for example,

glutaraldehyde or immobilization to a solid phase (e.g., Eupergit C, and the like).

[0227] The solid reactants (e.g., enzyme, salts, etc.) may be provided to the reaction in a
variety of different forms, including powder (e.g., Iyophilized, spray dried, and the like},
solution, emulsion, suspension, and the like. The reactants can be readily lyophilized or
spray dried using methods and equipment that are known to those having ordinary skill in the
art, For example, the protein solution can be frozen at -80°C in small aliquots, then added to
a prechilled lyophilization chamber, followed by the application of a vacuum. After the
removal of water from the samples, the temperature is typically raised to 4°C for two hours

before release of the vacuum and retrieval of the lyophilized samples.

{02281 The quantities of reactants used in the reduction reaction will generally vary
depending on the quantities of 3,5-dihydroxyhexanoate ester desired, and concomitantly the
amount of ketoreductase substrate employed. The following guidelines can be used to
determine the amounts of ketoreductase, cofactor, and optional cofactor regeneration system
to use. Generally, 5-hydroxy-3-oxo-hexanoate ester substrates are employed at a
concentration of about 20 to 300 grams/liter using from about 50 mg to about 5 g of
ketoreductase and about 10 mg to about 150 mg of cofactor. Those having ordinary skill in
the art will readily understand how to vary these quantities to tailor them to the desired level
of productivity and scale of production. Appropriate quantities of optional cofactor
regeneration system may be readily determined by routine experimentation based on the
amount of cofactor and/or ketoreductase utilized. In general, the reductant (e.g., glucose,
formate, isopropanol) s uttlized at levels above the equimolar level of ketoreductase
substrate to achieve essentially complete or near complete conversion of the ketoreductase

substrate.

10229] The order of addition of reactants is not critical. The reactants may be added together
at the same time to a solvent (e.g., monophasic solvent, biphasic aqueous co-solvent system,
and the like), or alternatively, some of the reactants may be added separately, and some
together at different time points. For example, the cofactor regeneration system, cofactor,

ketoreductase, and keforeductase substrate may be added first to the solvent.
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[6236] For improved mixing efficiency when an aqueous co-solvent system is used, the
cofactor regeneration system, ketoreductase, and cofactor may be added and mixed into the
aqueous phasc first. The organic phase may then be added and mixed in, followed by
addition of the ketoreductase substrate. Alternatively, the ketoreductase substrate may be

premixed in the organic phase, prior to addition to the aqueous phase

[0231] Suitable conditions for carrying out the ketoreductase-catalyzed reduction reactions
described herein include a wide variety of conditions which can be readily optimized by
routine experimentation that includes, but is not limited to, contacting the engineered
ketoreductase enzyme and substrate at an experimental pH and temperature and detecting

product, for example, using the methods described in the Examples provided herein.

{0232] The ketoreductase catalyzed reduction is typically carried out at a temperature in the
range of from about 15°C to about 75°C. For some embodiments, the reaction is carried out
at a temperature in the range of from about 20°C to about 55°C. In still other embodiments, it
is carried out at a temperature in the range of from about 20°C to about 45°C. The reaction

may also be carried out under ambient conditions.

{0233] The reduction reaction is generally allowed to proceed until essentially complete, or
near complete, reduction of substrate is obtained. Reduction of substrate to product can be
monitored using known methods by detecting substrate and/or product. Suitable methods
include gas chromatography, HPLC, and the like. Conversion yields of the 3,5-
dihydroxyhexanoate ester reduction product generated in the reaction mixture are generally
greater than about 50%, may also be greater than about 60%, may also be greater than about
70%, may also be greater than about 80%, may also be greater than 90%, and are often

greater than about 97%.

[0234) The 3,5-dihydroxyhexanoate reduction product can be recovered from the reaction
mixture and optionally further purified using methods that are known to those of skill in the
art. Suitable methods are described in U.S. Patents 6,001,613, 6,472,544, 6,596,879, and
6,645,746, the disclosures of which are incorporated herein by reference. Additional surtable

methods are provided in the Examples below.

[0235] As previously discussed, the ketoreductase-catalyzed reduction of the 5-hydroxy-3-
oxohexanoate ester enantiomer (la) generates a new stereogenic carbon at the 3-position of

the 3,5-dihydroxyhexanoate ester product. As also previously discussed, in reactions carried
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out with the engimeered ketoreductase enzymes described herein, the reduction product is
generated with a high degree of syn- stereoselectivity at the 3-position: Thus, the 3,5-
dihydroxyhexanoate esters generated using the engineered ketoreductase enzymes described
herein are chiral and non-racemic. As mentioned above, the ketoreductase reactions
described herein typically generate chiral syn 3,5-dihydroxyhexanoate esters according to
structural formula (Ila) having a diastercomeric purity of at least about 99.5%, usually at least
about 99.9%, and typically at least about 99.95%. The Examples illustrate embodiments
providing tert-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate ester with a diastereomeric purity
of > 99.993%.

[0236] Certain of the substrates described herein have been found to be particularly useful in
the synthesis of clinically important cholesterol-lowing statin drugs. Such compounds include
those in which R’ is a lower alkyl, in some embodiments, tert-butyl; X is selected from
chloro, cyano and hydroxyl and OR?, is as defined herein. Thus, some embodiments of the
compounds according to structural formuiae (Ia), (Tla), (Illa), (IVa) and (Va) described herein
include those compounds in which R' is a lower alkyl or fers-buty! and/or X is selected from

chloro, cyano and hydroxy.

[6237] In embodiments of the compounds according to structural formulae (Ia), (Ila), (Ilfa),
(IVa) and (Va) in which X is —OR®, where R®is a protecting group, the group can be virtually
any protecting group known to be useful for protecting hydroxyl groups during organic
syntheses. The identity of the specific protecting group will depend upon the various
synthetic reaction conditions, and can be readily selected for specific situation by those of
skill in the art. Suitable exemplary protecting groups are described in Greene & Wauts,
“Protective Groups in Organic Synthesis,” 31 Ed., 1999, John Wiley & Sons, NY (see, for
example, pp.17-200). In some embodiments, the protecting group is selected from ether
protection groups {e.g., benzyl, t-butyl, tetrahydropyranyl, methoxvethoxymethyl,
methoxymethyl, etc.), silyl ether protection groups (e.g., trimethyisilyl, triethylsilyl, t-butyi-
dimethylsilyl, triphenylsilyl, etc.), ester protection groups (e.g., benzoate, alkylate,
haloalkylate, etc.), carbonate protecting groups (e. g., alkyl methyl, methoxymethyl, alkyl
22,2 ~trichloroethyl, allyl allyl carbonate, alkyl benzyl, etc.), and sulfonate protecting groups

(e.g., allylsulfonate, methanesulfonate, benzylsulfonate, tosylate, etc.).

[0238] The 3-hydroxy-3-oxohexanoate ester enantiomers of structural formulae (Ia) can be

prepared using standard methods that are well-known in the arf. Suitable exemplary methods
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are described in U.S. Patent No. 6,399,339 (for specific examples in which X = Cl and

R' = tert-butyl, see Example 1); U.S. Patent No. 5,155,251 and the various references cited
therein (X = CN,R' = tert-butyl), Japanese Patent Publication No. 1723728 (X =CL R' =
tert-butyl) and PCT publication WO 2005/018579 (X = Cl or CN, R' = reri-butyl), the
disclosures of which are incorporated herein by reference. FIG. 1 provides a diagram
illustrating exemplary methods for synthesizing the substrates in both enantiomerically pure
form and as racemic mixtures (International Publication Nos. WO 2003/070733 and WO

2004/113314).

[0239] The syn 3,5-dihydroxyhexanoate esters produced by the engineered ketoreductase-
catalyzed reduction reactions described herein can be used as starting materials to synthesize
clinically important cholesteroi-lowering statin drugs, such as atorvastatin, rosuvastatin, and
pitavastatin. A key intermediate in the synthesis of these statins is the protected syn 3,5-
dihydroxyhexanoate ester of structural formula (111a) or (IVa), supra. Methods for
synthesizing such protected esters are well known. In embodiments in which the R*
substituents in the compounds of structural formula (IIla) represent unbridged protecting
groups, the protecting groups can be selected from those described above. Compounds
including these protecting groups can be synthesized as described, for example, in Greene &
Wauts, “Protective Groups in Organic Synthesis,” 3™ Ed., 1999, John Wiley & Sons, NY (see,
for example, pp. 17-200). The actual methods used will depend upon the identity of the
protecting group(s).

[0240] Embodiments in which the R? groups are taken together to form an optionally
substituted alkylene bridge can be synthesized from the syn 3,5-dihydroxyhexanoate esters
using the methods described in U.S. Patent No. 5,097,045 (X=cyano), U.S. Patent No.
6,472,544 (X=halo or OH) and U.S. Patent No. 6,344,569 (X=halo or CN), the disclosures of
which are incorporated herein by reference. Compounds including these protecting groups
can be synthesized as described, for example, in Greene & Wuts, “Protective Groups in

Organic Synthesis,” 3rd Ed., 1999, John Wiley & Sons, NY (see, for example, pp. 201-245).

[6241] As a specific example, compounds according to structural formula (IVa) in which X is
cyano can be prepared by treating the corresponding (3R,5R)-6-cyano-3,5-
dihydroxyhexanoate ester with an acetal forming reagent as described in U.S. Patent No.
6,344,569, at Col. 7, line 30 through Col. 8, line 40, the disclosure of which is incorporated

herein by reference.
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[0242] As another specific example, compounds according to structural formula (IVa) in
which X is halo can be prepared by treating the corresponding (3R,58)-6-halo-3,5-
dihydroxyhexanoate ester with an acetal forming reagent as described in U.S. Patent No.
6,344,569 at Col. 9, line 21 through Col. 10, line 34, the disclosure of which is incorporated

herein by reference.

[0243] As yet another specific example, compounds according to structural formula (IVa) in
which X is cyano can be prepared by treating the chloro analog (prepared as described
above), with a cyanating reagent as described in U.S. Patent No. 6,344,569 at Col. 11, line 17

through Col. 12, line 5, the disclosure of which is incorporated herein by reference.

[6244] Tn some embodiments, the R” groups of the protected syn 3,5-dihydroxyhexanoate
taken together can form a cyclic boronate protecting group of -BR’-, wherein the R’ is
selected from (C1-C12) alkyl, (C6-C10) aryl and (C7-C12) arylalkyl. In a specific
embodiment, R” is phenyl. Compounds with cyclic boronate based protecting groups can be
synthesized as described, for example, in Greene & Wuts, “Protective Groups in Organic
Synthesis,” 3rd Ed., 1999, John Wiley & Sons, NY (sce, for example, pp. 243-245). An
exemplary phenyl boronate protected syn 3,5-dihydroxyhexanoate ester is described in U.S.

Patent No. 6,867,306, incorporated herein by reference.

[0245] Exemplary embodiments of these and other reactions are illustrated in FIG. 2.
Specific methods of synthesizing tert-butyl (4R,6R)-6-cyanomethyl-2,2-dimethyl1-1,3-
dioxane-4-acetate from tert-butyl (3R,5R)-6-cyano-3,5-dihydroxyhexanoate and tert-butyl
{4R,6S)-6-chloromethyl-2,2-dimethyl-1,3-dioxane-4-acetate from tert-butyt (3R,58)-6-
chioro-3,5-dihydroxyhexanoate are described in Example 2 and 3, respectively, of U.S.
Patent No. 6,344,569, the disclosure of which 1s incorporated herein by reference. A specific
method for synthesizing tert-butyi (4R,6R)-6-cyanomethyl-2,2-dimethyi-1,3-dioxane-4-
acetate from tert-butyl (4R,6S)-6-chloromethyl-2,2-dimethyl-1,3-dioxane-4-acetate is
described in Exampie 3 of U.S. Patent No., 6,344,569, the disclosure of which is incorporated

herein by reference.

{8246] The protected and unprotected svn dihydroxy esters of structural formulas (I1a), (1la),
(IVa), and (Va) can be used to synthesize cholesterol lowering statins, as well as other useful
compounds including a 1,3~ syn dihydroxy moiety, using methods that are well-known in the

art. For example, methods of synthesizing atorvastatin using tert-butyl (3R,5R)-6-cyano-3,5-
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dihydroxyhexanoate are described in U.S. Patent No. 6,596,879 (see especially Example 2 at
Col. 14, line 22-58), and U.S. Patent No. 5,097,045, the disclosures of which is incorporated

herein by reference.

[0247] Methods of synthesizing rosuvastatin using tert-butyl (3R,58)~6-chloro-3,5-
dihvdroxyhexanoate are described in U.S. Patent No. 5,278,313 and U S. Patent No.
6,472,544, respectively, the disclosures of which are incorporated herein by reference.
Methods of synthesizing rosuvastatin using tert-butyl (3R,5S,6)-trihydroxyhexanoate are
described in PCT application no. WO 01/85978, the disclosure of which is incorporated
herem by reference. Synthesis of other statins using the compounds produced by the methods

herein will be apparent to the skilled artisan.
7. EXAMPLES

[0248] Various features and embodiments of the disclosure are iltustrated in the following

representative examples, which are intended to be illustrative, and not limiting,

{0249] In the following description, wherever glucose dehydrogenase (GDH) is used, it is
GDH-CDX901, obtainable from Julich Chiral Solutions, Jilich, Germany.

7.1 Example 11 Wild-type Ketoreductase Gene Acquisition and Construction of
Expression Vectors.

[0250] The Ydli24wp gene {Genbank Acc. No.:NP_010159.1; G1:6320079) encoding a
Saccharomyces cerevisiae ketoreductase was codon optimized (SEQ 1D NO:1) for expression
in E. ¢oli based on the amino acid sequence (SEQ 1D NO:2) of the ketoreductase (*“YDL”)
encoded by the YdlI24wp gene. The gene was synthesized using oligonucicotides composed
of 42 nucleotides and cloned into expression vector pCK 110900 (depicted in FIG. 5) under
the control of a lac promoter. The expression vector also contained the P15a origin of
replication and the chioramphenicol resistance gene. Resulting plasmids were transformed
into E. coli W3110 using standard methods. Several clones were selected for sequencing the
putative KRED-encoding gene. Genes having the desired designed sequence were identified
and used as the starting material for the development of genes encoding engineered

ketoreductases.

(0251 This Example illustrates the acquisition of & recombinant polynucleotide encoding the
wild-type ketoreductase YDL from which genes encoding engineered ketoreductases can be

derived, and expression vectors and host cells suitable for such engineering.
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[0252] Polynucleotides encoding engineered ketoreductases of the present disclosure were

likewise cloned into vector pCK110900 for expression in £. coli W3110.
7.2  Example2  Production of Ketoreductase Powders; Shake Flask Procedure.

[0253] A single microbial colony of E. coli containing a plasmid with the ketoreductase gene
of interest was inoculated into 50 ml Luria Bertani broth containing 30 pg/ml
chloramphenicol and [% glucose. Cells were grown overnight (at least 16 hrs) in an
incubator at 30°C with shaking at 250 rpm. The culture was diluted into 250 ml Terrific
Broth (12 g/L bacto-tryptone, 24g/L yeast cxtract, 4 ml/L glycerol, 65mM potassium
phosphate, pH 7.0, lmM MgS0y, 30 png/ml chloramphenicol) in 1 liter flask} to an optical
density at 600 nm (ODgq) of 0.2 and allowed to grow at 30°C. Expression of the
ketoreductase gene was induced with 1mM IPTG when the ODgy of the culture is 0.6 to 0.8
and incubated overnight (at least 16 hrs). Cells were harvested by centrifugation (5000rpm,
15 min, 4°C) and the supernatant discarded. The cell pellet was resuspended with an equal
volume of cold (4°C ) 100mM triethanolamine (chloride) buffer, pH 7.0, and harvested by
centrifugation as above. The washed cells were resuspended in two volumes of the cold
tricthanolamine (chloride) buffer and passed through a French Press twice at 12000psi while
maintaincd at 4°C. Cell debris was removed by centrifugation {9000 rpm, 45 min., 4°C).
The clear lysate supernatant was collected and stored at -20°C. Lyophilization of frozen,

clear lysate provided a dry powder of crude ketoreductase enzyme.

[0254] This Example illustrates the production of ketoreductases powders suitable for use to

test enzyme properties.
7.3 Example 3:  Preparation of t-butyl 6-cyano-(5R)-hydroxy-3-oxchexanoate.

{0255) To an | L 3-neck flask with an addition funnel and a PTFE-coated magnetic stirring
bar, under a nitrogen atmosphere and immersed in a -20 °C dry ice/acetone bath, was added
120 mL anhydrous tetrahydrofuran and 75 mL (540 mmeol) diisopropylamine, The solution
was stiired and cooled to -20°C, and 200 mL (500 mmol) 2.5 M n-butyllithium in hexane
was added dropwise over 45 minutes, giving a pale yellow solution.  After an additional 30
minutes, 70 mL (520 mmol) t-butyl acetate was added dropwise with stirring over 25
minutes, turning the soklution cloudy. After an additional 1 hour maintained at ~20°C, a
solution of 22.0 g ethyl 4-cyano-(3R)-hydroxybutyrate (>99.9% ¢.c., 140 mmol) in 30 mL

anhydrous tetrahydrofuran was added dropwise with stirring over 35 munutes, giving a pale
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yellow solution. The solution was maintained at -20°C for an additional 1 hour, then
transferred via cannula over 30 minutes subsurface into a stirred biphasic mixture of 350 mL
1 M citric acid and 250 mL toluene immersed in an ice bath (~5°C ). During this guench, the
temperature of the mixture was maintained between 5-10°C.  Upon completion, the phases
separated, giving a pale yellow organic phase above and an orange aqueous phase, pH ~6,
below. The aqueous phase was separated and extracted with 250 mL toluene. The combined
organic phases were washed with 100 mL 1 N HCI followed by 3 x 100 mL of distilled
water. The final water wash gave pH ~5. The solvent was removed from the organic phase

by rotary evaporation at 60 °C under vacuum to give 31.7 g of a vellow oil.

[6256] 'H-NMR of the oil showed the presence of t-butyl 6-cyano-(5R)-hydroxy-
3-oxohexanoate, t-butyl 3-oxobutyrate, and t-butyl 4-cyano-(3R)-hydroxybutyrate in
1.00:0.27:0.14 mole ration, corresponding to 77 weight % t-butyl 6-cyano-(5R)-hydroxy-
3-oxohexanoate if no other components are present. The actual weight % was likely slightly
lower, but was not more accurately measured. 77 weight % of 31.7 g oil corresponds to a

77% mole yield on ethyl 4-cyano-(3R-hydroxybutyrate (theoretical yield = 31.8 g).

[6257] This and similarly prepared crude t-buty! 6-cyano-(5R)-hydroxy-3-oxohexanoate,
typically having purity ranging from 60 to 75 weight %, the balance being t-butyl
3-oxobutyrate and t-butyl 4-cyano-(3R)-hydroxybutyrate, were used in the following
Examples, except when the purified substrate is specified. The specified amounts of t-butyt
6-cyano-(SR)-hydroxy-3-oxohexanoate used in the Examples refer to the amount of the crude

preparation, uncorrected for its actual composition.
7.4 Examplc 4: LC/MS/MS Assay for Substrate Specificity and Conversion.

[0258] An LC/MS/MS method was developed to analyze the conversion of t-butyl 6-cyano-
(5R)-hydroxy-3-oxohexanoate to t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate and the
possible conversion of t-butyl 3-oxobutyrate in the crude substrate {(Example 4) to t-butyl

3-hydroxybutyrate:

Instrument; Agilent | 100 with Waters Micromass Quattro Premier LC/MS/MS
Column: Agilent SB C18 (50mm x 4.6 mm, Sum)

Mobile phase: 50% aqueous 0.25 vol% acetic acid, 50% acctonitrile

Flow rate: 1.0 mL/min,

Backpressure: 60 bar
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Temperature: ambient room temperature

Injection: 5 pL., ~0.1 mg/ml in methanol or other water miscible solvent.

Retention times:  t-butyl 6-cyano-(3R,5R )-dihydroxyhexanoate 1.0 min.
t-butyl 6-cyano-(SR)-hydroxy-3-oxchexanoate 1.3 min.
t-butyl 3-hydroxybutyrate 1.5 min.
t-butyl 3-oxobutyrate 2.1 min.

lonization/Detection: APCI+ using the transitions MH+ > MH-56 (loss of t-butene)

[0259] The response ratio for t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate to t-butyl 6-
cyano-(3R)-hydroxy-3-oxohexanoate substrate was typically 0.84 at 0.1 mg/ml. The MS/MS
transitions for t-butyl 3-oxobutyrate and t-butyl 3-hydroxybutyrate were not optimized.

7.5  Example 5 Diastereomeric Analysis of t-butyl-6-cyano-3,(5R)-

dihydroxyhexanoate by LC/MS/MS.
[0260] An LC/MS/MS method was developed to separate and analyze the (3R,5R) and
(35,5R) diastereomers of t-butyl 6-cyano-3,(5R)-dihydroxyhexanoate. The LC conditions
provided baseline resolution of the diastercomers. The response was linear from 0.0001 to 1.0
mg/ml with a detection himit under 0.0001 mg/m].

Instrument: Agilent 1100 with Waters Micromass Quattro Premier LC/MS/MS

Column: Agilent SB C8 (50mm x 4.6 mm, Sum)

Mobile phase: Isocratic 65% of 0.23% aq acetic acid, 35% acetonitrile

Flow rate: 1.0 mL/min.

Temperature: ambient room temperature

Retention times: (38,5R} 12.77 min: (3R, 5R) 13.67 min.

lonization/Detection: APCI+ using the transitions MH+ > MH-56 (loss of t-butene)

7.6 Example 6:  Diastereomeric Analysis of t-butyl (6R)-cyanomethyl-2.2-

dimethyi-1,3-dioxane-4-acetate by Gas Chromatography.
[6261] A GC/MS method was developed to separate and analyze the (4R,6R) and (4S,6R)
diastereomers of t-butyl (6R)-cyanomethyi-2,2-dimethyl-1.3-dioxane-4-acetate:

Column: HPSMS (0.25mm i.d., 25 um df, 30m)

Carrier gas: Helium, 9.44 psi, 0.7mL/minute.

Oven: 60°C for 1min, then 15 °C/min to 280°C, then hold at 280°C for 2 min.

Retention Times: (4S,6R) 11.44 min.; (4R, 6R) 11.55 min.

Detection: total ion count
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7.7  Example 7.  Diastereomeric Analysis of t-butyl-6-cyano-3,(5R)-
dihydroxyhexanoate via derivatization to t-butyl (6R)-cyanomethyl-2,2-
dimethyl-1,3-dioxane-4-acetate.

[0262] To a 30 mg sample comprising t-butyl 6-cyano-3,(SR)-dihydroxyhexanoate was
added | mL of ethyl acetate, 200 pL of 2,2-dimethoxypropane, and 20 pL of methanesulfonic
actd. The mixture was stirred for 20 minutes at room temperature. After addition of 200 ul.
of saturated aqueous sodium bicarbonate, a sample of the top ethy! acetate layer was analyzed

by the method of Example 6.

[0263] Each of the (3R,5R} and (35,5R) diastereomers of t-butyl-6-cyano-3,(5R)-
dihydroxyhexanoatce arc quantitatively derivatized under these conditions, Accordingly the
3,(5R) diastercomeric composition of the t-butyl-6-cyano-3,(5R)-dihydroxyhexanoate
corresponds to the analyzed 4,(6R) diastercomeric composition of the (6R)-cyanomethyl-2,2-
dimethyl-1,3-dioxane-4-acctate derivative.

7.8 Example 8  Evaluation of Wild-Type Ketoreductase YDL for Activity to

Reduce t-butyl 6-cyano-(SR)-hydroxy-3-oxohexanoate.

[0264] To a reaction mixture of 950 uL. 100mM triethanolamine (chloride) buffer, pH 7.0,
200 pL 1sopropanol, 9 mg t-butyl 6-cyano-(5R)-hydroxy-3-oxohexanoate and 8 mg
NAD(P)H was added 15 mg ketoreductase powder comprising ketoreductase YDL. The
reaction mixture was stirred at room temperature for 24 hours, then extracted with I mL ethyl
acetate. Affer centrifugation, the organic phase was separated and the solvent was removed
by rotary evaporation to leave a nonvolatile oil. The nonvolatile oil was analyzed by the
method of Example 4 for the conversion of the t-butyl 6-cyano-(5R)-hydroxy-3-
oxohexanoate and, if present, the diastercomeric composition of the product, t-butyl 6-cyano-
(3,5R)-dihydroxyhexanoate by the method of Example 7. The analyses showed 85%
conversion of the t-butyl 6-cyano-(5R)-hydroxy-3-oxohexanoate to produce t-butyl 6-cyano-

(3R,5R)-dihydroxyhexanoate having >99% d.c.

[8265] The Example illustrates the identification of wild-type ketoreductase YDL as a
candidate for engineering to improve properties for the reduction of a 3-oxo group of an
enantomer of a 5-hydroxy-3-oxohexanoaie ester to yield the corresponding syn 3,5-

dihydroxyhexanoate ester.
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7.9  Example 9:  Evaluation of Wild-Type Ketoreductase YDL for Activity to
Reduce t-butyl 6-cyano-(5R)-hydroxy-3-oxohexanoate using Glucose and
Glucose Dehydrogenase for Cofactor Regeneration,

{0266] To a reaction mixture of I mL 100mM triethanolamine (chloride) buffer, pH 7.0,
100 uL butyl acetate, 20mg t-butyl 6-cyano-(5R)-hydroxy-3-oxohexanoate, Img NAD(P)',
and 35 mg glucose, was added 3 mg of ghicose dehydrogenase powder and 20mg
ketoreductase powder comprising ketoreductase YDL. The reaction mixture was stirred at
room temperature for 22 hours, then extracted with 1 mL ethyl acetate. After centrifugation,
the organic phase was separated and the solvent was removed by rotary evaporation to leave
a nonvolatile oil. The nonvolatile oil was analyzed by the method of Example 4 for the
conversion of the t-butyl 6-cyano-(5R)-hydroxy-3-oxohexanoate and, if present, the
diastereomeric composition of the product, t-butyl 6-cyano-(3,5R)-dihydroxyhexanoate by
the method of Example 5. The analyses showed 92.6% conversion of the t-butyl 6-cyano-
(5R)-hydroxy-3-oxohexanoate to produce t-butyl 6-cyano-(3R,5R)-dihydroxyhexanocate
having >99.9% d.¢.

[0267] The Example illustrates the evaluation of wild-type ketoreductase YDL for activity
and diastereoselectivity when used in combination with a cofactor regeneration system

{(glucose and glucose dehydrogenase).

7.10  Example 10: Evaluation of Substrate and Cofactor Specificities of Wild-

Type Ketoreductase YDL in the Reaction to Reduce crude t-butyl 6-cyano-

(5R)-hydroxy-3-oxohexanoate.
[0268] The specificity of wild-type ketoreductase YDL powder for the reductions of t-butyl-
(R)-5-hydroxy-3-oxohexanoate and of t-butyl 3-oxobutyrate by NADH and NADPH was
evaluated by measuring the increase in NAD(P) absorbance at 340 nm in reaction mixtures
comprising 3 mg/mL purified t-butyl-(R)-5-hydroxy-3-oxohexanoate or ~13 mM t-butyl 3-
oxobutyrate and 0.2-0.3 mM NADH or NADPH in the total volume of ImL 100 mM
triethanolamine {(chloride) buffer, pH 7.2.

[0269] Ketoreductase YDL powder was active for the reduction of t-butyl-(R)-5-hydroxy-3-
oxohexanoate by NADPH but not by NADH. Ketoreductase YDL powder showed only very
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low activity for the reduction of t-butyl 3-oxobutyrate by NADPH, relative to that on t-butyl-

(R)-5-hydroxy-3-oxohexanoate.

7.11  Example 11: High Throughput Assay for Ketoreductase Activity on t-butyl

6-cyano-(5R)-hydroxy-3-oxchexanoaie.
[0270] A. High Throughput NAD(P)H Fluorescence Assay: Library colonies were picked
using a Q-bot® robotic colony picker (Genetix USA, Inc., Beaverton, OR) into 96-well
shallow well microtiter plates containing 180 pL Luria Bertani broth (LB), 1% glucose and
30 ug/mL chloramphenicol (CAM). Cells were grown overnight at 30°C with shaking at 250
rpm. 13 plL of this culture was then transferred into 96-deep well plates containing 400 pL
Terrific broth (TB) and 30 pg/ml. CAM. After incubation of deep-well plates at 30°C with
shaking at 250 rpm for 2.5 to 3 hours (ODggq 0.6-0.8), recombinant gene expression by the
cell cultures was induced by 1sopropy! thiogalactoside (IPTG) to a final concentration of |

mM. The plates were then incubated at 30°C with shaking at 250 rpm for overnight.

{0271] Cells were pelleted via centrifugation, resuspended in 300 to 400 uL lysis buffer and
lysed by shaking at room temperature for at least 2 hours. The lysis buffer contained 100 mM
triethanolamine (chloride) buffer, pH 7.0-7.2, 1 mg/mL lysozyme and 500 ug/mL polymixin
B sulfate.

[6272] Ketoreductase activity was measured by transferring measured quantities of the lysis
mixtures into the wells of microtiter plates containing an assay mixture of 100 mM
triethanolamine (chloride) buffer, pH 7-7.2, 0.2-0.3 mM NAD(P)H, 2 to 3 mg/mL t-buty] 6-
cyano-(5R)-hydroxy-3-oxochexanoate, 0 to 2 mg/ml t-butyl 6-cyano-(3R,5R)-dihydroxy-
hexanoate, 0 to 600 mM glucose and 0 to 600 mM sodium gluconate. The reactions were
monitored by measuring the decrease of fluorescent emission of NAD(PYH at 440nm as a
function of time. The results were plotted as relative fluorescent units (RFU) of NAD(PYH

verses time and the slope of the plot (RFU/min) was used to determine the rate of reaction.

[6273] B. Medium Throughput LC/MS/MS Assay for Substrate Specificity and
Cenversion: To determine the extent to which the NAD(P)H consumption measured in the
fluorescence assay was due to conversion of the t-butyl 6-cyano-(5R)-hydroxy-3-oxo-
hexanoate substrate to t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate product or to reduction
of t-butyl 3-oxobutyrate in the crude substrate to t-butyl 3-hydroxybutyrate, the reaction

mixtures showing NAD(P)H consumption activity of interest were consolidated into fewer
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96-well microtiter plates and extracted with ethyl acetate. The separated ethyl acetate
extracts were diluted with acetonitrile/water (1/1) and analyzed by the LC/MS/MS method of
Example 4.

7.12  Example 12: High Throughput Screen for More Stable Engineered
Ketoreductases.

[0274] Lysis mixtures comprising engineered ketoreductases prepared and identified as in
Example 11A were incubated for at least 16 hrs at a temperature in the range of 37 °C to
50 °C. The ketoreductase activity remaining in the lysis mixtures after the incubation was
then measured at ambient temperature by the procedure of Example 4. The ratio of the
ketoreductase activity remaining after the incubation to the activity of the corresponding
unincubated lysis mixture, 0 to 1, was used a measure of the stability of the engineered
ketoreductase in the fysis mixture.

7.13  Example 13: Improved Activity of Engineered Ketoreductases Derived from

Wild-type YDL for the Reduction of t-butyl 6-cyano-(5R)-hydroxy-3-
oxohexanoate to t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate.

{62751 To a 25 mL threc-neck vessel equipped with a PTFE-coated magnetic stirring bar and
a pH electrode connected to an automatic titrator for pH-controlled addition of base on-
demand via a feeding tube into the vessel, was charged 19 mL 100 mM triethanolamine
(chloride) buffer, pH 7, 3.0 g glucose, ketoreductase powder comprising the ketoreductase
specified by SEQ 1D NOS. in Table 2 in the amount specified in Table 2, 13 mg glucose
dehydrogenase powder, 1.0 mg NaNADP, and lastly 3 g t-butyl 6-cyano-(SR)-hydroxy-3-
oxohexanoate. The reaction mixture was stirred at 22°C. The automatic titrator maintained
the pH at 7 by the addition of 4N NaOH, which was continuously recorded. Reaction
progress was monitored by the rate and cumulative addition of the base and periodic
sampling of the reaction mixture for extraction and analysis by the method of Example 4.
After the reaction time specified i Table 2, the reaction mixture was extracted twice with 10
mL ethyl acetate twice. The combined organic extract was filtered through a short pad of
diatomaceous earth and the solvent was removed by rotary ¢vaporation under vacuum.
Diastercormeric analysis of the residual oil by the method of Example 5 showed the product
t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate from each such reaction reported Table 2 to

have >99.99% diastercopurity. (No other diastercomers were detectable.)
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(0276} Table 2 gives the SEQ 1D NOS. corresponding to the ketoreductase powder, the
number of amino acid mutations from the wild-type ketoreductase YDL, the amount of
ketoreductase powder used, the reaction time, and the conversion of t-butyl 6-cyano-{5R)-
hydroxy-3-oxohexanoate to t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate reached in that

reaction time.

[0277] This Example illustrates, by comparisons of ketoreductase amounts, reaction times,
and conversions in Table 2, engineered ketoreductases derived from the wild-type

ketoreductase YDL providing improved activity compared to ketoreductase YDL.

Table 2: Activities of engineered ketoreductases derived from YDL.
ketoreductase | mutations | ketoreductase | reaction | conversion
SEQ IDNO. | from YDL | amount (mg) | time (h) (%)
2 (YDL) 0 120 07 87
70 3 120 67 99.6
112 4 60 24 94
178 7 30 24 95
276 8 30 23 .96
278 8 30 22 99.0
318 9 30 5 99.7

7.14  Example 14: Improved Stability of Enginecred Ketoreductases Derived from
Wild-type YDL for the Reduction of t-butyl 6-cyano-(5R)-hydroxy-3-
oxohexanoate to t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate.

[0278] To a 25 mL three-neck vessel equipped with a PTFE-coated magnetic stirring bar and
a pH electrode connected to an automatic titrator for pH-controlled addition of base on-
demand via a feeding tube into the vessel, was charged 20 mL 100 mM tricthanolamine
{chloride) buffer, pH 7, 0.5 g glucose, the amount of ketoreductase powder specified in
Table 3, 8 mg glucose dehydrogenase, 2.0 mg NeNADP, and lastly 0.3 g t-butyl 6-cvano-
(5R)-hydroxy-3-oxohexanocate. The reaction mixture was stirred at the temperature specified
in Table 3. The automatic titrator maintained the pH at 7 by the addition of 4N NaOH, which
was continuously recorded. Reaction progress was monitored by the rate and cumulative
addition of the base and periodic sampling of the reaction mixture for extraction and analysis

by the method of Example 4. After 22 hours, the reaction mixture was extracted twice with
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10 mL ethyl acetate twice. The combined organic extract was filtered through a short pad of
diatomaceous carth and the solvent was removed by rotary evaporation under vacuum,
Analysis of the residual oil by the method of Example 5 showed the product t-butyl 6-cyano-
{3R,5R)-dihydroxyhexanoate from each such reaction reported Table 3 having >99.99%

diastereopurity. (No other diastercomers was detectable.)

[0279] Table 3 gives the SEQ ID NOS. corresponding to the ketoreductase powder, the
number of amino acid mutations from the wild-type ketoreductase YDL, the amount of
ketoreductase powder used, the temperature of the reaction, and the conversion of t-butyl
6-cyano-(5R)-hydroxy-3-oxohexanoate to t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate

reached at the specified cumulative reaction time.

Table 3: Activities of YDL and engineered ketoreductases derived from YDL.
ketoreductase | mutations |ketoreductase | temperature conversion (%)

SEQ ID NO.  from YDL | amount (mg) (°C) at 3 hours |at 17 hours |at 22 hours
2YDL) 0 30 22 29 50 73
2YDL) 0 30 30 25 25 25

154 7 30 30 43 78 78
312 11 30 30 440 90 >09
316 9 10 30 33 82 96

[0280] This Example illustrates, by comparisons of the ketoreductase amounts, reaction
times, and conversions in Table 3 engineered ketoreductases derived from the wild-type
ketoreductase YDL providing improved stability compared to YDL. While in the reaction at
22 °C, YDL retained activity and the reaction reached 75% conversion in 22 hours, in the
reaction at 30 °C, YDL lost all activity within 3 hours reaching only 25% conversion. The
engineered ketoreductase having the amino acid sequence SEQ ID NO. 156 is partially
improved 1n stability; it retained beyond 3 hours at 30 °C, but lost all activity within 17 hours,
having reached 78% conversion. The engineered ketoreductase having the amino acid
sequence SEQ ID NO. 312 retained activity beyond 17 hours at 30°C and reached essentially

complete conversion within 22 hours,
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7.15  Example 15; Improved Activity and Diastereoselectivity of Engineered
Ketoreductases Derived from Wild-type YDL for the Reduction of t-butyl 6-
chloro-(58)-hydroxy-3-oxohexanoate to t-butyl 6-chloro-(3R,5S)-
dihydroxyhexanoate.

[6281] To a 50 mL three-neck vessel equipped with a PTFE-coated magnetic stirring bar and
a pH clectrode connected to an automatic titrator for pH-controlled addition of base on-
demand via a feeding tube into the vessel, was charged 21 mL 100 mM triethanolamine
{chloride) buffer, pH 7, 0.5 g glucose, 2 mL of the same buffer containing 10 mg of
ketoreductase powder comprising the ketoreductase specified by SEQ ID NO. in Table 4, 10
mg glucose dehydrogenase powder, 2.0 mg NAD or NaNADP, and lastly 0.3 g t-butyl
6-chloro-(55)-hydroxy-3-oxohexanoate, The reaction mixture was stirred at 22°C. The
automatic titrator maintained the pH at 6.9 by the addition of 4N NaOH, which was
continuously recorded. Reaction progress was monitored by the rate and cumulative addition
of the base and periodic sampling of the reaction mixture for extraction and analysis by the
method of Example 4. After the reaction time specified in Table 4, the reaction mixture was
extracted twice with 10 mL ethyl acetate twice. The combined organic extract was filtered
through diatomaceous earth and the solvent was removed by rotary evaporation under

vacuum to give 0.2 g residual oil.

[0282] Diastereopurity of the t-butyl 6-chloro-(3R,5S)-dihydroxyhexanoate product in the
residual oil was determined by the method of Example 7. The (3R,5S)-diol is a svn
diastercomer. (The convention for labeling the 5-position R or 8 is reversed between

6-cyanomethyl and 6-chloromethyl.)

[6283] Table 4 gives the SEQ ID NOS. corresponding to the ketoreductase powder, the
number of amino acid mutations from the wild-type ketoreductase YDL, the amount of
ketoreductase powder used, the cofactor used, the reaction time, the conversion of t-butyl
6-chloro-(5S)-hydroxy-3-oxohexanoate, and the diastercopurity of the t-butyl 6-chloro-
(3R,55)-dihydroxyhexanoate product.

[0284] This Exampie illustrates an engineered ketoreductases derived from the wild-type
ketoreductase YDL. providing improved activity and improved diastereoselectivity compared
to ketoreductase YDL and the use of such engineered ketoreductases for the preparation of

t-butyl 6-chloro-(3R,55)-dihydroxyhexanoate.
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Table 4; Activities and stercoselectivities of YDL and engineered keto-
reductases derived from YDL to produce t-butyl 6-chloro-(3R,58)-
dihydroxyhexanoate.
cofactor | ketoreductase | mutations | reaction | conversion | d.c.(%)
SEQ ID NO. | from YDL | time (h) (%) (3R,5S)
2(YDL) 0 20 37 97.3
NADP 326 10 4 99.8 99.2
328 11 4 99.6 99 4
2(YDL) 0 20 28 98.9
NAD 326 10 3 99.5 99.8
328 11 20 98.5 99.6

7.16  Example 16: Reduction of t-butyl 6-cyano-(5R)-hydroxy-3-oxohexanoate t-
buty! 6-cyano-(3R,SR)-dihydroxyhexanoate by an Engincered Ketoreductase
using Isopropanol and a Secondary Alcohol Dehydrogenase for Cofactor
Regeneration.

[0285] To a reaction mixture of 2 mL 100mM tricthanolamine (chloride} buffer, pH 7.2,
containing 2 mM MgSQ0y,, 360 mg t-butyl 6-cyano-(5R)-hydroxy-3-oxohexanoate, and 200
uL isopropanol, were added 30 mg ketoreductase powder comprising the engineered
ketoreductase having the amino acid sequence of SEQ ID NO. 330, secondary alcohol
dehydrogenase powder comprising an engincered secondary alcohol dehydrogenase derived
from ADH-LK and having activity to oxidize isopropanot to acetone, and 5 mg NaNADP.
The reaction mixture was stirred at room termperature for 1 hour, then extracted with 1 mL
cthyl acetate. After centrifugation, the organic phase was separated and the solvent was
removed by rotary evaporation to leave a nonvolatile oil. The nonvolatile oil was analyzed
by the methods of Examples 4 and 7. The t-butyl 6-cyano-(5R)-hydroxy-3-oxohexanoate
was 100% converted to t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate with >99.9% d.c.
(=>99.95% diastercoselectivity).

[0286] This Example illustrates the reduction of the 3-oxo group of an ¢nantiomer of a 5-
hydroxy-3-oxohexanoate ester to yield the corresponding syn 3,5-dihydroxyhexanoate ester
using an engineered ketoreductase in combination with a cofactor regeneration system

comprising a secondary alcohol (isopropanol) and a secondary alcohol dehydrogenase,

7.17 Example 17: Preparation of t-butyl 6-cyano-(3R,5R )-dihydroxyhexanoate (a
compound of structural formuia 1la).

[0287] To a 100 mL three-neck flask equipped with a PTFE-coated magnetic stirring bar and

a pH electrode connected to an automatic titrator for pH-controlled addition of base on-
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demand via a feeding tube into the flask, was charged 19 mL 100 mM triethanolamine
(chloride) buffer, pH 7, 8.68 g glucose, 100 mg ketoreductase powder comprising the
engineered ketoreductase having the amino acid sequence SEQ 1D NO. 316, 40 mg glucose
dehydrogenase powder, 6 mg NaNADP, and lastly 12 g t-butyl 6-cyano-(SR)-hydroxy-3-
oxohexanoate. The reaction mixture was stirred at 22°C. The automatic titrator maintained
the pH at 6.9 by the addition of 4N NaOH, which was continuously recorded. After 22 hours,
8.9 ml 4 N NaOH had been consumed, and an extract of a sample analvzed by the method of
Example 4 showed >99% conversion. The reaction mixture was filtered through
diatomaceous earth and 20 mL ethyl acetate was added through the diatomaceous earth. The
aqueous phase was separated and exiracted with 20 mL ethyl acetate. The solvent was
removed from the combined organic extracts by rotary evaporation under vacuum to obtain

9.80 g crude t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate as an oil.

[0288] This Example illustrates the preparation and recovery of a syn 3,5-dihydroxy-
hexanoate ester using an engineered ketoreductase by the method of the invention.
7.18 Example 18: Preparation of t-butyl (6R)-cyanomethyl-2.2-dimethyl-1,3-

dioxane-(4R)-acetate (a compound of structural formula IVa).
[0289] To the 9.80 g crude t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate obtained in Example

17 was added 26 mL 2,2-dimethoxypropane and 260 uL methanesulfonic acid. The mixture
was stirred at for 2 hours at 22°C. Afier addition of 25 mL 5% (half saturated) aqueous
sodium bicarbonate, the pH of the aqueous phase was 7.5. The mixture was extracted with
52 mL heptane, and the separated organic phase was extracted with 25 ml 5% aqueous
sodium bicarbonate. The solvents were removed from the organic phase by rotary
evaporation under vacuum. The residue was taken up in 70 mL heptane with mild heating
{(~45°C), cooled and maintained at room temperature for 30 minutes, then cooled maintained
at 0°C to complete the crystallization. Filtration and drying yielded at 8.1 g t-butyl (6R)-
cyanomethyl-2,2-dimethyl-1.3-dioxane-(4R)-acetate as a slightly yeliow solid. Analysis by
the method of Example 6 showed 97.8 area % purity and no detectable (4S,6R) diastereomer.

[6290] This Example illustrates the preparation and recovery of a protected syn dihydroxy
hexanoate ester from a syw 3,5-dihydroxyhexanoate ester prepared by the method of the

invention.
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7.19  Example 19: Preparation of t-butyl 6-cvano-(3R,5R)-dihydroxyhexanoate.

[0291] To ajacketed 3 L three-neck flask equipped with a PTFE-coated magnetic stirring bar,
an addition funnel, and a pH electrode connected to an automatic titrator for pH-controlled
addition of base on-demand via a feeding tube into the flask, was charged 6.36 ¢
triethanolamine and 427 mL water. The pH of the solution was adjusted to 6.9 by addition of
3.85 g concentrated hydrochloric acid. 195 g D-glucose, 0.90 g glucose dehydrogenase
powder, 2.25 g ketoreductase powder comprising the engineered ketoreductase having the
amino acid sequence SEQ ID NO, 316, and 0.135 g NaNADP were added. With stirring at 22
°C and the automatic titrator prepared to provide 4N NaOH on demand, 270 g t-butyl
6-cyano-{SR)-hydroxy-3-oxohexanoate was added from the addition funnel. The automatic
titrator maintained the pH at 6.9 by the addition of 4N NaOH, which was continuously
recorded. After 22 hours, 196.7 mil. 4 N NaOH had been consumed, and an extract of a
sample analyzed by the method of Example 4 showed >99% conversion. 450 mL ethyl
acetate was added and the mixture was filtered through diatomaceous earth. The aqueous
phase was separated and extracted with 450 mL ethyl acetate. The solvent was removed from
the combined organic extracts by rotary evaporation under vacuum to obtain 232 g crude

t-buty! 6-cyano-~(3R,5R)-dihydroxyhexanoate as an oil.

[6292] This Example illustrates a larger scale preparation and recovery of a sym 3,5-

dihydroxyhexanoate ester using an engineered ketoreductase by the method of the invention.

720 Example 20:  Reduction of t-butyl 6-cyano-(5S)-hydroxy-3-oxohexanoate,

[0293] The S-enantiomer of t-butyl 6-cyano-5-hydroxy-3-oxohexanoate was prepared from
ethyl 4-cyano-(3S)-hydroxybutyrate (98% e.c.) following a procedure analogous to the
preparation of the R-enantiomer from ethyl 4-cyano-(3S)-hydroxybutyrate described in

Example 3.

{0294} To a 25 mL three-neck vessel equipped with a PTFE-coated magnetic stirring bar and
a pH electrode connected to an automatic titrator for pH-controlled addition of base on-
demand via a feeding tube into the vessel, was charged 20 mL 100 mM triethanolamine

{chloride) buffer, pH 7, 1.80 g glucose, 9 mg glucose dehydrogenase powder, 30 mg
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ketoreductase powder comprising the engineered ketoreductase having the amino acid
sequence SEQ ID NQO. 316, 2.5 mg NaNADP, and lastly 3 g t-butyl 6-cyano-(5S)-hydroxy-3-
oxohexanoate. The reaction mixture was stirred at 22°C. The automatic titrator maintained
the pH at 7 by the addition of 4N NaOH, which was continuously recorded. Reaction
progress was monitored by the rate and cumulative addition of the base and periodic
sampling of the reaction mixture for extraction and analysis by the method of Example 4.
After 38 hours, the conversion was 47%. The reaction was extracted with twice with 10 mL
ethyl acetate. The combined organic extract was filtered through diatomaceous carth and the

solvent was removed by rotary evaporation under vacuum to leave an oil.

[0295] Crude t-butyl 6-cyanomethyl-2,2 dimethyl-1,3-dioxane-4-acetate was obtained from
the oil (Example 7) and analyzed by the method of Example 6, showing 95.3% d.c. (4R,6S)
diastereomer, corresponding to the ((3R,5S) diastereomer of the diol product of the reduction
reaction. (Note: The (4R,6S) diastereomer has the same retention time as its (45,6R)
enantiomer, and the (4S,65) diastereomer has the same retention time as its (4R,6R)

enantiomer.}

[0296) When the engineered ketoreductase of this example is used to reduce the
R-cnantiomer of t-butyl 6—cyan0—5—hydroxy—?s-oxohckanoaie, it provides the syn (3R,5R) diol
in essentially perfect diastereoselectivity (see Examples 13, 14, and FIG. 6 and FI1G. 7) This
example illustrates that it is also 3R-selective when used to reduce the 5S-enantiomer of t-

butyl 6-cyano-5-hydroxy-3-oxchexanoate.

7.21  Example 21: Reduction of a 97% 3R, 3% 58 mixture of enantiomers of
t-butyl 6-cyano-5-hydroxy-3-oxohexanoate (94% e.e.).
{0297] The procedure was identical to the preceding Example with the exception that 2.91g t-
butyl 6-cyano-(5R)-hydroxy-3-oxohexanoate and 0.09¢ t-butyl 6-cyano-(55)-hydroxy-
3-oxohexanoate were added to the reaction. The reaction reached 97% conversion in 20

hours, after which point the product oil was recovered as in the preceding example.

16298] Crude t-butyl (4,6)-6-cyanomethyl-2,2 dimethyl-1,3-dioxane-4-acetate was obtained
from the oil (Example 7) and analyzed by GC/MS by the method of Example 6, showing a
mixture of 99.73% (4R, 6R) diastereomer, corresponding to the syr-(3R,5R) diastereomer of
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of the diol (i.e., 99.46% d.e.).

[0299] In combination with the preceding Example, this Example illustrates an engineered
ketoreductase having stereospecificity for reduction of the R-enantiomer of t-butyl 6-cyano-5-
hydroxy-3-oxohexanoate over the S-enantiomer. The stereopurity at the 5-position of the
(3R.5)-diol (and the 6-position of the (4R,6)-dioxane derived therefrom) is substantially
upgraded compared to that of the 5-hydroxy-3-oxohexanoate substrate, 99.46% d.e. vs. 94%
e.e.. The engineered ketoreductase reacted less than one tenth of the 3% S-substrate added to
the reaction, while reacting essentially all of the 97% R-substrate. Thus, engineered
ketoreductases of the present disclosure can provide a higher degree of stereopurity in the syn-
3,5-dihydroxyhexanoate product when the 5-hydroxy-3-oxohexanoate substrate is of lower
stereopurity. Further, when the 5-hydroxy-3-oxohexanoate substrate is prepared from a
3-hydroxybutyrate ester, as exemplified in Example 3, a higher degree of stereopurity in the
syn-3,5-dihydroxyhexanoate product can be obtained, in net, from 3-hydroxybutyrate ester of
lower stereopurity.

7.22  Example 22: Diastereopurity of t-butyl 6-cyano-(3R,5R)-dihydroxyhexanoate
prepared by the method of the mvention.

[0300] Crude t-butyl 6-cyano-(3R,SR)-dihydroxyhexanoate was prepared as an oil by the
method of Example 17. A sample of the oil was dissolved at 1.0 mg/mL in 9 % acetonitrile in
water and analyzed by the LC/MS/MS method of Example 5. The chromatogram is shown,
blown up in scale in FIG. 6, upper panel. No diastereomer of t-butyl 6-cyano-(3R,5R)-

dihydroxyhexanoate was detected above 0.005%.

[0301] For comparison, a solution of t-butyl 6-cyano-(3R.5R)-dihydroxyhexanoate was
prepared from crystalline t-butyl (6R)-(2-cyanoethyl)-2,2-dimethyl-1,3-dioxane-(4R)-acetate
obtained from a commercial source (Aldrich Cat# 53,901-5), containing 0.1% of the (4S,6R)
diastereomer (analyzed by the method of Example 6; see Example 23). 250 mg of the
commercial t-butyl (6R)-(2-cyanoethyl)-2,2-dimethyl-1,3-dioxane-(4R)-acetate was
suspended in 2 ml. 1:]1 methanol:water containing 200 ul. IN HCl. The mixture was stirred
for 16 hours at room temperature. 500 pL saturated aqueous sodium bicarbonate and 3 mL of
ethyl acetate were added. The organic phase was separated and solvents were removed by
rotary evaporation under vacuum to yield 187 mg t-buty} 6-cyano-(3R,5R)-dihydroxy-

hexanoate as a slightly yellow oil.
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[8302] A sample of this oil was dissolved at 1.0 mg/mL in 9 % acetonitrile in water and also
analyzed by the LC/MS/MS method of Example 5. The chromatogram is shown, blown up in
scale, in FIG. 6, lower panel. The chromatogram shows the peak for the 0.1% (3S,5R)
diastereomer of t-butyl 6~-cyano-3,5-dihydroxyhexanoate resulting from the 0.1% of the
(48,6R) diastercomer in the commercial t-butyl (6R)-(2-cyanoethyl}-2,2-dimethyl-1,3-

dioxane-(4R)-acetate,

{0303] This example, by comparison of the upper and lower chromatograms in FIG. 6,
hustrates the process of the invention providing a substantially diastercomericaily pure syn
3,5-dihydroxyhexanoate compound.

7.23  Example 23: Diastercopurity of uncrystallized t-butyl {(6R)-(2-cyanoethyl)-
2,2-dimethyl-1,3-dioxane-(4R )-acetate prepared by the method of the
mvention.

[0304] Crude t-butyl 6-cyano-(5R)-hydroxy-3-oxohexanoate prepared from ethyl 4-cyano-
(3R)-hydroxybutyratc of >99.9% c.c. in Example 3 was converted to t-butyl (6R)-(2-
cyanoethyl)-2,2-dimethyl-1,3-dioxane-(4R)-acetate, which was analyzed for diastereopurity
by GC/MS prior to crystallization.

[0365] To a 100 mL three-neck flask equipped with a PTFE-coated magnetic stirring bar and
a pH electrode connected to an automatic titrator for pH-controlled addition of base on-
demand via a feeding fube into the flask, was charged 18 mL 100 mM triethanolamine
(chloride) buffer, pH 7.0, 12 g crude t-butyl 6-cyano-(5SR}-hydroxy-3-oxohexanoate, and 7.99
g glucose. The pH of the solution was readjusted to 7.0 with 0.26 mL 4N NaOH. | mlL of
the same buffer containing 200 mg ketoreductase powder comprising the engineered
ketoreductase having the amino acid sequence SEQ ID NO. 316, 15 mg glucose
dehydrogenase powder, and 5 mg NaNADP was added and the reaction mixture was stirred
at 22°C. The automatic titrator maintained the pH at 6.9 by the addition of 4N NaOH, which
was continuously recorded. An additional 15 mg glucose dehydrogenase powder and 1 g
glucose were added after 4.6 hours and an additional 15 mg glucose dehydrogenase powder
and 1.5 mg NaNADP were added after 7 hours. After a total of 12 hours 9.04 ml 4 N NaOH
had been consumed, and an extract of a sample analyzed by the method of Example 4 showed
99.3% conversion. 2.5 g diatomaceous carth was added to the reaction mixture, which was

then extracted three times with 50 mL ethyl acetate. The solvent was removed from the
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combined organic extracts by rotary evaporation under vacuum to obtain 10.40 g crude

t-butyl 6-cyano-(3R,5R)-dithydroxyhexanoate as an oil.

j0366] To the crude t-butyl 6-cyano-{3R,5R)-dihydroxyhexanoate was added 22 mL 2,2-
dimethoxypropanc and 100 nl. methanecsulfonic acid. The mixture was stirred at for 2 hours
at room temperature. After addition of 5 mL saturated aqueous sodium bicarbonate, the pH
of the aqueous phase was 8.0. The mixture was extracted with 60 mL hexane, and the solvent
was removed from the extract by rotary evaporation under vacuum to leave a golden oil

comprising t-butyl (6R)~(2-cyanoethyt)-2,2-dimethyl-1,3-dioxane-(4R)-acetate.

[03071 A sample of the oil was dissolved in ethyl acetate to 5 mg/mL, which was analyzed by
the following GC/MS method:

{0308] Column: HPSMS (0.25mm i.d., 25 um df, 30m)
Carrier gas: Helium, 9.44 psi, 0.7mL/minute.
Oven: 50°C for 1 min, then 30 °C/min to 220 °C, then hold at 220 °C for 3 min.
Retention Times: (4S,6R) 7.9 min.; (4R, 6R) 8.0 min.

Detection: single ion monitoring, m/z 198,

[0309] The GC/MS analysis showed the t-butyl (6R)-(2-cyanoethyl)-2,2-dimethyl-1,3-
dioxane-(4R)-acetate oil to be substantially diasterecomerically pure. For comparison a
sample of commercially obtained (Aldrich, catalog no. 53,901-3), crystalline t-butyl
(6R)-(2-cyanoethyl)-2,2-dimethyl-1,3-dioxane-(4R )-acetate was dissolved in ethyl acetate to
5 mg/ml, and likewise analyzed, showing 0.10% of the (4S8,6R) diastereomer, FIG. 7 shows
the overlapped GC/MS chromatograms of the oil and the crystalline t-butyl (6R)-(2-cyano-
ethyl}-2,2-dimethyl-1,3-dioxane-(4R)-acetate.

[0316] The oil was then dissolved in 17 mL hexane and 50°C, and the solution was cooled to
0°C for crystallization. Filtration and drying in air yielded 8.1 g crystalline t-butyl (6R)~(2-
cyanocthyl)-2,2-dimethyl-1,3-dioxanc-(4R)-acctate of 98.7 area % chemical purity.

{0311] This cxample illustrates the process of the invention providing a substantially

diastercomenically pure protected syn 3,5-dihydroxyhexanoate compound without any

diastereomeric purification, for example, by crystallization.
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7.24 Example 24: Preparation of t-butyl (6R)-(2-aminoethyl)-2,2-dimethyl-1,3-
dioxane-(4R}-acetate (Formula V).

[0312] t-butyl (6R)-(2-cyanoethyl)-2,2-dimethyl-1,3-dioxane-(4R)-acetate, such as prepared
in Examples 18 and 23, is converted to the title compound using the methodology disclosed
in U.S. Pat. No. 5,003,080 at column 49, lines 16-43, which is incorporated herein by
reference. In particular, a solution of t-butyl (6R)}-(2-cyanoethyl)-2,2-dimnethyl-1,3-dioxane-
{(4R)-acetate, 5.63 g (0.048 mol), in 100 mL of methanol saturated with gaseous ammonia is
treated with 0.5 g of Raney nickel #30 and hydrogen gas in a shaker at 50 psi and 40°C.
After 16 hours, thin layer chromatography indicates that no starting nitrile present. The
suspension is cooled, filtered through a filter aid, and concentrated o an oil. This crude oil is
purified by flash chromatography on silica gel with 30:20:1 (ethyl
acetate:methanol:ammonium hydroxide) as eluent to give 4.93 g of the titled compound: t-
butyl (6R)-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-(4R)-acetate of Formula V (98.2

area %), as a clear oil with acceptable IR, NMR, C-NMR and MS spectra.

7.25 Example 25: Preparation of t-butyl (6R)-[2[2-(fluorophenyl)-5-(-(1-
methylethy!)-3-pheny!-4-[(phenylaminojcarbonyl)-1H-pyrrol-1-yljethyl]-2,2-
dimethyl-1,3-dioxane-{4R }-acetate (Formula V1),

[0313] t-butyl (6R)-(2-aminocthyl)-2,2-dimethyl-1,3-dioxanc-(4R)-acctate, such as prepared
in Example 24, is converted to the title compound using the methodology disclosed in U.S.
Pat. No. 5,003,080 at column 49, lines 43-60, which is incorporated herein by reference. In
particular, a solution of t-butyl (6R)-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-(4R }-acetate
{(formula 1V), 1.36 % (4.97 mol), and (+)-4-fluoro-a-[2-methyl-1-oxopropyl}-y-oxo-N,B-
diphenylbenzenebutaneamide (formula V), which is a mixture of [R-(R",R)], [R-(R’,S9], [S-
(R",R"}and [S-R',S")]isomers, 1.60 g (3.83 mol), in 50 mL of heptane:totuene (9:1) is heated
at reflux for 24 hours. The solution is cooled slightly and 15 mL of 2-propanol added. The
mixture is allowed to cool to 25°C. and filtered to give 1.86 g of the titled compound: t-butyl
(6R)-[2{2-(fluorophenyl)-5-(-{ 1-methylethyl)-3-phenvl-4-[(phenylamino)carbonyi]-1H-
pyrrol-1-yllethyl}-2.2-dimethyi-1,3-dioxane-(4R )-acetate of formula VI, as a yellow solid

with acceptable NMR spectra.
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7.26  Example 26: Preparation of (2R-trans)-5-(4-fluorophenyl)-2-(1-
methylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-0x0-2H-pyran-2-
viethyl]-1H-pyrrole-3-carboxamide (a.k.a. atorvastatin lactone) (Formula
VID.

[0314] t-butyl (6R)-[2[2-(fluorophenyl)-5-(-(1-methylethyl)-3-phenyl-4-[(phenylamino)-
carbonyl]-1H-pyrrol-1-yliethyl]-2,2-dimethyl-1,3-dioxane-(4R)-acetate, such as prepared in
Example 25, is converted to the title compound using the methodology disclosed in U.S. Pat.
No. 5,003,080 at col. 50, lines 4-30, which is incorporated herein by reference. In particular,
4.37 g (6.68 mol) of t-butyl (6R)-[2[2-(fluorophenyl)-5-(-(1-methylethyl)-3-phenyl-4-
[(phenylamino)carbonyl!]-1H-pyrrol-1-yl]ethyl]-2,2-dimethyl-1,3-dioxane-(4R)-acetate is
dissolved in 200 mL of tetrahydrofuran and 15 mL of 10% hydrochloric acid solution is
added, and the solution is stirred for 15 hours. To this solution is added sodium hydroxide
(3.6 g} and the mixture is stirred for 30 hours. The reaction is stopped by adding 150 mL of
water, 90 mL of hexane, and separating the layers. The aqueous layer is acidified with dilute
hydrochloric acid solution, stirred for three hours and extracted with 150 mL of ethyl acetate.
A drop of concentrated hydrochloric acid is added to the ethyl acetate solution and the
solution is aliowed to stand 18 hours. The solution is concentrated in vacuo and the
concentrate 1s redissolved in 50 mL of ethyt acetate and treated with one drop of concentrated
hydrochloric acid. The solution is stirred two hours, concentrated in vacuo, and dissolved in
3.0 mL of toluene. The titled compound, (2R-trans-5-(4-fluorophenyl)-2-(1-methyi-ethyl)-
N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yhethyl}- 1 H-pyrrole-3-
carboxamide (3.01 g) of Formula VII, which is also known as atorvastatin lactone, is isolated
in two Ccrops.

7.27 Example 27: Preparation of [R-(R*,R*)]-2-(4-fluorophenyl)-B-8-dihydroxy-
5-(1-methylethyl)- 3-phenyl-4-{(phenylamino)carbonyl]-1H-pyrrole-1-
heptanoic acid, calcium salt (2:1) of Formula VIIIL

[0315] (2R-trans)-5-(4-fluorophenyl)-2-(1-methylethyl)-N.4-diphenyl-1-[2-(tetrahydro-4-
hydroxy-6-oxo-2H-pyran-2-yhethyl]-1 H-pyrrole-3-carboxamide, such as prepared in
Example 26, is converted to the title compound of Formula VHI using the methodelogy
disclosed in Examples 1A or 1B of U.S. Pat. 5,969,156, entitled “Crystalline [R-(R* R*)]-2-
(4-fluorophenyl)-p,5-dihydroxy-3-(1-methylethyl}-3-phenyl-4-[(phenylamino)carbonyl]-1H-
pyrrole-1-heptanoic acid hemt calcium salt (atorvastatin),” which issued on 10/19/99 and

which examples are incorporated herein by reference. The fitle compound is well known
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under the generic name atorvastatin, hemi calcium salt and the brand name LIPITOR®.
Preparation of the calcium salt from the lactone of Example 26 is disclosed in Example 10 of

U.S. Pat. 5,273,995, which is incorporated herein by reference.

i Seodium Salt
[0316] In particular, dissolve one mole of the lactone (540.6 g) from Example 26 in 5 L of
methanol. After dissolution, add 1 L of H,O. While stirring, add 0.98 equivalents NaOH and
follow the reaction by HPLC untit 2% or less lactone and methyl ester of the diol acid
remains. An excess of NaOH is not used because Ca(OH); can form upon the addition of
CaCl; in a subsequent step. Upon hydrolysis of the lactone, [R-(R* R*}]-2-(4-fluorophenyl)-
p-o-dihydroxy-5-(1-methylethyl)-3-phenyl-4-[(phenylamino)carbonyl}-1H-pyrrole-1-

heptanoic acid, sodium salt (atorvastatin, sodium salt) is formed.

ii.  Caleium Salt
[0317] Upon completion of hydrolysis, add 10 L 1,0, then wash at least two times with a 1:1
mixture of EtOAc/hexane. Each wash should contain 10 L each of EtOAc/hexane. If sodium
salt 15 pure, add 15 L of methanol. If it is impure and/or contains color, add 100 g of G-60
charcoal, stir for two hours, filter over supercel and then wash with 15 T MeOH. Perform an
analysis on the reaction mixture by HPLC to determine the exact amount of the sodium salt of

atorvastatin that is in the aqueous methanol solution.

[0318] Dissolve 1 equivalent or slight excess of CaCly2H,0 (73.5 g) in 20 L H,O. Heat both
the CaCls solution and the aqueous methanol solution to 60°C. Add the CaCl, solation
slowly, with high agitation to the 60°C aqueous methanol solution of atorvastatin, sodium salt,
After complete addition, cool the mixture slowly to 15°C and filter the precipitating calcium

salt of formula VIII. Wash the filter cake with 5 L H,O. Dry at 50°C in a vacuum oven.

_The calctum salt from the dried filter cake can be recrystallized by dissolving in 4 L of EtOAc
(50° (), filtering over Supercel®, washing the filtrate with 1 L EtOAc (50° C), then adding 3
L. of a nonpolar solvent such as hexane to the 50°C EtOAc solution. The resulting crystals of

formula VIII are then dried by air or with heating.
11.5 Example 28: Production of Ketoreductases; Fermentation Procedure.

[0319] In an aerated agitated 15L fermenter, 6.0L of growth medium containing 0.88 g/L
ammonium sulfate, 0.98 g/L of sodium citrate; 12.5 g/L of dipotassium hydrogen phosphate
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trihydrate, 6.25¢/L of potassium dihydrogen phosphate, 6.2 g/L. of Tastone-154 yeast extract,
0.083 g/L ferric ammoniurm citrate, and 8.3 ml/L of a trace element solution containing 2 g/L
of calcium chloride dihydrate, 2.2 g/L of zinc sulfate septahydrate, 0.5 g/L manganese suifate
monohydrate, 1 g/L. cuprous sulfate heptahydrate, 0.1 g/L ammonium molybdate tetrahydrate
and 0.02 g/L sodium tetraborate decahydrate was brought to a temperature of 30. The
fermenter was inoculated with a late exponential culture of E. coli W3110, containing a
plasmid with the ketoreductase gene of interest, grown in a shake flask as described in
Example 3 to a starting ODggo 0f 0.5 to 2.0. The fermenter was agitated at 5001500 rpm and
air was supplied to the fermentation vessel at 1.0-15.0 L/min to maintain a dissoived oxygen
level of 30% saturation or greater. The pH of the culture was controlled at 7.0 by addition of
20% v/v ammonium hydroxide. Growth of the culture was maintained by the addition of a
feed solutton containing 500g/L cerelose, 12 g/l ammonium chloride and 10.4 g/
magnesium sulfate heptahydrate. After the culture reached an ODygpg of 50, the expression of
ketoreductase was induced by the addition of isopropyl-b-D-thiogalactoside (IPTG) to a final
concentration of lmM. The culture was grown for another 14 hours. The culture was then
chilled to 4°C and maintained at 4°C until harvested. Cells were harvested by centrifugation
at 5000G for 40 miﬁutes in a Sorval RC12BP centrifuge at 4°C. Harvested cells were used

directly in the following downstream recovery process or were stored at 4°C until such use,

[0320] The cell pellet was resuspended in 2 volumes of 100 mM triethanolamine (chloride)
buffer, pH 6.8, at 4 °C to each volume of wet cell paste. The intracellular ketoreductase was
released from the cells by passing the suspension through a homogenizer fitted with a two-
stage homogenizing valve assembly using a pressure of 12000 psig. The cell homogenate
was cooled to 4°C immediately after disruption. A solution of 10% w/v polyethyleneimine,
pH 7.2, was added to the lysate to 2 final concentration of #.5% w/v and stirred for 30
minutes. The resulting suspension was clarified by centrifugation at 5060G n a standard
laboratory centrifuge for 30 minutes. The clear supernatant was decanted and concentrated
ten fold using a ccllulosc ultrafiltration membrane with a molecular weight cut off of 30Kd.
The final concentrate was dispensed into shallow containers, frozen at -20°C and lyophilized

to powder. The ketoreductase powder was stored at -80°C.

[0321] This Example illustrates the production of ketoreductase powders by a practical

scaleable procedure.
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{03221 All publications, patents, patent applications and other documents cited in this
application are hereby incorporated by reference in their entireties for all purposes to the
same extent as if each individual publication, patent, patent application or other document

were individually indicated to be incorporated by reference for all purposes.

{0323} While various specific embodiments have been illustrated and described, it will be
appreciated that various changes can be made without departing from the spirit and scope of

the invention(s).
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WHAT IS CLAIMED IS:

1. A enginsered ketoreductase enzyme derived from the wild-type ketoreductase enzyme
of Saccharomyces cergvisiae capable of sterzoselectively reducing the 3-oxo group of & S-hydroxy-
3-oxchexancats 1o yield the corresponding syn 3 5-dibvdroxyvhexanozre ester, which enzyme has 2
specific activity that is at least bout 1.5-300 times or more greater than the specific activity of the

wild-type ketoreductase enzyme of SEQ ID NO:2 and comprises an amino acid seguence that is
: {a) at least 90% identical to SEQ ID NO:2, and (b) has one or more of the following

characteristics:
X ise polar or acidic amino acid residne;
X* is an aliphatic or basic amino acid residue;
%% is a hydroxy] containing or alipbatic amino acid residuz;
X% is & small amipo acid residue;
X* is a basic amino acid residue;
X® is an aromatic amino acid residue;
X% is 8 hydroxy! comtaining or small amine zcid residne:
X¥ isan aliphatic or bydrophobic amine acid residue:
¥™ is an aliphatic or aromatic amino acid Tesidne;

X' is a basic amino acid residue;
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X s a hydroxy! containing or stnall amino acid residuc;

X' is 8 polar or acidic amino acid residue;

W™ is an sromatic amine acid or polar hydrophilic amino acid residue
X" is & polar hydrophilic amino acid residus;

X** i & hydroxyl containing amino acid residus;,

X is a polar hydrophilic amino acid residue;

X* s an aliphatic amino acid residue;

X is a basic amino acid residue;

X2 i5 a acidic or polar amino acid residue;

X*™ is an acidic amino acid residue;

3 is an aliphatic amino acid residue

X" is an aromatic amino acid residus;

339 i5 an aliphatic or hydroxyl containing or acidic or hydrophilic or basic amino acid

residne; and

X™ is am aromatic, a polar or a hydroxyl containing amino acid residue.

2.

selected from:

The engineered ketoreductase enzyme of claim 1 which includes one or more mutations

X isE:
X7 s AorE;
X”'isSorP;
X 35V,
¥ s H;
X¥ W,
X GorS;
¥
X is L,
XlszisR;
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X% TorS;
X s E;
X®isC;
XMisRor i
X7 35T
isQ
XL

50 is R

X* 5 E
X1V,
XL

X¥ 5For W,
U ER K AV,ST,Y,D,EP orQ; and
¥ NorS.

3. The engineered ketoreductase enzyme of claim 1 which inchudes one or more mutations

selected from:
X s E;
X¥ Py
D,
X% 5L,
¥P sV,
X¥ iV
¥ Ty
X® sV,
X s M;
X558,
K%L
T G
X is Tor M;
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X sR;

> is T;

st is H;
X8,

X 5 E;
X¥M"sRar K
¥FsRor G
XP s @,
XN, GorQ,
X T,

X s A and
X*¥ isE.

4, The engineered ketoreductase enzyme of ¢laim 3 which includes one or more mutations
selected from:

XD
X¥isL;
X*isV;

X* 5V,
X%isT;
X¥isV;

X" is M

X% s 8;
X%is L

XM s G

X s Tor My
X" isR;

¥ T,

X is H;

X* isRor G
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X2 i

XN, G Ror Q:
_Xm is T; and

X* s AL

5. The engineered ketoreductase enzyme of claim 1 in which the amino acid sequence
corresponds 1o SEQ ID NO:2 and includes one or more of moutations selected from: R27A, R2TE,
N318, A36V, Y48H, 163W, R65G, RE3S, LB6L F125L, K152R, A160T, V184C, A218T, V2481,
K250R, E290D, L296V, Y297W, Y297F, L301K, L301R, L301A, L3015, 1301E, L301P, L3014Q,
L3071V, L301T, L301Y, L301D, Y307H, Y307N, and Y3075,

6. The engineered ketoreductase enzyme of claim 1 in which the amino acid sequence
corresponds to SEQ ID NO:2 and inclndes one or more mutations selected from: Q6E, N31P,
A160S, Q165E, Q214H, Q214R, E234Q, and Q263E.

7. The engineered ketoreductase enzyme of claim 1 in which the amino acid seguence
zorrasponds to SEQ ID NO:2 and includes one or more muations seiected from: N40Y, V431,
ELSIE; 158V, B62Q, A73P, K79R, K152Q, K169E, F1851, Q189H, G192D, H200L, D20) G, K215%,
K215M, K216R, D221V, 8233C, 1237D, K250E, 1265V, L.287R, K304R, Q310R, K31 1E, V3128,
and V312E.

8. The engineered ketoreductase enzyme of claim 1 in which the amino acid sequence

corresponds o SEQ ID NO:2 and meludes mutations QFE; R27A; N31P; 146L; LB6L L1211
F125L; A160T; V194C; Q214R; 1237N; and S239T.

9. The engineered ketoreductase enzyme of claim 1 in which the amino acid sequence

corresponds to SEQ ID NC:2 and includes muations RZ7A:; N31P; 163W,; L1211 F125L; A160T;
Y194C: Q214R; and 1237N.
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10. The engineered ketoreductase enzyme of claim 1 in which the amino acid sequence is
seiected from the group consisting of SEQ ID NGS: 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40,
42, 44, 46, 48, 50, 52, 54, 36, 58, 60, 62, 64, 66,68, 70, T2, 74, 76, 78, B0, 82, 84, B4, BR, 90, 92, 94,
96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134,
136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174,
176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210, 212, 214,
216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 23¢, 238, 240, 242, 244, 246, 248, 250, 252 254,
256, 258, 260, 262, 266, 268, 270, 272, 274, 276, 278, 280, 282, 284, 286, 288, 290, 202, 264, 296,
298, 300, 302, 304, 306, 308, 310, 312, 314, 316, 318, 320, 322, 324, 326, 328, 330, 332, 334, 336,
338, 340, 342, 344, 346, 348, 350, 352, 354, 356, 358, 360, 362, 364, and 366.

11, The engineered ketoreductase enzyme of claim 1 in which the amino acid sequence is

selected from the group consisting of SEQ ID NOS: 314, 316, and 318.

12. A polynucleotide comprising a sequence that encodes a ketoreductase enzyme according

to any one of claims 1 to 11.

13. The polynucleotide of claim 12 which is selected from the group consisting of SEQ ID

NOS: 15,17, 19, 21, 23, 25, 27, 28, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, &3,

63, 67, 69, 71, 73, 75,77, 79, 81, 83, 83, §7, 89, 91, 93, 95, 97, 99, 101, 103, 105, 107, 109, 111,

113,115, 117, 119, 121; 123,125,127, 129, 131, 133, 135, 137, 139, 141, 143, 145, 147, 149, 151,

153, 155, 157, 159, 161, 163, 165, 167, 169, 171, 173, 175, 177, 179, 181, 183, 185, 187, 189, 191,

193, 195, 157,190, 201, 203, 205, 207, 200, 211, 213, 215, 217, 219, 221, 223, 225, 227, 229, 231,

233,235, 237, 239,241, 243,245,247, 249, 251, 253, 255, 257, 259, 261, 263, 265, 267, 269,271,

273, 275,277,279, 281, 283, 285, 287, 289, 291, 293, 2935, 297, 299, 301, 303, 305, 367, 309, 311,

313, 315, 317,319, 321,323, 325, 327, 328, 331, 333, 335, 357, 339, 341, 343, 345, 347, 349, 351,

153, 355, 357, 359, 361, 363, and 365,

14, An expression system comprising the polynucieotide of claim 12 or 13 operably linked to

a control sequence suitable for directing expression in a host cell.
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15, A host cell comprising the expression system of claim 14.

16. The host cell of claim 15 which is E. coli.

17. The host cell of claim 16 in which the codons comprising the expression vector have

been optimized for expression in said host cell.

18. A process for preparing a syn 3,5-dihydroxyhexanoate compaound according to formula
(Ha):

OH OH 0O
{Hia) X
R1
whersin X is seiected from halo, cyano and ~OR®, where R is hydrogen or 2 proteciing
group, and R’ is selected from (C1-C12) alkyl, (C6-C10) ary] and (C7-C 12} aryialkyl,
comprising stereoselectively reducing an epantiomer of 2 S-bydroxy-3-oxchexancate
compound according to structural formula (Ia):

w < LI

~ wherein X and R’ are as defined for structural formuls (Tia);

using a ketoreductase according to any one of claims I to 5 under conditions suitable for reducing

the 3-oxo group to a 3-hydroxy group.

19. The process of claim 18 which further comprises recovering the 3,5-dihydroxyhexanoate

compound according to structural formula (Ia) from the reaction mixture,

20. The process of claim 18 in which the 5-hydroxy-3-oxohexanoate compound is

substantially pure in the enantiomer of structural formula (Ia).

21, The process of claim 18 which is carried out with whole cells that express the

ketoreductase enzyme, or an extract or lysate of such cells.

22. The process of claim 18 in which the ketoreductase is isolated and/or purified and the
enantioselective reduction reaction is carried out in the presence of a cofactor for the ketorednctase and

optionally & regeneration system for the cofactor.

.
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. 23, The process of claim 18 which is carried out at a temperature in the range of about 15°C
o gbout 75°C.

24. The process of claim 18 which is carried out at 2 pH in the range of about pH 5 to pH 8.

25, The process of claim 18 in which the weight ratio of the 5-hydroxy-3-oxohexanoate

compound of structural formula (Ia) to the ketoreductase enzyme is in the range of zbout 101 o
200:1.

26, The process of claim 18 in which X is selected from chloro, cyano and hydroxyl, and in
which R’ is a lower alkeny] or s-butyl.

27. Thke process of claim 18 which is carried out in the presence of a cofactor and optionally

2 cofactor regeneration system.

28. The process of claim 27 in which the cofactor is NADH and/or NADPH, and in which
the wetght ratio of the cofactor to the ketoreducatese enzyme is in the range of about 10:1 to 100:1.

29, The process of claim 27 in which the cofactor regenerating system comprises glucose
dehydrogenase and ghicose; formate dehydrogenase and formate; or isopropanol and 2 secondary
ajcobol dehydropenase.

30, The process of claim 29 wherein the secondary alcoho! dehydrogenase is the
- ketoreductase.

31. The process of claim 18 in which the preparation of 3,5-dihydroxyhexanoate compound

is a substantially pure in the syn diastereomer.

32 A reaction mixture comprising a ketoreductase enzyme according to any one of claims 1 to

11, a cofactor for said ketoreductase enzyme and & substrate according to structural formula (Ja):

oH O

O
(Ia) X\)\MDR‘E



wherein X is selected from hale, cyano and ~OR®, where R° is hydrogsn or & protecting
group, and R is selected from (C1-C12) alkyl, (C6-C10) aryl and (C7-C12) aryialkyl.

33, A reaction mixture comprising a ketoreductase enzyme according to any one of claims 1 to

11, a cofactor for said ketoreductase enzyme and a substrate according to structural formula
(a):
() “ OH ?H G
oRrR?
whersin X is selected from hale, cyano and ~OR’, where R® is hydrogen or 2 protecting
group, and R s selected from (C1-C12) alkyl, (C6-C10) aryl and (C7-C12) arylaliyt.

34, The mixture of claim 32 or 33 in which the weight ratio of the 5-hydroxy-3-
oxohexanoate compound of structural formula (Ia) or (Tiz) to the ketoreductase enzyme is in the
range of sbout 1(:1 io 200:1.

35. - The mixture of claim 32 or 33 in which X is selected from chloro, ¢yano and hydroxyl,
and iv which R® is 2 lower alkanyl or ~buryl.

36. The mixture of claim 32 or 33 in which the cofactor is NADH and/or NADPH, and in
- which the weight ratio of the cofactor 1o the ketoreductase enzyme is in the range of about 101 to
100:1.

37. The mixture of claim 32 or 33 further comprising a cofactor regeneration system.

38. The mixture of claim 37 in which the cofactor regenerating system comprises glucose
dehydrogenase and ghucose; formate dehrydrogenase and formate; or isopropano! and a secopdary
alcohol dehydrogenase,

39. The mixture of claim 38 wherein the secondary alcohol dehydrogenase is the
ketoreductase.
40. In a method of synthesizing a statin compound that includes as one step the

enantioselective reduction of 2 compound according to structural formuta (Ia) to vield a compound



according t stucmral formula (Jia), the improvement comprising carrying out the enantioselective
reduction of compound (Ia) to compound (Fa) with 2 ketoreductase epzyme according 1o any ons of

claims 1 to 1%;

wherein structaral formulza (Ia) is:

(ia) X\)\Mw

wherein X is selected from halc, ovano and ~-OR®, where R® is hydrogen or & protecting
group, and R is selected from (C1-C12) alkyl, (C6-C10) aryl and (C7-C12) aryialkyl; and
wherein structural formula (Ta) is:

OH OH O
(Tia)
x oR'

wherein X and R are defined as for structural formula (Ja).

41. The method of claim 40 in which the statin is selected from atorvastatin, rosuvastatin,

and pitavastatin,

42. A process for the preparation of a protected syn 3,5-dihydroxy-3-oxchexanoate

compound according to structural formuia (IHa):
ORZ OR* ©
(Iia) ¥

OR!
wherein:

X is selected from hale, cvane and ~OR®, where R® is hydrogen or 2 protecting groun;

R’ is selected from (C1-C12) alkyl, (C6-C10) aryl and (C7-C12) aryialkyl; and

each R? is & profecting group, or, altematively, the R® groups may be taken together 1o form
an alkylene bridge of the formmuia -CR*R*-, or 2 boronate of ~BR’- wherein R” and R* are each,
independently of one another, seiected from hydrogen, (C1-C12) alkyl, {C6-C10) aryl and (C7-C12)
arylalicyl, or alternatively, R and R taken together form a (C4~C10) cycloalky! or heterocycloaliyl,
and R’ 15 selected from (C1-C12) alkyl, (C6-C10) arvl and (C7-C12) aryialkyl, comprising the steps
of:

(1) stereoseleciively reducing a S-hydroxy-3-oxobexamoate enantiomer of structural formula
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(iz)

whereln struchnz! formula (1) is:
OH © ©
R
wherein X is selected from hale, cyano and ~OR®, where R? is hrydrogen or a prolecting
group, and R’ is selectad from (C1-C12) alkyl, (C6-C10} aryl and (C7-C12) arvialkyl;

using a ketoreductase enzyme according to any one of claims 1 to 11 under conditions
suitable to rednce foe 3-0x0 group to a 3-nydroxy growp o yield a first reaciion product comprising a
syn 3.5-dinydroxyhexanoate compound according to stuchural formula (Tia)
wherein strucoral formuia (Ta) is:

Ha_) OH O O
( X oR!
wherein X and R are defined as for structoral formula (fa);

and

{1y protecting the hydroxyl groups of the syn 3, 5-dihydroxyhexanoate compound to vield 2
second reaction product comprising the profecied syn 3,5-dihydroxy-3-oxobexanoate compound
according to stuctural formula (Tz).

43, The process of claim 42 in which R® and R* are each methyl.

44, The process of claim 42 in which X is selected from chloro, cyano and hydroxyl.

AS, The process of claim 42 in which R' is a lower alkyanyl.
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<400> 2
Met Ser Phe His Gln Gln Phe Phe Thr Leu Asn Asn Gly Asn Lys Ile

! > 10 15

Pro Ala Ile Rila Tle Ile Gly Thr Gly Thr Arg Trp Tyr Lys Asn Glu
20 25 30

Glu Thr Asp Ala Thr Phe Ser Asn Se n Ile Val Tyr

v Leu Val Glu G
35 4G 4

Ala Leu Lys Leu Pro Gly Tle Ile His Tle Asp Ala Ala Glu Ile Tyr
50 55 60

Arg Thr Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Thr Glu Lys Pro

65 70 I 80

Arg Asn Ala Ile e Leu Thr Aszp Lys Tyr Ser Pro Glmn Iie Lys Mst

Ser Asp Ser Pro z Asp Gly Leu Asp Leu Ale Leu Lys Lys Met Gly
100 105 110
Thir Asp Tvr Val Asp Leu Tyr Leu L His Ser Pro Phe Val Ser Lys
115 120 125
Gilv Val Asn Gly Leu Ser Leu Glu Glu Ala Trp Lys Asp Met Glu Gln
130 1335 140
Leu Tyr Lys Ser Gly Lys ARla Lys Asn Tle Gly V Ser Asn Phe Ria
145 150 155 160
Val Glu Asp Lev Gin Arg Ile Leu Lys Val 2ls Glu Val Lys Pro Gln
1g5 170 175
Val Asn Gin Ile Glu Phe 3Zer Pro Phe Leu Gin Asn Gln Thy Pro Gly
180 185 1980
Ile Tyr Lys Phe Cys Gln Glu His Asp Ile Leu Val Giu Ala
185 200 205
Pro Leuw Gly Pro Leu Gln Lvs L Thr Ala Gln 2Asp Rsp S2r Gln Pro
21 215 220
i Lys Glu Leu Ser Glu Lys Tyr Iile Lvs Ser Glu
230 235 240
L Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
2 250 255
Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Asp Ala GiIn Asn Leu Phe
260 265 270
Ser Phe Asp Leu Thr ARla Giu Glu Val Asp Lys Ile Thr Glu Leu Gly
275 280 285
Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lvs Leu Tyr Gly Lvs
290 295 300
Tyr Asn Tyr Ala Ala Gln Lys Val
305 310
<210> 3
<211> 762
<Z212>» DNA
<213> Artificial Sseguence
<220
<Z223%» Synthetlc Construct
<400» 3
atgtctaacc gtcoctgoatgg caaagtagece stcattaccg gogggactoet gggtatcggt 60
tcg ccacgasati tgtagaggsay ggtgcgaaag taatgatitac tggtcgtcac 120
tag dgtgaaaaggc cgccaaatca gtaggeactc cggatcagat tcagitittt 18O
ati catccgatga agatggotgg acgaaactg:t tcgacgocac cgagaaagcea 240
cgg tragcacctt agtgaacaat gcagggattg cagttaacaas sagogrtgaa 300
cea Ccggocgaaty gogtaaactg ctggccgtia atctggatgy
gtc tgggcatica gcecgcatgaasz aataaaggoel tgggogetag
gta tigaggggltt cgtaggogat cogagectdg gogcestacasa




ggggoggtac gitatcatgic gaaaagcogoa gogotggatit gogcactgaa ggactacgat 540
gtgcgtgtca acacagtace teogggctat atcaagaccc cgctggtoga tgatctgecg 600
ggtgctgagy aagcgatate acagcegtacg aaaaccoccta tgggccacat tggcgaaccyg 660
aatgacatcg catatatcty tgtgtaccig geatctaatyg aatcgaaatt tgegacgogh 720
tccgaatttg tggtogacgg cggdtatace gecacagtaal ga 762
<210> 4

<211> 253

<Z1Z> PRT

<Z213» Artificial Seguence
<Z23> Synthetic Construct
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Asn Arg Leu Asp Gly Lys Val

Leu Giv Tle Gly Leu Ala Ile Ala Thr Lys Phe Val Glu Glu
20 25 30
Lys Val Met Ile Thr Gly Arg His Ssr Asp Val Gly Glu Lys Ala Als
35 40 45
Lye Ser Val Gly Thr Pro Asp Gln Ile Gin Phe Phe Gln His Asp 3Sex
50 55 60
Ser Asp Glu Asp Gly Trp Thr Lys Leu Phe Asp Ala Thr Glu Lys Ala
65 70 75 g0
Phe Gly Pro Val Ser Thr Leu Val REsn Asn Ala Gly Ile RAla Val Asn
85 90 85
Lys Ser Val Glu Glu Thr Thr Thr Ala Glu Trp Arg Lys Leu Leu Aia
100 103 ERY
Val Asn Leu Bsp Gly Val Phe Phe Gly Thr Arg Leu Giy Ile Gln Arg
115
Met Lys Asn Lys Gly Ser Ile
136
Glu Gly Phe Val Gly Ser Lvs
145 160
Gly RARla Val ARrg Ile Ade Leu
165 175
Lys RBsp Tyr Asp Val ITle Lys
180
Thr Pro Leu Val Asp Ser Gln
185
Arg Thr Lys Thr Pro Met Giy His Ile Gly Glu Pro Asn Asp Ile Als
2130 21z 220
Tyr Ile Cys Val Tyr Leu Alas Ser Asn Glu Ser Lys Phe Als Thr Gly
225 230 235 40
Ser Gilu Phe Val Val Asp Gly CGly Tyr Thr Ale Gin

<2i0> &
<Z21l» 1050
<212> DNR

<213> Rrtificial Seguencs

<220
<223> Synthnetic Construct

<£00> 5
atgaaagcca ttcagtacac togtatcggt goggaacceag sactgactaa
CcCcggaaccgy Jgoccgdgoga agtacigetg gaagtcacgg cagoiggodt




gatgatttca ttatgtcigt gocggaagaa cagtacacct acggeoctgeeo gcoctgaccctg 180
gghcatgaag gtgctggtaa agttgoocgca ottggeogaag gtogtigaagg gttggatatt 240
ggeaccaatg tggttgtgta cggoccatygg ggtigtogee actgitggca ttgcagtcag 3006
ggcctggaga actattgetc cocgtgogeag gaactgggta titaaccogoe tggtcetgggr 360
gotcogoggy ctttggeoaga atttatgatt ghogactcac cacgicattt ggtcccgatt 420
ggecgatitag acccotghtaa aactghicceg ttgactgatg cgggootgac cocataccat 4806
geaatcaaac gotacctgoo gaaactgoge gucggcochtcott atgocagiagt gatcggtacg 540
ggtogootgy gocacghgge tatccaachg ctgegtcatt tatchtgotge aacggtgato 6006
goottggacg Titotygocga teaactugas chgyotacea aagioggege acatgaagta 660
gtootgtotg atasagatge agoggagaat gtgogtasaa Ttactiggtag ccoaaggtgea 720
gotttggtgt tggatttigh gggcotatoag coctaccattg acaccgcocat ggocagiggog 780
ggcgtogget ctgacgtcac cattgttggt atogytgaty gocaggeaca tgogaaaght 840
ttcttce agagtcocttea tgagocatoy gttacggtac cttattoogg cgctogtaat 200
ctgatcg aattgatcoga totggogeat gotggtatit togacattge cgttgagacce 260
tttgg ataatggtige agaggoctat cgtogeoctgg ctgogggeac actgtcagge 1020
ag tcgtccocggg cotgtaatga 1050

<210> 6

<211> 349

<21Z> PRT

<213> Artificial Sequence

<220
<223> Synthetic Construct

<400> 6
Met Lys Ala Ile Gln Tyr Thr Arg Ile Gly Ala Glu Z
5 10 15
bro Lys Fro Glu Pro Gly Pro Giy Glu Val Leu Leu Gilu Val
20 Z2h 30
Thr Ala Ala Giy Val Cys EHis Ser Rsp Asp Phe Ile Met Zer Leu Pro
35 40 45
Glu Glu Gln Tyr Thr Tyr Gly Leu Pro Leu Thr Leu Gily His Glu Gly
50 55 60
Bla Gly Lys Val Ala Ala Val Gly Glu CGly Val Glu Glv Leu Asp Ile
G5 70 75 g0
Gly Thr Asn Val Val Val Tyr Gly Pro Trp Gly Tys Gly Asn Cys Trp
85 SG 85
His Cys Ser Gln Gly Leu Glu &sn Tyr Cys Ber Arg 2la Gln Gilu Leu
1606 105 110
Giy Ile Asn Pro Pro Gly Leu Giy Als Pro CGly Ala Leu Ala Glu Phe
15 20 125
Met Ils Val Asp Ser Pro Arg His Leu Val Pro Ile Gly Asp Leu Asp
130 135 140 '
Pro Val Lyes Thr Vzl Pro Leu Thr Asp iy Leu Thr Pro Tyy His
14% 156 55 &0
Alz Ile Lys Arg Ser Leu Pro Lys Leu Ly Gly Ser Tyr Ala Val
165 175
Val Tle Gly Thr Giyv Gly Leu Gly His la Ile Gin Leu Leu Arg
180 185 190
Eis Leu Ser Als Als Thr Val Tles Ala Leu Asp Val Ser Als Asp Lys
183 200 205
Leu Glu Leu Ala Thr Lys Val Gly Ala His Glu Val Val Leu Ser Asp
210 215 220
Lys Asp Ala Ala Giu Asn Val Arg Lys Ile Thr Gly Ser Gin Gly 2

a
¢

L oA : J :
225 230 235
1 : T s

Els Leu Val Phhe Val Gly Tyr Gln Pro Thr Ile Asp T

250 2

Met Ria Val Val Gly Sex Asp Val Thr Ile Val Gly 1
265 2740
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hsn Gly
35
Ile Asp
50
Ile Lys
Leu Trp
Leu Lys
Pro Val
115
Iie Pro

130
Asn

le Glu

185

Lys Glu
210

Asn Phe
Asn Leu
290

Gly Ser
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Ile Phe
Lys Val His
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Pro Phe
Seguences
Construct

Ser Ser Rla
0
Gly Phe Gly
25

Iie RBla Ala
40¢

Tyr Leu Asn
Pro Arg Glu

1y Thr Lys
Sln
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Vali

Sar Val
30

Gly Tvr Arg
Val Gly Arg
Ile Thr Thr
80
Lew Asn Lvs
g5

Leu Met His
11c

Asn Val Leu

Glu

Pro Lys Thr
160

Aen Azn Ilie

175

Ala Thr Asn

190

Ile hla Phe

Fhe Gly Ser

Met Alsz Lvs
240

Ser Tle Gln
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agatoctgeog
Tgaaaatiig
tattagcaaa
cgtocctgeat
gatcocoggcey
cagcgtggaa
saacgataag
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Glu Thr ITle Gly Gin Arg Leu Ile Val
260 265
Gin Asp Val Leu Asp Ile Leu Asn Glu
275 280
&sn Ile Pro Val Gly Lys Pro Gly Ser
280 285
Gly Ada Thr Leu Asp Asn Lys Lys Ser
205 310
Phe Arg Asn Leu Lys Elu Thr Ile Asp
325
Lys Phe Glu Gly Arg Ile
340
<210> 13
<Z1i» 759
<Z2iZ> DNR
<213» Artificial Sequence
<220
<223>» Synthetic Construct
<400> 13
atgaccgatc gtctgaaggg caaagtagco at
Ctggeaatey cocgataastt tgtagsggag gg
goggatgiag gtgaaaagge cgocaaatcoa at
cagcoacgaty catccgatgs agcaggotgyg ac
tteggecogg ttacgaccogt cgtgaacasal go
gacactacca cggasggastyg gogtaaactg ot
ggcaccegtce tgggcatica gogcatgaasa aa
atgagoagta ttgaggggtt cgtaggogat oo
ggggcggiac gtatcatgic gaaaagogca ¢co
gtgcgtgtca acacagltacs tocgggetat at
ggtoccigagg aaatgatgtc acagcgtacg aa
aatgacatcg catggaictg tgtgtacctyg gc
gcagaatity tggtcoacygg cgggtatace gco
<Z210>
<21i>
<212
<213>
<Z20>
<223» Synthetic Construct
<40C0> 14
Met Thr Asp Arg Leuv Lys Gly Lys Val
1 5
Leu Gly Ile Gly Leu Ala Ile Ala Asp
20 25
Lys Val Val Ile Thr Gly Arg His Als
35 40
Lys Ser Ilie Gily Gly Thr ARsp Vel Ile
50 55
Ser Asp Glu Alas Glv Trp Thr Lvs Leu
65 70
Phe Gly Pro Val Thr Val Val Rsn
Lvs Ser Val Thr Thy Glu
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Il=
Phe

Ala Arg Phe
270
Pro Val Leu
285
Thr His Asn
300
Leu Leu Gly
Ala Ser &ln
gcgoggactet
tagttattac
cTgatgtrat
TCcgacaccac
cagttitccaa
atcitggatgg
tgggegetag
gggcatacasa
gcgcactgaa
cgotggtega
tgggccacat
aatcgaazatt
Val Thr Giy
Val Giu Giu
30
Gly GIlu Lys
45
Val Gln His
60
Thr Thr Glu
Gly Ile Rla
Arg Lys Leu
1c

Thr Met
Lys Gly
Thr Leu
Phe Lys
320
Ile Leu
335
gggtatceggt
tggtegtcac
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gtggaagacc tgoasacgtat cotgaaagtc gotgasgtiia aacctcaggt caaccagatt 540
gagttctcte cgttcococtgca asaccaaaca ccaggeoattt ataaattctg tcaggagcocac 600
gatatcoctgg tggaageata tictocgocty gogccocgotgo agaagaaaac cgcgoaggat 660
gacageocaac cattititga ghtacgicasa gaattgagog aaasatacat caaatccgag 720
goocagatcea tectgegetg ggtcactasa cgogghbghtge tgocagttac cacctettea T8O
aagceoicage geattagoga tgctcagaac otghtittoct tcgacctgac agoggaagag B840
gttgarasaz tcacggaget ggototggaa catgaaccogo tgogoctogta cigoaataaa 300
ttgtatggca aatataacta cgocgoccas aaagtgtaat ga 94z
<21G>

<Zilx

<Z2iZx

<213>

220>

<223> Synthetic Construct

<400> 26

Met Ser Phe His Gin Gln Phe Phe Thr Leu Asn Asn Gly Asn Lys Ile

1 5 10 15

ro Ale Ile Rla Ile Ils Gly Thr v Thr Ala Trp Tvr Lys Rsn Glu

B
[aw)

A
oo

Glu Thr Asp Ala Thr Pne Ser Asn Ser Leu Val Glu Gln Ile Val Tyr
35 * 45
Ala Leu Lys Leu Pro Gly Ile Tle 2sp Ala &ls Gilu Iie Tyr
5 55 el
Erg Thr Tyr Pro CGlu Val Gly Lys Ala Leu 3Ser Leu Thr Glu Lys Preo
65 70 75 80
Brg Asn Ala lle Phe Leu Thr Asp Lys Tyr SBer Pro Gln Ile Lys Meat
85 97 95
Ser Asp Ser Pro Ala Asp Gly Leu Asp Leu Ala Leu Lys Lys Met Gly
106 103 110
Thr Val AEsp Leu Tyr Leu Leu His Ser Pro Phe Vai Ser Lvs
120 125
Glu Gily Leu Ser Leu Glu Glu Ale Trp Lys Asp Mst Glu Gin
135
Leu Ser Gly Lys Als Ser RAsn Phe Rlsz
145 150 160
Val Glu Asp Leu Gln Arg Iie Gln
163
Val Asn Gln Ile Glu Phe Ser P Gly
180 185
Ile Tyr Lys Phe Cys GLn Glu His Asp Ile Leu Ser
195 200
Proc Leu Gly Pro Leu Gin Lys Lys Thr Ala Cin Pro
210 215
Fhe Phe Glu Tyr Val Lys Glu Leu Ser GIlu Lys Giu
225 230 235 240
Bla Gln lie Ile Lew Arg Trp Val Thr Lys Arg Giv Val Leuv Pro Val
245 250
Thr Thr Ser Ser Lys Pro Gln Arg Ilis Ser Asp Pheg
260 265
Ser Phe Bsp Leu Thr Aiz Giu Giu Vali Asp Lys Gly
275 280
Leu Glu His Giu Pro Lew Arg Leu Tvyvr Trp Asn Lys
9C 295 300G
Tyr BRsn Tyr Bla &ia Gln Lvs Val
305 316



Lo Ty A S S A B o S A TR - T S i s X
[ R aNEN e o JIL- LN GV BRI GV RN o w I N SR SN G R GV e SRS (RN O S
O e o N0 T s s Uy M0G0 O

0h 40 3 O o[mgoas U

ag
Ca
ot
a

[T O T TV B« T 5 B VO ¢ B 0 [
DD O U@ @ D @ €T o] b $ud O I P “ o [ i ] gl >4
O DWW DD MDD U4 @ —t = = > Yoo L ] = —~ O | 6}
oM D oM tha @ om0 ped @) = i Lo = & eS| Q! Lo 13 &3] 93]
IV R ISR IR R IC R & B o [ O N R e s
Do D WP oy Do DO, h [i2] [ — ul ) - %] ] 0] O w0
oo oms Uom oo oM D O : EERYe ! a = Py @ 0] — A Horeo
e S I SR S (I B SR G (B (s R o F R i e =S | oo = |43} o ol (B A
[SE SRR o I ST S TN R & B & B ST S 8]
o Ul ] ] = O] 14 o o] i O
i) 9] O I ] ] 0} 0 >y ruie)
i =y 1 H wh al e = ¥ ] Bt oo
T | - s} -l [ 0 Qo Oy -4 —l [ ]
— = T £ - et FalN o\ o) [0} o] e =
] = U0 s ) 2 0 - Ay et 95! = %] ]
i o8 ju W o] O ) O ty O e o - B
4] & = — o L = 4] 54 e o . [85]
P £ o WO ¥ | [l et o = e
o o el e} i I w S o8 g o ]
W} £ i Qo @ ] 3 1= ] - Q)
! = = =i [45] <L 4] = 5N e I
i ] a1 ! 14 o] o 03 b
et} " L e al —~ LV ! -
e - e — -1 el e [l
Pe] i 7] [SFRT TS s} o U1 Q o€y Oy
s [T ] - R )] = ] o Lo
€ odon o [ P . 4] 1% — Ny et el
ER
- i € I - aQ ] o3 3 j B R ¥ 3 o] Ut
3] ) Ke] e n O~ e n a D o - ) )] Y |
o W o 1 = I 1 L 3 S [ons — oy o
@] @™
W @ . ] e 3 [0} = it Sy by oy @ @ = o]
0 Lo 10 o — b} [ BT S A —1 e Qoo — 13} el
i 44 B O @ oD o oo 0o O 0] = [l &) 2p] Ly LD = %] Ft 3 el b %] .
9} [&] FEIRFICARNIINS G2 o LE B S IR & BN I O A o & LI e 1B & ) 8] (&
[ [} Do O mm M Oom o Dy D O o = o a Q = - 3 [o8 ] Y W ool @) o
0} 51 13} =1 — — o - (] n Q [0} o & ]
-3 1 PR S o Y SNID T« S O R S S O B¢+ SUE I « B¢ Yo S A N1 SIS 1} j 13 0 1 [am) o o | 58 ol 9y} i R [a (&
o i 0 P MmO om0 el Do o o
[ o [o LR IR OIS I o A SRR R & ST B o YN RS OIS B S AR @) o i o b V] pai @ s} el [T i
%) o FEv S S N ) SIS S WU I B B o TSN S 35 BRI o O S B 131 953 O — — A 54 e o 0] i — O e e
4] O @ m @ 0 D U0 v U o 0wy M = [ax) & k 1 W [ &
— [ SR T & S S TR B4 A 6 SV T o L N e A —
o [ W oho D oD sl o o O 18] [ 8] 18] 1M (] = 9] e 1 3 (I SO 1]
-+ -t D O P o o e Doadomogd - ot = — O ] 4 = Qo 3 b O 55
$] 1 O L0 oOe W ooy DU 3 1 fon =i SIS i Ly S [ [ bt o— Oy
- © [ S O TS 1 S SN B B R L o R R VT o AR o3 - Q
[ o B8 Fowl O a [N Ut L aj e i joR o il
4 Iu} [ R YT R (s N O R R N & B N & LB & S ¢ B P B¢ B 3 | + T — Wowy e — ® > ] ~— >
— o Do DDy Uy @ U O oy B [ Ly - [ o EA 1 vl i =S ] 3
A oy [ VIR SVE T VR Y NS« ¢ S SN s+ SOOI B R« B o2 oo G e [ea]
iy t cl O g DDy i Lo Lo ; o4O A 0 (SN ] §of ] bt < 0O, o)) e ja] i -
ISR GG N o 1N O G RS I o LIV S SRS RNE O S © YIS S [ & — Kol [ RS 9] 9} ul o o > 4 52} >
A FAN AN & ST R e BT T SNCH R S S S o I3 R I ¢ RV M AN A N =N 2 w3 i B =4 L i e B 4] KL e
oy 0 3o O oMU mo D o o QDD O et ] M Ty M f]
R o3 O MU L D @ v O U DWW D e el el o8 O 4t o o i8 o ol & H pas Douy e i ]
[QEREaN] oF O LSRR IF I & YRR O B o NN O B S > S IO+ S + S T O 1 R T o] O O N [Se == @ L et —i Uy M Q E ot @ =r ] —
A Voo Vomom g D D oDy Oy @ D VOOV W Voo NooE e 42 S =t U =] &) o = [



@

B
)
i
O
-
o
o
]
]
=
<
93]
<
=3
=
b
o=
I
o
)
F
3
=]
92}
]
il
n
o]
i
D
[
m
=
§
s}
]
[

[P

a0 o
= @
o O o
N
e
(82
o]
(¥
e

Phe Phe Glu Tyr Val Lys Glu Leu Ser Glu Lys Tyr Iie Lys Ser Glu
225 230 235 240G
Ala Gln Ile Ile Leu Arg Trp Val Thr Lys Arg Gly Ala Leu Pro Val
245 250 255
Thr Thr Ser Ser Lys Pro Gln Arg Ser Asp Ala Gin Asn Leu Phe
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-1 Thr
280 285
Le Leu Tyr Gly Lys
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Leu Gilu His Glu Pro Leu Arg Le: e
290 295 300
Tyr Esn BAsn Ala Ala GIn Lys Val
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<Z2i3>

<220
<223>» Synthetic Construct

<400> 28

atgtctttte tticacgotbg aacaacggoa ataasatcoec gacgattgooe 66
atcatcgges ttggtacaaa aatgaagaaz ctgacgcocgac cttctccaat 120
agteotggtt geatgegtto aaactgcogy ggattatcoca catcgacgoo L8O
gocggagat : cocoggaagty ggtaaagoac tgtocctgac cgaaaagocot 240
cgtaacgc T goatasatat tctccgcags ttasaatgag tgachtcococet 300
goggacygy tggat gc attgaagaaa atggyoracag attatgttga titatatctg 360
Trtacattocce cgittgtitc gaazggaadig aatggottas gottagaaga ggettggaaa 420
gatatggage agttatacasa zsagtggtass gotaasaaca Toggogolttco caatttogea 480
gtggaagaco tgceaacgtai cctgaaagte getgaagiis saccotcaggt caaccagatt 540
gagttctoto cghtcotgeoe assaccaaacs ccagocatit ataaattctg tcaggagcac 600
gatatcctgy tguaagoata tLotcoogotg gogococcgohge agaagazaacs cgocgcaggat 660
gacagocaac catitiitge gtacgicaaa Gaatlgageg aaaaatacat caaatccgag 720
gooecagatca tcotgogotg ggtcactasa ogogatgtae tgcocagttac cacctcttcoa 780
sagocotoage goattagoge tgotcagaac ctgbiticot togacctgac agoggaagag 840
gttgataaza tcacggagot ggghotogaa catgaacogo tgogeooigia ctggeaataaa 900
ttotatogece aatataacts cgccgoccoayg aszagtgtaat ga 942
<Z1C» 30

<P2ilx 313

<2LZ> PRT

<233» Artificial Seguence

CZ2U>

<223>» Synithetic Construct

<£00> 30

Met Ser Phe His Gin Gin Phe Phe Thr Leu Asn Asn Giy Asn

: Pre | L
H 5 0 15
] le Giy Thr Gly Thy Alas Trp Tyr i

o

el
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el el

z1lu Thr Asp &ia Thr Phe Ser Asn Ser Leu Val Glu Gin Iie Val His
35 4G a5
Lla Leu Lys Leu Pro Gly Ile Iie His Ile Asp Ala Ala Giu Ile Tyr
50 55 &l
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Construct

32
r Phe His Gln Gln Phe Phe Thr Leu Asn Asn Gly Asn
5 190
& Ile Ala Ile ITle Gly Thr Gly Thr Arg Trp Lys
20 25 30
Thr Asp Alz Thr Phe Ser Asn Ser Leu Val Glu Gin Iie
35 a0 45
Lys Leu Pro Gily Ile Ile His Ile Asp Thr Rlz Glu
55 60
r Tvr Pro Gilu Val Gly Lys Ala Leu Ser Leu Thr Glu
70 75
n Ala Ile Phe Leu Thr &Asp Lys r Ser Pro
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Ala ~sp Se
2315 220
Val Lys Glu Leu Ser Glu Lys Tyr Ile Lys
Z30 235
Leuw Arg Trp Vail Lys Arg Gly Val Leu
245 250
nr Ser Ser Lys B = Ser Asp Ala Gln Asn
260 333 276
Asp Leuw Thr Riz Giluw Glu Val Asp Lys Ile Thr Glu
275 280 285
Eis &ilv Pro Leu Arg Leu Trrp Asn Lys Leu Tyr
255 300
Tvr Rla ARla Gin Lys Val
310
33
534
DhA
Artificial Sequence

Lys Ile
15
Lsn Glu

Gln
Phe Az
160
Pro Gin
175
Prc Giy
Ser
Gln PBro
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<223> Synthetic Construct

<400>» 54
Mat Ser Phe His Gin Gln Phe Phe Thr

)
—
R
L
[#13
)
bl
L kg
o
231
.
[

Ala Ile Ile Gly Thr Gly ; rp Tyr Lys Asn Glu
20 25 30
Giu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Gin Ile Val His
35 40 45
&ls Leu Lys Leu Pro Gly Ile His Ile Asp Alz Alz CGiluv Ile Tvr
50 &0
Arg Thr Glu Bla Leu Ser Leu Zlu Lys Pro
65 75 80
2rg Asn Alas Ile Phe Leu Thr Asp Lys Tvr Ser Pro Gln Tle Lys Metx
85 SC 8%
Ser Asp Ser Pro Ala Asp Gly Leu Asp Lsu Ala Leu Lys Lvs Met Gly
100 105 11
Thr Asp Tyr Val Asp Leu Tvr Leu Leu His Ser Pro Phe Val Ser Lys
iih 120 125
Glu Val Asn Gily Leu Ser Leu Glu Glu Alz Trp Lvs RAsp
130 ) 1 140
weu Tyr Lys Ser Gly Lvs Ala Lys Asn Ile Gly Val Ser Asn Phe Thr
145 150 155 160
Val Glu Asp Leu Gln Arg Iie Leu Lys Val Lla Glu Val Pro Gln
165 i7c 175
Val Asn Gln Ile Giu Phe Ser Pro Phe Leu Gin Asn Gly : Gly
180 185
Tle Tvr Lys Phe Cys Gln Glu His Asp Ile Leu Val GSlu Ser
195 200 205
Pro Leu Gly Pro Leuw Gln L Bsp Ser &ln Pro
210 2 _
Phe Phe Glu Lys Glu Leu Ser Glu Lys Tyvr Ile Lvs Ser Glu
225 230 235 240
Bla CGln Zie Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255
Ser Lys Pro Gln Arg Jle Ser hsp Ala Gl Asn Lesu Phs
260 265 27
Ser Phe Asp Leu Thr Als Giu Glu Val Rsp Lves Ile Thr Giu Leu Slv
275 80 5 i
Leu Glu His Leu Zrg L Tyr Trp Asn Lys Leu Tyr Gly Lvs
290 205 300
Lezn Tvyvr Rla ARla Lys Val
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<Z23>» Synthetic Construct

<400> 60

Met Ser Phe His Gln Gln Phe Phe Thr Leu Asn Asn Gly Asn Lys Iie
H 5 10 15

Pro Ria Ile a Ile Ile Gly Thr Gly Thr Lys Trp Tyr Lys Asn Glu

[ 2B N
[#ia]
(o8]
(o)

Gilu Thr Asp a Thyr Phe Ser Asn Ser Leu Val Giu Gin Ile Val Tyr
5 44 45
Ala Leu Giu le2 Tle His Ile Asp Ala RAla Glu
50 55 60
Brg Thr Tyr Pro Glu Val Glv Lys Ala Leu Ser Leu Thr Glu Lys FPro
65 70 75 80
Arg Asn Ala Ile Pne Leu Thr Asp Lvs Tyr Ser Pro Gln Ile Lys Met

5 90 5

Ser BAsp Ser Pro Rla Asp Gly Leuw Asp Leu Ala Leu Lvs Lys Met Gly
106 105 110
Thr Asp Tyr Val Zsp Leu Tyr Leu Leu His Ser Pro Phe Val Ser Lys
115 120 125
Glu Val Asn Gly Leu Ser Leu Glu Gilu Rla Trp Lys Asp Met Glu Gin

Leu Tyr Lys Thr Gly Lys Ala Lys Asn Ile CGly Val Ser Asn Phe Ala
145 156G 155 160
V&l Giu Asp Leu Gln Arg Ils Leuw Lys Val Al Pro Gin
165 17C
Val Asn Giln Ile Glu Phe Ser Pro Phe Leu Gln Gly
180 185
Tle Tyr Lys Phe Cys= Gin Glu His Asp Ils Leu Ser
135 260
Pro Leu $ly Pro Lev Gln Lys Lys Thr Rls Gin Pro
210 2.5
Phe Phe Giu Tyr Val Lys Glu Leu Ser Glu Lys Glu
225 230 235 240
Ala Gln Tie Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255
Thr Thr Ser Ssr Lys Pro Gln Arg Ile Ser Asp Ala Gln Asn Leu FPhe
260 265 270
Leu Thr Ala Glu Giu Val Asp Lys Ile Thr Glu Leu Gly

Ser Phe Asp
2

-]
en
[~
o

E G
oo
[Sa3 8

Leuw Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Giy Lvs

290 295 300

Esn Tyr Ala Ala Gln Lys Val

310

<220
<223> Synthetic Construct
<400> &1
atgtctitic accaacaghtt titcacgctg aacaacggcoa atazaatcoe goegsttgoo
atcatcogooa ctggtacacg ttggtataas aatgsagaaa ctgacgcgac ctictccaat
aghtctggtig aacaaatcgt gtatgegttg asactgoocgg ggattatcea catcgacacc
goggagattt atocgecaccta cocogaadty gotaaagceac tgLcoougac cgazaagoct
cgtaacgega titttoctgac ggataaatat totocogoags tgag tgactcococt
gcgggocggtc tggatttage attgaagaza atgyggtacag Thga Tifatatcig
ttazcatticece cgttitgtitc gaaggsagtg aatggettaa adada ggottdgaas




gatatggage agttatacaa sagtgygtasa gctaasaaaca toggggtttc caattteogoe
gtggaagace tgcaacgitat coltgaaagrc geigaagiia aacctcagyt caaccagat
gagtictetc cgttcotgoa aaaccaaaca ccaggcattt ataaattcoctg Tcaggagcoa
gatatccoctgg tggaagcata ttoetoogeiyg ggcoogotgs agaagasaac cgogcagy
gacagccaac cattittitga gtacgtcaas gaattgagcg aaasaitacaa caastccg
geocagates tcotgogety gotcactasa cygogdtgtoe tgoecagitac cacctictt
aagcctcage gecattagoga tgctcagaac ctgtictcoct ftogacctgac agoggaag
gttgataaaa tcacggagct goggtctggaa catgaaccge tgcgcocctgta ctggzataa
ttgtatggeca aatataacta cgococgoccag asagtgtaat ga
<Z210> 62
<2ii> 313
<Z1iZ» PRT
<Z13> Artificial Secguence
<220>
<Z2Z23» Synthetic Construct
<400> 62
Met Ser Phe His Gln Gln Phe Phe Thr Leu Asn Asn Gly Zsn Lvs Ile
i 5 10 1z
Pro Zia Ile Ala Ile Ile Gly Thr CGly Thr Arg Trp Tyr Lys Asn Glu
20 25 30
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Vai Glu Gln Ile Val Tyr
35 4G 43
Ala Leu Lys Leu Pro Gly TIise Ile His Ile Rsp Thr Ala Glu Ile Tvr
50 55 60
Arg Thr Tyr Pro Glu Val CGly Lys Zlas Leu Ser Leu Thr Glu Lys Pre
€5 70 75 ac
Arg Bsn Ala Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gin Ile Lys Met
85 20 95
Ser Asp Ser Pro Als Gly Gly Leu Asp Leu Ala Leu Lys Lys Met Gly
106 105 110
Thr Asp Tvr Val Asp Leu Tyr Leu Leu His Ser FPro Phe Val Ser Lys
11s 129 izs
Glu Vel Asn Glv Leu Ser Leuw Glu Glu Ale Trp Lvs Asp Met Glu Gln
120 135 140
Leu Tyr Lys Ser Gly Lys Ala Lys Asn Tle Gily Val Ser Asn Phe ARlia
145 150 155 160
Vel Glu Asp Leu Gin Arg Iie Leu Lys Val Als Glu Val Cin
165
Vai Zsn $ln Tie Giy Phe Ser st Gln Gliy
180
Iie Tyr Lvys Phe Cys Gln Glu Val Glu Ser
L85 205
Pro Leu Gly Pro Leu Gln Aia Gln Asp Ser Gin Pro

1

n
<

=Ny
o]

Phe Phe Glu Tvr Val Lys Glu Lves Tyr Asn Lys BSer G
225 230 235 240
Ala Gln Iie Iie Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255
Thr Thr Ser Ser Lys Pro Gln Arg 1Ile Ser Asp Ala Eln Asn Leu Phs
260 2ob 276
Ser Phe Rsp Leu Thr Ala Glu Giu Val Asp Lys Tle Thr Glu Leu
275 280 285
Leu Giv His Glu Pro Leu Arg Leu Asn Lvs Leu Tyr Gly Lvs
290 285 340
Tyr Asn Tyvr Ala Ala Gin Lys Val
3C5 310

o O
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Met Ser Phe His Gin CGln Phe Phe Thr Leu Asn Asn Gly Asn Lys
i 5 Lo 15
T

e

Pro Ala Ile ARla Ile Ile Gly Thr Gily Thr Arg Trp Tyr Ly
20 25 36
Glu Thr &sp Ala Thr Phe Ser Asn Ser Leu Val Glu Gin Iie Val
0 45
Ala Leu Pro I His Ile Asp Thr Rla Giu Ile
55 60

Arg Pro Glu Val Gly Lvs Rls Leu Ser Leu Thr Gilu Lys

e TG : 75

Arg Asn Ala Iie Phe Leu Thr ZAsp Lvs Tyr Ser Pro $in Iie Lvs
85 S0 85
l T

p Leu Ala Leu Lys Lys Met

w0

o H

B

Thr Asp Tyr Val Leu Leun His Jer Pro Phe Val Ser
11 12C 125

Glu Vel Asn Glvy Leu 3er Leu Glu Glu Als Asp Met Glu

130 135

Leu Tyr Lys Ser Gly Lvs Ala Lys Asn Ile Ser Asn Phe

145 150

Val Glu Asp Leu Gin Arg Ile Leuw Lys Val Val Lys Pro

165 170 75
Vel Asn Gin Iles Glu Phe Ser Pro Phe Ley Gin Asn Gln Thr Pro
184 185 190

Ile Tyr Lys Phe Cys Gln Glu His Asp Ile Leu Val Glu Ala Tyr
i95 200 205

Pro Leu Giy Pre Leu G8ln Lvs Lys Thr Ala Gln Rsp Bsp Ser Gln

AT 2158 220

Phe Phe Glu Tvyr Val Lyvs ¢lu Leu Ser Glu Lys Tyr Asn Lvs Ser

225 230 235

Ala Gln Ile Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro

245 250 255
Thr Thr Ser Ser Lvs Pro Gln Arg Ile 3er Asp fls Gin Asn Leu
260 265 270

Ser Phe Rsp Leu Thr Als Glu Glu Val Asp Lys Ile Thr Glu Leu
275 280 285

Leu Gilu Hig Giu Pre Leu Arg Leu Tyr Trp Asn Lvs Leu Tyr Gly

2095 300
Lyvs Vai
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<ZZ23>
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20
Giu Thr Rsp Ale Thr Phe Ser Asn
35 0
Als Leu Lys Leu Pro Gly Ile Ile
50 55
Arg Thr Tyr Prce Glu Val Gly Lys
€5 0
£Arg Asn Ala Ile Phe Leu Thr Asp
85
Ser Asp Ser Pro Ala Rsp Gly Leu
100
Thr Asp Tvr Val Asp Leu Tyr Leu
115 120
Glu Val Asn Gly Leu Ser Leu Glu
136 135
Leu Tyr Lys Ser Gly Lys Ala
145 1:C
Val Glu Asp Leu Gln Arg Ile
16%
Val Asn Gln Ile Glu Phe Ser
180
Ile Tyr Lys Phe Cys Gln Glu His
195 200
Pro Leu Gly Pro Leu Gln Lys Lys
210 215
Phe Phe Giu Tyr Val Lys Glu Leu
225 230
Als Gin Ile Ile Leu Arg Trp Val
245
Thr Thr Ser Ser Lys Pro Gln Arg
260
Ser Phe Asp Leu Thr Als Glu Glu
275 8G
Leu Glu His Glu Pro Leu Arg I
290 295
Tyy RAsn Tyr Ala Ala GIln Lys Val
305 310
<210> 8%
<Z21i> 942
<212> DNA
<213> Artificial Seguence
<220>
<ZZ23>» Synthetic Construct
<d400> 8%
atgtcitite accaacagtt tticacgaoty
atcatcggea ctggtacacg ttggtataaa
AYLCTOY aacaaatcygt gtatgcgnig
gcggaga atcgcaccta coccggaagig
cgteacgoga ttititcoctgac ggataaatat
goggacggte tggatitage attgaagaaa
ttacattcce cgbttgitic gaaggaagtg
gatatggage agtiatacaa aadgtggtaas
gtggaagace tgcaacgtat cctgaaaghtc
gagttctctce cgttccoctgca zaaccazaca
gatatcctgy tggaagcata ttoctccogotg
gacagccaac Ccattttttga gtacgtcaaa
goccagatcae Teoolgogony ggrcaciaas

25

Ser Leu Val

HEis Ile Asp

Ala Leu Ser
75

Lys Tyr Ser

i85
ksp Ile Leu
Thr Ala Gln
Ser Giu Lys
235
Thr Lys Arg

220

Iie Ser Asp

265
Val Asp Lys
Tyr Trp &sn
BACEHCTYCE
aatgaagaaa
azactgcogyg
ggtaaagcac
tetcocgecaga
atgggtacag
aastggcttaa
gctaasaaca
gortgaagrtta
ccaggoatit
ggccogctge
gaatTgagoy
cgoggtgrge

Gilu Gln Ile
5
Ala Ala Glu

60

Leu Thr Giu
Proc Gln Ile
Leu Lys Lys
110
Pro Phe Val
125
Lvs Asp Met
140
Val Ser Asn
Giu Vai Lys
hsn GIn Thr
154
Val Glu Ala
205
Bsp Asp Ser
220
Tyr Asn Lys
Gly Val Leu
Ala Gln Asn
270
Ile Thr Giu
285
Lys Leu Tvr
300
ataaaatoce
ctgacgodgac
ggattatcca
tgtccctigac
ttaaaatgag
attatgttga
gottagaags
tcgoggtttc
aaccicaggt
ataaattotyg
agaagaaaac
azaaatacac
tgccagtTac

Val Tyr
Ile Tyr
Lys Pro

50
Lvs Meti
895

Elu Gir
Phe Ala
160
Pro Gln
Pro Gly
Tvry Ser
Gin Pro
Ser Glu
240
Pro Val
255
Leu Phe
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Val Gluv Asp Leu &in Arg
165
Val Asn Gln TIle Glu Phe
180
Ile Tyr Lys Phe Cys Gln
195
Pro Leu Gly Pro Leu Gin
210
Pne Phe Giu Tyr Val Lys

+3
=
[
H
5
i
e
@
14
[
o
oK

ti
{0
3
i
I
H
)

(2
o
e
[
O
=
D
o

<213» Artificial Seguenc

Ty
— O 3
@

L
Za

i

Gy DD
o

et i
&

+3
H
3

15}
o
]

]
P
o

Arg
295
Lys

=

3
9]

-t
vl

Qo

g
g
a

3]
oM

Uy @
4

H

| T =
(G20 ]

o

79

Py

o 0o
3 on 4D

ey

(R ]

ok
)

o

o

3
e

by

Aen

H
T

IR G
L e
L kg

il

by 28} o
— ©
i

L) hal)
oo

4

;
RIg

=]

<
453
|- bt
643

B
[ain]

=

IR N)]
<)
W
ot

T g sy
m oo

v
’

Lrg
L
o
ot

:1;4
]

i
bt
n

-1

[}

G My

[

s

R b
[ RS
" e}

i

5
w

Phe
Fro
175

=i
+
o

4
st
3

[N v
B
oowQ

[

=
a0
b

i3]

r
&
[l

o

}
w

-



<400> 91

atgtcttttce accaacagit tticacgctyg aacaacggca ataszaatcco ggcgatigeo 6O
atcatoggea ctggtacacg ttgotatasza astgaagszaa ctgacgogac cttotcocaat 120
agtctggity aacaaatcgt gtatgegttg aaactgcocgg ggattatcca categacgoe 180
goggagatitt atcgeaccta ccoggaagig ggtazagoac tgtooctgac cgasaagect 240
cgtaacgega tittittctgac ggataasatat totccgcaga ttasaatgag tgactoccot 300
goggacgutc tggatitage attgasgaaa atyggotacag attatgitga tttatatctg 360
ttacattoos cgtttgtttc gaaggsagtg aatggottas gottagaage ggcettggaaa 420
gatatguago agitatacaa aaghbggtasa gctadaaaca Toygggagittc caatttcaca 480
gtggaagace tgcaacgtat ceigaaagbc gotgazagtia asaccoctcaggt caaccagatit 540
gagttcicic cgticcotgoa aaaccaaaca ccaggcoatit ataaattctg tcaggagcac 500
tatcet : geata ttetcogetyg ggoccgotge agsagazaac cgogcaggat 660
Tt gtacgocaaa gaatigagoy aassaatacat caaatccgag 720
g ggtcactaaa cgoggtotge tgocagttac caccteottoa 780
c tgctcagaac cigtttitcct tcgacctgac agcggaagag 840
{ gagtctgugaa catgeaccge tgcgeotgia otggaataas 900
cgccgoocay aaagtgtgat ga 942

<Z223>» Bynthetic Construct

<400> 92
Met Ser Phe His Gln Gln Phe Phe Thr Leuw Asn Asn Glyv Asn Lys Ile
1 o 10 LB
Pro Ala Ile Rla Ile Ile Gly Thr Gly Thr Arg Trp Tyr Lys Asn Glu
20 25 30
Glu Thr Asp Als Thr Phes Ser 2sn Ser Leuv Val Glu Gln Ile Val Tyr
35 4G a5
Elas Leu Lys Leu Pro Gly Ile ITle His Ile Agp Ria Rls CGClu Iie Tyr
50 55 60
Arg Thr Tyr Pro Gilu Val Giy Lys Ala Leu Ser Leu Thr Giu Lys Pro
65 7O TE g0
Arg Asn Als Ile Phe Leuw Thr Asp Lys Tyr Ser Prc Gln Iis Lys Met
85 G0 95
Ser Asp Ser Pro Ala Asp Giy Leu Asp Leu Ala Leu Lyvs Lys Met Gly
100 105 L1g
Thr Rsp Tyr Vai Asp Leu Tyr Leu Leu His Ser Pro Phe Val Ssr Lvs
115 120 iZs
Glu Val Asn Glv Leun Ser Leu Glu Glu RAla Trp Lys Asp Met Glu Gin
120 1 140
Leu Tyr Lys Ser Gly Lys Alz Lys Asn Ile Gly Val Ser Asn Phe Thr
145 Is5e 155 160
Val Giu Asp Leu Gln 2rg Ile Leu Lys Val Ala Glu Val Lys Pro Gln
165 170 175
Val Asn Gin Ile Glu Phe 3er Pro Phe Leu Gin Asn Gin Thr Pro Gly
1z 180
Phe Cys ie Leu Val Glu Ala Tyr Ser
205
Pro Leu Gly Pro Lew Gln Lys Lys Thr Ala Gln Asp Asp Ser Gln Pro
210 215 220
Phe Phe Glu Tyr Val Lys Glu Leu S=r Glu Lys Tvyvr lie Lys Ser Glu
225 230 225 20



Lev Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255
Tar Thr S=zr Ser Lys Pro Gin Arg Ile Ser Asp Ala Gln Zsn Leu Phe
260 265 270
Ser Phe Asp Leu Thr Ala Glu Glu Val Asp Lys Ile Thr Glu Leu Gly
275 285
Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Gly Lys

2490 295 300
Tyr Asn Ser Ala Als Gln Lys Val

<210> 83

<211> 94z

<212> DHNR

<213>» Artificial Sequencs

AN
RS
N
o
W

J -

<223> Synthetic Construct

<400> %3
atgtcttite accaacagtt titcacgota aacaacgaca ataaaatcos gattgcc
atcatoggea ctggtacacyg ttggtataaa aatgaagasaa chtgacgogac ctcococaat
agtetggittg aacaaatogt gtatgcogiig aaactgoocygd ggattatcoa cgacgoc
gcggagatit atcgceaccta cococgoaggtg ggtasagecac Lgtooctgac cgaaaagoct
cgtaacgogsa ttotgac ggataaatalt tcotoccgeaga ttaagatgag tgasctoocot
gocggacgote tagatttagoe attgaagaaa atgggtacag attatgitga Tttatatcetg
TtacatTooc CgLttgtttc geaggaagtg aatgyuctitas gotitagaaga ggctiggasza
gatatggage agtiataceay aagtggtaaa gotaaaaaca tcgggghbtttce caatitcaca
gtguaagacsc Lgcsacgtat cocigsaagtc gotgaagtiia agoctcagat caaccagatt
gagttctoto cgttectgoca asaacoaaaca ccaggaa ataaattoty tcaguagcac
gatatcctgy tggaagcecata ttotococgcto ggoocogo? agaagasaac cgocgoaggart
gacagccaac catittitiga gtacgucaaa gaalttgac aaasatacaa caaatccgag
geocagatcea tectgogotg ggtcactaas cgoegygtyg Tgocagttac cacetottea
aagcocctocage gecattageoga tgcteoagaac crUgttttco Tcgacctgac agocggaagay
gttgataaaa tcacggagoel gggtctggaa catgagecge fogcgoctgta ctggaataaa
Ttgtatggea aatatsactc cgoogeccay azagtgtaat gz
<220>
<Z2Z3> Synthnetic Construct
<400> 94
Met Sar Phe His Gln Gln Phe Phe Thr Leu Asn Asn Gly ile
: 5 10
Pro Rla Ile Rila Ile Ile Gly Thr Giy Thry &rg Trp Tyr Giu
2c¢ 25
Giu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Gia Gin Tyr
35 4G 45
Ala Leu Lys Leu Pro Gly Tle Iie His Ile hsp Zla Zla Glu Tle Tyr
S0 55 60
Arg Thr Tyr Pro Giu Val Gly Lys BRiz Leu Ser Lesu Thr Giu Lys Pro
€5 T 75 80
Arg Asn Ala Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln Ile Lys Met
85 90 95
Ser Bsp Ser Pro Rla Asp Glv Leu Bsp Leuw ARlz Leu Lys Lys Met Gly
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<220>
<223> Synthetic Constzru

9]
ot

>
Ser Phe His Gln Gln Phe Phe Thr

w8}
o
4]
=
g
fa
]
o
faud
w2
e
[
&)

Lys Ile

=
-

vr Lys Asn Glu

H e
O

Pro ARla Ile Ala Ile Ile Gly Thr Gily

]
-
bt
w
1
H
kol

Glu Thr Asp Ala Thr Phe Ser BAsn Ser Leu Val Giu Gln Ile Val Tyr
35 4G 45
Ala Leu Lys Leu Pro Gly Ile Ile His Ile Asp Ala Ala Glu Ile Tyr
50 55 60
Arg Thr Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Thr Glu Lys Pro
65 70 15 g0
Arg Asn Ala Iie Phe Leu Thr Asp Lys Tyr Ser Pro CGin Tle Lys Mex
g5 9G 95
Ser bhsp Ser Pro Rla Rsp Gly Leu Asp Leu Ala Leu Lys Lys Met Gly
100 105 116
Thr Asp Tyr WVal Bsp Leu Tyr Leu Leu His Ser Pro Phs Val Ser Lys
115 120 125
Glu Val Zsn Gly Leu Ser Leu Glu Glu Ala Trp Lys Asp Met Glu Gln
140
Bern Ile Glv Val Ser Asn Phe Thr
155 L60
Lys Val Ala Glu Val Lys Pro Gln
7o 175
Ser Pro Phe Leu Gin Asn Gin Thr Fro Gly
185 120
Glu His Asp Ile Leu Val Glu Ala Tyr Ser
200 205
L Lys Lys Thr Als Gln Asp Asp
210 215 220
Phe Phe Glu Tyr Val Lys Giu Leu Ser Glu Lys Tyr Asn Lys Ser Giu
225 230 235 240
Bia Cln Ile Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255
Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Asp Ala Gln Asn Leu Phe
260 265 270
Ser Phe Asp Leu Thr Ala Glu Glu Val ARsp Lys Ile Thr Glu Leu Gly
275 280 285
Leu Glu His Gilu Pro Leu Arg Leu Tyr Trp &sn Lys Leu Tyr Gly Lys
290 295 300
Tyr Asn Tyr Ala RAles Gln Lys Val
305 310
<Z10» 97
<Z21l> 94z
<Z12» DNA
<213> Artificial Seguence
<220>
<Z23> Synthetic Construct
<400> 57
atgtctttic accaacagtt tiitcacgcig aacaacgygcs atasaatcocc cc
atcatcggea ctggtacaaa atggtatasa aatgaagaaa CLOaCcycgac aat
agtcoctggttg aacaaatcgt gtatgcogthtg azacigocgyg ggattatoca cat gco
gocggagattt atcgcaccta cocggaaglg ggtazagcac Lgtccoctgac cgaaaggooi
cggaacgcga ttittotgac ggatazatat totocogcaga © Cgag Lgactoscct
gegoacogte tggatitage attgaagaaa atgggtaceg a Ga tttatatcotyg




ttacattcco cgtttgtttc gaaggaagty aatggocttaa gecttagaaga gg gaaa 420
gatatggagce agttatacaa sagtggtaaa gcoctassaaca tcoggggtito caatticacs 480
gbtggaagacs tgcaacgtat cotgasaghtc gotgaagtbtita sacctcagght caaccagatit 540
gagtitcicte cgttcctgea aaaccaaaca ccaggceatti atasattctg toaggagcac 600
gatatcctgy tggaagcata ttctocogotg ggocccgoctge agaagaaaac cgcgcaggat 660
gacagccaac cattttitga gtacgtcaaa gsatigagoy aaazatacat caaatccgag 720
goccagatca tectgegetg ggtcactaaa cgcggtgtge tgoccagitac cacotcecttca 780
aagcotocage goattagoga tgchtcagaac ctgttitect tcocgacctgsc agcggaagag 840
gttgataaaa tcacggaget gggtctggaa catogaaccge tgcgcoctgta ciggaatazaa 9006
ttgtatggeca aatatasacta cgoccygcccay aaagtgtaat ¢ga 842
<210> 98
<Z21i> 313
<212> PRT
<213» RArtificial Seguence
<220>
<223» Synthetic Construct
<400> 98
Met Ser Phe His Gln Gln Phe Phe Thr Leu Asn Asrn Gly Rsn Lys Ile
i 5 10 15
Pro Ala Ile Als Tle Ile Gly Thr Gily Thy Lys Trp Tyr Lvs Asn Glu
20 25 36
&sp Ala Thr Phe Ser Asn Ser Tyr
35 40
Riz Leu Lys Leu Prc Gly Ile Ile His Glu Ile Tyr
5C 55
Arg Thr Tyr Pro (iu Val Gly Lys Ala Leu Ser Leu Thr Glu Arg Pro
€5 7O 75 g0
Arg Rsn Ala Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln ITle Lys Met
85 90 95
Ser Asp Ser Pro Ala Asp Gly Leu Asp Leu Ala Leuw Lys Lvs Met Ely
100 110
Thr Asp Tyr Val Asp Leu Tyr Leu Leu His Ser Pro Phe Val Ser Lvs
i1s 120 125
Giu Val Asn Gly Leu Ser Leu Glu Glu 2Zla Trp Lys Asp Met Glu Gin
1306 135 140
Leu Tyr Lys Ser Gly Lys Bla Lys Ren Ile Glyv Val Ser Asn Phe Thr
145 150 158 160
Val Glu Asp Leu Arg Iies Leu Lys Val Als Glu Val Lys Pro Gin
170 175
Val Asn Gin Lle Pne Ser Pro Phe Leu Gln Lsn Gln Thy Pro Gly
iet i85 198G
Ile Tyr Lys Phe Cys Gln Glu His Asp Ile Leu Val Glu &la Tyr Ser
195 200 205
Pro Leu CGly Pro Leu Gln Lys Lys Thr Zla Gin Esp Asp Ser
210 215 220
Phe Phe Glu Tyr Val Lys Glu Leu Ser Glu Lvys Tyr Iis Lys Ser Glu
225 230 235 240
Ala Gln Ile Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255
Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Lsp Lia Gln Asn Leu Phe
260 265 270
Ser Phe Asp Leu Thr ARla Glu Glu Val Asp Lvs Ils Thr Glu Leuw Gly
275 (0 285
Leu Glu Eis Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Gly Lys
290 295 300
Asn Tyr Ala Ala Gln Lys Val
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atgtot accaacagtt titcacgctg aacaacggcea atasasatoce
atcatcggeoa ctggtacacg ttggtataaa asatgaagsaa ctdacgogac
agtctagttg aacaaatcgt gtatgogtig gaactgccgyg guattatocs
gocggagattt atcgcaccia cccggaadid ggtaaagcac tgtocctgac
cgtaacgega totitotgac ggatagatat tetocgcecaga tTzaaatygsg
goggacggte tggatttage attgaagaaa atgggiacag attatgttgs
ttacattcce cgtitgttic gaaggaagtg aatggecttas gottagaaga
gatatggagce agttatacaa aagtggtaaa gctaaaaaca tocggggtttco
gtggaagace tgcaacgtat ccigaaagto gotgaagtta agectcaggot
gagthbctcte cgticeigea agaccaaaca ccadgcatiy gtasattonyg
gatatcctge tggaadgcata TLCLCCgCoTg gUcCoyoige dyaadasasac
gacagcecaac cattittitga gtacgtcaaa gasttgagoyg azasatacarn
gceccagatca Ltoctgegotg gutcactassa cgoagbaotge tgocagtiiac
aagcctcage gecattagoga tgctcagaac ctgtitttcocot tocgacctgac
gttgataaaa tcacggaget goggtctggaa catga tgcgootgta
ttgtatggca aatataacta cgccgcccag aaago ga
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Met Ser Phe His Leu Asn Asn Gly Bsn Lys Ile
1 10 15
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Glu Thr Asp Ala Thr Phe Ser Asn r Leu Val Glu Gin Ile Val Tyr
35 40 45
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Arg Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Thr Glu Lys Fro
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Phe Phe Glu Tyr Val Lys Glu Leu Ser Glu Lys Tyr Thr
225 230 3
Zlz Gln Ile Tle Leu Arg Trp Gly Val
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Thr Thr Ser Ser Lys Pro Gln Ela Gln
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Leu Thr Bls Giu Ile

Ser Phe Asp
vl

S
o or
[0 0 54

Leuw Giu HMis Glu Pro Leu Arg Lys L.eu
290 295 300

Tvr Bsn Gl Lys Val
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atgtotttte accaacagtt fitcacgotg aacaacggea atsaaatcocc ggogatigoo &0
atcatcggca ctggtacaas atggtataas aatgaagaaa ctgacgogac cttciccaat 120
agtciggtty aacaaatogt gtatgogtityg aaactgoocgy ggattatoca catocgacgoec 180
goggagatit atcgoaccta cocggaagty ggtasageas tgiooctgac cgaaaagcct 240
cgtaacgecga tttitctgac ggataaatat tctoccogeags ttaasatyag tgactococt 300
gcggacggtc tggatitagc ettgaagaaa atggotacayg attatgitiga tttatatchtg 360
ttacattoce cgtttottic gaaggasagty aatgocitas gottagsaga cgottggaaa 420
gatatggagc agttatacaa aagtggtass gctaasazaca toggggtitic caatttcaca 480
gtggaagace tgcaacgtat cotgazagic gotgaagits sacctoaggt caaccagatt 240
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Lys Thr Ala Gln Asp Asp
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Phe Phe Glu Tyr Val Lvs u Leu Gly Glu Lys Tyr Asn Lvs Ser Glu

225 230 235 240

vla Gln Tle TIle Leu Arg Trp Val Thr Lys Arg Gly Val Lesu Pro Val
245 250G 255

Thr Thr Ser Ser Lys Pro Gln Arg Ser Asp Ala Gln Asn Leu Phe

Bt

260

ooy =

=B
pe
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Ser Phe Asp Leu Thr Ala Glu Glu V Asp Lys Ile Thr Glu Leu Gly
275 28¢C 285
Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Gly Lys
290 295 300
Tyr Bsgn Tyr Aia Ala Gln Lys Val
305 310
Seguence

<223> Synthetic Construct

<400> 115
atgtctitic accaacagtl tttcacgctg aacaacggca ataaaatcce ggygcgatigoo
tcatcggocs ctggtacaaa atggtataaa aatgaagaaa ctgatgcocgac C ccaat

agtctogtia zacasatcgt gtatgcocgitg zzactgooge ggattatooa acgco
gocggagatit atcgcaccia ccoocggzaghty ggtaaagcac tgicectgac cyaaaagoot
cgtaacgcga ttititcoctgac ggataaatat ftcotccocgraga ttaaaatgag Tgachtcoooot
goggacggte tggatitage atigaagaas atgggracaa attatghtge tttatatotg
ttacattcoe cgittogttic gaaggaadtyg aatggcttaa gcocttagaaga ggoitggaas
gatatggage agtiatacaa aagtggtzas gcetaaaaaca tcegggettic caatttcacsa
gtggaagacce tgcaacgiat cctgaaagtc gotgsagltia aaccicaggt caaccagatt
gagttcrectc cgttcotges aaaccasaca coaggeoaitit ataaatictg tcaggagcac
gatsicotgg tggaagcata Ttctocgeto ggooccgotygo agaagazaac cgogcaggat
gacagccaac cattititttga gtacgtcaazs gaatigageg aaaaatacas cazaltocgag
gcocgagatoa toctgcgotg gatcactzaa cgoggtgtgo tgccagttac cacchcitea
gagcctcage goattagoga tgoteagaac ctgtiticot fogaccotgac agoggaagad
gttgataaaa fcacogagcet gggtctggaa catgaacege tgegootgta ctggaataas
ttgtatggca zatataacta cgocgeccag aaagtgtaat ga
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<Z13» Artificial Sequence
<220>
<Z23> Synthetic Construct
<400> 116
Met Ser Phe His CGln Gln Phe Phe Thr Leu Asn Asn Gly Asn Lys Ile
1 5 1C i
Fro Ala ils Ala Ile Ile Giy Thy Gly Thr Lys Trr Tyr Lys Asn Giu

290 25 30
Gilu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Gin Tle Val Tyr
35 40C 45
Ala Leu Lys Leu Pro Gly Ile Ile His Ile Asp Rla Rla Glu Ile Tyxy
50 55 60
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Arc Thr Tyr Pro Glu Val Giy Lys AL

[

[ & o I L R
[}

jan R on]

NSRS

L]

[ VL I VS
Oy O
<2

je

=1 Gy oy Ur
b oy O o
oD OO

[ ]

~J
jee)

)



(&3]
[e0]
<

ur -

Arg Asn Rla Iis Phe Leu Thr Asp Lys Tyr Ser Pro Gln Ile Lys Met
gh g 95
Ser Asp Ser Pro Ala Asp Gly Leu BRsp Leu Alas Leu Lys Lys Met Gly

100 1G5 110
Thr Asn Tyr Val p L Let E Phe Val
115 120 125
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Gilu Val Asn Gly Leu Ser Leu Giu Ala Trp Lys Rsp Met Glu Gin
130 135 140

Leu Tyvr Lys Ber Gly Lys Ala Lys Asn Ile Gly Val Ser Asn Phe Thr

145 150 155 160

Val Glu Asp Leu Gln Arg Ile Leu Lys Val RAia Glu Val Lys Pro Gin

ieb 170 17E
Val BRsn Gin Tle Glu Phe Ser Pro Phe Leu Gln Asn Gln Thr Pro Gly
180 i8% 180
Ile Tyr Lys Phe Cys Gln Glu His Asp Ile Leu Val Glu Ala Tyr Ser
145 200 2058

Pro Leu Gly Pro Leu Gln Lys Lys Thr Als Gin Asp Asp Ser Gln Pro
210 Z15 220

Phe Phe Glu Tyr Val Lys Giu Leu 3S=r Glu Lys Tyr Asn Lys Ser G

225 230 235 Z

Bla Gin Tle Ile Leu Arg Trp Ile Thr Lys Arg Gly Val Leu Pro Val

245 256G 255
Thr Thr Ser Ser Lys Pro Gin Arg Ile Ser Asp Ala Gln Asn Leu FPhe
260 2&5 270
Ser Phe Bsp Leu Thr Ala Glu Glu Val Asp Lys Ile Thr Glu Leu Gly
275 280 282

Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leuw Tyr Gly Lys
290 295 300

Tyr Asn Tyr Ala iys Val

305

<Z2i0>» 117

<211> 942

<21Z> DNA

<213> Rrtificial Seguence

<ZIL0x

<ZZ3>» SByntnetic Construct

<400> 117

atgtectttic accaacagtt tttcac g aacsacggca ataaaatccc gUcgatigoo

atcatcggea ctggtacaas atggta a aatgaadgaas Cctgacgcgac ctictocasat

agtctgygtic ascaaatogt gtatdo g aaactoccgy ggattatcos ¢atCgacgcc

goggagalttt atcgcaccta ccogga g ggtaaageac Tgtccoctgac cgaazagaect

cgtaacgogas ttttltcigac ggataaatat tcoiccgeaga thaasaldgad ©gacTLoccort

goggacggte tggartitagoe attgaagaas atgggtacag attatgtigse titatatcig

ttacatteco cgtitgittc gasggaagto aatgoottas gottagaage ggctitggasa

gatatyggage agtiatacaa aagtggtaaa gctaazaaca Logggoitic caatitcacs

gToggaagace tgcaacgtst cctgaaagtc gotgaagtia aacctoaggt caaccagatt

gaghtitctcic cgticeigoca aaaccasaca ¢cadgcoa ataamtictyg tcaggagcac

gatatcctgg tggaagotita theobococgetg ggocogoigo agaagasaac cgcgcaggat

Gacagcoraac cattttttoa gtacgtcaasa gaatigagcg @asaatacaa caaatocgad

goccagatca toctgcocgotg ggtcactasa cooggtgogs tgacagitacs caccicottca

aagcctcage geattagoga tgotcagaac CLgitticcet togacotgac agoeggaagag

gttgataaas Tcacggagot gggiotggas catgaaccgc tgcogocigia ctggaataaa

trgtatggoa satataacte cgccdgcoocoag aaagigtaat ga
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rtificial Sequence
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ro Bla Ile Als Ile Ile Gly Thr Glv Thr Lys Trp Tyr Lys Asn
20 25 30
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Gin Tle Val
35 40 45
Ala Leu Lys Leu Pro Glv Tie Ile Eils Ile Asp Ala Ala Glu Ile Tyr
50 55 60
Arg Thr Tyr Pfo Glu Val Gly Lys Ala Leu 3er Leu Thr Glu Lys Pro
65 70 75 80
Lrg Bsn Bla Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln Ile Lvs Mst
85 90 85

a3
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Ser Asp Zer Pro Aia Asp Asp Leu Lys
100 105 110
Thr Asp Tyr Val BAsp Leu Leuw His Ser Pro
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Ser Glv
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Lys Lys Thr Ala Lsp Asp S=r Gln Pro

215 220

Glu Leu Ser Glu Lys Tyr ARsn Lys Sexr Glu
Lk 40
L0 ol AW

Trp Val Gilv ARis Leu Pro Val

9
=
s
T
H
L

Giu Glu Lys Thr Glu Leu Gly
280 285
Leu Glu His Giu Pro Leu Arg Leu Tyr Trp Asn Lyvs Leu Tyr Glv Lys
2580 285 300
Tyr ARsn Tyr Ala RAila Gln Lys Val
305 EERY

<230> 118

<2il» 242

<Z12>

<213>

220>

<Z223> Synthetic Construct

accaacagtt Titcacgcig aacaacggca stasaztoce ggcgatigo
ctggtacaaz atgguataaa d@altgaagaaa cigacgegac cticiccaa

0

ot



agtotgttte sacasategt gtatgogtity aaactgecgg ggattatcca categacgec 180
goggagattt ategeaccta cocggaaghbyg ggtasageac tgtocchgac cgaaaagect 240
cgtaacgega tohtictgac ggataaaztat totcogeaga ttasaatgag tgactccoccet 300
goggacggic tggatitago attgaagaaa atgggtacag attatgttga ttiatatoctg 360
ttacattcoo cgititgtitc gaaggasgtg aatggettaa gottagaags ggcttggasa 420
gatatggage agttatacas aagigotaza gcoctsaaaaca toggggtttc caatvttcaca 480
gtggaagacs tgcaacgtat cctgaaaghtc gotgzagita aaccicaggt caaccagatt 540
gagttcototo cgttcotgea asaccaaaca ccaggoaitt ataaattcebtg teasggageac 600
gatatootgg tggaageata Ttotoogotg ggooogetgoe agaagaaaac cgogeaggat 660
gacagccaac cattititga gtacgtcaaa gaatigagog saaaatacaa casatccgag 720
geeccagatca tooctgogotnd ggtcactaaa cgoggtghtao tgocagttac cacctottes 780
aagootcago geatitagoga tgotcagaac ctgttttoot togaccotgac agecggaagag 540
gtitgataaaa tcacggaget gggtcotggas catgaaccge tgogoctgta ctggzataaa 500
ttgtatggea aatataacta cgocgcooccag aaagtgtaat ga S42
<Z210> 120
<Z11> 313
<Z212> FRT
<213>» Artificial Seguence
<z220>
<Z223> Synthetic Congtruct
<400> 120
Met Ser Phe His Gln Gl Phe Phe Thr Leu Asn Asn Gly Asn Lyvs Ile
1 > 10 15
Fro ARla Iie Rla Ile Tle CGly Thr Giy Thr Lys Trp Tvr Lys Asn Glu
20 25 3G
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Phe Glu Gin Ilie Val Tyr
35 40 45
Rla Leu Lwves Leu Pro Gily Ile Iie His Iie Asp Ala RAia Glu Ile Tyr
50 23 60
Arg Thr Tyr Pro Glu Val Gly Lys ARla Leu Ser Leu Thr Slu Lys Pro
65 70 75 G
Brg Asn Ala Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln Tle Lys Met

¥
B85 a0 95
: @

Ser Bsp Ser Pro Ala Asp Gly Leu Asp Leu Als Leu s Met Gly
106G 105 it
Thr Asp Tyr Val Asp Leu Tyr Leu Leu His S5er Pro Phe Val Ser Lys
115 120 125
Giuv Val Asn Gly Leu Ser Leuw Glu Giu Asp Met Glu Gln

130 135

Leu Tvr Lys Ser Gly Lys Ala Lys Asn Ser Asn Phe Thr
145 150 160
Val Glu Asp Arg Tle Leu Lys Val Lys Pro Gln
H i 175
Val Asn Gln Ile Glu Phe Ber Pro Phe Leu Gln Asn Gln Thr Pro Gly
180 185 190
Ile Tyr Lys Phe Cys Gln Glu His Rsp Ile Leu Val Glu Alz Tyr Ser
195 200 203
Pro Leu Gly Pro Leuw Gln Lys Lys Thr Als Gln Asp Asp Zar Gin Pro
210 215 220
Phe Phe Giu Tyr Val Lvs Glu Leu Ser Glu s Tvyr Asn Lys Ser Glu

L
225 230 2

Lla Gin Ile Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Vail
245 250 255
Thr Thr Ser S Lys Pro Gin Arg Ile Ser Asp Ala Gln Asn Leu FPhe
260 2eh 270
Ser Phe Bsp Leu Thr Ala Glu Giu Val Asp Lys Iie Thr Glu Leu Gly
275 280 5
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Me
Pro Ala Ile
Ziu Thr Asp
35
ARla Leu Lys
50
Arg Thr Tyr
5
Arg Asn Ala
Ser Asp Ser
Thr Asp Tvy
115
Glu Val Asn
130
Leu Tvyvr Lys

Glu Pro Leu Arg
295
Ala Ala Gln Lys Val
310
iclal Seguencs
etic Construct
accaatagit tticacgoiyg
ctgotacaaz atggtataaa
aacaaatogt gratgegitg
atcgcaccts cooggaagtyg
Tttitctgac ggataaatat
tggatttage attigaagasa
Ccgttigttic gaaggaagiyg
agttatacaa aagiggtaaa
Tgoaacgtat cotgaaadgto
cgttectgoa aaaccaaaca
tggaagcata tictcoccgotg
catittittga gtacatcaaa
tectgogctg ggtcactaas
gcattagecga tgctocaggac
tcacggaget cgotcotggas
aatataacta cgcogoccadg
Loilal Seguence
etic Construch
Gln Gin FPhe Phe
5
Als Iie Ile Gly Thr
20
Ale Thr Phe Ser RAsn
40
Leu Pro Gly Ile Ile
55
Pro Glu Vel Gly Lys
10
Ile Phe L=u Thr Asp
g5
Pro Rla Rsp Giy Leu
i00C
Val ARsp Leu Tyr Leu
120
Gly Leu Ser Leu Glu
135
Ser Gly Lys Ala Lys

aafaacggca
aatgaagaas
aaactgccgg
ggtaaagcac
totoocgeadga
atgggracay
aatggcettaa
gotazaaacsa
gotgaagita
coaggoattt
ggcocgetge
gaattgagcy
CgoggTotgo
ctgttttcoot
cagtgaacaege
azagtgtaat
Thyr Leu Asn
]
Ely Thr Lvs
25
Ser Lew Val
His Ile Asp

Ala Leu Ser
75
Lvs Tyr Ser
s
v
Asp Leu Rla
105
Lew His Ser
Gilu Ala Trp
Agn Ils Gly

Lev Tvr Trp Asn Lvs Leu Tyr

300

ataaaatccco
cTgacgogac
gga’ cca
tgtoccigac
ttaaaatgag
attatgtgs
gcttagaaga
toggggttic
aacctcaggt
ataaatictyg
agaagazaac
aaaaatacaa
tgccagttac
tcgacetgac
tgcgoctgta
TE
Asn Gly Asy
Trp Tvr Lys
30
Glu Ile
5
Alz Rla Glu
50
Leu Thr Glu
Pro Gln Ile
Leu Lys Lys
1ie
Pro Phe Vai
125
Lyvs Asp Meil
140
Val Ser Asn
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ggecgattgeco
cttotocaart
catcgacgeoo
cgaasagocot
tgactce

caaccagatt
Toaggageac
cgocgeadggat
caaatocgag
cacctcttca
ageggaagag
ctggaataaa
Lvs Ile
15

Bsn Giu
Val Tyr
Iie Tyr
Lys Fro

[
Ui

Lys Met
25

Met Gly
Ser Lys
Gilu Gln
Phe Thr

a0
1z
1B
24
300
360
420
480
540
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660
720
T80
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Leu Gln g Ile Leu Lys Val
165 170
Ile Glu Phe Ser Pro Phe Leu Gln
180 185
Phe Cys Gln Glu His Asp Ile Leu
20
Pro Leu Gln Lys Lys Thr ARla Gln
215
Tyr Ile Lys Glu Leu Ser Gilu Lys
230 235
Ile Leu Arg Trp Val Thr Lys Arg
245 250
Ser Lvs Pro Gln Arg Iie Ser Asp
260 265
Leu Thr Ale Glu Glu Val Asp Lys
280
GClu Pro Leu Arg Leu Tyr Trp Asn
295
Ala Ala Gln Lys Val
310
Seguence
¢ Construct
accaacagit tticacgety aacascgges
ctggtacaaa atggtataaa aatgaagaas
zacaaatcgt gtatgogtio azactgoccgy
atcgcaccta cccggaagtg ggtaaagoac
tttttctgac ggataaatatr toctcoccgoaga
Lggatttage attgzagaaa atgggtacag
cgelbigitic gaaggaagiyg aazggotias
agttatacas aagiggtaaa gctaaaaaca
Tgcaacgtat cctgasagte gotgaagtts
cgttcocctogca aaaccaaaca ccaggecattt
tggaagoata tictceccogehyg ggccogotgco
cattttitga gtacgtLcaaa gaatigagoy
tcctgogetg ggtcactaas cgoggtgtge
gcattagcecga tgoctcagaac ctgtittooh
Tcacggagoet gogtetggaa catgaaccgo
aatataacta cgccgoccag aaagigtaat
nence
Construct
His Gln Gin Phe Phe Thr Leu Asn
5 1G

Val Glu Ala
205
Asp Asp Sex
220
Tyvr Asn Lvs
Gly Val Leu
Ala Gin Asn
270
ITle Thr Glu
a5
Lys L Twry
300
atagaatoce
ctgacgcgac
ggattatoca
tgtcocctgac
traazatgad
attatdttga
getiagaaga
Loeggggttic
agccrcaggt
ataaattctg
agaagagaac
azsaaatacasa
tgecagttac
tcgatortgac
tgegootgits
ga
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Pro Glin
175
Pro Gly
Tyr Ser
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Leu Phe

Leu Gly

Gly Lys
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Ala Tle Ile
20
Ala Thr Phe

Gly

Val
70
Ile Leu
100
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Ser Gly Lys
150
Leu Gln Arg
165
Ile Glu Phe
180
Phe Cvys Gln

Giu Pro Leu
Lla Ala Cln
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gococagatea tooctgogetyg tgccagtiac caco
aagccicago gcattagogsa tecgacetgac aygcg
gttgataaas tcacggagoet Lgocgooctygta CTOg
titgtatggca zatataacta ga

Synthetic Construct

<4006> 126
Maet Ser Phe His Gin Gin Phe Phe Thr Leu Asn Asn Gly Asn Lys
1 5 140 15
Pro Ala Ile Ala Ile Ile Gly Thr Gly Thr Lys Trp Tyzr Lys Asn
20 25
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu
35 40
Ala Leu Lys Leu Pro Gly Ile Ile His Ile Asp Alza Ala Glu Ile
50 53] &0
Brg Thy Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Thy Glu Lys
65 70 75
Arg Asn Ala Iie Phe Leu Thr Asp Lys Tyr Ser Pro Gln Ile Lys
g5 220 95
Ser Asp Ber Pro RAla Asp Gly Leuv Asp Leu Ala Leu Lys Lys Met
100 105 110
Thr ksp Tyr Val Bsp Leu Tyr Leu Ile His Ser Pro Phe Val Ser
115 120 125
Glu Val RAsn Gly Leu Ser Leu Clu Giu Bla Trp Lys Asp Met Glu
136 148G
Ley Tyr Lys Asn Ile Giy Val Ser Asn Phe
145 185
Val Glu Leuw Lys Val Rla Glu Val Lys 2ro
ERFY 175
Val RAsn Pro Phe Leu Gin &Asn Gln Thr Pro
i85 190
Tle Tyx His Asp Iie Leu Val Giu Ala Tvr
200 205
Pro Leu L Lys Thr Alzs Gin Asp Asp Ser Gln
210G 2 220
Fhe Phe Giu Tyr Val Lys Glu Leu Ser Glu Lys Tvyr Asn Lys Serx
230 235
Gl Ile ZLeu Arg Lrg Gly Val Leu TFrc
245 255
Thr Thr Ser Ser Lys Pro Asp Alas Gin Asn Leu
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-

Ser Phe Asp L Thr Als Glu Glu Val Asp Lys Ile Thr Giu Leu
275 280 285
Lew Glu His Glu Pro Leu Arg Leu Tvr Trp Asn Lys Leu Tyr
280 295 300
Tyr Asn Tyr Als Ala Gin Lys Val
303 3106
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<220>
<Z2Z23» Synthetic Construct

<400 127

gLgtctittc accaacagtt Litcacgcolyg sacaacggea ataaaatcce ggoygattgeo

atcatcggea ctggtacaaa atggtataaa aatgaagaaa cbgacgcgac cttctocaat

agtctggttg aacaazatcgt gtatgocgttg amactgcoccgg ggattatcocca catcgacgcoc

gqoggagatit atcgeoacceta cocggaagtg ggtaaagcac tgtccoccitgac cgaasagoot

cgraacgcgs Cctgac ggatasatat Totcogeags ttasaatgag Tgactoooct

goggacgato gatttagce attgsagaas atgggtacag attatgttga tttatatctg

Ttacattcooc tgttte gaaggaagtyg aatggcttaa gottagaaga ggctiggaaa

gatatggagc acaa aagtggtaaa gctazaaaca togggdgititic caatitcacs

gtggaagacc gtat cotgaaagte getgaagita aacctcaggt caaccagatt

gagttotote tgca aaaccasaca ccaggeattti ataaaticig ftcaggagoeac

gatatcotgy cata Ltotccactyg ggcccgceigoe agaagaasaac cgogoaggart

Jacagcoaac ttga gtacgtcaza gaattgagog asazatacaz caaatocgag

goccagaiocs gety ggtcactaaa cgoggtygtae tgocagitac cacciotica

atgccicage gcge tgotcagaac ctgtittoct togacctgac agoggaagay

ot ‘ aa agct gggtcotggaa catgaaccgce tgogooctgta ctggaataas

T ca aacta cgcecgeccag azagtgtaat ga

<210> 128

<211>» 313

<212» PRT

<213> Brtificial Sequence

<220:

<223» Synthetlc Construct

<40G> 128

Met Ser Phe His Gln Gin Phe Phe Thr Leu Asn &Asn Glv Asn Lys Ile
.

i 5 1C

Thr Lys Trp Tyr Lyvs Asn Glu

Glu Thr 2Zsp Ala Thr Phe Ser Asn Leu Val Gilu Gin Iie Val Tyr
35 40 45
Zla Leuw Lys Leu Pro Gly Ile Ile His Ile Asp Ala Als Glu Ile Tyr
50 55 510
Arg Thr Tyr Pro Glu Val Gly Lys &la Leu Ser Leu Thr Glu Lys Pro
€5 s 7o g0
trg Agn Ala Iie Phe Lew Thr Asp Lys Tyr Ser Pro Gln Iie Lys Met
5 806 95
Ser Asp Ser Pro Ala Bsp Glv Leu Asp Leu ARla Leu Met Gly
100 103
Val bsp Leuw Tyr Leu Leu Ser Pro Phe Val Ser Lys
120 125
Gly Leu Ber Leu Giu Trp Lys Asp Mset Glu
130 135 140
Leuw Tyr Lys Ser Gly Lys Ala Lys Asn Ile Gly Val Ser Asn Phe Thr
145 150 155 160
Val Gilu Asp Lew Gl Arg Ile Leu Lys Val Ala Giu Val Lys Pro Gln
165 176 175
Val Asn Gin Ile Glu Phe Ser Pro Phe Leu Gin Asn Glrn Thr Fro Gly
185 190
Tle Tyr Cvs Gln His Asp Ile Leu Val Glu Als Tyr Ser
J 205
Pro Leu Leu Sln Lys Lyvs Thr Rle Gin Asp Rsp Ser &ln Pro
210 215 220
Phe Phe Giu Tvyr Val Lys Glu Leu fer Glu Lyvs Tvr Asn Lvs Ser Glu
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225

Ala Gin

Leu Glu

230
Tyr hsn
305

<210> 129
<2il» 942
<212> DN
<213» Arti

Jgcggadga
cgtaacy
geggacy
Ttacatt
gatatgg
gtggaag
gagttct
gatatoo
gacagceo
grecaga
aagcctc
gttgata
ttgtatyg
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cgttigttteo
agtitatacaa
Lgcaacgtat
cgttocctgea
tggaagcoata
cattititaga
tootgogoty
goattagcygs
Tcacggagct
zatataacta
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255

Leu Phe
Leu Gly

ggcygattygce
cttctocaat
catcgacgoc
cgaazagoot
tgacteecoct
tttatatotyg
ggettggaaa
caatttocLog
caaccagatt
Lcaggagoac
cgcogoagygart
gazaccogag
cacctottos
agcggaagaqg
ctggaatzaaa
Lys Iie
15

Aszn Giu

Lys Pro
80
Lys Mat



Ser Asp Ser
Thr Asp Tvr
1iis
Giu Val Asn
130
Leu Tyr Lys
145

Asn

Tvr Lvs

Pro Leu Gly
210

Phe Phe Glu

225

Bia Gin Ile

Thr Thr Ser

Ser Phe Asp
275

Leu Giu His

290
Tyvr Asn

<210> 131
<21i>
<21Z2> DNA
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L0G
Vval Asp Leu T
Gly Leu Ber L
Ser Gly Lys A
150
eu Gln Arg
les
le Giu Phe
go
he Cys Gln G

Lys
230
Arg

ys Pro
Thyr Ala

L Q)
P
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Construct
gacagit Ltt
gtacacg ttg
aaatcgt gta
goaccta ccco
Ltotgac gga
atttage av
ttgttto gaa
tatacaa aag
aacgtat cot
toctgea aaa
aagcata tt
tttttga gta
“gegoty ggt
Ttagoga tgo
cggagot ¢gg
ztaacta cgc
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ksp Leu Ala
105
Leu His Ser

Lys Val
170
Phe Leu Gln
185
Asp
Thr Ala Gin
Ser Glu Lys
235
Thr Lys Arg

Ser Asp
Asp Lvs
Tyr Trp Asn
aacaacggca
satgaagasa
azactgoogg
cgtaaagcac
tctecgcaga
atgggracag
tggcttaa
tazaaaca
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caggcattto
ggococcgoLgo
gaattgagocg
cgcggtgtgo
ctgttttoot
catgaaccgo
agagtgtaat

Leu Lys Lys
i1
Pro Phe Val
125
Lys Asp Met

Asn

Asn Gin Thr
190G

Glu Als
205
Asp Lsp Ser
220
Tyr Arg Lys

Giy Val Leu

A3la GIn Asn

270

Tie Thr Glu
285

Lyvs Leu Tyr

300

atzzaatcoo
crgacacgac
guatitatcca
tgtcoctgac
ttaaaatgad
attatgtiga
gottagaaga
tcggggtTeo
saacotcaggt
ataaaticiyg
agaagaaaac
aaaaatacgg
tgecagttac
tcgacctgac
tgcgeoctgta
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Met Gly
Ser Lys
Glu Gln
Phe Ser

16

Pro Gln

Pro

Tvr Ser

Gln Pro

Ser Glu
240

Pro Val

255

Leu Phe
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agect
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atcig
ggcttggaaa
caatttctce
caaccagatt
tcagyageac
cgcgcaggat
caaatccgag
cacctctica
agogyaagag
ctguzataaa
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<220>
<223> Synthetic Constru

9]
F

<400> 132

Met Ser Phe His 5ln Gln Phe Phe Thr Lesu Asn Asn Gly Asn Lys

1 5 it 15

Pro Ala Ile RAla I Iile Giy Thr Gily Thr Arg Trp Tyr Lys Asn Glu
20 25 36

Glu Thr Asp &ia Thr Phe Ser Asn Ser Leu Val Glu Gln Ile Val Tyr
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Arg Thr Tyr Pro Glu Val v Lyvs Als Leu Thr Glu Lvs Pro

65 70 g4

Arg Asn Rla Ile Phe Leu Thr Asp Lys Tyr Gin Ile Lys Met
25 90 5

Ser Asp Ser FPro Ala Asp Gly Leu Asp Leuw Ala Leu Lys Lys Met Giy

100 10 L1
Thr Asp Tyr Val Asp Leu Tyr Leu Leu His Ser Pro Phe Val Ser Lys
1i: 120 123
Giu Val Zsn Gly Leu Ser Leu Glu Glu Ala Trp Lys Asp Met Glu Gln
130 135 140

Leu Tyr Lys Ser Gly Lys Ala Lys BAsn Ile Gly Val Ser Asn Phe 3Ser

145 150 155 180

Val Glu Asp Leu Gin Arg Iie Leu Lys Val Ala Glu Val Lys Prec Gin
165 170 175

Val Zlu Phe Ser Pro Phe Lew Gln Asn Gln Thr Pro Gly
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vy Prc Leu Gln Lys Thr
210 215
Phe Phe Glu Tyr Val Lys Glu Leu Ser
225 230
Ria Gln Iie I1le Leu Rrg Trp Val Thr
45
Thr Thr Ser Ser Lys Pro Gin Arg Ile
0 265
Ser Phe Asp Len GLu Glu Val
275 280
Leu Glu His Giu Pro Leu Arg Leu Tyr
290 295

Tyr Asn Tyr Rla Rla Gln Lys Val
305 310
<Z10> 133
<z1i> 942
<Z212> DNA
<213>» Artificial Sequence
<Z2Z0>
<223> Synthetic Construct
<4C0>» 133
atgbettite accaacagltt titcacgelty aacaacggea ataaaatocc ggogattgo
atcatoggea ctggfacacy ttggtataaa aatgaadgaasa ctgacgogac ctitciocaa
agtctggttg aacasatcegt gtatgocgtig aaactgocoe ggattatcca catcgacgo
goggagattt atcgcaccta ccocggaagtg ggtaaagcac Tgtcocigas CUgasaagac
cgtaacgoga titttcigac ggataaatal utctcograga ttaasatgag tgactcocooo
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ggccocgetge
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<220%

223> Synthetic Ceonstruct

<400> 135

stgtcttttc accaacagtt titcacgcotg aacaacggca ataasatces ggegattgeo 60

atcatcggeoa ctggracaaa atggtatasa aatgaagaas ctgacgegac cttotecaat 120

agtctggittg aacaaatcgt gtatgegtitg aaactigeoogy ggattatoeca catogacgoe 180

goggagatitt atcgeaccta cocggaagig ggtaaageac tgicoccatgac cgaasagect 240

cgtaacgoga Lttttotgac ggataaatar totcoccgoaga ttaasatgag tgactcccocct 300

goggacggte tggatttage attgaagaas atgggtacag attatgtfga tttatatotg 360

ttacattccoc cgbttgtite gaaggaaghy aatggettaa gottagaaga ggottggaaz 420

gatatggagce agtiatacas aagtggtaaa gctazaaaca tcogoggtitc caatttcaca 480

gtggaagace tgcaacgtat cctgaaagtc gotgaagite aaccicaggt caaccagati 540

gagttoctcic cgttoctgea aaaccaaacs coaggeattt ataazttcotg teaggagceac 60C

gatatcctgg tggaagcats Ttotoogotg ggeccgoltge agaagaazac g ggat 660

gacagccaac cattittlga gtacgtcaaa gaattgagog azaaatacaa ca cgag 720
ccagatca toctgcgete ggtrcactaaa cgoggtgtige tgccagttac ca tca 780
gooctcage goattagoga tgotcagaac ctghbtittoot togacotgac agoggaagag B840
tgataaaa tcacggagot gggtctggaa catgsaccge tgogoctgta ctggaataaa 900
fTatgoca aatataacta cgocgceccag azagtgtaat ga 9472

<210>» 136

<2iilx 313

<Z21i2» PRT

<Z13> Artificial Seguencs

<220>

<223>» Synthetic Construct

<40C> 136
Met Sexr Phe His &ln Gln Phe Phe Thr Leu Asn Asn Gly Asn Lys Ile
3 5 ic i5
Pro Ala Ile Ala Ile Ile Gly Thr Gly Thr Lys Trp Tvr Lys Asn Glu
20 Ps] 30
21ls Thr Phe Ser BRsn Ser Leu Val Glu Gln Ile Val Tyzr
40 45
Bla Leu Lys Leu Pro Gly Ile Ile Hisg Tle Asp Alsa Ala Gilu Ile Tyr
50 55 &0
Arg Thr Tyr Pro Gilu Val Gly Lys Ala Leu Ser Met Thr Glu Lvs Pro
65 70 75 g0
Arg Asn Alz Iile Phe Leu Thr Asp Lys Tyr Sexr Pro $ln Tle Lys Mst
g5 890 a5

Ser Asp Ser Pro Bla Asp Giy Leu Asp Leu Ala Leu Lys Lys Mat Gly
108 105 0
Thr Asp Tyr Val Rsp Len Tyr Leu Leu Hig Ser Pro 1 Ser Lys
115 100 1
ERRIS} AL b
Glu Vai Asn Gly Leu Ser Leu Giu Glu Ala Trp Lys Asp Mst Glu Gln
130 135 140G
Leu Tyr Lys Ser Glv Lys Als Lys Asn Ile Gly Val Ser Asn Phe Thr
145 150 155 1o
Val Glu Lsp Leu Gln Arg Ile Leuw Lvs Val Ala Glu Val Lys Pro Gln
165 174 175
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Yzl Asn Gln Tie Glu Phe Ser Gin Asn Gln Thr Pro Gly
180 18% 196
Iie Tyr Lys Phe Cys Gln HEis Asp Ile Leu Val Glu Ala Tyr Ser
195 200 205

]
i
o

Pro Leu Gly Pro Leu Gin Lvs Lys Thr Ala Gln Asp Asp Ser Gln Pro
230 215 220
Phe Phe Glu Tyr Val Lys Glu Leu Ser Glu Tyr Zsn Lys Ser

< R G)
= R
O o

Bla CGln Tile Ile Leu Arg Trp Vai Thr Lys Gly Val Leu Pro Va
245 250 255
Thr Thr Ser Lys Pro &in Arg Ile Ser Asp Ala Gln Asn Leu Phe
60 265 270
Ser Phe BAsp Leu Thr Ala Glu Glu Val Asp Lys Iile Thr Glu Leu Gly
275 280 285
Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Bsn Lys Leu Tyr Gly Lys

s Val

<Z210> 1237
<Z211> 942
<Z212> DNA
<Z13» Artificial Sequance

JATRTAN
[N ENES]
[N
AVARRYS

[#S)

Synthetic Construct

<400> 137
atotcrTttc accaacag Tticacgcotg aacaacogca atazaatocc ggegatigoe 60
atcatcoggos ctgatacass atggtatsas astygsagasa cigacgogac cttctocaat 120
agbctgatty aacaaatcgy grtatgogtityg aaactgcoocges ggattatoca catcogacgeo 180
goggagatat atcgoaccta cooggaaghy ggtaaagoac tgtccctgac cgaasagcocot 240
cgtaacgoga ttittotgac ggataaatat totcocogeags ttaasatgag tgactcocoact 300
goggacggico tggatttago attgaagaass stgggtacag attatgitgas tttatatctg 360
Ttacattcoce cgihbtogtitc gaaggaadtg aatggeitaa gottagaaga Ttggaas 420
gatatggagc aghttatacaa acgtggtaaa gctaaaaaca toggggtttc o ttcaca 480
gtggaagacs tgcaacgtat cotgasaghbc getgaagtia aacctcagogr caaccagatt 540
gagttotcoto cgittoctgos aaacczaaca ccoaggceattt ataaattetg teaggagcac 600
gatatcotgg tggaagoatsa thotocgoty ggocogotde agaagaaaac cgogoaggat 660
gacagocaac catttittogs gtacgtczaa gaattgagcg zaasatacaa caaatocgag 720
goocagatca toctgogotg gohtcactiasa cgogotgigoe tgccagtiac cacotottca 780
zagoolbcage geattagoga tgotcagaac ctgttttoect togacctgac agoggaagayg B4C
gtitgataass LCacggagcy gagtoetggas catgaaccge tgogootgta ctogaataaa 500
ttgtatgoca aatataacta cgcocgccocag asagtgtaat ga 942
<210» 138
<211> 313
<212> PRT
<213> Artificial Sequence
C2Z0>
<2Z3> Synthetic Construct
<400> 138
Met Ser Phe His Gin Gin Phne Pne Thr Leu Asn Asn Gly Asn Lys Ile
H o 10 i5
Pro Ala fle RBla Ile Ile Gly Thr Gly Thr Lys Trp Tyr Lys Asn Glu

20 25 30
Giu Thr Asp Ala Thr Phe Ser Rsn Ser Leu Val Glu Gln Ile vVal Tyr
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Rla Asp Gly
Asp Leu Tyr
Leu Ser Leu
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Gly Lys Ala
150
Gln Arg Ile
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Glu Phe Ser
Cvs Gln Glu
Leu Gln Lys
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Val Lys Glu
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Leu Arg Trp
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Lys Pro Gln
Thr Ala Glu
Proc Leu Arg
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Ala Gin Lys
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<210> 140
<21i» 313
<212> PRT
<213» Artificial Sequence

<Z223>» Synthetic Construct

140
Phe His Gin Gln FPhe Phe Thr
5

[

.
[0
e
[0}
o
[
!41
\.<:
~F

L
o
3: )
L
0
—t
e
I

=
SR
-

1
Pro Zla Ile Ala Tle Tle Gly Thr Giy

v Thr Lvs Trp Tyr Lys Asn Giu
20 25 30
Glu Thr Asp BRla Thr Phe Ser Asn Ser Leu Val Glu Gln Tle Val Tyr
35 40 45
Ala Leu Lys Leu Pro Gly Ile Ile His Ile Asp Ala Ala Glu Ile
50 55 60
Lrg Thr Tyr Pro Glu Val Gly Lys Ala Lesu Ser Leu Thr Giu Lvs Pro
5 70 75 80
Arg Asn Ala Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln Iie Liys Met
i5 G 45
Ser Asp Ser Pro Ala Asp Gly Leu Asp Leu Ala Leu Lys Lys Met Gly
iG0 105 110
Thr Asp T Val Asp Leu Tyr Leu Leu His Ser Pro Phe Val Ser Lys
1 120 125
s1lu Val Asn Gly Leu Ss=r Leu Glu Glu Ala Trp Lys Asp Met Glu
130 135 140
Lew Tyr Lys Ser Gly Lys Als Lys Rsn Ile Gly Val Ser Rsn Phe Thr
145 1540 55 160
Val Gly Asp Let Gin Arg Ile Leuv Lys Vel Ala Glu Val Lvs Pro Gln
1€5 170 175
Val Lsn Gln Iie Glu Phe Ser Pro Phe Leu Gln Asn Gin Thr Pro Gly
180 185 156G
Ilse Tyr Lys Phe Cys Gl CGlu His Asp Ile Leu Val Glu Ala Tvr Ser
195 200 2058
Pro Leu Gly Pro Leu Gln Lys Lys Thr Ala Gln Asp Asp Ser Gin Pro
220 215 220
Phe Phe Glu Tyr Val Lys Glu Zeu Ser Glu Lys Tvyvr Asn Lys Thr Glu
225 230 235 240
EBla Glrn Ile Ile Leu Arg Trp Val Thr Lys Arg Glvy : Pro Val
245 250
Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Asp Ala Gln &sn Lew Phe
260 265 270
Sgr Phe Rsp Leu Thr Als Glu Glu Val BAsp Lyvs Ile Thr Glu Leuw Gly

0 _ 285
u Tyr Trp Asn Lyvs Leu
306
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<400> 141

atgtetiute

atcatcggca

agtoctgottyg

gcggagattt

gtaacgoga
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b 0w w0

aa ageo
gtggaagaca
gagttcototao
gatatcotyy
gacagacaca
goocagatca
zagcctcags
gttgataasa
tigtatggea

<Z10>
<Z1l>
<2i2>
<213
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Giu Thr As
35

iz Leu Lv
50
g Thr Ty
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Fro Leu
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Phe Glu
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Tttcacgotyg
atggtataas
gtatgogtiyg
ccocggaagtg
ggataaatat
attgaagaaa
gaaggaagryg
aagtggtaas
cctgaaagte
aaaccaaacs
TicToogetg
gtacgtcaas
ggtcactaasa
tgctcagaac
gggtctyggaa
cgcocgoocag
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aacctocaggt
ataaattctg
agaagaaaac
saaaaatacaa
tTgccagtiac
tcgaccotgac
Tgogocigta
ga

4

Asn Gly Asn

[ AT
A [ gt S
45
Bia Bla GIn
o
Leu Thr Gliu
Pro Gln Ile
Leu Lys Lys
110
Pro Phe Val
125
Asp Met

Asn Gln Thr

Val Giu Ala
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b
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)
i RO DD

oo

|

vl

1))
1
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ggcgattgeoc
cototccaat
catcgacgec
cgaaaageot
tgactcccoet
Tttatatcotg
gacttggaasa
caatitcaca
caaccagatt
Lcaggagcac
cgcgcaggat
cazatccgag
cacctottca
agoggeaagay
ctggaatzaa

Lyvs Tle
15

Aan Glu
Vai Tyr
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Lys Pro
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Lys Met
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Met Gly
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Thr Thr Ser

Ser Phe LAsp
27

Leuw Glu Hi

250

Ser Lys
260

Leu Thr
Glu Fro

ol
H
Q
[
i
|
=
H

A2

Ala Giu Glu

280

Leu Arg Leu

Tyr Azn Tyr Ala Ala Gin Lys Val
305 310
3

atgt Ctttc accaacagtt tttcacgctyg
atcatcggea ctggtacaaa atggtataaa
agLctguittyg aacaaatctt gtatgcgtte
goggagattt atcgeaccta cococggaaghy
cgtaacgcga ttttteotgac ggataaatat

cggacggte tggatttage atfgasagaaa
ttaca Tcce cgtbtigtitic gaaggaagtg
gatatggadc agttatacaa aagltggrtasa
gtggaagacc tgcaacgtat coctgaaagic
gagtTciolc cgitachgoa @aaccaaaca
gatatcctgg tggzageata Ttctbcocogotg
gtcagccaac catrttitgs gtacgtcaaa
geoccagatca Ttoctgogotg ggtcactazaa
aagcctcage gecattagega tgctcagaac
gtigataaza tcacggagcet gggictggasa
ttgtatggca aatataacta Ccgtogessay
<Z210> 144
<Z211» 313
<212> PRT
<213>» Artificial Sequence
<220
<223> Synthetic Constiruct
<400>» 144
Met Ser Phe His Gin Gin Phe Phe
i 5
Pro Als Ile Ala Iie Ile Gly Thr

Glu Thr
3
Alza Leu Lvys
50
Arg Thr Tvr
65
Arg Asn Ala

Leu Pro Gly e Ilie
Pro Giu Val v oLys
7\

Iie Phe Leu Thr Asp

85
Proc Ala Asp Gly Leu
100
Val Asp Leu Tvr Leu

Ile Ser Asp
265

Val Asp Lvs
Tyr Trp Asn
aacaacggca
aatgaagaaa
aaactgccgg
gataaagcac
tctoccocgoaga
atgggtacag
aatggcttas
getaaaaacs
goctgaagtta
cocaggoatth
ggccegetgc
gaattgaygceg
cgcggtgtgo
ctgttitect
catgaaccge
asagtygtaal

hr Leu Asn
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1y Thr Lys
5
er Leu Val
His Ile Asp
Lla Leu 3Jer
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ves Tyr Ser
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Asp Leu Ala
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u His Ser
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Lvs Pro
80

Lys Met
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Met Gly

Ser Lys
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360
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<220
<Z223> Synthetic Construct

<4QG> 154
Met Ser Leu Asn Asn Giy Asn L
i 5 10 1
Thr Lys Trp Tyr Lys 3
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Pro Ala Tie Ala Ile Tie Gly Thr Gly ¥ r Glu
20 25 30
Giu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu CGln Ile Val Tvr
35 40 L5
Alz Leu Lys Leu Pro Gly Ile Iie His Ile Asp Biaz Ala Glu Tls Tvyr
50 5 60
Arg Thr Tyr Pro Glu Val Glv Lys Ala Leu Ser Leu Glu Lys Pro
5 70 75 BO
Erg Asn ARla Ile Phe Leu Thr Asp Lys Tyr S5er Pro Gln Tie Lys Mest
g5 8G @5
Ser Asp Ser Pro Ala Asp CGly Leu Asp Leu Ala Leu Lys Lys Met Gly
100 105 110
Thr Asp Tvr Val Asp Leu Tyr Leu Ile His Ser Pro Phe Val Ser Lys
115 120 125
Glv Val Asn Gly Leu Ser Leu Glu Glu Ala Trp Lys Asp Met Glu Gln
130 135 140
Leu Tyr Lys Ser Gly Lys ARla Lys hsn Iies Gly Val Ser Asn Phe Thr
145 150 155 160
Val Giu Asp Leu Gln Arg Ile Leu Lys Val Ala Glu Val Lys Proc Gln
165 1740 175
Val Asn Sin Ile Giu Phe Ser Pro Phe Leu Gln Asn Gln Thr Pro Gly
180 125k 190
Tie Tyr Lvs Phe Cva Gilu His Asp Ile Leuw Val Glu Ala Tvr Ser
185 200 205
Bro Leu Gly Pro Leu Arg Met Lys Gln Asp Rsp Ser Gln Pro
210 215 220
Phe Phe Giu Tyr Val Lys CGlu Leu Ser Glu Lys Tyr Asn Lys Ser Clu
225 236 235 G
Ela Gin Ile TIie Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255
Thr Thr Ser Ser Lves Pro Gln Brg Ile Ser Asp Ala Gln Asn Leu Phe
260 265 270
Ser Phe Asp Leu Thr Ale Glu Glu Val Asp Lys Ile Thr Glu Leu Gly
275 2380 285
Leu Glu His Giu Pro Leu Arg Leu Tyvr Trp Asn Lys Leu Tyr CGly Lys
250 295 300
Tyr Asn Tyr ARla Rla Gin Lys Val
305 310
<210> 155
<2il> 942
<Z1Z> DNA
<Z213> Rriificizl Segusnee
<220
<Z£23>» Svnthetic Construct

o

<400> 155
e R e N = =-Ta =Nt e -Yalctabale] P -V To Tar=- T E = alalolstetaler-Rabatetalel 6
atgtectttic accaacagtt titcacgctg aacaacggca ataaaatccc ggcgattgec



atcatcggoa ciggtacaygc ctggtataaa agtgaagaaa ctgacgcgac ctictcoccaat 120
agtctggttg sacasstegt gtatgegiig azactgccgy ggattatoca catogacgoe 180
cggagattt ategceaccta ccoggaagig ggtaaagcac tgtcootgac cgaasagect 240
cgrtaacgcocga ttitttctgac ggataaatat toiccgeags tLaasatgag tgactcccect 300
goggacggte togattiage atitgaagaaa atggdtacag atitatgttga Titatatctg 360
Ctacattcecc cgtttgtttc gasggaagtg aatggottaa gottagaasga ggcttggaaa 420
gatatggagoe agtitstacaa asgtggtasas gctasaaaca tcggggittc caatttcaca 4806
JTygaagace tgcaacgtalt coctgaasgte gotgsagite azcctcaggt caaccagath 540
gagttctcte cgttcctgeca aaaccaaaca ccagdcalttt atasatictg tcaggagoete 6060
gatatcotgy tggaagcata Ltotocgetyg ggccococgecige gggagaaaac cgogcadgoat 660
gacagcocaac cattittiga gtacgtcaaa gaattogagceg aaaaatacas caaatccgag 720
gocccagatca toctgogetg ggtcactaaa cgoggtgtgo tgocagtitac cacctottea 7EO
aagcotcags geattagegas tgctcagaac ctgttttcoct tcogacctgac agogazagag 840
gttgatasaa tcacggaget gggtotggas catgaaccge tgogeotgta ctggaataaa 500
Ttgtatggea aatataacta cgccgcccag aaagigtaat ga 942
<210> 156
<21i> 313
<212> PRT
<233> Artificial Sequence
<220>
<223» Synthetic Construct
<400> 156
Met Ser Phe His Gin Gln Phe Phe Thr Leu Asn Asn Gly Asn Lys Ile
1 5 10 13
Pro ARia Ile Rla Ile Ile Gly Thr Gly Thr Bla Trp Tyr Lys Ser Giu
20 25 30
Gilu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Gln Ile
35 40c 45
Ala Leu Lys Leu Pro Gly Ile Ile His Ile Asp Bla Bla Glu ITie Tyr
56 55 &0
Arg Thr Tyr Pro Slu Vel Gly Lvs Rla Leun Ser Leuv Thr Glu Lys Pro
65 70 e 8G
Arg Asn BRla Tle Phe Leu Thr Asp Lys Tyr Ser Pro &in Ile Lys Met
g5 a0 9%
Ser Asp Ser Pro Rla Asp Gly Leu Asp Leu Als Leu Lys Lys Met Gly
160 105 110
Thr Asp Tyr Val Asp Leu Tyr Leu Leu His Ser FPro Phe Val | =
1 120 125
Glu Vel Asn Gly Leu Ser Leu Glu Glu Alas Trp Lys Asp Met Glu Gln
13C 135 140
Lew Tyr Lys Ser Gly Lys Ala Lys RAsn Iie Gly Val Ser hAsn Phe Thr
145 150 155 160
Val Glu Asp Leu Gin Arg Ile Leu Lys Val Ala Glu Val ro Gln
165 170 15
Val Asn Gin Iie Glu Phe Ser Pro Phe Leu Gin Rsn GIn ro Gly
180 185
Tle Tyr Lys Phe Cys Gln Glu Leu BRsp Ile Leuw Val Glu yr Ber
195 2060 205
Pro Leu Gly FPro Leu &rg Glu Lys Thr Ala Gin Asp Bsp S=r Gln Pro
21¢C 215 220
Phe Phe Glu Tyr Val Lys Glu Leu Ser Glu Lys Tyr Asn Lys Ser Giu
225 230 235 240
Ala X hrg Giy Val Leu Pro Va
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Thr Thr Ser 3er Lvs Pro &ln Rrg Ile Ser Asp Alz Gln Asn Leu Phe
260 265 270
Ser Phe Asp Leu Ala Glu Glu Val Asp Lys Ile Thr Giu Leu Giy
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20 2
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Gln Ile Val Tyr

via Leu Lys Leu Pro Gly Ile Ile His Val Asp Ala Ria Glu Iie Tyx

Brg Thr Tyr Pro Glu Val Giy Lys Ala Leu Ser Leuw Thr Glu Lys Pro
65 70 5 80
Arg Asn Alz Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln Ile Lys Met
85 9G 24]
Ser Rksp Ser Pro Rla Rsp Gly Leu Asp Leu Ala Leu Lys Lys Met Gly
100 105 110
Thr Asp Tyr Val Asp Leu Tyr Leu Leu His Ser Pro Phe Val Sexr Lys

Glu Val Asn Gily Leu Ser Leu Glu Glu ARla Trp Lys Asp Met CGlu Gln
130 135 i

Leu Tyr Lys Ser CGCly Lys Ala Lys Asn Ile Gly 1 Ser &Asn Phe Thr

145 150 155 160

Val Glu Asp Leu Gln Arg Ile Leu Lys Val Ala Glu vVal Lys Prc Gln
165 e 175

Vail Asn Gln Ile Glu Phe 3e&r Pro Phe Leu Gln Asn Glin Thr Pro Gly

Ile Tvyr

L is

198 240 205
Pro Leu Gly Pro Lew Arg Lys Lyvs Thr Ala Gin Asp Asp Ser Gln Fro

210 215 220
Phe Phe Glu Tyr Val Lys Glu Leu Ser Glu Lys Tyr Asn Lys Ser Glu
225 Z30 235 240
Lla Gln Ile Ile Leuv Arg Trp Val Thr Lys BArg Gly Val Leu Pro Val
245 50 255
Thr Thr Ser Ser Lys Pro Gin Arg Val Ssr Asp Ala Gin Asn Leu Phe
2640 265 7

Ser Phe Asp Leu Thr Ala Giu Glu Val Asp

275 280
Leuw Giw His Glu Pro Leu Arg Leu Tyr Trp

250 2%5

Tyr Asn ARla CGln Lys Val
305 310
<210» 181
<Z211> 947
<Z212> DNA
<213>» Artificial Sequence
<220>»
<223> Synthetic Construct
<400> 163
atgtcttittc accaacagti tttcacgotyg aacaacggca ataaaatcce ggcgatigeo
atcatoggcea Cctggtacage ctggtataaa agtigaagaaa ctgacgogac ctictocaat
agtctggityg zacaastogt gcatgogtio aaactygocygy ggatialcca Catcgacgoco
gcggagattt atcgcaccta cccggaagto ggtaaagcac totccotygac cgzaaagoct
cgtaacgcoga Ttittotgac ggataaatat totcogeagas tiasaatgag tgactcoccoot
goggacggte tggal agc attgasgssa atgggtacag attatgiiga titatatotg
ttacstice Thtgttic gaaggaagtg aatgygcottasz gotlagaada ggotiggaaa
gatatggage agttatacaa aagtggtaas gotaazaaca toggggttic caatttcacs
gtggaagacce tgcaacgtat cctgaaagtc gotgaagtta aacctcaggt cazccagatt
gagttcteote cgttoctgea aaaccaaaca ccaggeattt atazaatictg tocaggageac
gatatcoctgg tggsagcoats LioToogeig gygeccgoigs ggaagaaaac cgodgcaggat

fa
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gacagccaac catittitga gtacgtcasa gaattgagcoo aaaaatacaa caaatocgag 720
gcocagatea teotngogely ggtcactasa cgocggatgtgc tgocagitac cacctotteca 780
aagoctcage geattagoga tgchteagaac ctgtittoct tocgacctgac agoggaagag 840
gttgataaaa tcacyggagct gggtctggaa catgaacoge tgogoectgta ctggaataaszs 900
Ttgtatggca satataacta cgocgecocag aaagtgtaat ga 942

<210> 162
<7311 313
<212» PRT

<213> Artificial Sequence

<220

<223> 8ynthetic Construct

<400> 162

- Met Sey Phe His Gin &in Phe Phe Thr Leu Asn Asn Gly Asn Lys Ile
1 5 10 15
Pro Ria Tle Ala Ile Ile Gly Thr Gly Thr BRls Trp Tyr Lys Ser Glu

3 30
e

Glu Thr Asp Ala Thr Phe Sesr Asn r Leu Val Gilu Gln Ile Val His
35 40 45
Ala Leu Lys Leu Pro Giy Ile Ile His Ile Asp Ala Ala Glu Tle Tyr
50 55 60
Arg Thr Tyr Proc Glu Val Gly Lys Ala Leu Ser Leuw Thy Glu Lys Pro
65 70 75 g0
Arg Asn Ala Ile Phe Leu Thr Asp Lve Tyr Ser Pro Gln Ile Lys Met
85 50 95
Ser Asp Ser Pro Ala Asp Gly Leu Asp Leu Bla Leu Lys Lys Mst Gly
1 105 110
Thr Asp Tyr Val Asp Leu Tyr Leu Leu His Ser Pro Phe Val 3er Lys
15 1és
Glue Val Asn Gly Leu Ser Leu Glu Glu Ala Trp Lys Asp Met Glu Gln
130 135 140
Leu Tyr Lys Ser Gly Lys Ala Lys Asn Ile Gly Val Ser Asn Phe Thr
E 150 155 160
rg Ile Leu Lys Val Ala Glu Val Lys Pro &in
170 175
Ser Pro Phe Lieu Gln Asn Gln Thr Pro Gly
185 190
Lvs Glu His Asp Ile Leu Val Glu Zla Tyr Ser
195 200 205
Pro Leu Gly Pro Leu Arg Lys Lys Thr Ala Gla Asp R=p Ser Gin Pro
210 215 220
Phe Phe Glu Tyr Val Lys Giu Leu Ser Glu Lys Tyr Bsn Lvs Ser Glu
225 230 235 240
Ala Gln Ile TIle Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255
Try Thr Ser 8er Lys Prc Gln Arg Ile Ser Asp Ala Gln Esn Leu Phe
260 265 2740
Ser Phe Asp Leu Thr 2la Glu Giu Val Asp Lyvs lle Thr Glu Leu Gly
275 280 285
Leu Glu His Glu Pro Leuv Arg Leu Tyr Trp Bsn Lys Leu Tyr Gly Lys
2 2485 300
Tyr Asn Tvr Ala Ala Gin Lys Val
205 310
<Z10> 163



>

L

<21

<220>
<223

Synthetic Construct

<400> 163
atgtctitic accaacagtt tttcacgctg
atcatcggea ctggtacaas atggtataaa
agtctggtty aacaaatcgt gtatgogttyg
goggagattt atcgeaccta cococggaagtyg
cgtaacgega Tttittotgac ggstaaatat
gocggacggte tggatttage atigaagaaa
Ttacaticoco cgttigtitic gaagoaadtyg
gatatggagc agitatacaa aagtggtaaa
gitggaagaco tgcaacgtalt cotgasaagic
gagtictcte cgttectgca aaaccaaacs
gatatcctyge tggaageata tLoLCogaLy
gacagccaac cattitttitga gtacgicaas
goccagatca tooctgogetg ggtcacigaa
aageoctcage geattagega tgotcagaac
gttgatazaa tcacggagct gggtotggaa
Cttgtatggca aatataacta CQgCCgCCCag
<2310> 164
<ziix 313
<zZ1lZ> PRT
<Z13> Artificial Sequence
<220
<2Z3>» Synthetic Construch
<400> 164
Met Ser Phe His Gln Gln Phe Phe
i 5
Pro Ala Ile Ala Ile Ile Gly Thr
20
Glu Thr Asp Rls Thr Phe Ser Asn
35 40
Lla Zeu Lys Leu Proc Gly Ils Ile
50 55
Arg Thr Tyr Pro Glu Val Gly Lys
&5 TG
Arg Asn Ala Ile Prhe Leu Thr Asp
85
Ser Asp Ser Pro Alz Asp Gly Leu
106
Thr Asp Tyr Val AZsp Leu Tyr Leu
tiE 120
Zlu Val Asn Gly Leu Ser Leu Giu
130 13E
Leu Tyr Lys Ser Gly Lys Ala Lys
Va Leu
Val Pro
Iie Tyr Lys Phe Cys Gln Gilu Hi
195 201
Pro Leu GLy Pro Leu Arg Lys L
21lc 215

aacaacgygca
aatgaagaaa
azactgococgyg
gotaaagcac
tecteogeaga
atgggtacad
aatggcttaa
gctaaasacs
gctgaagita
ccagacattt
ggcoegoLge
gaattgagcy
cgcagtgtyge
ctgttttcct
catgaaccygo
aaagigtaat
Thr Leu Lsn
10

Gly Thr Lys
25

Ser Leu Val
Eis Ile Asp

Ala Leu 3er

15
Lyve Tyr Ser
S0

Asp Leu Ala
105

Leu His Ser

Glua Alz Trp

Asn Ile Gly
155

Lvs Val Ala

176G

Phe Leu Gin

185

Lsp Ile Leu

Thr Alz Gln

ataaaatccc
ctgacgogac
ggattatcca
tgtocctgac
Ttazaatgag
attatgttga
gottagzaga
TcggggtTic
zacctcaggt
ataaattcig
ggaagaaaac
aaaaalacaa
tgccagitac
togacctgac
tgogoetgta
ga
Esn Gly Asn
Trp Tyr Lvs
30
Giu Gln Ile
45
Lia Als Glu
0
Leuv Thr Gilu
Pro Gin Ile
Ley Lys
Pro Phe

Lys Asp Met
140
Val Ser Asn

228

Jggcgaittgoe
crtctocaat
catcgacgco
cgaszagoot
tgactocccoet
tttatatctg
ggcttggaas
caatttcacs
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Lys Ile
153

Asn Glu
Val Tyr
Tle Tvr
Lyvs Pro

g0

Lys Met
aw

45

Mat Glv

Ser Lys

Gilu Gin

Phe Thr
160
G




Leu Ser Glu
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Ala Gln Ile Ile Leu Arg Trp Val Thr Glu Arg Gly Val Leuw Pro Va

245 250 255
Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Asp Rla Gln Asn Leu Phe

€0 265 270
Ser Phe Asp Leu Thr Rla Glu Glu Val Asp Lys Tie Thr Glu Leu Giy
275 280 285
Leu Glu His Glu Pro Leu Arc Leu Tyr Trp Asn Lys Leu Tyr Gly Lys
290 295 340

Tvr Asn Tyr Rla Ala Gln Lys Val
305 310
<210» 163
<211i> 842
<212> DNA
<Z213>» Artificisl Seguencs
<Z2Z20>»
<223> Synthetic Cecnstruct
<400> 165
atgtcttito accaacagtt tittcacgctg aacaacggea ataaaatoco ggcgattgoo 60
atcatcggoa ctggtacaaz atggtataaa aatgaagaaa crtgacgogac ctuctcoccaat 120
agtctggtty aacasatcgt gtatgogttg asactgocgg gugattatcoea catcgscgee 180
goggagobth etcgcaccisa cooggaagig golaaagoac Tghocctgac cgaaaagoct 240
cgtaacgoga € toctgac ggatasatat tcotcoogcaga ttaaaatgag tgactoccoct 300
gocggacggte tagce atigaagaas atgggtacag attatgitga tttatatctg 360
attcattcoe cgotitgtttc gaaggasgtyg aatggottaa gottagaaca ggcttggaaa 420
cetatggage agttatacaa aaghbgotaaa gotaaasaaca Logggguitlce caatttcaca 480
ctggaagace tgecaacgtat cctgaaagtc gotgaagtta aacctcaggt caaccacgatit 540
gagttctotic cgttcoigea aaaccaaaca cocaggeatitt ataaattotg tcaggageac 600
gatatcctgg tggaagcata ticteocgotg ggooogobyge guaagaaaac cgogeaggat 660
gacagccasac cattititgs gtacgtcaas gaattgagey aaaaatacaa caaatccgag 720
goocagatos toctgogotg gotcactaaa ogoggtgioc tgccagtitac casctotica 780
aagccotcage goattagoga toctcagaac ctgttttcoct togacctgac agoggasgag 840
gttgaTaaaa tcacgoagct gogtctggasa catgaaccoc tgogoctata ctggaataaa 900
Ttgtatggea aatataacta cgoogoccag aaagtdgtaat ga G842
<210> 166

Seguence
220>
<223» Synthetic Construct
<400> 166
Mat Ser Phe His Gln Gln Phe Phe Thr Leu Asn Asn Gly Asn Lys Ile
1 5 10 15
Pro Rla Ile Ala Ile Ile Gly Thr Gly Thr Lys Trp Tyr Lys Asn CGlu

20 25 30
Giu Thr Asp 2ls Thr Phe Ser Asn Ser Leu Vel Glu Gln Iie Val Tyr
35 40 45
Ala Leu Lys Leu Pro Gily Ile Ile His Ile Asp Ala Ala Glu Val Tyr
5 55 60
Lrg Thr Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Thr Glu Lys Pro
5 70 s 80

Arg ALsn Ala Ile
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Artificial Sequence

<z220>
<223> Synthetic Construct
<400> 168
Met Ser Phe His Gin Gin Phe Fhe
Pro Rla Ile Ala Ile Ile Gly Thr
20
Giu Thr Asp Ala Thr Phe Ser Lsn
35 40
£le Leu Lys Leu Pro Gly Ile Ile
50 5%
Arg Thr Tyr Pro Glu Val Gly Lys
65 70
Arg ARsn Ala Ile Phe Leu Thr Asp

Ser Asp Ser Pro z Asp Gly Leu
100
Thr Asp Tyr Val Asp Leu Tyr Leu
115 120
iu Val Asn Gly Leu Ser Leu Glu
130 135
Lew Tyr Lys Ser Gly Lys Rla Arg
145 150
Val Gilu Asp Leu Gin Arg Ile Leu
165
Val Asn Gln Ile Glu Phe Ser Pro
iB0
Ile Tyr Lys Phe Cys Gln Glu His
195 200
ro Leuw Gly Pro Leu Arg Lys Lys
210 213
Phs Phe Glu Tyr Val Lys Giu Leu
225 230
Ala Gin Ile Ile Leu Arg Tryp Val
245
Thr Thr Ser Ser Lys Pro Gin Arg
260
Ser Phe Asp Leu Thr Ala Glu Glu
275 280
Lew Giu His Glu Pro Leu Arg Leu
290 295
Tyr Asn Tyr Ala Ala Gln Lys Val
365 310
<Z10> 168
<Z11> 942
<212> DWA
<Z213> Artificial Seguence

> 8Synthetic Construct

Eo RN EETe]

[in

Thr Lew Asn
10

Thr Lys

B

Eis Ile Asp
Ala Leu Ser
75
Lys Tyr Ser
90
sy Leu Rla
0

tn
=

]
i
i

155
Lys Val Ala
170
Phe Leu Gln
185
RBsp Ile Leu

Thy Ala Gln
Ser Glu Lys
AR
A
Lvs Arg

250
i Ser Asp

R
(=)

e
5

4

m
foet

H
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aacaacggea
agtgaagaaz
asactgocogg
ggtasageac

Pan

oot
s

ooy e
[

g Thr Giu
Pro Gin Ils
Leu Lys Lys

110
Pro Phe Val
125
Lyg Asp Met
1440
Val Ser Asn
Glu Val Lys

Val Giu 2ls
205
Asyp Asp Ser
220
Tyr Asn Lys
Giy Val Leu
Ala Gin Asn
2706
Ile Thr Glu
285
T T

D

o

g
0}

LS
)

ataagaatccc
ctgacgoegac
ggattatcca
tatemet oo e
LguceiTygac

Val Tyr
Ile Tyr

Ser Lys

Giu Gln

Phe Thr
16t

Pro Gin

175

Pro Cly

Ser Glu
240

ro vVal

255

Leuw Phe

Leuv Gly

ggegattgoc
cttctcocaat
catcgacgoo
cgezaagoect

Fot Oy
M (0 ) O
oo

[
<



cgraacgoga
gcggacggre
ttacattoco
gatatggaygc
gLtggsagacce
gagttotote
gatatcctygg
gacadgccaac
gcecagatea
aagoorcage
gtigataaaa
ttgtatggca

=R eI PR
[ox RIS
[ RS B}

=

Synth

<400> 1706
Met Ser Phe
Pro Lla Tie
Glu Thr Asp
35
Alz Leu Lys
50
Arg Thr
65
Arg Asn Ala
Ser Asp Ser
Thr Asp Ty
1
Glu Val Asn
130
Leu Tyr Lvs
145
Vai Glu Asp
YVal Asn Gin
Ii= Tyr Lys
1495
Pro Leu Gly
2148
Phe Phe Glu

0 o 0

fFiQ ct

o e

aatat

atic

180
Phe

aacta

~
Gln
5

Iie
Thr
Fro
Giu
Phe
g5

Ala

Leu

ggataaatat
attgaagaas
gaaggaagtg
gagrggtaaa
cctgaaagtc
azaccaaaca
ttctoegetyg
¢Lacgticaaa
ggtcactaaa
tgcTcagaac
gggtctggas
cgeoogoocag
struct
Gin Phe Phe
Ite Gly Thr
Phe Ser Asn
40
Gly Iie Iie
55
val CGiy Lys
70
Leu Thr Asp
Asp Giv Leu
Leu Tyr Leu
1Z0
Ser Leun Giu
135
Lvs Ala Lys
150
Arg Ile Leu
Phe Ser Pro
Gln Glu His
200
Arg Lys Lys
215
Lys Glu Leu
230
Arg Trp Val
Pro Gln Arg

S

Lo iy

[SaNE]

Lotccgoaga
atggygtacag
aatggcttaa
gotaaasaca
gotgaagtta
ccaggcattt
ggeoccgetgo
gaatigagcyg
cgoggtgtge

ctgttttect
catgaaccgc
aaagtgtaat
Thr Leu Asn
0

Gly Thr Ala
25

Ser Leu

His Ile Asp

Ala Leu Ser

Lyvs Tyr Ser
a0

Asp Leu Ala

105

Leu His Ser

Giu Ales Trp

Asn T 1y

55

Lvs Val Als
170

Phe L=u CGln

18%

Asp Jie Leu

Ser Glu Lys
235

Thr Lys Arg

250

le Ser Asp

265

Val Asp Lys

Tvr Trp Asn

ttaaaatgag
attatgtitga
gcttagaaga
tcgoggtiic
aacctcaggt
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oo

L b

o

i
H
&)

P
{
o

Pro
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Val

Giu

2]
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=N 5
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oo

Asn

Val

Gln

Thr

285
Ley

Lys

P
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o
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bt e3
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Tgac

tccocecct
Tttatatctg
ggcttggaaa
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300
360
420
480
5490
600
660
790
780
840
800
942



Tvr Asn Tyr Ala Als Gln Lys

305

<Z210> 171
<Z2il> G472
<2312> DNA
<Z13>» Artzif

<220>

It
&S]
o
(o8]
s
93]

<400> 171
atgtotttte
atcatcggea
agtotggttyg
goguagattt
cgtaacgcgsa
goggacagte
ttacattcooc
gatatggagco
gtogaagacc
gagttctctc
gatatcotgyg
gacagccaac
gcocagatoa
aagcctcage
gttgataaaa
ttgtataggee
<2iC» 172
<211» 313
<z12» PRT
<213> Artif
<220
<ZZ3> S8ynth
<&

Met

Pro

9]
P
s

=
[
ar

Arg Thr

65

Arg Asn

Ser Asp

Thr Asp

Glu Val
130

Leu Tyr

145

Val Glu

]
ps|
(i
i

Val
310
icial Sequence
etic Construct
accaacagtt tttcacgcoto aacaacggyc
ctggtacaaa atggtataas azatgaagaaa
aacaaatcgt gtatgogityg aaactgocgg
atcgraccta cccggaagtyg ggtaaagcac
tttttctgac ggataaatat tctoogoaga
tggatttagc attgaagaaa atgggtacay
cgtttgtttc gaaggaagtyg aatggottasz
agttatacas aagtggiaaa gchtaaaaaca
Tgcaacgtat cotgsaagic goigaaghia
cgttoctgca @aaccaaaca ccaggeatit
tggaagecata ttctceogety gogcccgetgo
cattitttga gtacgtcaaa gaatigageg
tcoctgogeotyg ggtcactaaa cgoggigigo
geattagegs tgctcagaac ctgitttoct
bcacggaget gggtctggaa catgaaccgo
satataacta cgccgcccag aaagtgtaat
icizl Seguence
e#tic Construct
Phe Phe Thr Leu Asn
16
Gly Thr Gly Thr Lys
25
Ser Asn Ser Leu Val
40
Ile Ile His Ile Asp
55
Pro Glu Val Gly Lys Ala Leu Ser
TG 75
ile Phe Leu Thr Asp Lys Tyr Ser
g5 O
Pro Aia Asp Ser Leu Asp Leu Ala
100G 105
Val Asp Leu Tyr Leu Leu His Ser
1z0
Gly Leu Ser Leu Glu Glu Ala Trp
135
Ser Gly Lys Ala Lys Asn
150
Leu Gln Arg Ile Leu Lys Val Ala

atamaatcco
ctgacgcgac
ggatitatcca
tgtcoctgac
ttazaatgag
attatgttga
gocttagaaga
TCcggyugTtto
aacctcaggs
ataaattoty
ggaagasaac
aaaaatacas
fgeoctgitac
tcgacctgac
Tgogectgta
ga
Asn Giv Asn
Trp Tyr Lvs
30
Glu Gin Ile
4‘:;
Ala Al
60
Leu Thr Glu
Proc Gln Ile
Leu Lys Lys
110
Pro Phe Val
125
Lys Asp Met
140
Val Sar Asn
Glu Val Lvs
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Ggc
caatttca
caaccada
tocaggagoac
cgcgcaggat
caaatccgag
cacctottcea
agoggaagay
ctggaataaa

+

L
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ot 0
1

1

Lys Pro
B

Lys Met
85

M=t Gly
Ser Lys
Glu Gln
Phe

Pro Gl

60

120
180
240
3006
360
420
430
540
600
660
720
780
540
20c
942
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Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Gln Ile Val Tyr
35 40 15
Blz Leu Lys Leu Pro Gly Ile Tle His Tle Asp Thr Ala Glu Ile Tyr
50 55 60
Arg Thr Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Thr Glu Lys Pro
65 70 75 &
Arg Asn Ala Val Phe Leu Thr Asp Lys Tyr Ser Pro Gin Ile Lys Met
BE 0 95
Ser Asp Ser i Lys Met Gly
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T u His Sexr Pro Phe Val Ser Lys
115 120 125
Glu Val Asn Gly Leu Ser Leu Glu Glu Als Trp Lys Asp Met CGlu Gln
130 1335 140
Leu Tyr Lvs Ser Gly Lys Ala Lys Asn Ile Giy Val Sex Asn FPhe Thr
145 1590 155 160
Val Giu Asp Leu Gln Arg Ile Leu Lys Val Rla Glu Val Lys Pro Gin
165 LT 175
Val Bsn Gin Ile Glu Phe Ser Pro Phe Leu Gin Asn Gln Thr Pro Gly
& 185 1580
Tyr Lys Phe Cys Gln Glu His &Asp Ile Leu Val Glu Ala Tyr Ser
185 200 205
Pro Leu Gly Pro Leu Arg Lys Lys Thr Als Gin Asp Asp Ser Gln Pro
210 215 220
Phe FPhe Glu Tyr Val Lys Glu Leu Ser Glu Lys Tvr Asn Lys Ser Giu
225 230 235 240
Ala Gln Ile Iie Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255
Thr Thr Ser Ser Lys Pro Gln Arg Iis Ser Asp Als Gln Asn Leu Phe
260 265 270
Ser Phe Asp Leu Thr Ala Glu Glu Val Asp Lys Tle Thr Glu Leu Giy
275 280 285
Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lvs Leu Tyr Gly Lys
250 295 30¢
Tyvr Asn Tyr Rla 2Ala Gln Lys Val
305 310
<210> 175
<211» 942
<Z1Z>» DNA
<Z213>» Artificial Sequesnce
<220
<Z223» Synthetic Construct
<400> 175
atgrcttiic accaacagtt titcacgcotg asacaacggesa atazaatcoocco ggogattgec 60
atcatogooa cuggtacassa atggtataaa aatgasgaaa ctgacgogac ctictcocaat 120
agictgghtty aacsastogt gtatgogttyg aaachtgocgg ggattatcca catcgacgec 180
gcggagattt atcgcaccta cocguasagtg ggtaaageac tgtccoctgac cgaaaagecet 240
cgtazcgoga tttiictgac ggataaatat Tctccgeaga ttaasatgag tgactocect 300
goggacggtc fggatttagoe attgaagaaa atgggtacag attatgtiges titatatctg 360
Ttacaticoc cgtttgttts gaacgaagrtg aatggcottaa gottagaaga ggottggaaa £20C
gatatggage agttatacaa aagbggtaaa gotasaaaca toggggttic caathticaca 480
gtggaagacc tgcaacgtat cctgaaagtc gotgaagtis aaccicaggt caaccagatt H40
gagttotote cgttoctgea asaccaaaca ccaggceatit avaasttotg tcaggagcac 600
gatatoctgg tggaagoata LLctceCcgctg Jgococogoige ggaagaaaac cgogcaggat 660
gacagcocaac catttitttgs gtacgicaaa gaatitgagey aaaaataccg caaatccgag 720
goocagatcs toctgogetg ggtcacitaas cgcggtgtge tgocagttac cacctotica 780
aagectcage goattagoga tgoicagaac ctgtittoot tcegacctgac agoggaagag 840




gttgataaas t©
ttgtatggca aata

<210> 176
<Z11> 313
<Z212> PRT

<213» Artificial Sequence

<z220>

<223> Synthetic Construct

<400> 17¢

Met Ser Phe His Gln Gln
1 5
Pro Ala Iie Ala Ile Il
20
Giu Thr Asp Alz Thr Phe
35
Ala Leu Lys iL.eu Pro
50
Arg Thr Tyr Pro Glu Va
&o
Rrg Astm Alz Tle Phe Leu
85
Ser Asp Ser Pro Ala Asp
100
Thr Asp Tyr Val Asp Leu
15
Glu Val Asn Gly Leu Ser
1306
Leu Tyr Lys Ser Gly Lys

Val Asn Gln Ile GL
180

ile Tyr Lys Phe Cys G
19
Pro Leu Gly Pro Leu A

Plig Phe Glu Tyr Val L
225 2
Bla Gl Ile Ile Leu A
245
Thr Thxr Ser Ser Lys P
260
Ser Phe Asp Leu Thr A
275

290

Tyr Asn Ser Ala Als Gln
303 310

<21i0> 177
<21il> 942
<Z1iZ2> DNA
<Z213> Lrtificial Segquenc
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<223%» Synthetic Construct

<400> 177
atgtetttta
atcatcggea
agtctgorTty
goggagattt
cgtaacgoygs
gcggacggto
ttacattcooe
gatatggagco
gbtgoaagace
gagttectctco
gatatcctgg
gacagccaac
goccagatca
aagcoteago
gttgataaaa
ttgtatggca
<Z10> 178
<Z11» 313
<212» PRT
<213>» Artif

Svynth

Glu Thr Asp
35
Ala Leu Lvs

50
g Thr

=

ooy
o

rg Asn Ala
Ser Asp Ser
Thr Asp Tvyr
115
Giu Val Asn
130
Leu Tyr Lys
145
'al Glu Asp
Vai Asn Gln
Ile Tyr Lys
185
Pro Leu Gly
230
Phe Phe Glu
295
Lol T
Ala Gin Ile
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t cctgagag

a aaaccaaac
a ttctceocgct
a gtacgtcaa
g ggtcactaa
a tgctcagaa
£ gggtctgga
a cgccgooca

ficial Seguence
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aaceaacggea
agtgaagaaa
2aacTgccay
ggtaazagcac
tctcogoaga
atgggtacaqg
aatggctias
gctaaaaaca
gotgaagtta
ccaggecattt
ggoeogetge
gaattgageg
cgoggtgtge
ctgttttcoct
catgaaccge
azagtgtaat
Thr Leu Asn
10
Gly Thr Ala
25
Ser Leu Val
FEis Ile Asp
Ela Leu
Lys Tyr
=10
Asp Leu
105
Leu His
Giu Ala Trp
Lsn Ile Gly
155
Lyg Val Ala
170
Phe Leu Gln
185
Azsp Ile Leu
Thr Rla Gin
Ser Giu Lyvs
235
Thr Lvs Arg

atazaatccc
ctgacgogac
ggatiatcca
togtccctgac
ttazastgag
attatgttga
gottagaaga
tcggggtita
aacctcaggt
atasattctg
gyaagaaaac
aaaaatacaa
Tgceagttac
tcgacctgac

cgcetgta

[Co TG
g

Trp Tvr Lvs
I
Giu Gln Tle
45
Ala Ala Glu

Lys Asp Met
140
Yal Ser Asn

Asn Gln Thr
190

Val Giu Als

205

Asp Asp Ser

220

Tvr Asn Lys

Gly Val Leu

ggecgattgeco
cttotccaart
catcgacgec
cgaaaagoect
tgactcccct
tttatatoty
ggouitggaaa
caatticacsa
caaccagatt
tcagdgagoac
cgcgcagygat
caaatccgadg
cacctotica
agqcggaagag
ctggaataaa

Lys Tle
15
Ser Glu
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Gluw Gln
Phe Thr
160
Pro Gln
175
Pro Gly
Tyr Der
Gin Pro
Ser GLlu
240
Pro Va

120
180
240
300
360
420
480
540
600
66l
720
780
840
900
942
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Thr Thr Ser Ser L Tle Ser Asp Ala Gin Asn Leu Fhe
260 265 290
Ser Phe Asp Leu Thr Ala Glu Glu Val Asp Lys Ile Thr Gilu Leu Gly
275 : 280 285
Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Giy Lys
290 295 : 300
Asn Tyr Ala Ala 5
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<Z10> 17
4

<ZLL> 9
<Z2iZ> DNA
<213>» Artificial Seguence

<220>
<ZZ23> Synthetic Construct

<400> 179
atgtcettttc accaacagtt titcacgcte aacaacggea atasaatocc ggoegattgeo €60
atcatcegyca ctygtacasa atggtatasa aatgeagaaa ctgacgcgac cTttctccaat 120
agtotggtty aacaaatcgt gtatgeotig saactgoogg ggattatoca catcogacgoe 1806
geggagattt atcgcaccta cocggaagty ggtaaagcoac tgrtoccctgac cgsaaagoct 240
cgtaacgcgs T ctgac ggataaatat tcotcoccgcags ttaaaatgag tgactoccetr 300
gocggacggto tggatttage attgaagaas atgggtacag attatgttga tttatatcotg 360
tracattoce cgtttgtttc gaaggaagtg aatggottaa goitagaaga guctitggaaa 420
gatatggage ggttatacas aagtggiasz gotaaaaaca toggogttio caatttcaca 480
gtggasagacc tgcaacgtat cctgaaagic gotgaagtia aacctcagght caaccagatt 540
gagttctcetc cgttcctgeosa aaaccasaca ccaggeatti ataaattctyg tcaggageac 600
gatatoctgg tggaagoata tictcoocgotg ggoocgotgo Jdgaagaaaac cgogcaggat 660
gacagccaac catitctitgs gtacgtcaaa gaattgagcog aaasatacaa caaatccgag 720

cccagatca tccoctgogetg gutcactaas cgoggtgtge tgocagttac cacctettoa 780
aagocteage geattagoga tgotcagaac crgittitcet tcogacctgac ageggaagag 840
gttgataasa tcacggagct gogtotoggaa catgaaccge tgogoctgta ciggaataaa 900
ttgtatggca aatataacta cgocgoocag aasgtghtaat ga 942
<210> 18C

<Z11> 313
<212>» PRT

<Z213» Artificizli Sequence

<220>
<223> Synthetic Construct
<400> 1BGC
Met Ser Phe His Gln Gln Phe Phe Thr Leu Asn Asn Gly Asn Lys Ile

z 5 0 15

Pro Ala Ile Ala Ile lie Gly Thxy Glyv Thr Lys Try Tyvr Lys fsn Glu

8 25 30
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Gin Ile Val Tyr
35 40 45
Bla Leu Lvys Leu Pro Gly Ile Tle His Ile Asp BAls Ala Glu Ile Tvr
50 55 6G

Rrg Thr Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Thr Glu Lys Pro

£5 15 80
Brg Bsn Bla Ile Phe Leu Thr Asp Lvs Tyr Ser Pro Gln Ile Lys Met

85 a0 95
Ser Asp Ser Pro Bla Asp Gly Leu Asp Leu Ala Leu Lys Lys Met Gly
160 105 110



Thr Asp

130

Val Asn G

FPro Leu Gly

210

Phe Phe &1

225

Thr Thr Ser

Leuw Glu H:

290

Tyr Asn Tvr

<210> 1E1
<211> 942

<212> DHNA
<213» Artificial Seguence

<Z223> Bynthetic Construct
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<223> Synthetic Construct

<400> 182

Met Ser Phe His Gln Gln Phe Phe Thr Leu Asn Asn Gly Asn Lys Ile
1 5 10 i5
Pro Rla Ile Ris Ile Ile Gly Thr Glv Thr Lvs Trp Tyr Lys Rsn Glu

20 25 30
Giu Thr Zsp Bla Thr Phe Ser Asn Ser Leu Val Glu

Giy Iie Ile His Ile Asp Ala a Gilu Tlie Tyr
55 &0
Val Gly Lys Ala Leu Ser Leu Thr Glu Lys Pro
70 75 80
Leu Thr Asp Lys Tyr Ser Pro Gin Ile Lys Met
S0 95
hsp CGly Leu Asp Leu Ala Leu Lys Lys Met Gly
5 10

Leuw Tyr Leu Ile His Ser Pro Phe Val Ser Lys

Ser Leu Glu Glu Ala Trp Lys Asp Met Glu Giln
135 140
Leu Lvs Ala Lys Asn ile Gly Val 3Zer Asn FPhe Thr
145 150 155 160
Val Giu &sp Leu Gln Arg Iie Leu Lys Val Ala Glu Val Lys Pro Gln
15 170 i73s
Val Asn Gln Ile Glu Phe Ser Pro Phe Leu Glp Asn Gin Thr Pro Gly
18 185 190
Iile Tyr Lys Phe Cys Gln Glu His Asp Ile Leu Val Glu Ala Tyr Sexr
19% 200 205
Fro Leu Gly Pro Leu Arg Lys Thr Rla Gin Asp Asp Ser Gln Pro

v ok Lys
210 215 220
a

Phe Phe Glu Tyr Val Lys Glu Leu Ser Glu Lys Tyr Asp Lys S=r Glu

225 230 235 240

&la Gin Ile Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255

Thr Thr Ser Ser Lvs Pro Gln Arg lle Ser Asp Ala Gin Asn Leu Phs

260 265 270
Leu Thr Ala Glu Giuv Val Asp Lys Ile Thr Glu Leun Gly
280 285

Leu Giu Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Gly Lys

290 295 300
Tyr Asn Tyr Ala Ala Sln Lys Val
305 310
<210> 183
<211x 942
<212> DNA
<213>» Artificial Seguencs
<Z220>
<223» Synthetic Construct
<400> 183
atgtettttc accaacaght tttcacgotg aacaacggoca ataaaatcooo ggogatigeco 60
atcatcggea ctggtacaaa atggtataaa aghbgasgasa ctgacgcgac ctictocast 120
agtetggttg aacsaatogt gtatgogity asactgocgg ggattatcca cattgacgoeo 180
goggagatti atcegceacota CCCggaagtg ggtaaggcac tgtccctgac cgaaaagoot 240
cgtaacgega TLtttctgac gyataaztat tooccegoaga ttaaaatgag tgacticocct 300
goggacgghto tggatitage attgzagaaa atggotacag attatgttga © tctg 360
tracattcos cgtttgttto gazggsagtg aatggottaa gottagaags ggottggaaa 420




gatatggage
gtggaagace

gagttctetc

gatatcctygg
gacagccaac
goccagatca
aagecctecage

gttgataaaa
ttgtatggca

<210> 184
<Zilx 313
<2312> PRT
<213> Arti
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<400> 184

Met Ser Phe

4
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Pro Ala Ile

Giu Thr As
35
Ala Leu Ly
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YVal Asn GL
Tie Tyr Ly
19
Pro Leu GL
210
Phe Phe Glu
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Ala Gln Ile
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Thr Lys Arg
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aacctcaggt
atagattctg
Jgaagaaaac
aaaaatacaa
tgocagttac
tcgacctgac
tgogectagta
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Giug Gln Ile
45
Ale Alas Glu

Leu Lys Lvys

Pro Phe Val
125
Lyvs Asp Met

140
Val Ser Asn

Asn Gin Th
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Val Glu AL
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Asp Asp Ze
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Ala Gln Asn
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<210> 185
<2il> 94%Z
<212>» DNA
<Z213» Artificial Ssguences

L]

A
[SORE ]
L

22

I

>
> Zynthetic Construct

<400> 185

atgtcttitc accaacagtt tttcacgctg aacaacggeoa ataaaatccc ggegattgece 60
atcatcgges ctggtacaaa stggrtavaaa aatgaagaaa cbtgacgecgac cttctecaat 120
agtcetggtty ascsaatogt gtatgegttig aaactgcoccgg ggattatcoca cetcgacgee 180
gcggagattt atcgecaccta cococggaagiyg ggtaaageac tgtccotgac cgaaaagoct 240
cagtaacgega ttttictgac ggataaatat totecgcaga ttzasatgag tgactcoccet 300
gcggacggtc tggattitage attgaagaaas atgggtacag attatgitga titatatctg 360
attcattcce cgtittgtttc gaaggaagtg aatgocttaa goctitagaadg ttggaza 420
gatatggage agttatacas aagtggraaa gcotasaaaca toggggttt tcaca 480
agacc tgcaacgiat cotgsaagtc gotgaagtta aaccitcaggt caaccagatt 540
gttctorc cgticctgca aaaccaaaca ccaggcattit graaatictg tcaggagcac 600
gatatcotgy tggaageata tictococgoelty ggocccgehbge ggaagsasac gcaggat 6
gacagccaac cattti gtacgtcaas gaattgagoy aaaaatacaa atccga
goocagatca tooctgeogo ggtcactaasa cgocggtgtbge tgccagttac c
aagccicagoe gcattagega tgcectcagaac cigitttoct tcegacctgac
gttgataasa Tcacggagcl gggtctggaa catgaaccge tgogootgta
ttgtaetggea aatataacta cgocgoocag aaagigtbaat ga
<210> 186
<Z1l> 313
<Z1Z> PRT
<213> Artificial Seguence
<220%
<223> Synthetic Construct
<40C> 186
Met Ser Phe His Gln Gln Phe Phe Thr Leu BAsn Asn
i 5 10 5
Pro Blae Ile Als Ile Ile Gly Thr Gily Thr Lys Trp Tyr Lys Asn Glu
20 25 30
Glu Thr Asp Ale Thr Phe Ser ZAsn Ser Leu Val Glu Gln Ile Val Tyz
35 G 45
Alz Leu Lys Leu Pro Gly Ile Ile His Ile Asp Alz Rla Gl Tyr
50 55 60
Arg Thr Tyr Pro Glu Val G1

v Lysg Ala Leu SB=r Leu Thry Glu Lvs Pro
75 850
e

Arg Asn Als Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln Ile Lys Met
g5 50 55
Ser Asp Ber Pro Als Asp Cly Leu Asp Leu Ala Leu Lys Lys Met Giy
1006 105 110
Thr Asp Tvr Val Asp Leu Tyr Leu Ile His 3er Pro Phe Val Ser Lys
115 1z0 125
Glu Val Rsn Gly Leu Ser Leuw Glu Glu Rla Trp Lys Asp Met Glu Gln
120 135 140

heu Tyr Lys Ser Gly Lys Ala Lys Rsn Ils Gly Val Ser Asn Phe Thr
145 150 155 160
Val Glu Asp Leu Gln Arg Tle Leuw Lys Val Als Giu Val Lvs P Gir
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165 i7¢ 17
Val BAsn Gln Ile Slu Phe Thr Pro Gly
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Tticacgotyg
atggtataaa
gravgogttg
cocoggaagty
ggataaatat
attgaagaasz
gaaggaagtyg
aagtggtaaa
cctgaaaghtc
asaccaaaca
ttcteoecgetg
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ggtcactaas
tgotcagaac
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Tyr

Val
70

Lys

g Asn Als Ile Phe Leu Thr Asp
83
Ser Asp Ser Pro Ala Asp Gly Leu
1006
Thr ZAsp Tyr Val Asp Leu Tyr Leu
il5s 120
Glu Vel Asn Gly Leu Ser Leu Glu
136 135
Leu Tyr Lys Ser (Gily Lys Als Lys
145 156G
Val Giu Asp Leu Gln Arg Ile Leu
185
Val Asn Gin Ile Glu Phe Ser Pro
180
Ile Tyr Lys Phe Cys Gln Glu His
195 200
Pro Leu Gly Pro Leu Arg Lys Lys
210 215
Phe Phe Glu Tyr Val Lvs Glu Leu
225 230
Ala Gin Ile Ile Leu Arg Trp Vai
245
Thr Thr Ser 8Ber Lys Pro Gin Arg
260
Ser Phe Bsp Leuw Thr Ala Glu Gliu
275 280
Leu Glu His Glu Pro Leu Arg I
290 295
Tyr Asn Tyr Als Ala &ln L Val
305 310
<21C> 189
<211» 942
<212> DHA
<213» RArtificisl Sequence
<220
<Z223> Synthetic Construct
<400> 189
atgtcttitc accaacagit tticacgetyg
atcatcoggea ctggtacaaa ghggtataaa
agtctggttyg zacaaatcgt gtatgcocguig
gcggagatit atcgcaccta cccggaagtg
cgtaacgcoga tihtttcotgac ggataaatat
goggacgghte tggatttage atigaagaaa
attcattcce cgtittgtitc gaaggaagto
gatatggagc agtitatacaa aadgtggtaaa
gtggaagace tgcaacgtat cctgaaagic
gagttctctc cgttoctgea aaaccaaaca
gatatccigo tyggaageata ttotocoucig
gacagccaac cattttttga gtacgtcaas
grecagatca toctgogetyg ggtcactaas
aagectcage geattagega tgotcagaac
gttgataasaza tcacggagct gggtctggas
ttgtatggea aatataacta cgcoccgecocag
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Tvr
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Asp Leu
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Leu His
Glu Als
Esn Tie
Lys Val
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Phe Let
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RAsp ITle
hla Ala
Ser Glu
Thr Lys
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iie Ser
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Val Asp
Tyr Trp
zacaad
aatgaa
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ggtaaa
[Reidlalatef
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gac
gaoccyg
gaatityg
cgocggt
ctgtitt
catgaa
aaagtyg
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Leu Lys Lys
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Glu Val Lys
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tgtecotgac
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togacctgac
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<Z210>
<2i1l>
<ELZ>
<213>

<220>
<223

<400=
Meat
1

Pro

Glu Thr Asp Rla Thr Phe Ser
5
35
Ela Leu Lys Leu Pro Gly Ile
50 55
hrg Thr Tyr Pro Glu Val Gly

Lrg fisn Bla Ile Phe Leu Thr
g5
Ser Asp Ser Pro ARla Asp G1
100
Thr Asp Tyr Val Asp Leu Tyr
il5

Glu Val Asn Gly Leu Ser Leu

130 135

Leu Tyr Lys Ser Gly Lys Ala

145 150

Val Glu Asp Leu Gln Arg T.

165
Val Asn Glp Ile Glu Phe 3Se
180
Ile Tyr Lys Phe Cys Gln Gliu
195

Pro Leuw Gly Pro Leuw Arg Lys
210 215

Phe Phe Glu Tyr Val Lys Glu

225 230

Ela Gln Ile Iie Leuw Arg Trp

245
Thr Thr Ser Ser Lys Proc Gl
60
Ser Phe Asp L Thr Alz Glu
275

Leu Glu His Glu Pro Leuw Arg
290 285

Tyr Asn Tyr Ala Rla Gln Lys

305 310
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atgtottttc accaacagit tttcacgcetg aacaacggea atasaaltccoe ggegatigeo 60

atcatcoggoa ctggtacasa atgytatass aatgaagasaa ctgacgogac ctfctecaat 120
agtctggttyg aacaaatogt giatgogttyg aaactgocgg ggattatcca catcgacgec 180
goggagattt atcgcacota cocggaagtg ggtaaagcac tghocctgac cgasaageot 240
cgtaacgeoga tottictgac ggataaatat tctoccgeoaga ttasaatgag tgactccooot 300
goggacgghtc tggatitage attgaagasa atgggtacag attatgtitgs tTttatatctg 360
ttacaticce cgtttgtitc geaggaagtg aatggottas gottagaagas ggottggasa 420
gatatggagce agttatacas aagrggtasa gotasaaacs tcggggttitc caatttcacsa 480
gtggaagace tgoaacgtat cotgaaagtc gotgaagita aaccteaggt caaccagabt 540
gagttctcoctc cgttoobgoa asaccaaacs coaggoattit ataaattcotg tcaggagoac 600
gatatcctgg tggaagcata tictocgctg gdccecgcige ggaagaszaac cgoegoaggat 660
gacagccate cattititga gtacgtcaaa gaattgagog sazasatacaa caaatocgay 720
goccagatca teoctgogotyg ggtcactaaa cgoggtgtge tgecagittac cacchottca T8O
saqoctoage geattagoge taotcagasce ctgttttoct Togacctgac agoggaagag £40
gttgataaasz tcacggagcoel gggtotggaa catgaacoge tgogeoctgta ctggaataaa 8900
ttgtatggea astataactia cgocgooccag aaagtgraat ga 94z

<Z210> 182
<z211> 313
<Z212> PRT
<213> Artificial Seguence

<220
<223> 8Synthetic Construct

<400> 182
Met Ser Phe His Gin GIn Phe Phe Thr Leu Asn Asn Gly Asn Lys Ile
I ! 10 15
Pro Ala Tie Ala Ile Ile Gly Thr Gly Thr Lys Trp Tyr Lys Asn Glu
20 25 30
Giu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Giu 6ln Ile Val Tyr
35 4G 45
Ela Leu Lys Leu Pro Gly Ile Ile His Ile Asp Ala Rla CGlu
50 55 1
Erg Thr Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Thr Glu Lys Pro
65 o 75 80
Brg Asn Ala Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln Ile Lys Met
85 40 95
Ser Asp Ser Pro Rla Asp Gly Leu Asp Leuw Alz Leu Lys Lys Met Gly
100 105 110
Thr Asp Tvr Val Asp Leu Tyr Leu Leu His Ser Fro Phe Va. Ser Lys
120
Glu Val Asn Gly Leu Ser Leu Gilu Giu Als Trp Lys Asp M=t Clu GIn
130 135 140
Leu Tyr Lys Ser Gly Lys Ala Lys Asn Tle Gly Val Ser Asn Phe Thr
i45 150 155 160
Val Glu Asp Leu Gln Arg IZle Leuw Lys Val Ala Giu Val Lys Pro Gin
iGk 17¢ 175
Val Asn Gin Iile Giu Phe Ser PFro Phe Leu Gln Zsn Gln Thr Fro Gly
180 185 190
Tie Tyr Lys Phe Cys Gln Glu His Asp Ile Leu Val CGlu Ala Tyr Ser
195 200 205
Pro Leu Gly Pro Leuw Arg Lys Lys Thr Ala Gln Asp Asp Ser His FPro
210 215
Phe Phe Glu Tyr Val Lys Glu Ser Glu
225 230 240
Ala Gin Ile Iie Leu Arg Trp Val Thr Lyvs Arg Ely Val Leu Pro Val
245 250 255
Thr Thr Ser Ser Lys Pro Gin Arg Ile Ser Asp Ala CGln Asn Leu Phe
260 265 270



Ser Phe Asp
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Leuw Giu His
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Tyr Asn Tyr
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<Z2i0» 193

<Z1lx 942
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Thr Ala Glu
Pro Leu Arg
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Ala Gin LYS

Artificial Seguence

Synthetic Construct

atgtoetttic accaacag? ttthca
atcatcgoca ctggtacaaa atggt
agtotggttg aacaaatcgt gtatg
gcggagatit atcgcaccta ccogg
cgtaacgoga ttttichgac dggata
goggacggte Tggatitago attga
ttacaticee cgtitgttic gaagg
gatatggago agttatacaa aagig
gtggaagacce tgcaacgtat cotga
gagtteotcore ggttoctgcoca zaacc
gatatoctgg tggaagcata tuctco
gacagccaac cattttitga gtacg
goccagatce tocigodgotyg ggica
aasgoctcage goattagoga tgctco
gttgataaaa Lcacggagoet gggic
ttatatggea aatataacic tgooy
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<400



Met Ser Phe His Gin Gln Phe Fhe
] 5
Pro Als Ile Ala Ile Ile Gly Thr
20
Glu Thr Asp Ala Thr Phe Ser Asn
35 40
Ala Leu Lys Leu Pro Giy Ilie Ile
20 55
Arg Thr Tyr Pro Glu Val Gly Lys
5 70
Brg Asn Ala Ile Phe Leu Thr Asp
g5
Ser Asp Ser Pro Ala Asp Gly ILeu
100
Thr Asp Tyr Vel Asp Leu Tyr Leu
115 120
Glu Val Asn Gly Leu Ser Leu Glu
130 135
Lev Tyr Lys Ser Gly Lys Als Lys
145 150
Val Glu Rksp Lev Gln Arg Iie Leu
1658
Val Asn Gin Ile Glu Phe Ser Pro
180
Tile Tvyvr Lys Phe Cvs Gln Glu His
195 200
Prg Leu Gly Pro Leu Arg Lys Lys
210 215
Phe Phe Glu Tyr Val Lys Giu Leu
225 230
Ale Gln Ile Ile Leu Arg Trp Val
245
Thy Thr S3er Ser Lys Pro Gin Arg
260
Ser Phe Asp Leu Thr Ala Glu Glu
275 280
Leu Glu His Glu Pro Leu Arg Leu
29C 285
Tyr &sn Tyr Ala Ala Gln Lys Val
305 310
<210>» 197
<21i> 942
<21Z2> DNA
<213>» Artificial Sequence
<zZ
<ZZ23» Synthetic Construct
<400> 187
atgroetitte zccaacagtt Lttcacgetg
atcatcggea ctggtacaaa atyggtataas
agtctggttg amacaaatcgt dtatgcgttg
goggagattt atogeacota cocoggaagig
cgtaacgega ttititctgac ggataaatat
gecggacggte tggatttgge attgaagaaa
attoattcoe cgtttgttic gaaggaagtyg
gatatyggagc agttatacaz aagtggtaaa
gtggaagacc tgcaacgtat cctgaaagtco
gagttcteto cgttocligoa aaaccaaaca

Thy Leu Asn
10

Gly Thr Ala

235

Ser Leau Val

His Ile Asp

Ala Leu Ser

75

Lys Tyz Ser
0

Esp Leu Ala

105

Ile His Ser

Glu Ala Trp
Asn Ile Gly
155
Lyvs Val Ala
170
Phie Leu Gln
185
Asp Ile Leu
Thr Ala Gln
Ser Glu Lvs
235
Thr Lys Arg
230
Tle Ser Asp

aacaacggcs
aatgaagaaa
zaactgccygy
ggTaaagcac
tcteocgeaga
atgggtacayg
aatggcotaa
gctaaaaac
gctga
ccagg

Asn Gly Asn
Trp Tvr Lys
30
Glu Gln Ile
45
Ala Ala Giu

Leu Thr Glu

Pro Gln Ile

Leu Lys Lvs
110

Pro Phe Val

i25

Lys Asp Met

140

Val Ser Asn

Asn Gin Thr
196G
Val Glu Als
205
Asp Asp Ser
220
Twvr Asn Lys

Lys Leun Tyr
300
ataaagatccc
ctgacgogac
ggattatcoca
Tgtocotgac
LTazaatgag
attatgttga
gcttageaaga
cgggguitto
tcaggt
caaatitonyg

Ile

o~

Ser Glu
Val Tyr
Tle Tyr
Lyvs Pro

80
Met

Met GLly
Ser Lys
Giu Glr
Phe Thr
160
ro Gin
175
e Gly
Tyr Ser
Gln Pro

Pro Val
255
Leu Phe
Gly
Gly Lys
ggcgattgee
cttotccaat
catcgacgeo
cgazaagoot
tgactcooct
TTtatatctg
ggottggaaa
caatittcaca
caaccagatt
tcaggagoac

&0
120
180
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gatatcctgy
gacagccaac
goccagatca
aagocoToago
gttgataaaa
ttgtatggca

<210>
<21izx
<z2l2>
<213>

198
313
PRT

<223
<400=> 198
Mat Ser Ph
Pro Ala T1
Giu Thr As
35
Lia Lew Ly
50
rg Thr Tyr

rg Rsn Al

Ser Asp Ser

Thr Asp Ty
11

Glu Val As

130

Teu Tyr Lys

145

Val Giu Asp

Val RAsn Gin

Iile Cys Lys
195

Fro Leu Giy

210

Phe Phe G

225

Ala Gin Tie

Thr Thr Ser

S5er Phe As
z27

Leu Glu His

290
Tyr Asn Tvr

305

<Z210>
<211

L)
[Se RNl

(ol =

ct ot (O

w

Synthetic

Yt b
o0
M

¥
2

"]

3
e

93]

Con

Gln
Ile

Thr

Phe
85
Bla

Leu
245
Lys

Thr

Pro

grata Tihctoocgotg
ttiga gtacgtcaaa
gogoetg ggtcactiaas
agcga tgotcagaac
gagct gggtctggaa
aacta cgcocgeccag

mrtificial Sequence

Gin Phe Phe
Ile Gly Thr

Phe Ser hsn
40
e Ile

01
[

Val

L]

Leu Thr Asp
Asp Gly Leu
Leu Tyr Leu

120

Ser Leu Giu
135
Lys Aia Lys
1506
Arg Tie Leu
Phe Ser Pro
Gln Gilu His
200
2rg Lys Lys
215
Lys Giu Leu
230
Arg Trp Val

il

sl
=
sl
[
F

4

Leu Arg Leu
295

Gl Lys Val

310

ggcoocgotgo
gaattgagcg
cgeggtgtge
ctgrtttcoot
catgaaccgce
asagrtgraat

Thr Leu Asn

Lys Tyyr Ser
80
p Leu Ala
G5
@& His Ser

lu Ala Trp
Asn Tle Giy
Lys Val Rls

170

Leuw Gln

Iie

Ser Glu Lys
235

Thr Lys Arg

250

Ile Ser Asp

265

Val Asp Lys

Tvr Trp Asn

&)

po P
I b
n

Lo

ot

Phe

125
LD

Lys
30
Ile

Asn
270

Glu

cgocgoaggat
casatccgag
o tcttca

Lys Il=

Gla

Lys Pro
g
5 Met

W

=
ot
[
fot
7

Phe Thr
i6C

Pro Gln

175

Pro Gly

Tyvr Ser

g w0
&
70 &1
= 0
a I

F
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bt
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720
780
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900G
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<212>
<213

<220>
<Z23>» Synthetic Construct

<400> 199

atgtcoctttte accaacagtt tttcacgetyg aacaacggea atasaatcocc ggogattgeo
stcatcggea ciggiacaaa gtggtataas agtgaagaas ctgacgcgac cttctccaat
agtotggtts zacaaatcgt gtatgogtty asactgccgg ggattatcca catcgacgec
goggagattt atcgeaccta ccoccggaagtg ggtaaagoac tgtocctgac cgaaaagoct
cgtaacgoga tttttoctgac ggatasatat totcogeoage ttaaaatgag tgactococot
gecggacggte g Tage attgaagaaa atgggtacag athtatgttga titatatcotg
attcattcce cgtitgttitc gaaggsaghtg satggotias gotbtagaaga ggottggaas
gatatggage agttatacaa aagtggtasa gcetaaaaaca Ltoggogtionce caatiltcaca
gtggaagacce tgoaacgtalt cotgaaagtc gotgaagtia aacctcagygi caaccagatt
gagttctctc cgttcctgea aaaccaaacsa ccaggeattt ataaattotg tcaggageac
gatatococtgy toggasageoata ttcoctoccgotg ggcccocgchtge ggaagaasac ©gogeaggat
gacagccaac catittttge gtacgtcaas gaattgagoy aaaaatacaa caaaloogag
gcoccagatca tootgogotg ggrtcactaaa cgoggtgtge tgccagttao cacotcttca
aagoctcage geattagoga tgcoctcagaac ctgitictoot LCogaccigac agoggsadgad
gttgatazaa tcacggagct gggtctggaa catgaaccge tgegectghta ctgogaataaa
ttgtatggoca aacta cgcocgococcag aasagtgtaat ga

o)

<Z210>
<211
<21z

-
<Z213>

(e8]

N s PO RN
H oo o
i

[N A
NSRS
W o

Met Ser Phe His Gin Gin Asn Gly Asn Lys Tle
Z 5 ik
Fro Lla Tie Rle Ile Iie G Trp Tyr Lys Ser Glu
20 2 30
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Giln Ile Val Tyr
35 40 5
Lla Leu Lys Leu Pro Gly Tle Ile His Ile Asp Ala Ria Glu
50 55 50
Arg Thr Tyr Pro Glu Val Gly Lys Ser Leu Thr Giu
£5 o 75
Erg Bsn Rla TIie Phe Leu Thr Asp Lys Tyr Ser Pro Gln Iie
85 9c a5
Ser Asp Ser Pro ARla Asp Gly Leu Asp Leu Ala Leu Lvs Lys Met Gly
o0 105 1310
Thr Asp Tyr Val Asp Leu Tyr Leu Ile His 3er Pro Phe Val 3er Lys
115 120 125
Glu Val Asn Gly Leu Ser Leu Glu Glu Als Trp Lys Asp Met Glu Gln
130 125 140
Leun Tyr Lys Ser Gily Lvs Ala Lys Asn Ile Gly Vel Ser Asn Phe Thr
145 150 155 160
jal Giv Asp Leu Gin Arg Ile Leu Lys Val Als Giu Val Lys Pro &in
165 17C 75
Val Asn Gln Ile Giu Phe Ser Pro Phe Leu Gl Asn Gin Thr Pro Giy
180 185 130
Ile Tyr Lvs Phe Cys Gln Glu His Asp Ile Leu Val Glu Ala Tyr Ser
195 200 205
Fro Leu &ly Pro Leu Arg Lys Lys Thr Als Gln Asp Asp Ser Gln Pro
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260

Ser Phe Asp Leu
275
Leun Giu His Glu

<210>
<21l
<212>
<ZL13>

<220

<223

<400> 201

atgtcttttc accaa

attatcggea ctggt

agtctggttg aacaa

gcggagatit atcge

cgtaacgoga TLTTL

goggacggto togat

ttacattccocc cgttt

gatatggagc agtta

gtggaagacc tgcaa

gagttotctoc cgtic

gatatcctgg tggaa

gacagccaac cattt

gococagateca toctg

aagectcecage geatt

gttgataaas tcacg

ttgtatgges aatat

<210> 20Z

<2iix 313

<Z1Z> PRT

<Z13> tifid 1

<220

<223> Synthetic

<4G0> Z02

Met Ser Phe His

1

Pro Ala Ile Als

20
Glw Thr Bsp Ala
35

Bla Leu Lys Leu
50

Arg Thr Tyr Pro

€5

vr Asn Tyr Ala

201
942
DNA
Artificial

Synthetic Construct
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Thr Leu
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Gly Thr
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Ser Giu Lys

235

Thr Lys Arg
Ile Ser Asp

Val Asp Lys

Asn

aacaacggca
agtgaagaas
aaactgccygy

atgggtacag
aatggcttas
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Trp Tvr L
3
Glu Gin T
45
Ala Ala GL
o{
Leu Thr Glu

B

Ser Glu

240
Pro Val
55

Lew Phe
eu Gly

Gly Lys

ggcgattgoc

cttoctocaat

catcgacgcec

cgsaaagoct
=

{

0
[
9]

9]

g cct
tttetatctg
ggcTttggaza
caatttcaca
caaccagatt
tcaggagea
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Ser Glu
Val Tyr
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Artificial Seguence

2
<Z23» Synthetic Construct

Met Ser Phne His Gln Gln Phe Phe Thr Leu Asn Asn Gly Tie
3 & 10
Pro Bla Thr Rla Ile Ile Gily Thr Gly Thr Lys Trp Tyr Giu
20 25
Glu Thr Asp Alsz Thr Phe Ser Rsn Ssar Leu Val Giu Gln Ile Val Tyr
35 40 45
Ala Leu Lys Leu Pro Gly Ile Ile His Ile Asp Als Ala Glu Ile Tyr
50 35 60
Arg Thr Tyr Pro ¢lu Val Gly Lys Ala Leu Ser Leuw Thr Giu Lys Prc
65 TG 75 g0
Erg Rsrn Rla Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln Ile Lys Met
5 89 95
Jer Asp Leu Asp Leu Ala Leu Lys Lys Met Gly
105 110
Thr Asp Leu Leu His Ser Pro Phe Val Ser Lys
120 125
Giuv Val Glu Giu Als Trp Lys Asp Met Glu Gln
120 140
Leu Tyr Lys Asn Ile Gly Val Ser Asn Phe Thr
145 155 1e0
Val Glu Leu Lys Val Ala Glu Val Lys Fro Gln
170 175
Val s I Pro Phe Leu Gl Asn Gln Thr Pro Gly
1 185 190
Ile Tyr Lys Phe Cys Gln Glu His Asp Ile Leu Val Glu Ala Tyr Ser
185 200 205
Fro Leu Gly Pro Leu Arg Lys Lys Thr BRla Gln Asp Asp Ser Gln Pro
210 215 220
Phe Phe Glu Tyr Val Lys Giu Leu Ser Glu Lys r Gly Lys Ser Glu
225 230 235 240
Ala Gln Ile Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255
Thr Thr Ser Ser Lvyvs Pro Gin &Arg Ile Ser Asp Ala Gln Rsn Leu Pne
260 265 270
Ser Phe Asp Leu Thr Ala Glu Gilu Val Asp Lys Ile Thr Glu Leu Gly
275 o 285
Leu Glu His Giu Pro Leu Arg I Tyvr Trp Asn Lys Leu Tyvr Gly Lys
290 295 300
Tyr Asn Tyr Ala Ala Gln Lvs Val
305 310
<2i0> 2035
<211> 942
<Z1Z> DNA&A
<Z13» Artificial Sequence
<220
<Z22Z23» Synthetic Construck
<400> 205
atgtettttc accaacagtf titcacgotg aacaacggca atasasatcce ggcgattgoo 60
atcatoggea ctggtacaaa atggtataaa aatgaagaaa ctgacgogas ctbtctccaat 120
agtctggitco aacaaatcegt gtatgogttg aaactgcogg ggattatcca catogacgeo 180



<210> 206
<211>» 313
<23i2> PRT
<213

<220
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Artificial Sequence

<223>» Synthetic Construct
<400> 206
Met Ser Phe His Gln Gln Phe Phe
1 5
Proc Ala Ile Ala Ile Iie Gly Thr
20
Glu Thr Asp Ala Thr Phe Ser Asn
325 40
Ala Leu Lys Leu FPro Gly Iie Ile
50 55
Arg Thr Tyr Pro Glu Val Gly Lys
65 70
Arg Asn Ala Ile FPhe Leu Thr Asp
g5
Ser Rsp Ser Pro Ala Asp Gly Leu
160
Thr Asp Tyr Val Asp Leu Tyr Leu
iib 120
Glu Val hksn Gly Leuw Ser Leu Giu
130 13o
Leu Tyr Lys Ser Gly Lys Ailas Lys
145 150
Val Glu Asp Leu CGln Arg Ile Leu
1eh
Val Asn Gin Ile Glu Phe Ser Pro
180
Iie Tyr Lys Phe Cys Gln Giu His
183 200
Pro Leu CGly Pro Leuw Arg Lys Lys
2190 215
Phe Phe Giu Tyr Val Lys Glu Leu
225 230
£la Gin Ile Ile Leu Arg Trp Val
245
Thr Thr Ser Ser Lys Pro Gin Arg
260
Ser Phe Asp Leu Thr Ala Glu Glu
275 280
Lew Glu His Giuv Pro Leu Arg Leu
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Lys Pro
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Lys Met
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Met Gly
Ser Lys
Gln Gin
¥he Thr
160
Pro Gln
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Pro Gly
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<210> 207
<211> 942
<Z21Z> DNA

<213> Artvificial

<Z220>
<ZZ23» Synt

295

Gin Lvs Val
310

ggogattgec
cttctceccaat
catcgacgeo
cgaaazagocet
tgactcccct
tttatatctg

gcttggaaa

aatttcaca
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<40C> 207

atgtcttttc acca Tttcacgctg aacaacggea atasaaatcco
atcatcggca ctgat gtagtataaa agitgaagaaa clLgacgogac
agtctgutty aacaa gtatgcgitg gaactgocogo ggatiatoca
goggagatitt atogo coocggaagty gotaasgoac tgtcoctgac
cgtaacgega Tttt ggataaatat tctcoccocgceaga Ttazaatogag
goggacggte tggat attgaagaas atgggtacay attatgttga
ttacattceoo cgtiigiiic gasaggaaghtyg aatggatiaa gottagaaga
gatatggags agttatacaa aagtggtaaa gcoctaaaaaca tcocggggttic
gtggaagacce tgcaacgtat ccigaaagic gectgaagtta aacctoaggt
gagttctote cgttectgeas aaaccaaaca ccaggeatit ataaatictg
gatatccotgg tggaageata ttcoctocogetyg ggcoogotde ggaagasaaac
gacagcocaac cattttttga gtacgtcasa gasatigagog aaasatacaa
gcocagatca LCCLgCUCLyg gotcactaaa cgocggtgigoe tgccagttac
aagectcage geattagegs tgotcagaac cbgiitthboot Togacctgac
gttgataaas tcacggagct gggrotggaa catgaaccge tgegoctgta
ctotatgges gatataacta cgocgceccag aaagtgiaat ga

<210> 208

<Z1l> 313

<21Z> PRT

<213» Art

<220

<223» SBynthetlic Construct

<400> 208

Met Ser Phe His Gln Gln Phe Phe Thr Leu Asn Asn Gly Asr

1 5 1¢

Fro Ria Ile Ala Tle Ile Gly Thr Gly Thr Lys Trp Tyr Lys

20 25 30
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Gln Ile
35 G 15
Ala Leuw Giu Leu Pro Gly Ile Tle His Ile Asp Ala Ala Glu
50 55 60

Arg Thr Tyr Pro Glu Vel Giy Lys Ala Leu Ser Leu Thr Glu

65 70 75

Arg Asn Rla Ile Phe Leu Thr Asp Lvs Tvy Ser Fro Gln Tie
& 20

Thr Asp Tyr Val Asp Leu Tyr Leu u His 8S8er Pro Phs Val
1i5 120 125
Glu Val Asn Gly Leu Ser Leu Glu Glu Ale Trp Lys Asp Met
130 135 140
Leu Tvr Lys Ser Giyv Lys Ala Lysg Asn Ile Giy V Ser Asn
145 150 15
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Glu Thr Rsp
35
Ela Leu Lys
50
Arg Thr Tyr

Ser Asp Ser

Thr Bsp

Glu Val Zsn
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Leu Tvyvr Lys

Val Glu Asp
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aagcctcecage goatt
gttgataaaa tcacy
ttgtatggca aatat

<2i0» 212
<Zil>» 313
<Z212> PRT
<Z2i3>

<ZZ3> Synthetic

<400> 212
Mat Ser Phe His

Fro Ala Ile Ala
20
Glu Thr Asp Ala
35

Lla Leuw Lys Leu
50
Arg Thr Tyvr Pro

Ser Asp Ser Pro
160

Val

Val Glu Asp Leu
Val Asn Gin Ile
1806
Ile Tyr Lyg Phe
195
Pro Leun Gly Pro
210

Phe Phe Glu Tyr
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<210> 213

<Z211> 947

<zZ1Z> DHNE

<213>» Artificial

agcga tgotcagaac ctgttticet
gagcet gggrtetggaa catgaaccgc
gactc Tgccgccoccaa azagtgtast

Ertificial Seguence

~

Construct

Gln Gln Phe Phe
5

Thr Phe Ser Asn
O
Pro Giy Ile Ile Eis Ile Asp
55
Glu Vsl Gly Lys Ala Leu Ser
70 15
Phe Leu Thr Asp Lys Tyr Ser
25 20
Bia Asp Gly Leu Asp Leu Ala
105
Asp Leu Tyr Leu Leu His Ser
120
Leu Ser lLeu Giu Glu Als Trp
i35
Gly Lys Ala Lys Asn Ile Gly
150 155
Gin Arg Il A
Giu Phe Ser
Cys Gin Giu
Leun Arg Lys
215
Val Lys Glu Leu Ssr Glu Lys
236 235
Leuw Arg Trp Vai Thr Lys Arg
245 250
Lys Pro GIn Arg Ser Asp
Thr Ala Glu Glu Asp Lvs
280
Pro Leu ARrg Leu Tyr Trp Asn
255
Ala Gin Lys Val
310
Segueance
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<220

<223>» Synthetic Construct

<400> 213

atgictittc accaacagtt titca
atcatcggea ctggtacage ctggt
agtctggttg aacaaatogt gtatg
gocggagatit atcgcaccta oococog
cgtaacgcga tttttctgac ggata
goggacggte toggatttage attga
ttacattcoo cgtitgittc gaagg
gatatggagc agttatacaa asagtg
gtggaagacc tgeasacgtat cctga
gagtitctcte cgttcctgea aaacc
gatatcctgg tggaagcocata ttctc
gacagccaac cattttttga gtacg
goccagatca toctgcocgetg ggtea
aagoetcage geattagocga tgctc
gttgataaaa tcacggagcet gggtco
titgtatggea aatataacta cgcog
<21C0> 214

<211> 313

<21Z>» PRT

<213

<220>
<Z223>

<AGG>

Artificial Seguence

Synthetic

214

Met Ser Phe His
i
Pro Ala Iie Ala
0
Glu Thr Asp Ala
35
Ala Leu Lys Leu
50
Arg Thr Tyr Pro
65
Arg Asn Ala Ile
Ser Asp Ser Pro
100
Thr Asp Tvr Val
115
Giu Val Asn Gly
130
Leuw Tyvr Lys Ser
145
Val Glu Asp Leu
Val Asn Gln TIle
180
Iie Cys Lys Phe
195
Pro Leuw Gly Pro
210
Phe Glu Tyr
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Construct

Gin Phe

Ile Tle Giy

Pro Gly Ii=
55
Glu Val Glily
70
Phe Leu Thr
85
Elas Asp Gly

Leu Sesr Leu
135
Cly Lys Alsa
150
Gin Lrg Ile
165
Glu Phe Ser
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aacaacyggca
agtgaagaaa
asaactgocygyg
ggtaaagcac
tocteocgeaga
atgggtacag
aatggcottasa
gctaasaacs

ctgttTtoct
catgaaccygc

aaagtgtaat

Thr Leu Asn
10C

Gly Thr Ala

25

Ser Leu Val

His Ile Asp

Ala Leu Ser

75

Lvs Tyr Sex
93

Asp Leu Ala

10E

Lew His Ser

Gilu Rla Trp

Asn ITle Giy

155

Lvs Val Als
170

Phe Leu Gin

185

hsp Ile Leu

Thr Rla Sln
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ataaaatccc
ctgacgcgas
ggattatcca
tgtccotgac
Trtaaaatygay
attatgttga
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Glu Val Lys

Asn Glrn Thx
190

Val Glu Ala

208

Asp Asp Ser

220

Tyvr Arg Lys

ggcgatitgec
cttctcoccaat
catcgacgcoo
cgaaaagcct
tgactcoeoet
ttiatatctyg
ggcttggaas
caatticaca
caaccagatt
tcaggageac
cgcgeaggat
caaatccgag
cacctbctitea

Pro Gln
coe
B S
Pro Gly
Tyr Ser
Gin Pro
Ser Glu
240

60

120
180
240
300
360
420
480
540
6500
660
720
780G
840
90C
942



Alz Gln Ile Tle Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 2590 255
Thr Ser Ser Lvsg Pro Gln Arg Ile Ser Asp Ala Gin Asn Leu Phe
260 265 270
Ser Phe Asp Leu Thr Ala Glu Slu Vai Asp Lys Ile Thr Glu Leu Gly
275 280 285
Leuw Glu His Glu Pro Leu Arg Leu Tvyvr Trp Asn Lys Leu Tyr Gly Lyvs
290 295 360
Tyr Asn Tyr Ala Ala Gln Lys Val
305 310
<Z210>
<211>
<212>
<213>
<Z220>
<Z2Z3>» Synthetic Construct
<400> Z21%
atgtetttic accaacagt tttcacgcig aacasacggca atzaaatccc ggogattgeo 6C
atcatcggea ctggtaca atggtataaa aatgaagaas otgacgegac cttetecaat 120
agtcetogttg aacaaatc gtatgogtitg asactgcogg ggattatcoca catcogacgcoo 180
geggagattt atcgoacco cocggzactyg ggtasagcac tghbcoctogac caasaagoct 240
Ccgraacgcga [ ggataaatat tctccgecaga ttaasatgag tgactcccot 300
goggacggte attgaagaaa atgggtacag attatgtitga ttitatatctg 360
attcattcce gaaggaagtg aatggottas goittagaaga ggotiggaaa 420
gatatggage a aagtaggtaaz gctaaasacsa to gtttc caatttcaca 480
gtggsagacc g cctgaaagtc gctgaagtta asacctcaggt caaccagatt 540
gagttctorc Tg saaccaaaca ccaggeatitt ataaatictyg tcaggageac 600
gatatcotgy tggaagcata tictoeocgotg ggocogotgo ggaagagaac cgogoaggat 660
gacagccaac cattcitiga gtacgicaaa gaattgageg aaaaatacgg cazatcocgag 720
gocccagatce tcococtgogotyg ggtcactaas Cgogytgtae tgocagttac cacctcttea 780
aagectcage geatiagegs tgotcagaace chtgititoct togacotgac ageggasagag 8B40
gttgataaaa tcacggaget gggtctggaa catgaaccoge tgogoctgta ctggsataaa 200
ttgrtatggca satataacta cgoogoccay aaagtgtaalt ga G4z
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<220
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<400> 216
Met Ser Phe His Gin Gln Phe Phe Thr Leu Asn Asn Giy Asn Lys Ile
1 5 19 15
Pro Ala Ile Ala Tle Ile Giy Thr Gily Thy Lvs Trp Tyr Lys hsn Giu
20 25 30
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Gln Ile Val Tyr
35 40 45
Aiza Leu Lys Leu Pro Gly Ile Ile His Iie Asp Ala 2lz CGilu Ile Tyr
50 25! 60
Arg Thr Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Tnr Lvs Lys Pro
G5 TG 75 go
Arg Ast ARia Ile Phe Leu Thr Asp Lys Ser Pro Gln Ile Lys Met
95
Ser Rsp Ser Ala Leu Lves Lys Met Gly




Thr Asp Tyrx
115
Glu Val Asn
130
Leu Tyr Lys
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Vali Giu Asp
Val Asn Gln
Iie Tyr Lys
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Pro Leuw Gly
2340
Phe Phe Glu
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Ale Gin Ile

Thr Thr Ser

Ser Phe Asp
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Leu Glu His
290

Ivr Rsn Ty
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<Z223> Synthetic Construct

<400> 218
Met Ser Phe His Gin Gln Phe Phe Thr Leuv Asn Asn Gly Asn Lys Ile
1 5 10 i3
Pro Bla Ile Bla Ile TIle Gly Thr Gily Tar Lys Trp Tyr Lys Asn Glu
20 25 30
Glu Thr Asp &la Thr Phe Ser Asn Ser Leu Val Glu Gln Ile Val Tyr
35 40 45
Bla Leu Lvs Leu Pro Gly Tle Ile His Ile Asp Ala Ala Glu Ile
50 55 60
hrg Thr Giu val Gly Lys Ala Leu 3er Leu Thr Glu Lys FPro
G5 70 75
Arg Bsn Bla Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln Ile Lys Met
25 a0 95
Ser Asp Ser Pro Ala Bhsp Gly Zeu Asp Leu Ala Leu Lys Met Giy
100 105
Thr Asp Tyr Val Asp Leu Tyr Leu Leu His Ser Pro Fhe Ser Lys
i1 120 125
Glu Val Zsn Gly Leu Ser Leu Giu Glu Ala Trp Lys Asp Met Glu Glin
136G 135 140
Leu Tyr Lys Zer Gly Lys Ala Lys Asn Tie Gly Val Ser Asn FPhe Th
i45 150 izs 160
Val Glu Asp Leu Gin Arg Ile Leu Lys Val Ala Glu
1E5 170
Val Bsn Gln Ile Glu Phe Ser Pro Phe Leu Gln Asn
180 185
Tie Tyr Lys Phe Cys Gln Glu His Rsp Ile Leu Val Glu Ala Tvr Ser
195 200 205
Pro Leu Gly Pro Leu Arg Lys Lys Thr Ala Gin Asp Asp Ser
210 215 220
Phe Phe Glu Tyr Val Lys Glu Leu 3er Glu Lys Tyvr Gly Lys Ser Glu
223 230 235 2440
Ala Gin Ile Ile Leu Arg Trp Val Thr Lys Arg Giy Val Leu Pro Val
245 250 255
Thr Thr Ser Ser Lys Proc Gln Arg Ile Ser Asp Ala Gln Asn Leu Phe
260 265 270
Ser Phe Zsp Leu Thr Aia Giu Glu Val Asp Lys ITle Thr Glu Leu Gly
s ZBG 285
Leu Glu His Gilu Pro Leu Arg Leu Tvr Trp Asn Lys Leu Tyvr Gly Lys
290 285 3008
Tyr Asn Tyr Ala Ala Gin Lys Val
305 210
<210> 218
<211» 942
<Z212» DNA
<213> Artificial Seguence
<220
<223> Synthetic Construct
<400> 218
atgtecttitc accaacaghbt TTicacgotg zacaacggca ataasatcocco ggogattgoo 60
atcatcggee ctggtacaas atggtataaa aatgasagsaa cigacgogac cttctocaat 120
agtctyggttyg aacaaatogt gtatgegtito asactoccgg ggattigtcoca catcgacgeo 180
goggagatit atageaccta oocggaagdty gotaaagcac tgtooctgac cgasaagoct 240
cgtaacgoga tttttcotgac ggataaatat Lotccgcaga theasaatgag tgactcocccet 300
gogdacggte tggatttage attgaagaas atgggtacag attastgttga tttatatcotg 360



wtacattcece cgtttgittc gaaggaagtg aatggctiaa gottagaaga cogcttggaas £20
gatatggage agttatacas azagiggtasa gotaasaaca tcggogttic caatttcaca 480
gtggsagacce tgcaacgtat cctgaaagto gotgaagtta aacctcaggt caaccagatt 540
gagttotcic cgttcoigea asaccaaaca ccaggceattt atsaattcetg tcaggageac 6060
gatatoctygg tggaageata ttctocgcty ggcccgetge ggaagsaaac cgogoaggat 660
gacagocaac catittttga gtacgtcoaaa gaattgageog aasaatacaa caaatccgag 720
goocagatca tccotgogetg ggtcactaaa cgcggtgtge tgocagttac cacctcttceca 780
aagcoctcage geattagoga tgctcagaac ctgttttcoet togaoctgac agoggaagag B40
gttgataaaa tcacggageh gggtctggaa catgaaccge tgcgoctgta ctggaataaa 950
Ttgtatggea aatataactsa cgoccgcocag aaagtbgtaat ga 94z

<210> 220
<Zil» 313
<2lZ» PRT

<213> Artificial Seguence

<2Z23>» Synthetic Construct

<400> 220

Met Ser Phe His Gin Gin Phe Esn Gly Asn Lys Ile
i 5 1
L

0 Gt

Pro Ala Ile Ala Ile Ile Gly Trp Tyr Lys Asn Glu
20 30
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Gln Ile Val Tyr
35 40 45
Bls Leu Lys Leu Pro Gly Ile Val His Ile Asp Ala Ala CGlu Ile Tyr
30 55 60
Arg Thr Tyr Pro Glu Val G1L I r Leu Thr Glu Lys Pro

A Phe Leu Thry Asp Lys Tyr Ser Pro Gln Tle Lys Met
8% 9C 95
Ser Asp Ser Pro ARla Asp Sly Leu Asp Leu Ala Lew Lys Lys Met Gly
100 105 1106
Thr Lsp Tyr Val Asp Leu Tvr Leu Leu His Ser Pro Phe Val Zer Lys
L5 120 125
Glu Val &sn Gly Leu 3Ser Leu Glu Glu Ala Trp Asp Met Glu Gln
130 135
Leu Asn Ile Gly Val Ser Asn Phe Thr
145 155 160
Val G Lys Val Ala Gln
165 176
Val Asn Gln Ile Giu Phe Ser Pro Phe Leu Gln Giy
180 1859
Ile Tyr Lys Phe Cys Gin Glu His ARsp Ile Leu Ser
5 200
Lvs Lye Thr Ala Gin Pro
215
Gilu Leu Ser Glu Lys Tyr Bsn Lys Ser Glu
' 233 240
i Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255
Thr Thr Ser Ser Lys FPro Ser Asp Ala Gin Asn Leuw Phe
260 270
Ser Phe Asp Leu Thr Als Besp Lvs Ile Thr Glu Leu Giy
275 285
Leu Glu His Glu Pro Leu Trp Asn Lys Leu Tvr Gly Lys
90 360
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<210> 2
<Zilx @
<212>
<213>»

<220
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NS
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<40C> 221

atgtctttic
atcatcggca
agtctggttg
gocggaggttt
cgtaacgcga
gcggacggte
ttacaticoo
gztatagage
gtggaagacc
gagttctcte
gatatcotgg
gacagccaac
gooccagatca
aagcctcage
gtigatazaa
titgtatggca

<2i0>» 222
<21i> 313
<Z1Z> PRT
<213» Artif

Synth
<400»> 222
Met Ser Phe
Pro Ala Ile
Glu Thr Asp
£Alz Leu Lys

50

Arg Thr Tyr
&5
Arg Rsn Ala

Asp

Thr Asp Tyr
1ib
Giu Val Asn
130
Leu Tyr Lys
1d5

Aan

+
T

accaacagy
ctggtacaas
aacaaatcgt
atcgecaccts
ttittctgac
tggatttage
cgtttgtttc
agttatacas
Tgcaacgtat
cgtToctgca
tagaagcata
cattttttgs
teoctgogoty
gcatitagoga
tcacggaget
aatataactsa
ic

Sequence

Synthetic Construct

tittcacactyg
atggtataasa
gtatgcgttg
ccocgdaadgtg
goataaatatl
attgaagaasa
gaaggaaglyg
aagLgycazsa
coctgasagtc
aaaccaaaca
ttotocgotyg
gtacgtcaaa
ggtcactaaa
tgctcagasc
gggtetggas
cgocgeoccay

izl Sequence
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ettac Construct

Eis Gin Gln Phe Fhe
ey
P

hia Ite Ile Gly Thr

Lia Thr Phe Ser Asn
40
Leu Pro Giy Ile Iie
55
Pro Glu Val Gly Lys
76
Ile Phe Le=u Thr Asp
g5
Pro Ala Asp Gilvy Leu
106
jai Bsp Leu Tyr Leu
120
Gly Leu Ser Leu Glu
135
Ser Gly Lys ARla Lys
156G
iLeu Gln Arg Ile Leu
165
Tie Glu Phe Ser Pro
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Leu
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Ser Asp
Thr Asp

Val Asn

Tie Tvr
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Synthetic Construct

t tttcacget
a atggrataa
i grtatgogto
a4 ccoggaagt
C ggataaata
T attgaagas
T gaaggaagy
a azgtggtas
t cotgaaagt
& azmaccasac
& ttotoogot
a gtacgtcaa
I ggtcactaa
g Ttgctcagzaa
t gggtctgga
& cgccgecco
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His Ile Asp
Aia Leu BSer
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Lys Tyr Ser
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Asp Leu Als
His Ser

Giu Alzs Trp

Azn Ile Gly

Lys Val Ala
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Phe Leu Gin
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Asp Ile Leu

Thr Arg Arg
2540

Ile Ser Asp
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Val Azp Lys
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aacaacggca
aatgaagasza
aasctgcoegg
ggtaaagcac
tcoctocogoeaga
atgggtacag
aatggcttaa
doctaaaaaca
gotgaagita
ccaggecatit
ggecoocgotge
gaatitgagaey
cgcggtgtac
ctgtittoct
catgaaccgoe
azagtgtaat
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Leu Thr Glu
Proc Gin Ile

Leu Lys Lys
110

Ero Phe Val
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Lys Asp Met
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Val Ser Asn

Elu Val Lys

Asn Gln Thr
150

Val u Ala
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Ser Lys
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Fro Gly

Tyr Ser

Gln Pro

Ser Glu

240

Fro Vaai
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L.eu FPhe

Lew Gly

Gly Lys
ggcgatigcec
ctictocaat
catogacgoco
cgaaaagoot
tgactcccct
Titatat
ggcttggaa
caatttcaca
caaccagat:
tcaggagcac
cgogcaggat
caaatccgag
cacctecttas
agcggaagacg
ctggaataas



<Z2L0> 226
<211> 313
<212> PRT
<213> Artificial Sequences

<220
<223>» Synthetic Construct
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Gln Phe Phe Thr Leu Asn Asn Glv Asn Lyvs Ile
1 5 10 15
Pro Ala Ile Ala Ile ITle Gly Thr Gly Thr Lys Trp Tyr Lvs Asn
20 25 36
Glu Thr Asp Alea Thr Phe Ser Asn Ser Leua Val Glu n Iie ¥Val Tyr
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Lla Leu Lvs Leu Pro Gly Ile Ile His Tie Asp Rla Ala Glu
50 55 G
Lrg Thr Tyr Pro Glu Val Gly Lys Rla Leu Ser Leu Thr Glu Lvs Pro
65 75 g0
Arg Asn Ala Ile Phe Ser Pro Gin Met
Bo
Ser Asp Ser Pro Als Als Leu Lys Lys Met Gly
100 110
Thr Asp Tyr Val Asp Ser Pro Phe Val Ser Lys
115 5
Glu Gly Asn Giy Leu Met Glu Gln
125
Leu Tyr Lys Ser Gly i Esn Phe Thr
145 5 ig0
Val Giuv Rsp Leu Gln Lla Glu Val Lyvs Pro Gln
185 175
Val Asn Gln Ile Glu Phe Ser Pro Gln Asn Gln Thr Pro Gly
180 185 1380
Tle Tyr Lys Phe Cys Gln Glu His Asp Ile Leu Val Glu Als Tyr Ser

195 200 205

Froc Leu Gly Pro Leu Arg L Thr Ala Gln Asp Asp Ser Gln Pro
210 2 220

Phe Phe Giu Tyr Val Lys Gl Ser Glu Lys Tyr Asn Lys Ser Glu

225 230 235 240

Als Giln Ile Iie Leu Arg Trp Val Thr Lys Arg Giy Val Lesu Pro Va.

245 250 255
Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Asp Bla 5ln Asn Leu Phe
260 265 270
Ser Phe Asp Leu Thr Als Glu Glu Val 2sp Lyvs Ile Thr Giu Leu Gly
275 280 285

Leu Gilu His Gilu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Gly Lys
290 285 306
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<2Lim 8472
<23iZ> DNA
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<4005 227

atgtectttte
atcatcgges
agtctggttyg
geggagatit
cgtaacgcga
gcggacggto
attcattcce
gatatggage
grtggaagaco
gaghttcotota
gatatcotgg
gacagocaac
gococagatca
aagococtcago
gttgataaaa
ttgtatggea
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Ala Leu Lys
50

Ser Asp
Thr Asp
Gila Val
130
Leu Tyr Lys
145
Val Glu Asp

Val Rzsn Gin
Tyr Lys
195
Pro Leu Gly
21¢
Phe Phe Giu
225
2la Gln Ile

accaacagut
ctggtacaaa
aacasatcygt
atcgeaccta
tttttetgac
tggattitagc
cgtttgtittc
agttatacaa
Tgcaacgtat
cgttcectgca
tggaagcata
Ccattititga
tcotgogetg
gcattagcga
tcacggaget
aatataacta

etic Constr
His Gin GL
5

Alz Ile I1
20

Ela Thr Ph

Leuw Pro GL

Pro Glu Va

T0
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Le
Se
Ser Gly Ly
15
Lewy Gin Ar
165
Ile Giu Ph
180
Phe Cys Gl
Pro Leu Ar
Tvr
Ile Leu A
245
Ser 1 Pr

tttcacgetg
atggtataaa
gratgcogtig
ccocggaagty
ggataaatat
attgazgaas
gaagyaagty
aagtggtaaa
cectgazagtc
aaatccaaaca
Ttcotococgetyg
gtacgtcaaa
ggtcactaas
tgctcagaac
gggtctggas
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Thr

=
e Ser Asn
40
; 1is Ile
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o
1 Giy Lys
v Thr Asp

n Tyvr Leu
120

r Leu Glu

135

s Als Lys

0

g Ile Leu

e Ser FPro

n Giu His
200

g I Lys

G
g Trp Val
o Gin Arg

aacaacggcs
aatgaagaaa
aaactgoccgdg
gqotaaagcac
tcotecegeaga
atggagtacag
aatggcttaa
gcTaaaaaca
gqotgaagita
ccaggeattt
ggoocogotgo
gaattgagcyg
cgoggogtgc
ctgtiittect
catgaaccgc
aaagtgtaat
Thr Leu Asn
10
Cly Thr Lys
25
Ser Leu Val
His Il= Asp
Ala Leu 3er
75
Lwvs Tvr Ser
80
ksp Leu Als
105
Ile His Ser
Glu Ala Trp
Rsn ITle Gly
155

Lys Val
170

Phe Leu Gln
185

Lsp Ile Leu

Thr Alz Gln

Lys
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Ala Ala Giu

&0

Leu Thr Glu

Pro Gin Ile

Leu Lys Lys

110

Pro Phe Val
125

Lys Asp Met

149

Val Ser

Glu Val

Bsn CGln

19

)

Val Glu Ala
20

Asp Asp Ser

220

Tyr Asn Lys

Gily Val Leu

Ala Gin Asn

ggcgattgoc
cttcteocaat
catcgacgec
cgaaaagoct
tgactoooct
tttatatctyg
sgoctitggaasn
caatttcaca
caaccagalt
tcaggagcac
cgogecaggat
caaatccgay
caccTcttca
agoggaagadg
ctggzataaa
Lyes Ile
15
han Clu
Val Tvyr
Ile Tvr
Lys Pro
B0
Lys Met
95
Mat Gly

Tvr Ser
. Pro
Ser Glu
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Pro Val
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260

Ser Pne Asp Leu Thr Ala Glu Glu
275 280
Leu Glu His Glu Pro Leu Arg Leu
290 285
Tyr Azsn Tyr Ala Ala Gin Lys Val
305 310
<210> 229
<2il> 942
<212> DNA
<213> Artificial Seguence
<220>
<223» Synthetic Construct
<400> 229
atgtottite accaacag Cttcacgetg
atcatcggea ctggtaca atggtataaa
agtctogtty aacaaatce gtatgcogttg
gcgoagattt atcgcoaccia cocggaagstg
cgtaacgcga tttttctgac ggataaatat
goggacggte tggatitage attgsagaas
ttacattcco cgtttottic gaaggaaghyg
gatatggage agttatacaa aagtggtaaa
gtggsagace Tgcsacgtat cctgaaagic
gagtiotcte cgtteoctygea azaccataca
gatatcctgg tggaagcata ttotccgetg
gacagecaac cattitttga gtacgtcaas
gococcagatca toctgogotg ggtcactaaa
aagcctcage geattadoga tgctcagaac
gttgatazaz tcacgoagcg gogtchtggaa
ttgtatggca aatataacta cgocogoccaqy
<Z10> 230
<Z1iix 313
<212> PRT
<213> Arivificial Seguence
<Z20>
<223>» Synthetic Construct
<400> 230
Phe His Gin Glym Phe Phe
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Pro Ala Ile

Glu Thr Asp
25

Ala Leu Lys
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Arg Thr Tyr
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Arg Asn Ala

Phe Ser Asn
40
Gly Tle Ile
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al Gly Lys
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e Thy Asp
wsp Gly Leu
e Tyr Leu
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Lys Leu Tyr
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ataaaatccc
ctogacgecgac
ggattatccs
ac
ag
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gc ga
togggghttc
aacctcaggt
ataaaticig
ggaagaaaac
caaaatacas
tgocagttac
tcgacctgac
tgcgeetgta
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Asn Gly Lsn
Trp Tyr Lvs
30
Giu Gin Ile
45
Ala Ala Glu
60
Leu Thr Glu
Fro Glo I1
Leu Lys Lys
1190
Pro Phe Val
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Glu Val Asn Gly Leu Ser Leu Glu

Pro L
z
Pha ¥
225
Ala G

Leu Tyr Lys
145
Val Glu Asp
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Ala Lys

Tle Leu

Ser Pro
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rg Lys Lys
215
TLeu

eu Arg Trp Val
4

Thr Thr 3er 3er Lys Pro Gin Arg
260

Ser Phe Asp Leu Thr Als Glu Glu
275 G

Leu Glu idis Glu Pro Leu Arg Leu

290 . 295

Tyr Asn Tyr Ala Rla Gln Lys Val

303 310

<210> 23%

<211> 942

<Z1Z2> DHA

<233» Artificial Ssquence

<2205

<2Z23> Synthetic Construct

<400> 231

atgtctitts accaacagtt tttcacgoety

atcatcocggea ctggtacaaa atggiataaa

agictggity aaceaategt gtatgogtitg

gcggagattt atogceaccia coccggaagiyg

cgtaacgoga LitLtctgac ggataaatat

gcggacggte tggatttagce attgaagaaa

ttacattccoe cgtttguttic gaaggaaghta

gatatggage agitatacasa aagtgotazaa

gtggaagace tgcaacgtat cctgaaagto

gagticteltc cgticcetgeca aaaccaaaca

ggtatcctgyg tggaagcata ttctcogety

gacagccaac catttttiga gtacgtczaa

gococagatca tcoctgegetyg ggtcactaaa

aagcctcage goattagecga tgctcagaac

gttgataaaa tcacggagct gogtctggas

Ttgtatggea aatataacta cgcogcoccag
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Thr Lys Arg
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Ile Ser RAsp
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Val Asp Lys
Tyr Trp Asn
aacaacgygca
aatgaagaas
aaactgoogy
ggtaaaccac
teteocgeaga
atgggtacag
zatggottaz
gctaaaaaca
gotgaagtta
ccaggoattt
ggcocogctgo
gaattgaocg
cgegygtgige
ctgbtttcct
catgaaccgs
aaagtgtaat
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<400> 232
Met Ser Phe His Gln Glnn Phe Phe Thr Leu Asn Asn Gly Asn
1 5 106
Pro Ala Ile Rla Iile Ile Gly Thr Gly Thr Lys Trp Tyr Lys
20 25 30
Glu Thr Asp Ala Ser Asn Ser Leu Val Glu Gln Ile
35 40 45
Ela Leu Lys Giy Ile Ile His Ile Rsp Alsz Glu
50 55 60
Arg Thr Zyr Gilu Val Gly Lys Pro Leu Ser Leu Glu
65 70 75
Arg Asn Ala Phe Leu Thr yvs Tyr Ser Pro Gln Ile
85 90
Ser Asp Sear Elas Asp Gly Asp Leu Ala Zeu Lvs Lys
105 110
Thr Asp Tyr © Leu Tvry Lau His Ser Pro Phe Val
iltk 125
Glu Val Asn Ser Leu Giun Ala Trp Lys Asp Met
130 135 140
Levw Tyr Lys Lyvs Ria Ren Tle Gly Val Asn
145 150 155
Val Glu Asp Gln Arg Ilie Lys Val Ala Glu Lys
165 170
Val hsn Gin Glu Phe Ser Pne Leu Gln Asn Thr
185 180
Ile Tyr Lys Cys Gin Glu His Gly Ile Leu Val Ela
195 200 205
Fro Leu Gly Pro Leu Arg Lys Lys Thr Ala Gin Asp Asp 3er
210 215 220
Phe Phe Gilu Tyr Val Lys Giu Leu Ser Gilu Lys Tyr Gly Lys
225 230 235
Ala Gin Ile Ile Leu Arg Trp Val Thr Lys Rrg Gly Val Leu
245 250
Thr Thr Ser S Lys Prc Gin Arg Ile Ser Asp Als Gin Asn
60 265 270
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Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys g Tyr
2580 2585 300

Tyr Asn Tyr Ala Ala Gln Lys Val

305 310

<210> 233

<211> 942

<212> DHNA

<213>

<220=

<223> 3Synthetic Construct

<40C> 233

atgtcotitic accaacagti tifcacgoto aacaacggcea ataaagatccc

atcatcgygca ctggtacaza atggtstase aatgaagaaz ctgacgcgac

agrtctgygitto sacsaatoglt gtatygogttg asactgocgs ggattatoca

gcggagattt atcgcaccta coccocggaagtd ggtaaagoac tgtoccocotgac

cgtaacgcga titttctgac ggataaatalt itctccgeags ttaszatgag

goggacggtc tggatttage attugaagasas atggotacag atiatgitos

ttacattcce cgttigtitc gaaggaagtg aatggcoititaa gocitagaaga

gatatggagc agtiatacas aagtiggtaaa gctaaaasca toggyggtizco

gbtggaagacce tgcaacgtat cotgaaagic gotgaagita aaccicaggt
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agttectetc ogttcctgea agaccaaaca ccaggcattt ataaattctg tcaggagce
gatatcctgg tggaagceata ttctoogelg gygcoogetge dgaagaaaac cgoocaddg
gacagccaas catittitga gtacgtcasa gaatigagog aaaaatacaa caaaltcocg
goocagatca tectgegetg ggtcactaas cgcocggtgige tgocagttac cacctott
sagcctcage geatltageoga tgoctcagaac ctgiiticct togacctgac agcdgaag
gtigataaaa tcacggagch gggtcoctggaa catgaaccge tgcgeetgta ctgygaata
ttgtatggea aatataacca cgocoygcccag aaadgtgbaat ga
<Z10» 234
<231> 313
<21Z2». PRT
<213> Rrtificial Seguence
<220z
<223» Synthetic Construct
<400> 234
Met Ser Phe His Gln Gln Phe Phe Thr Leu Asn Asn Gly Asn Lys Ile
1 5 10 i3
Pro ARla Ile RAla Ile Ile Gly Thr Gly Thr Lys Trp Tyr Lys Asn Giu
20 25 30
Clu Thr Asp Ale Thr Phe Ser Asn Ser Leu Val Glu Gln Ile Val Tyr
35 40 45
2la Leu Lys Leu Pro Gly Tle Ile His Ile Asp Als ARla Gilu Tle Tyr
Arg Thr Tyr Pro Glu Val Gly Lys ARla Leu Ser Leu Thr Glu Lys Pro
£5 70 75 30
Lrg Asn Rla Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln Iie Lys Met
85 90 95
Ser RAsp Ser Pro RAla Asp Gly Leu Asp Leu Als Leu Lys Lys Met Gly
100 105 110
Thr Asp Tyr Val Asp Leu Tyr Leu Leu His Ser Pro Phe Val Ser Lys
115 12¢ 125
Zlu Val Asn Gly Lew Ser Leu Glu Gilu Bla Trp Lys Asp Met Glu Gln
130 1358 140
Leu Tyr Lys Ser Gly Lys Ala Lys Asn Ile Gly Val Ser Asn Phe Thr
145 150 155 1e0
Val Glu Asp Leu Gin Arg Ile Leu Lys Vai Als Glu Val Lys FPro Gln
165 170 175
Val Asn Gln Ile Glu Phe Ser Pro Phe Leu Gln Asn Gin Pro Gly
180 i85
Tie Tyr Lys Phe Cys Gin Glu His Asp Ile Leuw Vai GI Tyr Ser
1585 200 a5
Pro Leu Gly Pro Leu Arg Lys Lys Thr Als Gln Asp Asp Ser Gln Pro
210 215 220
Phe Phe Glu Tyr Val Lys Glu Leu Ser Glu Lys Tyr Asn Lys Ser Glu
225 230 235 240
Ala Gln Tle Tle Leu Arg Trp Val Thr Lys Arg Gly Val Leuw Fro Val
245 250 255
Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Asp Ala Gin Asn Leu Phe
260 26 27
Ser Phe &zp Leu Thr Rla Glu Giu Val Asp Lys Ile Thr Glu Leu Giy
275 280 285
Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Bsn Lys Leu Tyr Gly Lys
290 2958 300
Tyr hsn His Rlas Rls Gin Lys Va
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LLttc acca
ggca ctgg
gttg aaca
attt atcg
goga Lot
gQtc tgga
Tccocc gt
gagc agtt
gacc tgcsa
tcte cgtt
CLgg tgga
caac catt
atca toov
cagc gcat
aaaa tcac
ggca aata
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Metr Ser Phe His

Pro Alz Ile &Zla
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Glw Thr Asp Ris
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tttcacgeoctg
atggtataaa
gtatgcocgttyg
coccggaadtyg
ggataaatat
attgaagaaa
gaagyaagid
aagtggtaaa
coctgaaagic
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aacaacggca
agtgaagaaa
azacrgcoccgd
ggtaaagcac
tctococaga
atgggtacaq
aatggertaa
gctaazaaca
gctgaagtta
ccaggrattt
ggocoogonge
gaattgagog
cgoggtgtac
cTgtitttoect
catgaacoge
asagtgtaat
Thr Leu Asn
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Gly Thr Lys
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Ser Leu Val
His Ile Asp

sp Leu Ala
05
le His Serx

s
=
F._
0]

¥

i

T

1
vs Val Ala
170

he Leu
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ggattatcces
Tgtoocctgac
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Jggzadgasaac
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Tgccagttac
tcgacctgac
Tgagectgta
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Fro Leu
Phe Phe
225

Aia Gln
Thr Thr
Ser Phs
Leu Glu

290
Tvr Asn
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<Z211i> 9
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<213> Artifi

<220>
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Lys
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g Lys Lys
215

5 Glu Leu
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g Trp Val

Pro Gln Arg

u Giu
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eu Arg Leu

Ala Gln Lys Val
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atgtott
atcatcg
zgtctgg
Jedggadga
cgtaacy
geggacy
attcatt
gatatgg
gtggaag
gagtict
gatatec
gacagcc
gecoecaga
aagoctc
gttgata
ttgTaryg
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accta cocoggaagtyg
ctgac ggatazatat
ttfage attgaagaas
gtttc gaaggaaghtyg
tacaa aagtggtaas
cgtat ccigaaagtc
ctgca &aaccasaca
gcata ttotocgcotg
tttga ctacgicaaa
cgetg ggtcoactaaa
agoga tgoicagsac
gagot gggictggas
aacta Ccgocogcccayg
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cgcggtotgo
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p
Arg Asn aAla Ile
Ser Asp Ser FPro
10
Thr Asp Tyr Val
115
Glu Val Asn Gly
130
Leu Tyr Lys BSer
145
Val Giu Asp Leu
Val Asn Gln Ile
1806
Ile Cys Lys Phe
195
Pro Leu Gly Pro
210
Phe Phe Glu Tyr
2
Als Gin Ile Iie
Thr Thr Ser Ser
260
Ser Phe Asp Leu
275
Leu Giu His Giu
290
Tyvr Asn Tyr Ala
305
<210> 239
<Z11l> 542
<Z12> DHNA
<Z13» Artific
<220>
<223>
<400> 239
atgtettite acca
atcatcggca cigy
agTctggotyg aaca
gcggagatitt atcg
cgtaacgoga Lttt
goggacggte ngga
ttacattcece cgtc
gatatggagc agti
gtggaagace tgca
gagttcotcecto cgtt
gatatccigg tgga
gacagecaac catt
goccagatca LCoch
aagcctcage gcat
gttgatazaa tcac
ttgtatgygca aata
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lLeu Thr Asp
Asp Gly Leu
Leu Tyr Leu
120
Ser Leu Glu
135
Lys Ala Lys
150
Arg Ile Leu
Phe Ser Pro
Glr Giu His
200
Arg Lys Lvys
15
Lys Glu Leu
230
Arg Trp Val
Pro Gln Arg

Leu Arg
295
Gin Lys

izl Seguence

Synthetic Construct

T Tttcacgctg
a2 gtggtataaa
T gtatgcgtitg
a coocggaagLng
o ggatasatat
¢ attgaagaaa
C gaaggaagtg
& aaccggtaaa
© cctgaaagtc
a aaaccazaca
a Ltcoctcocgeoctg
& gtacgtcaas
g ggtcactaaa
& tgctcagaac
T ogggrotggay
¢ tgccgcoccag

75
Lys Tyr Ser
S0
Asp Leu Ala

105
Ile His Ser
Glu Ala Trp
Asn Ile Gly
Lys Val Als
170
Phe Leu Gin
185
Esp Ile Leu
Thr Ala Gln
Ser Glu Lys
235
hr Lys Arg
250
Ser Asp
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Pro Gln Ile
Leu Lys Lys
11
Pro Phe Val
125
Lys Asp Met
140
Val Ser Asn
Glu Val Lys
Asn Gln Thr
150
Val Glu Ala
205
Azp Asgsp Ser

Leu Tyr
ataaaatcoc
ctgacgogac
ggattatacca
tgtcococtgac
TTaaaatgag
attaTgttgs
getiagaaga
toggggttta
aacctcagat
ataastTctyg
gUaagasaac
a2aaaztacas
tgocagttac
tcgacctgac
tgogoctgta
Ja

80
Lys Met
95
Met Gly
Ser Lys
Glu Gln
Phe Ser
160
Pro Gln
175
Pro Gly
Tyr Ser

Gly Lys
ggogattgoe
cttectcocaat
catogacgac
cgaaaagoct
tgactocooct
tttatatctao
ggctiggaaa
caatttcaca
caaccagatt
tcaggagesc
cgogoaggat
caaatcogag
cacctcttca
agoagaagay
ctyggaataas

&0
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180
240
300
360
420
480
540
600
660
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780
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200
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<21l>
<Z212>
<213»

313
PRT

Artificial Seguence

<220

<Z223> Synthetic Construct
<A0G> 240
Met Ser Phe His Gln Cln Phe
1 5
Pro Ala Ile Ala Ile Ile Gly
20
Giu Thr Asp Ala Thr Phe Ser
35
Ala Leu Lys Leu Pro Gly Ile
506 55
Arg Thr Tvyy Pro Glu Val Gly
&5 70
Arg Asn Ala Ile Phe Leu Thr
BS
Ser Asp Ser Pro ARla Asp Gly
100
Thr Asp Tyr Val Asp Leu Tyr
ils
Giu Val Asn Gly Leu Ser Leu
130 135
Leu Tyr Lys Thr Glyv Lvs Alz
145 150
Val Glu Asp Leu Gln Arg Ile
les
Val Asn Gin Ile Glu Phe Ser
180
Iile Tvr Lys Phe Cys Gln Giu
Pro Leu Glv Pro Leu Arg Lvs
210 215
Phe Phe Glu Tyr Val Lys Glu
225 Z30
Ala Gln Ile Ile Leu BErg Trp
245
Thr Thr Ser Ser Lvs Pro Gln
260
Ser Phe Asp Leu Thr Alaz Glu
275
Leu Glu His Glu Pro Leu Arg
290 295
Tyvr Asn Ser Ala Ala Gln Lys
305 310
<Z10> 243
<211> 942
<212> DNA
<Z13» Artificizl Seguence
<220
<Zz3>» Synthetic Construct
<400 241
atgtoctitic accascsgtt tttca
atcatcggea ctggtacasa atggt

Phe Thr Leuw Asn
10
Thr Gly Thr Lys
25
Asn Ser Leu Val
40
Ile His Ile Asp
Lys Ala Leu Ser
75
Asp Lysz Tyr Ser
90
Leu Asp Leu Als
103
Leu Leu His Ser
120
Glu Glu Als Trp
Lys Asn Ile Gly
155
Leu Lys Val Ala
170
Pro Phe Leu Gin
18%
His Asp Iie Leu
200
Lys Thr Ala Gln
Leu Ser Glu Lys
235
Val Thr Lys Arg
250
Arg Tle Ser Asp
26
Glu Val Asp Lys
280
Leu Tyr Trp Asn
Val
cgoty aacaacggea
ataaa aztgaagaasz

Asn Gly Asn
Tryp Tyr Lys
30
Glu Gin Ile
i 5
Ala Ala Giu
60
Leu Tnr Giu
Pro Gin Ile
Leu Lys Lys
110
Fro Phe Val
125
Lys Asp Met
140
Val Ser Asn
Glu Val Lys
Bon Gin The

Val Glu
205
Asp Asp
220
Tyr Asn
Gly val
Rla Gin
Iie Thr
285
Lys Leu
300
ataaaat
ctgacgo

Leu

Asn
270
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agictggity
geguagattt
cgtaacgoga
guggacggte
attcattcee
gatatggagc
gtggaagacc
gagttcetete
gatatcctog
gacagccaac
goccagatca
aagccoctcago
gttgataaaa
trgtatggea
<210> 242
<Zilrx 3213
<2312> PRT
<2i3> Arzif
<220
<Z223> 3ynth
<40C> 242

Giv Thr Asp
35
Bla Leuw Lys
oSG

Arg Thr Tyr
65

ARrg Asn Ala
Ser Asp Ser

T 13
bt
oo oy

Glu Val As
130
Leuw Tyr Lys
145
Val Giu Asp
YVal Asn Gin
Tie Cvs Lvs
11 ve Lys
195
Pro Leu Gly
210
Phe Giu

B

SURR Gl ¢

Lsp
275

aacaaatcgt gratgoguig
atcgcaccta cccggaagty
tttttcotgac ggataaatat
tggatitage atigaagaas
cgttitgttic gaaggsagty
agttatacasa aagtggtaaa
Tgcoaacgtat cctgaaagLco
cgttoctgeca aaaccasaaca
tggaagcata ttetcecgetg
catttttiga gtacgtcaas
tcoctgogotg ggtcactaaa
gecattagoda tgoccagaac
tcacggaget gggtctggasa
aatataacta cgccgoocag
icial Seguence

etic Construct

His Gln Glnt Phe Phe

5

Ala Ile Iie Giy Thr
20

Als Thr Phe Ser Asn

40
Leu Pro Gly Ile Ile
55
Pro Glu Val Giy Lys

Ile Phe Leu Thr Asp

Pro Rla Asp Giy Leu

100

Val Asp Leu Tyr Leu
120

Gly Leu Ser Leu Glu

L35
Ser Gly Lys Ala Lys
150
Leu Gin &rg Ile Leu
165

Ile Glu Phe Ser Pro

EREY

Phe Cys Gln Glu His
200

Prc Leu Arg Lys Lys

215
Tvr Val Lys Glu Leu
230
Ile Leu Arg Trp Val
245

Ser Lys Pro Gln Arg

260

Leu Thr Ala Glu Gl

aaactgocgg
ggtaaagcac
toctoeccgeagsa
atgggtacyyg
aataggcttaa
gctaaaaaca
gctgaagtta
ccaggcattt
ggcoocgotge
Gaattgagcy
Ccgocggtgtgo
ctgttttcet
catgaaccge
aaagtgtasat
Thr Leu Asn
1C
Gly Thr Lys
25
Ser Leu Val
His Iie Asp
Rla Leu Ser
75
Lys Tvyr Ser
20
Asp Leu Ala
105
Ile His Ser
Glu Als Trp
Asn Iie
Lys Val
170
Phe Leu Gin
i85h
Asp Ile Leu
Thr Ala Gin
Ser Giu Lys
235
Thr Lys Arg
250
Tie Sexr Asp
265
Val Asp Lys

ggattatcca
tgtcectgac
ttaaaatgag
attatatiga
gottagaaga
Tocggggtiic
ctcaggt
attctg
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Ala Ala Glu
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Leu Thr Glu
Pro Gln Tie
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Pro Phe Val
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Lys Asp Met
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Val Glu Ala
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Asp Zer
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145 150 155
Val Giu Asp Leu Gln Arg Ile Leu Lys Val Ale Glu Val Lys
165 17¢
Val Asn Gln Iile Glu Phe Ser Pro Pne Leu Gln Asn Gl Thr
180 185 120
Iile Tyr Lvs Phe Cys Gln Glu His Asp Tle Leu Val Glu Ala
195 2006 205

Pro Leu Gly Pro Leu Arg Lys Lys Thr Ala Gin Asp Asp Ser
210 215 220

Fhe Phe Glu Tyr Val Lys Giu Leu Ser Giu Lys Tyr Glv Lys

225 230 235

Ala Gln Ile Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu

245 2506
Thr Thr Ser Ser Lys Pro Gln Arg Ile r Asp Ala Gln Asn
260 265 270
Ser Phe Asp L Thr Ala Glu Giu Val Asp Lys Ile Thr Glu
275 280 285

Leu Giu His Glu Pro Leu Arg Leu Tyr Trp &sn Lys Leu Tyr
230 295 300

Tyr Asn Ser Rla Ale Gln Lys Val

305 310

<210> 245

<211l» B4Z

<Z1Z2> DNA

<213>» Artificial Sequence

<220C>

<223> Synthetic Construct

<400>» 245

algtctittc accaacagtt LLLcacgcty aacaacyggoa

atcatcggea ctggtacaaa gtggtataaa agtgaagaasa

agtotggttg aacaaatcgt ghtatgcgttg aaactgcogy

gcggagsettt atcgcaccta cooggsadgig ggtaaagosac c

cgtaacgcda Tttittetgac ggatasatat tefocgoads ad

gcggacggic tggatitage attgaagaas atgggtacag Tga

attcattcece cgtttgttac gaaggaadtyg aatggetiza ga

gatatggagc agttatacaa aagtggtaas gctasaaaca TLC

gtggaagaco tgcaacgtal ccotgaaaglte goetgaagtits aa

gagttctctc cgticctgca aaaccaaaca ccaggcattt goaaa o)

gatatcctgg tggaagear TLCTLCCygotg gUoccogotagn ggaagaaaac

gacagccaac catittttth gtacgtcasa gaatigagcg aaszaatacas

gocoeagatcs toctgegcty ggtecactaas ogoggtgtge tgecagitac

aagcctcage gecattagega tgctcagaac ctgitttcocct tocgacctgsac

gitgataaaa Lcacggaget gggictggaa catgaaccge tgogocotgia

ttgtatggca aatataacta cgcoccgcccayg aaagtgtaat ga

<210> 248

<Z211» 313

<2iZ2> PRT

<213> Artificial Sequence
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160
Ero Gin
175
Pro CGly
Tyr Ser
Gin Pro

240
Fro Val
255
Leu Phe
Leu Glwv

5]
2l
<

O

0 G2
et s
ot O
[@REe:
ot
oot

SR

ot 0

)
Wy
+
9]

W

e

e}

O om0
§]
(Rt NIt e]

0w
O
]
00
o3

1

(e}

[AREC O I T )
1

iy
(7 w2 of
At

=
cl
i
at
st
att

O QD oot

Q
[ S]]

Eom

9]
m
LA

rt
S
3

{
O 0
8

1l

ol
9]

e

[§]

43

(“f
ot G0
[Q R
[AIINTS]

0

1§}
o
(g @ Rte Rt e ETe]

19

0w

g o

©9 0 nay
S

O 00w
i
ol
U]
ALl

Ut}
W
i

P
e e 2

LS R o Y
[ ]

L e T A A 5 M

[

O oo
-
fon) [

~a



(S0 ]

e
0

u]

e RSt !
o

.
-

T D

o o

A
[
— o
>

FATRVANAN
BN

ok

[SSERAES s
VON OV W

NN
SN
SRR
VS )
RV

[ =
e
ot
[N
fE:8
[t
[}

ot

f

0
[a ARt
F {1
Wy

f

[RGB ]

]

ot
ot

[ te]
ot
Q

O B b
0 ga 0
[ e
[ TRL IR ERtE B¢ ]
[ R oA P VR Sl o S O VS
0O 0wy Q
o O WG
00
IS e
G 00

Wk
G0

ot

Lo lieRte
Wt W
Q
Q
(DY
0 ooh g
o)

8]
9]

1

L

e

{
SV 'S TGO T
Ly of ot
S S T VR )
1) BRI S
e}

i}
O
Q0
9]
3

o]

Ala Ile Ile Gly Thr
0
Ala Thr Phe Ser Asn
40
Leu Pro Giy Ile Ile
55
Pro Giu Val Gly Lvs
70
Ile Phe Leu Thr Asp
g5
Pro Ala Asp Gly Leu
100
Val Asp Lsu Tvr Lsu
120
Gly Lau Ser Leu Giu
135
Ser Gly Lys Ala Lys

150
Leu Gin Arg Ile Leu
165
Ile Glu Phe Ser Pro
180
Phe Cys Gin Glu His
200
Pro Leu Arg Lys Lys
215
Tyr Va: Lys Giu Leu
230
Ile Leu Arg Trp Val
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Leu Lys Lys
110
Pro Phe Val
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Lys Asp Mer
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Val Ser Asn
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Asn Gln Thr
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Val Glu Ria
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Asp Asp Ser
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Tyr Asn Lys
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Aila Gin Asn
270
Ile Thr Glu
285
Lys Leu Tyr
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atagaaaltolc
ctgacgogac
ggattatcca
tgtcoctgac
ttaaaatgag
attatgttya
gctitagaaga
Tocgggatrta
aacctcaggt
gcaaattcetyg
dggaagaaaac
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Pro Gln
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Tyr Sevr
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Pro Val
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Leu Phe
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ggcgatitgoc
cttctocaat
catcgacgcco
cgaasagoct
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tttatatctg
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caatotctec
Caaccagatt
tcaggagcac
cgcgcocaggat
caaatocoag
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geocagatea tectyg
aagecotecagoe geatt

gttgat

azaa tcacg

ttgtatggca aatat
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Lys Asp Met
140
Val Ser Asn
Glw Val Lys
Asn Gin Thr
180
Val Giu Als
205
Asp Asp Ser
220
Tyr Asn Lys
Gly Val Leu
Bla Gln Asn
AT
EARe
Iile Thr Giu
285
Lys Leu Tyr

n

v
e

4
B
k5

~
ri

w
H @ s
o) ks o3

I ro
(831
3

i
o

cace
agog
ctggs

ct o
SIS

Tie

Giu

g
g
o]

<ty (0
e
[N o

i}
b

T80
240
500
942



<400> 249

atgtotttte
atcatcggca
agtcliggtog
gocggagattt
cgtaacgcga

a
F 0
ke
Q0
2w
&0
[ nLe]
O Q

pa
o0

Wt W
(1 ot LQ ie]

_UC_} [T I Te T R RE TS BN TS NIRRT
9]
@

ALY

om0

Qo
0
AL}

Qo

<270> 250
<Z211> 313
<Z12» PRT
<Z13>» Arti
L220>

t4y

<2Z3> Synthetic

Glu Thr Asp
35
Ala Leu Lvs
50
Thr T

izl
(]
102
e
w
il
hel
=

w0
)
i
"
0]
&
o
)

Thr Asp Ty
11
Glu Val Asn
130
Leu Tyr Lvys
145
Val Giu As

Ile Cys Ly

19

Pro Leu Gl
210

Dhe Phe Gl

(&3

L

o

=l
[t

w s
= o O

< B g

[
FAJ
Wl

180
Phe

Pro

Ty

Synthetlc Construct

accaacagtt ttt
ctggtacasas gtg
gacgaatogt gta
atcgeaccta ccc
tttttctgac gga
tggatttage att
cgtttgttic gasa
agtTtatacaa aac
tgoaacgtat cct
cgttcctgea aaa
tggaagcata tto
cattttttga gta
Tootgocgoty got
gcattagocga tgo
Ltacggaget ggg
aatataacta cgc
icial Seguence

Construct

Thr Phe Sear

Pro Gly I
5
Glu vVal G

~1
(D o fu

S A
i
b

Gly Lyes
156

Gin Arg

185

Gilu Phe

Cys Gln Glu

A7)
[Ee

Q0

b 0O uy 0
LTINS P BT
P o

rt

O opgd @ momog i er
W@
b

o

o0 u 0O ag

[$]
[

o0
ot o

[pute o]

18 @
o

ot

w0 &g

9]
0

P e
™

1

Iz
=

[

jat}
I
i
T
0

Ser

g
[0

LR WS il

o

R it it Q
AT 5 N VU O T o1 [SEECEED|
S O B R I I S S (U
[NERRU S (VI B 0L TS B VEE G SR U S U

ot
[43]
now

o

sl

Asn
40

Iie

[l
D
vl

m g

[Te Y]

aacaacggo
agtgaaga
aagctgec
ggtaaagco

W
T oo

[ U B R}
o chaQ oo

!

o+
9]
[
0
0
e
0
ol
g

v Tie Leu

nr ARla Gln

Ser Glu Lys

o]
[OR]
f ot
1]

L U BT B R TO R

ot
b @ WO o0

[ VAT T4
W 0O o

SRV RN

py

0o w0

ol

d

0

9]

&y

't
[t anle)]

jSte)

rt o W
o
ot
(S IETONRta IRTeRTI]
2o
u
Wt
w2
Lo ool
o

a0 ot
0w o
ug
oot
Wy oot
[Eae]
e 0
(SN
AT
t
ot

00
[T LI VR VR o O B )]

Lo RNl oI

4]

juil

t

Q& of

0O w0

O ot

GO0
O W
O WG g O
pRTeRpte gt

Qr
O o
& oo
il
w O wQ
&
[

o
[S VI TR ER )
]
U
[S I
ot
O]

A

QW g 0 @0

[

rt
9

Lo}

v
O3

9]
@]

[T O TS I o ]
3

of

0w o m
fe)

[SeNte|

[a T e

[t
]

ot
m g

1

9}

o)

wy

I
M

i

b
1

= O

1

]
i

8}

6
—

b R
< An

<l e
oo

Al

0]
rt

r

et
57}
5

[
1
3]

-3
[S3 %]

i i ryd

R
’
(&)

<>

T g

B o 5
i

<

413

w
U]
s

e
[#5]

=

[pRptiel
oW oW
L S T L P

[n3

oy P O 0

ot

inr

ErAT
L0

Gln

Bl
oo

(SN

f

i

O kU
[NeanteRN e s e
= e =S 6 o
My D O O



225 230
Aila Gln Ile Ile Leuw Arg Trp Val Thr L
245 2
Thr Thr Ser Zer Lys Pro Gin Arg Ile S
260 265
Ser Phe Asp Leu Thr Ala Glu 3lu Val Asp
275 280
Leu Glu His Glu Pro Leu Arg Leu Tyr Trp
230 285
Tyr Asn Tyr Ala Ala Cln Lys Val
305 310
<210» 251
<23il> 942
<231Z> DNA
<z213> Artifici Seguence
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<223> Synthetic Construct
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atgtcttite accaacagtt thttcacgoty aacasc
atcatcggcea ctggtacesaa gtggtataaa agtgza
agtctggttg aacaaatcogt gtatgegttg aaactg
g agatit atcgeaccta cocdggasagta ggcasa
c acgcga tttttctgac ggataaatat tctcoog
cogtc tggatttage attgaagaas atggol
Ctccoco cgtttgrrte gaaggaagty aatggco
Jage sgitatacaa zagtggtaza gctaaa
gacc Tgczacgtat cotgaaagtc gotgaa
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Ser Asp Ser Als Asp Gly Leu Asp Leu Ala Leu Lys

[

= O
o
o
Ly

B
1
V

Thr Asp Tyr Val Rsp Leu Tyr Leu Ile His Ser Pro Phe Ser Lys
115 iz2¢C 125
Glu val Asn Gly Leu Ser Leu Glu Glu Ala Trp Lys Asp Met Glu Gln
130 135 140
Leu Tyr Lys Ser Giy Lvs Ala Lys Asn Ile CGly Val 8Ser &sn Phe Thr
145 150 135 160
Val Giu Asp Leu Gin Arg Ile Leu Lys Val Alas Gilu Val Lvs Pro Gln
o 175
Vazi RAsn Gln ‘ Asn Gln Thr Pro Gly
Lvs Ser
185
Pro Leu Gly Pro Leu Arg Lvs Lys Thr Ria Pro
210 215
Phe Phe Glu Tyr Val Lys Glu Leu Ser Glu Ser Glu
225 230 240
Ala Gln Ile Ile Leu Arg Trp Val Thr Lys Pro Val
245 250 255
Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Asp Ala CGln Asn Leu Phe
260 265 270
Ser Phne Asp Leu Thr Ala Glu Giu Val Asp Lys Ile Thr Glu Leu Gly
275 280 285
Leu Glu His Giu Pro Leu Arg Leu Tyr Trp Asn Lyvs Leu Tyr Gly Lys
290 295 300
Tyr Asn Tyr Ala Ala Gin Lys Val
305 310
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<21Z> DNA
<213» Artificial Seguence
<Z220>
<ZZ23>» Synthetic Construct
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atgtchtttic accaacagtt titcacgctg aacaacggea atazaatccoc ggcgattgoo 60
atcatoeggea ctygracaas gtggtatass aglgaagsaa cigacgogac ctictecaat 120
agtctggtto aacaaatcgt grtatgegitg aaactgocgg ggatiatcaca catogacgoo 180
goggagattt atcocgoaccta ccocoggaagty ggtaaageac tgtcooctgac cgaaaagocot 240
cgtaacgcga tttttcoctgac ggatazaatat tcotcocgeags ttassatgag tgactccoccoct 3006
gcggacggtc tggatatage attgaagaaa atgggtacag attatgttga Litatatctg 360
attcattcco cgbthgttte gaaggaagtg aatgycelttas gottagaaga ggotitggaas 420
gatatggage agtiatacaa sagitggtaaa gcotasaaaca togyggttic caatittcico 480
gtgdaagacc tgcaacgtat cctgzaagte gotgaagttas zacctcaggt caaccagatit 540
gagtitctoto cgtiteotgca aaaccaaaca ccaggeattth geaaattoetg tcaggageac 600
gatatcoctag tggaageata tictocgolyg goccogotyce ggaadasaac cgogeaggat 660
gacagocaac catitititges gtacgtcoasse gaatitgagog aaaaatacas casmatcocgag 720
gccroagatca toctgocgetg ggtcactasa cgcocggtgige tgcoccagttac cacctoites T80
aagcctocage goattagoga tgctcagaac ctgitttoct togacotgac zgoggzagag 840
gttoataasaa teoacggagct gggtcoctggaa catgazccgc tgogeetgts ctggaataas 900
ttgtatggeoca aztataacta cgecgoocag aaagtgtaat ga 942
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<400> 268

Met Ser Phe His Gln Gin Phe Phe Thr Leu Asn Asn Gly Asn Lys Ile
1 5 10 15
rl K Ser Glu

Pro Ala Tle Rla Ile Ile Gly Thr Gly Thr 2Ala Trp Tyr Lys
0

IS -
ol

Ser Asn Ser Leu Val Glu Gln Iie Val Tyr
40 45
Ile Ile His Ile Asp Ala Ala Glu Ile Tyr
55 60
Gly Lys Ala Leu Ser Leu Thr Glu Lvs Pro
5 75 8e
Brg Rsn Rla Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gin Ile

85 50 2
Ser Rsp Ser Pro Ala Asp Giy Asp Leu Ala Leu Lys Lys Met Gly
105 ]

e
[61)
o

Thr Tyr Leu Leu His Ser Pro Phe Val Ser Lys
120 125
Giu Val Rsn Gly Leu Ser Leu Glu Gilu Als Trp Lys Asp Met Giu Gln
130 135 140
Leu Tyr Lys Thr Gly Lys Ala Lve Asn Ile Gly Val Ser Asn Phe Thr
145 150 155 160
Val Glu Asp Leu Gln Arg Ile Leu Arg Val Ala Glu Val Lys Pro Gln
165 70 1758
val Asn $in Ile Glu Phe Ser Pro Phe Leu Gin Asn Gln Thr Pro Gly
180 i85 1480
Tyr Lys Phe Cys Gln Glu His Asp Ile Leu Val Glu ARla Tyr Ser
185 200 205
Pro Leu / Pro Leu Arg Lvs Lys Thr Ala Gin Asp Asp Ser Gln Pro
210 215 220
Phe Phe Glu Tyr Val Lys Glu Leu Ser Giu Lys Tyr Asn Lys Ser Glu
225 230 235 240
Zia Gin Iie Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
2453 250 255
Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Asp Ala Gln Asn Leu Phe
260 265 270
Ser Phe Asp Leu Thr Ala Glu Giu Val Asp Lys Ile Thry Glu Leu Gly
275 280 Z85
ieu Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Gly Lys
290 295 200
Tyr Bsn Tyr Rla Ala Gln Lys Vel
305 310
<210> 2639
<Z11> 942
<21z> DNA
<213» Artificial Sequence
<220
<223>» Synthetic Construct
<400> 269
atgtottttes accaacagtt titcacgeig aacaacggea ataaaatcce ggegatigec 60
accatcggoa ctggtacage gtogtataas agigaagaase cigacygogac chictccaatr 120
agtctggtig aacaaatcgh ghatgogiig asasctgocgy ggattatcca catcgacgec 180
goggagatit atcgeaccta cooggaagig ggtazageac tgtccococtgac cgazaagoct 240
cgtaacgcga TUULtCtgac ggataaatalt totccogeoage ttaasatgag tgactcccct 300
goggacggte tggatttago attgaagaaa atgggtacag attatgbitgs tttatatotg 360
attcattcce cgttagittc gaaggaagig aatggeottaa getitagaags ggottggaaz 420
gatatggage agttatacaa aagtggtaaa gotaaaaacsa togggobTic caatticaca 480



tggaagace
agticteto
gatatcoctgg
gacagccaac
gococagataea
aagectcago
gttgataaaa
ttgtatggea

<210> 270
<z11l» 313
<212> PRT

<213> Artifi

<220

<Z23» Synthetic

<400% 270
Met Ser Phe

Gilu Thr Asp

35
Lia Leu Lys

50
g Thr Tyr

rg Asn Ala

Leu Tvr Lvs
145
Val Glu Asp

Ile Tyr Lvs
195
Pro Leuw Gly
210
Phe Phe Glu
225
Lia Gin Ile
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<210
<Z2idx
<212
<Z13>

<220
<223

Synth

<400>
atgt

atcatcggcoa
agtcoggtig
goggagatih
cgtaacgoga
gcggacggteo
ttacattcce
gatatggage
gtggaagacac
gagttctete
gatatcctygg
gacagocaac
gcccagatca
aagcctcage
gttgatzaaa

ttgtatggea

27
e e
TLTTC

<210>
<z2il>
<212
<213>

<galm
<Z73» Synth

<450
Met Ser

T

a Ile

[

A

o]

Thr

Aia Leu L

50

Arg Thr Tyr

65

Arg Asn Als

Ser Rsp Ser

Thr Asp Tyr
115

Gla Val Asn

130

Leu Tyr Lys

145

Val Giu Asp

Val Asn Gln

ITie Cys Lvs

etic Construct
accaacagtt ttitcacgcetg sacaac
ctggtacagc gtggtataaa agtgaz
aacaaatcgt gtatgogttg aaactg
atcgcaccta coccggaagtyg ggtaaa
tttttotgac ggataaatat tctccocg
tggatitagc attgaagaaa atgggh
cgttagtttc gaaggaagtg aatgge
acgttatacaa aagtggtaasa Jgciaaa
tgcaacgtat cctgaaagtc gctgza
cgttcctgca aaaccaaaca Cccagyc
tggaageata ttetoocgothg ggoccy
cattttttga gtacgtcaaz gaattg
tcetgogoto ggtcactaaa cgcggt
gcattagcga tgctcagaac ctgtit
tcacggagcet gggtcoctggaa catgaa
aatataacta cgcocgcccag aaagtyg
Seguence
etic Construct
His Gln Gin Phe Phe Thr Leu
5 16
Llz Ile Ile Gily Thr Gly Thr
290 25
21a Thr Phe Ser Asn Ser Leu
40
Leu Prc Gly Ile Ile His Ile
h5
Pro Glu Val Gly Lys Ala Leu
7
ile Phe Leu Thr Asp Lys Tyr
85 90
Pro Rla RAsp Gly Leu Asp Leu
100 165
Val Asp Leu Tyr Leu Leu His
120
1y Leu Ser u Giu Glu Ala
135
Ser Gly Lys Als Lys Asn Iie
150
Leu Gin Arg Ile Leu Lys Val
165 170
Ile Glu Phe Ser Pro Phe Leu
180 185
Phe Cys Giln Glu His Asp Ile
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atCasaatcce
chtgacgegac
ggattatcca
tgtcocctgac
ttazaatgag
attatgttga
gottagaaga
tocggggiite
aacctcaggt
geaaattiotg
dgaagaaaac
azaaataccyg
tgccagitac
rtoegacctgac
Tgogoctagta
ga
Asn Gly Asn
Trp Tyr Lys
30
Giu Gin Il=
45
Ala Alg Glu
3y,
Leu Thr Glu
Pro Gln Ile
Leu Lvs Lys
116
Pro Leu Val
125
Lys Asp Met
140
Val Ser RAsn
Giu Vai E_tyg,v

Asn Gln Thr
180
Val Giu Bla

ggcgattgeo
cttoctceccaat
catcgacgcec
cgaaaagcct
tgactcceoct
o

tttatatcog
ggotiogaaa
caatttcacs
cagaccagatt
tcaggagcac

Ile

Val Tvr
Ile Tvr
Lys Pro
80
Lys Met
95
Met Gly
Ser Lys
Glu Gin
Phe Thr
1&0
Pro Gin
e
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Pro Gly
Tyr Ser
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Fro Leu Gly
210
Phe Phe Glu

=R 0

Tyr
305

<Z210>
<2i4»
<212
<21.3>

<220>

<223>» Synthetlc Construct

<4G0> 27

atgtcttttc accaaca ca

atcatcggea ctggtacage gtggt

agtctoggtiag aacaasatogt gtatg

geegagattt atcegeaccta cocgg

cgtaacgcga tiifttctgac ggata

gcggacggtce tggatttage attga

Ttacattcee cgttagitte gaagy

gatatggagc agttatacas aagtg

gtggaagacs tgcaacgtat cctga

gagtvtctetc cgttcocigea agacco

gatatcotyyg tggaagcata tichc

gacagccaac catTitttiga gtacg

geccagatca tooctgogety ggtcea

aagccetcage geattagoga Tgcte

gttgataaaa tcacggaget gggta

ttgtatggca aatataacta cgcocog

<210» 274

<Z211> 313

<Z212> PRT

<Z213> Artificial Sequencs

<220>

<Z23> Synthetlc Construct

<4C0> 274

Met Ser Phe His Gln Gin Phe

1 5

Pro Ala 1le Alzs Ile Ile Glv

20
Glu Thr Aspyp Ala Thr Phe Ser
5

Ala Leu Lys Leu Pro Gly Ile

50 55
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Asp
275

u His
G
n Tyr
27

DNA
Artif

Leu

Tle Leu Arv
245

Ser Lvs Pr

260

Leuw Thr AL

Glu Pro Le

iclal Segue

Tre

o Gln

a Giu

u Arg
295

n Lys
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Ser Glu Lys
235
Thr Lys Arg
250
Ile SBer Asp
265
Val Asp Lys
Tyr Trp Asn
zacaacggea
agTgaagaas
aazactygcoag
gataaagcoac
tctoogeadga
atgggtacag
aatggotiae
goteaazaaca
gctgaagtta
ccaggoatto
ggoccgetae
gaattgagcg
cgcggtgtge
ctgtttticct
cartgaacogo
aaagtgtaat
Thr Leu Rsn
10
Gly Thr Als
25
Ser Leu Val
His Ile Asp

Asp Asp Ser
220
Tvr Arg Lvs
Gly Val Leu
Ala Gln Asn
270
Tie Thr Glu
285
Lvs Leu Tyr
300
ataaaatocc
ctgacgcgac
ggattatcca
tgtcoctgac
ttaaaztgadg
attatgrtga
gottagaaga
tcggggtite
aacctcaggt
acazattotyg
ggaagaaaac
aaaaatacaa
tgcoagttac
tcgaccigac
tgcgeotgta
gz
Rsn Gly Asn
Trp Tyvr Lys
30
Glu Gin Ile
45
RBla Als Glu
&0

Gln Pro
Ser Glu
2440
Pro Val
255
Leu Phe
Leu Giy
Gly Lys
ggcgattgec
cttctccaat
catcgacgeo
cgaaaagcct
Ttgactceccoet
tttatatctg
ggottggaaa
caatttcaca
caaccagatt
tcaggagcac
cgcgcaggat
tasatcocygaq
cacctoitca
agcggaagay
ctggaataaa
Lys Ile
15
Ser Glu
Val Tyr
Lie Tyr

60

120
180
240
300
360
420
480
240
00
660
720
730
840
900
RLZ



Arg Thr Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Thr Giu Lys Pro
&5 7 75 80
Arg Asn Ala Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln Ile Lys Met
85 90 45
Ser Asp Ser Pro Ala Asp Gly Leu Asp lLeu Als Leu Lys Lys Met Gly
1 105 110
\ Tyr Leu Leu His Ser Pro Leu Val Ser Lys
120 125
Glu Val Asn Gly Leu Ser Leu Glu Glu Alzs Trp Lvs Asp M=t Glu Gln
130 135 140
Leu Tyr Lys Ser Gly Lvs Ala Lys Asn Tle Gly Val Ser Asn Phe Thr
145 156 155 160
Val Glu Asp Leu Gln Arg Ile Leu Lys Val ARla Glu Val Lys In
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1u Phe Ser Pro Pne Leu CGln Asn Gln Thr
190
Ala Tyr
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Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Asp Ala Gln Asn Leu Phe
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Esp Lys Ile Thr Glu Leu Gly
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Leu Giu Tyr Trp Asn Lyvs Leu Tvr Gly Lys
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Tyr Asn Tyr Ala Ria Gln Lys Val
305 310

<210> 275

<211> S42Z

<2l2> DNA

<Zi3> Seguence
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<223

<400> 275

atgtottitre accaacagtt titcacgctg aacaacggca ataaaatccocc ggcgatigec
atcatcggeca ctggtaca gtggtataas agtgaagses cLbgacgcocgac ctictcocaat
agtetggttg c T gtatgcgtte aaactgeegy ggattatceca catcgacgec
goggagattt [ cecggaaghty ggtaaagoac tgticocigas cgaaaagceot
cgtaacgcga tgac ggatadatat tctoccocgcaga Ttaaaatgag tgactcccoct
goggacgygte tggatttage attgaagass atgygracag sttatgtitgs tttatazctg
attcattoce cgtbtagivte gaaggaadgig aatggetiaa gotitagaaga ggettggaaa
gatatggagce agttatacas aagtggtaaa gctaaaaaca Loggggttic czatitcaca
gtggaagacc tgraacgtat ccigaaagic gotgaagtia aacctcaggt caaccagatt
gagttctcote cgttcctgcocas asaccaaacs coaggceattt geasatictg teaggageac
gatatcocTgg tggaagcata tictococgotg ggcecogotgo ggaagaaaac cgcgcecaggat
gacagocaac catttttiga gtacgicaaa gaattdgagog aaasatacasa taaatocgag
gcccagatca tcectgegcig gotcactaas cgcggigtgo tgccagtfac caccototica
aagocetcage geattagoga tgotcagaac ohgh CCT tCogacctgac agodgaagadg
gtigataaaz tcacggaget gggtctggas catgaaccygc Tgcgcoccigia ciggaataaa
ttgtatggea aatataacta cgoccgcoccocag aaagtgtaat ga



<Zzi0»> 2786
<Z11» 313
<212> PRT
<213>» Artificial Sequence

<223> Synthetic Construct

Met Ser Phe His Gln Gln Phe Phe Thr Leu Asn &sn Gly Asn Lys Ile
1 5 i0 15
Pro Rla Ile Ala Ile Ile Gly Thr Gly Thr Als Trp Tyr Lys Ser Glu

. "
20 25 30
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu

Gln Ile Val Tvr
35 40 a5
Aia Leu Lys Leu Pro Gly Ile ITle His Ile Asp Rla Ala Glu Ile Tvyr
50 55 60
RARrg Thr Tvr Pro Glu Val Gly Lys Ala Lesu Ser l,=u Thr Glu Lys Pro
65 T0 75 80
Arg Asn Alz Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gin Ile Lys Met
85 990 25
Ser hsp Ser Pro Ala Asp Gly Leu Asp Leu Ala Lieu Lvs Lys Met Gly
100 105 110

T4 Val Rsp Leuw Tyr Leu Ile His Ser Pro Leu Val Ser Lys

P

vy

[

izl

[#3]

s}

el ]

ot b

oo
o
o
W o
.
)
th

W
i

Glu Vval 3 Leu
13¢ 135 140
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[47]
5

Met Glu Gin

Leu Tyr Lys Ser Gly Lys Ala Lys Asn Ile Gly Val Zer Asn Phe Thr
145 150 155 160
Val Giu Asp Leu G Arg Ile Leu Lys Val &ia Glu Val Lys Pro Gln

Val Asn Gln Ile Glu Phe Ser Pro Phe Leu Gin Asn Gln Thr Pro Gly
180 185 190
Ile Cys Lys Phe Cys Gln Glu His Asp Ile Leu Val Giu Als Tyr Ser
195 200 205
Pro Leu Gly Pro Leuw Arg Lys Lys Thr ARla Gln Asp Asp Ser Gin Pro
210 215 220
Phe Phe Glu Tyr Val Lys Gilu Leu Ser Giu Lys Tyr Asn Lys Ser Glu
225 230 235 40
Ala Cln TIle ITle Leu Erg Trp Val Thr Lys Azg Gly Val Leu Pro Val
245 250 255
Thr Thr Ser Ser Lyes Pro Gln Arg Ile Ser Asp Ala Gln Asn Leu Phe
260 265 270
Ser Phe BAsp Leu Thr Ala Glu Glu Val Asp Lys Tle Thr Glu Leu Gly
275 280 5
Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Le
290 295 300
Tyr Asn Tyr Ala Rla Gin Lys Val
305 310

<210% 277
<Z1ix 94z

<213» Artificial JSeguenc

Synthetic Construct



cgy
attc
gatatagg
gtggaa
gagtic
gatatc
gacage
goocag

<Z10> 278
<21i1> 313
<212> PRT
<Z13>» Art

<Z220>
L2E3>
<400> 2
Mat Ser
1
Pro Ala
Giu Thr
hla Leu
50
g Thr

Ser Asp
Thr Asp

Glu Vai

130
Leu Tyr
145

Val Glu

Yal Asn
Ile Cys
Pro Leuy
210
Phe Phe
225
Ala Gin
Thr Thr
Ser Phe

Synthetic
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tgcaacgtat
cgttocctgea
tggaagcata
cattititga
Tocotgogoty
gcattagoga
tcacggagot
aatataacta
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His Gln
5

Ala 1ie 1
2C
Ala Thr P
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Pro Als Asp Gly leuw

100

Val Asp Leu
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gtggtataaa
gratgogityg
ccecggaagtyg
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Ile Ile
55
1 Gly Lys

Tyr Leu

120

r Leu Glu
1358

Ser Gly Lys Ala Lys
150
Leu Gln Arg Ile Leu
165
Ile Glu Phe Ser Pro
180
Phe Cys Gln Giu His

Proc Leu Arg Lys Lys
215
Tyr Val Lys Glu Leu
230
Ile Lieu Arg Trp Val
245

Ser Lys Pro Gin Arg
260

Leu Thr Rla Glu Glu

coccgaagaaa
aaactgccgg
Jgogtaaagcac
tctococgeaga
atgggtacag
aatggettaa
gctaaaaaca
gotgaagtta
ccaggeatit
ggeeegetge
gaattgagcg
cgecggltgtge

ctgttttcet

Thr

His Iie Asp
Ala Leu Ser

75
Lys Tyr Ser

Asp Leu Als
105

Ile His Ser
Glu Rla Trp
Asn Il=s Gly

155
Lys Val BAla

170

Phe L,eu Gln

Ser Glu Lyvs
235
Thr Lysz Arg
250
Ile Ser Asp
265
Val Asp Lys
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cttetcocaat
catcgacgcc
cgaaaagoct
tgactcccet
tttatatetg
ggcttggaasa
caatttcacsa
caaccagatt
tcaggageac
cgogeaggart
taaatccgag
cacctottca
ageguaagay
ctggaataaa

Lys Ile
15

Pro Glu
Val Tyr

Lys Met

a5

Met Gly

Ser Lys

Glu Gin

Prhie Thr
160

Pro Gln

175

Pro Glv
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Leu Phe
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Leu

Tyr
305

<Z10>

Glu His
290
Asn Tyvr

Glu

Ala

280
Pro Leu Arg Leu
295
Ala Gln Lys Val
310

Tyvr Trp Asn

<z211> 942

<Z12> DNA

<Z213>» Artificial Seguence

<Z20>

<223>» Synthetic Construct

<400> 279

atgtototto accaacaglit tttcacgotyg macaacggos

atcatcggea ctggtacage gtggtataaa agtgaagaasa

agtctggitg atcaaatcgt giatgoegiig aaacigocgg

gcggagatit cgcaccta cccguaagtyg gatcgtgcac

cgtaacgcga ttttictgac ggataaatat totcogeags

gocggacggtc tggaattage attigaagaaa atgggtacad

attcaticeoe cgttagtttc gaaggasagig aatggcottaa

getatggago agttatacsa aagiggtasza gotaaasaca

gtggaagacs tgcascgtat cctgasagtc getgsagtts

gagttctctc cgeotectgca aaaccaaaca ccaggcattt

gatatcctgg tggaagcata tictocgetyg ggcocogotgoe

gacagccaac cattitttga gtacgtcaaa gaatitgagoeg

goocaggtga tectgegoty ggtcactaaa cgoggtyatge

aagcocicage geattagoga tgctcagaac ctgttittoct

gttgataaaa tcacggagcet gogtoctggac catgaaccge

titgtatggca aatataacta cgoccgeccag aaagtgtaat

<Z10> 280

<2i1» 313

<212> PRT

<213> Artificial Seguence

220>

<223> Synthetic Construct

<400> 280

Met Ser Phe His Gin Gln Phe Phe Thr Leu Asn

] 3 10

Pro Ala Val Rla Ile Ile Gly Thr Gly Thr Ala

20 25
Gilu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val
35 40

Ala Leu Lys Leu Pro Gly Ile Ile His Ile Asp
506 55

Arg Thr Tyr Pro Glu Val Giy Arg Ala leu Ser

5 70 T
Arg Asn Rlz Ile Phe Leu Thr Asp Lyvs Tyr Ser
5 Gt
Ser Asp Ser Pro Ailaz Asp Glv Leu Glu Leu Als
100 105
Thr Asp Tyr Val Asp Leu Tyr Leu Ile His Ser
115 120
Glu Vel Asn Gly Leu Ser Leu Glu Glu Alzs Trp

130

o
M w
in

[

Lys L
300

u Tyr

o
ot
(9]

0

9]

o 0o
oo oa o

e It B S B

[ ]
0

IR

0
oy W
S

[n VI
9]

0

of W
AERRTO R H
sl

93]

© (3
[

of

et g g oot
[

ctwa
9]
ot
ot W
i
OIS IRToRRTo I
@ ot
+ Q@
U Ite B

Q
QG
o]

o
93]
0 Qg

(9]
S Rt}
+
o

[ S LS
W 00 Pl 0w
oW
I
ta]
B o o
O 0w

o
[E R I VIRt e]
8] 1
L T
SR u i O R
ot

o o
19
9]

(L83
o

L)

Trp Tyr Lvs
3G
Asp Gln Ile
45
2ia Ala Glu
60
Leu Thr Glu
Pro Gln Ile
Leu Lvs Lvs
111G
Pro Leu Val
125
Lvs Asp Met
148

Gly Lys

ggeggtege
cttotocaat
catcgacgeo
cgaasagcct
tgacteocecet
tttatatctg
ggottggaaa
caatttcaca
caaccagatt
tcaggagcac
cgogocaggat
raaatccgag
cacctcettca
agcggaagay
ctggaataaa
Lyvs Ile
15

Ser Glu
Val Tyr

Tile Tyr

Lys Pro
ga

Lys Met
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Met Gly

5]
i
H
=
kg
4]

[79]
L
o

0
—

[ae]

~l
DO D DO

W0 g
[ e T e o B L I 0
NS R

sl



OO OO D O OO0 0O o
[ N ONIN eI BN G BEVe BN QRN v JES I oo S BN OV I e o IS i e B
W e O 0T 00 s s W) A0 W e 00 Y Y
{5 200 S0 T & R O I T o YT £ S [ Y Y TR LR 4 S 0 T B
Do 0 DD MU @m0 omom
[ I =t L=l 9] s S IR ') e w thag O DO 0 W om U S Do o
S ] — o] by —f < W e — e FERNO IS o NS TN I o NS T 6 (v S & Y S IV Q)
e &) o} jal} 0oy P [al) £h w3 YR G I« B s B T (TR 2 B0 U« N (4 T < T & B @ T ¢ I s
o om0 D g g
L] [eToRNe! ~ o il O oy 3 o3 e h 1 O W U o O oo o
[ o Y = - ] Loy @ Q — AT N T N S0 I 0 (VI € S 1+ S I (¢ B O B O S @ 1]
ja ] [ o ¥ [ ) Uy TR AN - | L] Ny @ O Mmoo O D@ o
h i O D P 4 o) Do O oMU
o ) H O S ) -3 [ e T ol
9] = LT @ = 0] oy = OO m L oy om0y ;U U0
& o B e eI |93 1 1 fLoca U [ O Lo og e e owow o aog
O LD e @ & 0w O o
18] —~ ] [aIRTSRNOR o o Il [T TS SIS RIS R T S AR S s B N R
Q s} — el UG @} e} - i eo Tl oo Uom o D Ooao ot D U
45} = 1] ooy g [ o= ] = v ] MU R 0@ @O Mmoo U0
o o U oo D@ Uom o
— o o — 0,0 oy I w [ [ o LI VIR B IS IR B 6 I OB A I B O & LI &
G — ] s} Uy o Py I - — O Mo Do ) DOm0 Dhvad Do
= 42 i =S SN U] L i =iy WO DY P o Mm@ D
Do o ja] ] 6] Wy U a, ) o oM DU oW D Wm O Uop
Yy ] o} — R I [éa3 o [9)] O v thm @ Do DO,y oo
e U M o iy = =4 fia| =4 o DO om LM v 00D @
ST & I O o L S (s B R NV R o A (@IS
0} — o> ® 141 o Uy O by 0, 0, OmM o vl O oW @ O iva et
— o~ @ — ~— I, Dyl 0] = oo om0 o D o M
— o e — L € [N N =i = Mo L om0t Dy on oy Do th o
O T I T L T T T B O I S L]
o i} 5oy O e iy = [T 4y Mo U o D O Dad oo W
9} o2} Y o 0 £ @ s — ™ = TNVt B & PR R B 6 L & AN O & L © LI O S (VB O 1]
=y w1 [ Y = o = [ =
h @ OV ) g o Do Do) O
] o] O o2 e B 3 - o b S = YR 11 RS T v R ¢ S S o ST S S+ B VI (o S 0 B
= [13) 5 O o] ] i — oo @ s} O oop oo g Do U g om0
= | oy [SaJaN | 1 = oy [ QNI et Fo IR o /I VIV I o B AR B S o TR S O o (O & (O
O o Do oM od g @ Lo 0o b D
o o) = 3 o 3 o} = ] o M« Dhhvmom g QD o UL
) — @ - Sy e &y — — e e O @) O Do 0 DD g 0
=) b= 93] [l —= oy D S 423 [ oed A Q ] VRN & L G O R < RN (LR o LI B SR S o L O]
9] |9 TINTR 10 AT 6 B & AT B ¢ J 1V I O N { S SR & THE o LI 0. 9] W]
n <> ] o O [ eriN e O ] ] oo [ 3 MDD Do @m0 vl DO o
T T A4 — N Dm0 M H ] [} 1 i [l $ 6]
i [a] 4] =N R3O R [a¥] K1, il [ ] i3 TRUR O TR TR T G 2 O T« BT R (O 1« B o 4 S I R0 o3
o 0] IR o) B TS IS (N o LIS B BT T S N s L IR I @ L I o'
= [Ty B U} 3 ] 0w M Q 1] ) o Wom LD v 4 Q| OO0 a
— e WD e )] o] WU < > o by - Ul O MU 0P B R @ D ) DB @ 45}
o 0= U0 o —1 g [ I N | = AT £, [ hm @ 0o e OO D D oo oo
- @ oo U P @M O s D T -
! ja B O @ O & 0} oo 3 i w [} O § @ D 2 w1 o ) UM !
[0} @ — S Sy — @ 0o ] ] - = O O p oy b Do ey U™ om o ~d
jag} [ [ R B =¥ &1} E~ = [ aN | ] =Y U L4 O @it DU U [
- ¢ [T O £+ (o R T T 6 1 B« I 5 S S B o5 1 TS B -]
] [oN O Ur o ] 1 = O,y o 5 Y- e Y
> [ — O — ] a [ RN Rt = - E LS Y R s R O/ R O 5 T T A T T T I ({3 -
- =4 0 b e 18 [ = e8] [t Bt ot O Rk o R E R R E R o RS G R o LI G T R & TR R S R o Y (S I
woowp = oS v D oD Do DR @ o O~ T M
Y 3 o uy 9O @ 4 | a 0,0 O ol O e oy Gl g P ool U0 - U [SV LR ST
= — 0 ] e ] e < [y RR e )] DU 0 R e OU D o P
fud ] IS4 ®] e I N ) B [a T} [N = A AN AN AN A P om @ Mo ol By U AA A A PN
e O <o [ R SR S o L I VS R\ B o A RS B B+ B O S & | [ R R e iy’ [o]
oy e e [ O oo " e s} bty e o] [ e SO Dy v o ;U Dy e eed ] o
= @ ] o 2] L1 d e i D a : O [SUR VRISV EEQN [SNEEaN] =t o g DD DO d oW o@D o o O O &
e =3 [ a1} [AERAN NS E v — B4 ) A Y VY WoON Voo M DU oD g oy o D VoOWOWW A%

o

=

v

pa

Gly Asn

n

n As

Leu As

Thr

Truct
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<2Z3>



- 5 10 15
Pro Ala Ile Ala Ile Ile Gly Thr Gi

Giv Thr Ala Trp Tvr Lvs Ser Glu
20 25 30
Glu Thr Asp Ala Thr Phe Ser Asn Thr Leu Val Glu Gin Ile Val Tyr
3k 40 45
Bla Leu Lys Leu Pro Gly Ile Ile His Ile Asp Ala Ala Glu Ile Tyr

50 55 &0

Arg Thr Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Thr Glu Lys Fro

65 G 75 g0

Arg ARsn Ala JTle Phe Leu Thr Asp Lys Tyr Ser Pro Gin Ile Lys Met
5 20 95

Ser Asp Ser Pro Ala Asp Gly Leu Asp Leu Ala Leu Lys Lys Met Gly

100 105 1i0

Thr Asp Tyr Val Asp Leu Tyr Leu Ils His Ser Pro Leu Val Ser Lys
115 120 125
Glu Val Asn Gly Leu Ser Leu Giu Glu Ala Trrp Lys Asp Met Glu Glno
130 135 140
Leu Tyr Lys Ser Gly Lys Ala Lys &sn Ile Gly Val Ser Asn Phe Thr
145 150 155 180
Val Glu Asp Leu Gin Arg Ile Leu Lys Val ARla Glu Val Lys Pro Gln
165 17¢ 175
Vel Asn Glnn Ile Glu Phe Leu Gin Asn Gln Thr Pro Gily

n
o
[
)
=
e
o
=

180

Ile Cys Lys Phe Cys Gln Gln His Asp Ile Leu Val Glu Ala Tyr Sex
1G5 200 205
Pro Leu Gly Pro Lew Arg Lys Lys Thr Als Gin Asp Asp Ser Gln Pro
210 215 220

Phe Phe Glu Tyr Val Lys Glu Leu Zer Glu Lys Tyr Asn Lys Ser Glu

25 230 235 240
Alz Gln Ile Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val

245 250 255
Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Asp Als Gln Asn Ile Phe
260 Z65 z
Ser Phe Agp Leu Thr Ala Glu Glu Val Bsp Lys Ile Thr Slu Leu Gly
275 280 285
Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Gly Lys
290 295 360

Tyr Asn Tyr Ala Rla Gin Lys Val

308 31¢C
<213>» RArtificial Seguence
<Z220>
<223>» Synthetic Construct
<A400> 283
atgtotitic accaagaatit tttcacgoetg sacaacggea atasaatoce goco 60
atcatcggca ctggtacago gtggtataaa agtgasagaaa ctgacgcocgac aat 120
accctggtig aacaatiagt gtatgogttg aaactgcogg gyggtiatcca catcgacgeo 180
gcggagattt atcgcaccta cccggeagtg ggtaaagecac tgicoctgac cgazaagect 240
cgtaacgoge tttitcotgac ggataaatat totocgcags tiazaatgag coct 300
gcggacgdtc tggatttago attgsagasa atggotacag attatgttga T 360
attcattcece cgttagtitc gaaggaagta aatggocitas gottagaags gaaa 420
gatatggagc agttatacas aasgtggtasa gctaaaaaca tcggggtttco atttcaca 4BO
gtggaagacce tgcazcgiatl ccltgazagtc gotgaagitia aaccicaggt caaccagatt 540
gagttctcic cgrtocctgoca aaaccaaaca ccaggceatitt gcaaatioty tceagcaacac 600
gatatootgg tggaageoata ttotoogotg ggcocogotgo ggaagaasac cgogoaggast 660



gacagccaac cattttttge gtacgtcaas gaattgageyg aaasatacas tTassatcocgag 720
goccagatca tcocigoegetg ggtcactasa cgogotgtge tgcocagttac cacctotica 780
aagcotcage geattagoga tgotcagaac ctgttitcoct togacctgac agoggaagay B840
gitgataaas tcacggagct gggtcoctggaa catgaaccge tgogoctgta ctggaataaa 900
ttgtatggea aatatsacta cgcoccocgocccag aaagtgtast ga 542

<210> 284
<21i» 313
<212> PRT
<213» Artificial Seguence

<220C>

223> Synthetic Construc:
<400> 284
Met Ser Phe His Gl Glu Phe Phe Thr Leu Asn Asn Gly Bsn Lys Ile
i 5 10 5
Pro Rla Ile Ala Ile Ile Gly Thr Gly Thr Ala Trp Tyr Lys Ser Glu
20 25 30
Glu Thr Asp Ala Thr Phe Ser #Asn Thr Leuy Val Glu Gln Leu Val Tyr
35 40 45
Alz Leu Lys Leu Pro Gly Val Ile His Ile Asp Ala Ala Glu Ile Tyr
50 55 &0
Arg Thr Tyr Prc Clu Val Gly Lys ARls Leu Ser Leu Thr Glu Lys Pro

65 TG 75 20

Lrg Asn Ala Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln Ile Lys Met
5 20 85

Leuw Ala Leu Lys Lys Met

Ser Asp Ser Pro Ala Asp Gly Leu Asp A Gly
100 105 110
Thr RBsp Tyr Val Asp Leu Tyr Leu Ile His Ser Pre Leu Val Ser Lys
115 120 125
Gla Val Asn Gly Leu S=2r Leu Glu Giu Alas Trp Lys Asp Met Glu Glp
130 135 140
Leu Tyr Lvs Ser Gly Lys Als Lys Asn Ile Gly Val Ser Asn Phe Thr
145 1506 155 180
Val Glu Asp Leu Gln Arg Ile Leu Lys Val Als Glu Val Lys Pro Gln
1E5 176 175
Val Asn Gin Ile Glu Phe Ser Pro Phe Leu Gin Asn Gin Thr Pro Gly
180 185 190
Ile Cys Lys Phe Cys Gln Gln His Asp Ile Leu Val Giu Ala Tyr Ser
195 200 205
Pro Leu Gly Pro Leu Arg Lys Lys Thr Ala Gln Asp Asp Ser Giln Pro
210 213 220
Phe Phe GIlu Tyr Val Lys Glu Leu Ser Glu Lys Tyr Asn Lys Ser Glu
225 230 235 240
Bla Gln Tle Tie Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250¢ 255
Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Asp Ala Gln Asn Leu Phe
265 270
Ser Phe Asp Giu Giu Val Asp Lys Ile Thr Glu Leu Gly
275 280 285
Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Sly Lys
2506 295 360
Tvr Asn Tyr Bla ARla Gln Lys Val

305 310

<210> 285
<210> 947
<212> DNAR



<Z13>»

<220>

Artificial

Seqguence

<223> Synthetic Construct
<400> 285
atgtcttttc accaagaat tttcacgetyg
atcatcggoa ctggtaca gtggtataaa
accoctggttg asacaatta gtatgcgttg
gcggagattt atcgcacc coCcggaagoy
cgiaacgoga thtttctg ggataaatat
gcggacggte Ly C o attgaagaaa
ctgcattccoco ogi gaaggaagtyg
gatatggagy agttatacaa aagtggtaasa
Jgtggaagace tgcaacdtat coctgaaagtc
Jgagttcorotic cgitcotgca saaccaaaca
gatatccoctgg tggaagceata tictceogotg
gacagcecaas cattiititgs gtacgtcaaa
gcoccocagatca toctgogotg ggtcactaaa
aagectcagse geattagoga tgcoctcagaac
tigatasaa tcacggagcocht gggtciggaa
Trgtatggea aatataacta cgoogoccay
<210> 286
<211> 313
<Z2312> PRT
<213> Artificial Segquence
220>
<223» Synthetic Construct
<400C> 286
Met Ser Phe His Gin Glu Phe Phe
1 5
Pro Ala Tie Ala Ile Ile Gly Thr
20
Glu Thr Asp Ala Thr Phe Zer Asn
5 49
Ala Leu Lys Leu Pro Gly Ile Ile
50 55
Lrg Thr Tyr Pro Glu Val Gly Lys
€5 70
Arg Asn Ala Ile Phe Leu Thr Asp
85
Ser hsp Sery Pro Ala Asp Gly Leu
100
Thr Asp Tyr Val Asp Leu Tyr Leu
113 120
Glu Val Asn Gly Leu Ser Leu Glu
1306 135
Leu Tyr Lys Zer Gly Lys Als Lys
145 130
Val Giu Asp Leu Gln Arg Ile Leu
les
Val Asn Gin Ile Glu Phe Ser Pro
180
Ile Cys Lys FPhe Cvs Gln Gln His
195 200
Pro Leu Gily Pro Leu Arg Lys Lys
210 215

aacaacggca
agtgaagaas
aaactgcogg
gytaaagcac
toctocogoaga
atgggtacag
satyggctiaza
gotaaaaaca
gcigaagtta
ccaggeatte
ggoocogetgoe
gaattgageg
cgcggtotyge
atcttttcot
catgaaccgc
azagtgtaat
Thr Leu Asn

10

Gly Thr Ala
25

Thr Leu Val
His Ile RBsp

Ala Leu Ser

75
Lyvs Tyr Ser
90
Egp Leu Ala

Glu &la Trp
Asn Ile Gly
Lys Val Aia
270

Phe Leu Cln
185

Lsp Tlie Leu
Thr Ala Gln
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Met Gly
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Glu Glu
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Pro Gin
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Phe Phe Glu
225

fls Gin Ile
Thr Thr Ser

Ser Phe Asp
275
Leu Glu His

290
Asn Tyr

<210> 287
<211> 942
<212> DNA

<213>

<220>

<223> Synthetic
<400> Z87
atgtetitic acca
atcatcggea cuog
agtctggttg saca
gcggagattt atcg
cgtaacgega titt
goggacggte toga
attcattcoc cgtt
gatatggage agtt
gtggaagace tgea
gagttctohe cgit
gatatcoctgg tgga
gacagocaac catt
goccagatel fact
aagcocctcage gcat
gttgataass tcac
ttgtatggea aata
<210> 288

<Zil> 313

<21Z> FRT

<213> Artificial

<220

<ZZ3» Synth
<400> 288

Metr Ser Phe
Pro bla Tlie
Glu Thr Asp

35
Ala Leu Lys
50

g Thr Tyr
[

]

Arg Asn
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QLIS B o T

(s

krtificial Sequence

Vai Lys Giu Leu
230
Leu Arg Trp Val
245
Lys Pro Gin Arg
Thr Alas Glu Glu
280
Pro Leu Arg Leu
295
Ala Gln Lys Val
310
Congtruct
gaatt tttcacgcetg
acage gtggtataaa
ttagt gtatgcgttyg
accta cccggaagtyg
gac ggatasatat
T“tago atigaagaaa
gtttc gaaggaagtg
tacaa aagtggtaaa
cgtat cctygsaagoco
CTgca aaaccaaaca
geata ttotcogotg
tttga gtacgtcaaa
cagotyg ggtcactaas
agcga tgctcagaac
gaget gggtotggaa
aacta cgccgoccocag
Seguence
Construct
Girn Glu Phe Phe
5
Tle Tie Gly Thr
Thr Phe Ser Asn
40
Pro Gly Ile Ile
55
Gilu Val Gly Lys
70
Phe Leu Thr Asp
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Ser Asp Ser Pro Ala Asp Gly Leu u Aia Leu Lys Lys Met Gly

116

el
m g

R =

Tyr Leu Ile His Ser Pro Leu Val Ser Lys
120 125
Leu Giu Gilu Als Trp Lys Asp Met CGlu Gln
135 140
Leun Tyr Lys Ser Gly Lys Ala Lys Asn Ile Gly Val Ser Asn Phe Thr
ii5 150 155 160
Val in Arg lle Leu Gin
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Gl
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By
~1 K

Val hAsn Gln Ile Giu Phe Ser Pro Phe Leu Gin Asn Gln Thr Pro Gly
180 145 184
Tle Cys Lys Phe Cys Gln Glu HEis ARsp Iie Leu Val Glu Ala Tyr Ser
195 200 205
Fro Gly Pro Leu Arg Lys Lys Thr Als Gin Asp Asp 3er Gln Pro
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Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Asp Ala Gin Asn Leu Fhe
260 265
Leu Thr Ala Glu Glu Val RAsp Lys Glu Leu Gly
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5 280
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Leu u His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr CGiy Lys
5 300
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Tyr n Tyr Ala Alaz C Lys Val
305 310

289
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DRA

wrtificial Seguence
<220>
<223> Synthetic Construct
<400> 289
argtctttic accaagasatt tttcac zacaacygoa ataazaltcco ggogattgoc
atcatcggca ctggtacage giggta agtgaagaaa ctgacgcgac ctitctocaat
agtctggtty aacaasatcocgt gtatgc azactgcogy gygattatoca CATCJacgae
goggagatit atcgracocta cecgga ggtasagcac tgtccocctgac cgsaaageot
cgtaacgoga titttetgac ggataaatat totcocgeaga ttasaatgag tgactocoot
gegoacggte tguatittage attgaagasa atgggtacag attatgttiga tttatatcetg
attcattcee cgttagtitc gaaguaaghyg aatggottasa gottagaadga ggortggaaa
gatatggago agitatacaa aagtggiaaa gctaaaaaca tcggggtitc caatticeaca
gtggaagacc tgcaacgtat cotgasagte getgaagita aacchcaggt caaccagatt
gagttctoto cgttootygca aaacgaaacsa ccaggeatti goaaatictyg tocaggagcoac
gatatcctgg tgogaagcats ttotocogetg gycoogetge ggaagaaaac cgegcaggat
gacagocaac catitl tga gtacgtcaaa Jgaatlgagcg sasaatacasa Laadaccygay
goccagatca toctygcocgcecig ggtcactaas cgogatgige tgccagtitac cagototica
aagootcage gecatitagcga tgctcagaac ctgttticct togacotgac agocggaagag
gtitgataaaa tcacggagoet ggogtctggaa catgaaccgo tacgectgia ctggaataas
ttgtatgygca aatataacia cgccgoccayg asagtgtaat ga

<210> 290
<211
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ARrtificial Seguences

Synthetic Construct

er Phe His Gin Glu Phe Phe Thr Leu Asn Asn Gly Asn Lys
5 1G 15

la Ile Ala Ile Ile Gly Thr Giy Thr Lys Ser

20 25 30
Thr Asp Ala Thr Phe Ser Zsn Ser Leu Val Glu Gin Iie Val
3 44 45
Leu Lys Leu Pro Gly Ile Ile His Ile Asp ARlz Als Glu Ile
55 60
Thy Tyr Pro Glu Vel Gly Lys Als Leu Ser Leu Thr Glu Lys
70 75

Asn Ala Ile Phe Lewu Thr Asp Lys Tyr Ser Pro Giln Ile Lys

825 80 95

Asp Ser Pro Bla RAsp Gly Leu Asp Leu Ala Leu Lys Lys Met
1

Val hsn Gly Leu Ser Leu Glu Glu Ala Trp Lys Rsp Met Gliu
0 35 140
yr Lys Ser Gly Lys Ala Lys Asn Ile Gly Val Ser Asn Png
150 1ED
Glu Asp Leu Gln Arg Ile Leu Lys Val & Glu Val Lys Pro
165 170 175
st Gin Tle Glu Phe Ser Pro Phe Leu $ln Asn GLlp Thr Pro
180 185 1
vs Lys Phe Cys Gln Glu His Asp Ile Leu Vai Glu Ala Tyr
195 200 205
1 Giy Pro Leu Arg Lys Lys Thr Als Gln Asp Asp Ser Gin
ig 215 220
he Giu Tyr Val Lys Glu Leu Ser Giu Lys Tyr Asn Lys Thr
230 235
n Ile Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro
245 250 255

;2 Pro Gln Arg IZle Ser Asp Ala Gin Asn Leu

r Ser Ser Lvs i
260 &5 270
e Asp Leu Thr Ala Giu Gilu Val Asp Lysg Ile Thr Glu Leu
275 280 285
u His Glu Pro Leu Arg Leu Tyvr Trp Asn Lys Leu Tyr Gly
o 295 oo
rn Tyr Rla Als Cin Lys Val
314
291
942
DNA
Artificial Sequence
Synthetlic Construct
251
tiLtc sccaagaatt CLicacgetg aacaacdgea ataaaatcoo goog
ggca Chggtacagce gtggrataaz agtgaagasa ctgacgcocgac cLbtc
gttg =sacaaatcgh gtatgoegttg asactycody ggattateoca cato
atit atcgcaccta cccggaadtg gotaaageoace tglceccoctogac cgaa
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cgtaacgoga
goggacggte
attcattccc
gatatggagc
gtggaagac
gagttotcte <
gatatcotgg &
gacagccaac
gcccagatca
aagoctca

gttgataaas
Ttgtatggoa

G oo

(}

<Z210>
<211>
CZ2L2»
<213>
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<220>

<223» 8Synth
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b G3
o b
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ggataaata
attgaagaaa a
gaaggaagly
aagiggtaas
cctgaaagtc
aaaccaaaca
a ttctoeoget
& gtacgtcaas
tcotgogotyg ggtcactaaa
gcattagocga tgotcagaac
tcacggagct gggtciggas
aataztaacta cgccocgococcag
icial Seguence
atic Construct
His Gln Giu Phe Phe
5
ARla Tle Ile Gly Thr
20
Bla Thr Phe Ser Asn
40
Leu Pro GBly Ile Ile
55
Pro Gluw Val Giy Lys
70
Ile Phe Leu Thr Asp
85
Pro Alz Rsp CGly Leu
100
Val Asp Leuw Tyr Leu
120
Gilv Leu Ser Leu Glu
138
Ser Gly Lys Ala Lys
150
Leu Gln Arg Iie Leu
165
Tie Glu Phe Ser Pro
18¢C
Phe Cys Gln Glu His
2040
Fro Leu Arg Lys Lys
215
Tyvr Val Lys Glu Leu
230
Tie Leu Arg Trp Val
245
Ser Lys Pro Gln
260
Leuw Thr Ala Glu
280
Giu Pro Leu Arg Leu
295

gqcccgctgc
gaattgagcg
cgeggtgtge
atcttitoot
catgaaccge
azagtgtaat

Thr Leu Asn
1\
Giyv Thr Ala
25
Thr Leu Val
Eis Ile Asp
hiz Leu Ser
75
Lvs Tvyr Ser
S0
hsp Leu RAla
105
Iie His Ser
Giu Ala Trp
Asn Ile Gly
155
Lys Val Ale
i70
Phe Leu Gln
185
Asp Ile Leu
Thr Ala Gin
Ser Glu Lys
235
Thr Lys Arg

a ttasaatgag
attatgttga
gettagaaga
tcggggttte
gacctcaggt
gcaaattaetyg
ggaagaasac
aazaatacas
tgccagttac
tcgacctgac
TgogocLgta
ga
Asn Gly Asn
Tryp Tyr Lys
30
Glu Gln Ile
45
Ala Rla Glu
60
Leu Thr Glu
Fro Gin Tile
Leu Lys Lys
110
Pro Leu Val
125
Lys Asp Mset
140
Val Ser Asn
Glu Val Lvys
Lsn Gin Thr
190
Val Glu Ala
205
Lsp Asp Ser
220
Tyr Asn Lys
Gily Val Leu

285

Lys Leu Tyr

300

tgactcecca
tttat aL"ﬁ"
ggcttggaaa
caatttcaca
caaccagatt
tcaggagcac
cgcgcaggat
Taaatccogag
cacctctica
agcggaadad
ctggaataaa
Lys Ile
15
er Giu
Val Tyr
Ile Tyx
Lys Pro
BG
Lys Met
95
Met Giy
Ser Lys
Gilv Gin
Phe Thr
166G
re Gin
.
Proe Gly
Tvr Ser
Gln Pro
Ser Glu
240
Pro Val
55
le Phe
Gly
Gly Lys

300
360
420
480
540
600
660
120
730
840
900
942



Asn Tyr Ala Als Gln Lys Val
31¢

10> 253
<211 842
212> DNAR
<Z313>» Rrtificial Seguence
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<400> 293
atghtotttoc accaagaatt tticacgctg aacaacggca ataasaatooo ggogattgeo 60
atcatcggea ctggtacage gtggtataaa agtgaagsas cigacgcgac cttctccaat 120
agtctgottg aacaaatcgt gtatgcogttg asactgccgg ggattatcca catogacgoo 180
geggagattt atcgcaccta cccoggaagtg ggtaaagoac tgtcoctgac cgaaaagect 240
cgtaacgcga thtttotgac ggataaatat toctccgcaga ttaaaatgag togactcccct 300
goggacgate tggatitage attgaagaaa atgggtacag sttatgrttgs ttfastatoctg 360
attcatrooe cgttagtitc gaaggaagtg satggottaa gottagsaga ggottggesaa 420
gatatggagc agtiatacaa zagtggisas gotaaaaaca togggottic caatttcaca 480
gtggaagace tgcaacgtalt cctgaaagic gotgaagtita aacctcaggt caaccagatt 540
gagttctote cgttcctgeoa aaaccaaaca ccaggcatti gcaaattctg tcaggagcocac 600
gatatccoctgg tggaageats ttctococgcotg gocccocygoigc ggaagsazac cgogcaggat 660
gacagccaac cattitttga gtacgicazae gesatigagoe agaaatacas taasaccgag 720
gecocagatoa tootucgctae ggticactaaa cgcggtgtge tgocagtitac cacctoctteca 780
zaaccteage gecatiagega tgcoctcagaac ctgttttccot tcgaccigac agoggaagag 840
gttgataaaa Tcacggagoer gggiciggas catgaaccgoe tgegocotgta ctggaatasa 200
tigtatggea aatataacts cgccgoccayg aaagtgiaat gz B4z
0> 254
ix» 313
2% PRT
> Artificial Seguence
<20
<2223» Synthetic Construct
> 294
Ser Phe His G Glue Phe Phe Thr Leu Bsn Asn Giy Asn Lys Ile
5 1 15
Rilaz Ile BRla Ile Tle CGly Thr Gly Thr Ala Trp Tyr Lys 3er Glu
20 25 30
Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Ile Val Tyr
35 40
Leu Lys Leu Pro Gly Ile Ile His Ile Asp ia Ile Tyr
50 z5
Thr Tyvr Pro Glu Val Gly Lys Rla Leu Ser Leu Thr Giu Lys Pro
70 75 24
Asn Ala Tle Phe Leu Thr Asp Lys Tyr Ser Pro Gin Ile Lys Met
15 90 a5
Asp Ser Pro Ala Asp Cly Leu Asp Leu RAla Leu Lys Lys
5 110
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sp Met Glu Gin

Val Lsn Gly Leu Ser Leu Glu Glua Ala Trp Lys

120 135 140

Tyr Lys Ser Gly Lys Bla Lys Asn Ile Gly vVal Ser Asn Phe Thr
150 155 iel

G1lu Rsp Leu Gin Arg Ile Leu Lys Val Ala Glu Vsl Lys Pro Gin



Val Asn Gin Ile Glu Phe Ser

180
Lys Phe Cys Gln G
g

Pro Leu Gly Pro Leu Arg Lys
210 215

Fhie Phe Giu Tyr Val Lys G

Thr Thr Ser Ser
260

Leu Glu Hi
290
Asn Tyr Ala Ala Gln
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<213> Rrtificial Seguence

220>
<223> Synthetvic Consiruct
<400> 295
atgtotitic accaagaatit t
atcatoggea ctggtacago Jdtg
agtctggtty aacaaatcygt gta
gcggagattt atcgcaccta ccc
cgtsacgega tLittotgac gga
gcggacggte tggatitage att
ctgcattcce cgtiagittc gaz
gatatggags agtitatacaa aag
gtggaagacoe tgcaacgtalt oot
gagtictcte cgticctgea aaa
gatatcctgg tggaagcecata ttc
gacagccaac catttittitga gta
ceccagater tactgogeta ggt
aagcoctcage geattagoga tgo
gttgataaas tcacggagct ggg
ttgtatggea aatataacta cgo

<400>» 294

Mat Ser Phe His Gin Glu Phe
1 5

Pro Ala Ile Ala Ile Ile Gly

Leu Thr Ala Glu

Giu Pro Leu A
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Glu Thr Asp
35
Ala Leu Lys

50

Arg Thr Tyr

G5

Arg Asn Ala

Ser Asp Ser

Thr Asp Tvr
1lh

Glu Val Asn

130

Pro Leu Gly
210
Phe Phe Glu
Z
Ala Cln Iie
Thr Thr Ser
Ser Phe Asp
275
Leuw Glu His
290

Asn

w3
(R
{1

<400>
atgtott
atcatcyg

gatatggage
Jtggaagacc
gagttototc
gatatcctay
gacagecaac
gccocagatet
aagcctcage

2ia Thr Phe Ser

Leu Pro Gly Ile
55

Pro Glu Val Gly

70
Tie Phe Leu Thr
T

Prc Ala Asp Gly

100

Val Asp Leu Tyr

Gly Leu Ser Leu
135

Ser Gly Lys Ala

Pro Leu Arg Lys
215

Tyr Val Lys Glu

230
en Leu Arg Trp
245

Ser Lys Pro Gin

240

Leu Thr Ala Glu

Glu Pro Leu Ar
295

Ala Ala Gin Lys
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Ser Leuw Val
His Leu Asp
Ala Leu Ser

75
Lys Tyr Serx

Asp Leu Ala
105

Leu His Ser
Glu Ale Trp

Ile Ser Asrp
265

Val Asp Lys
Tyr Trp Asn
aacaacggca
agtgazgaaa
aaactgccgyg
ggtaaagoac
tctoogecaga
atgogtacag
aatggotitaa
gotaasaaaca
gctgaacgtta
ccaggoatit
ggcoogetyge
gaattgagcy
cgeggtgtac
ctgttttoet

Glu

Ala
60

Leu Thr

FPro Gln
Leu Lys
Pro Leu

i25
L Aszp

Asp Asp Ser
220
Tyr Asn Lys
Gly Val Leu
Ala Gin Asn
270
Tle Thr Glu
285
Lys Leu Tyr
300
ateaaatccc
crgacgcgac
ggattatcca
toocotgac
atgag
ati gttga
gettagaaga
tegogat c
aacctcaggt
gcaaattctg
ggaagasaac
aaaaatacaa
tgeocagttac
tcgacctgac

Val Tyr
Ile Tyr
Lys Pro
B0
Lys Met
95
Met Gly
Ser Lys
Giw Gln
Phe Thr
160
Pro Gln
175
Pro Gly
Tyr Ser
Gln Pro
Ser Glu
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gttgataaaa tcacggagct gggtcotggas catgaaccge
ttgtatggca aatataacta cgcocogoccag aaagtgtaat

<Z210> 298

1

3

<Z211= 3
<212> PRT
<213» A

o

tificial Seguence

L4

<223> Synthetic

<400> 2
Met Ser
i

Pro Ala
Glu Thr

Ala Leuw
50

Arg Thr
65
Arg Asn

Glu Val
130

beu Tvyr

145

Val Glu

Val Asn

Ser Phe
Leu Giu

290
Tyr Asn
305

<210> 2
<Z1i> 9
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Tyr
113
Asn

Lys
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<212> DNA
<Z13>» Artificial Seguence

<2205

jant
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Leu

Pro
106
Val

Construct

Gln Glu Phe Phe Thr Leu Asn
5 10

Tie Iie Gly Thr Gly Thr Ala

25
Thr Phe Ser Asn Ser Leu Va.
49

Pro Gly Ile Ile Hig Ile Asp
55
Glu Val Gly Lys Rla Leu Sex
70 75
Phe Leu Thr Asp Lys Tyr Ser
85 90
Ala Asp Gly Leu A ieu Ala

Asp Leu Tyr Leu I1
120

Leu Giluo Glu Aia Tro

135

ve Ala Lys Asn Ils Gly

i

Gln Arg Ile Leu Lys Val Ala
165 170
51lu Phe Ser Pro Phe Leu Gln

185

hsp Il= Leu

>
L,<:
n
E
L
o
'_l
E
<%

Leu Arg Lvs Lys Thr ARla Gin
215
Val Lys Glu Leu Ser Gliu Lvs
230 235
Leu Arg Trp Val Thr Lys Arg
245 250
Lys Preo Gin Arg Tle Ser Asp
2eh
Thr Ala Glu Glu Val Asp Lys
280
Pro Leu Arg Leu Tyr Trp Asn
2595
Ala Gln Lys Val

310

Leu
Glu

AEsn
270
Glu

Tyr

I
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<223> Synthetic Construct

<A00> 289

atgtctttic accaagaatt tticacgctg aacaacggca ataaaatccc ggogattgeo
atcatcggea ctggtacage gtggtataas agtygaagaaa ctgacgegac citotcecaat
agtctggtty asacasatogt gtatgogttg aaactgoccgy ggattatccz cotggacgeo
goggagatit atcgecaccta cccggaagtg ggtaaagoac tghcectgac cgaasagoct
cgtaacgcga titttatcac ggataaatat tcotccgcaga ttaaaatgag tgactccococt
gogoacggtc Lggatttage attgaagaas atoggtacag attatgtitga tttatatetyg
attcatfccoe cgttagtitc gaaggaagtg aatggottaa gottacgaaga ggottggaaa
gatatggage agttatacaa aagtggtaaa gotaazaaca teggggittc caatttcacsa
gtggaagace tgcaacgtat coigasagtc gotgaagtta sacctcaggt caaccagatt
gagticteotc cgttccotgos aaaccasaca cocaggeatit geasatitctyg toaggagecac 600
gatatcotgg tggesageata ttctcogeig ggocogoctge ggaagaadaac cgogoaggat 660
gacagccaac catittttitgas gtacgtcaaa gaatitgageg aaaaatacaszs taaaaccgag 720
goocagatot tactgogotg ggtcactaaa cgoggigige tgccagttac cacctcttea 780
aagcctcage geoattagega tgctcagaac chtgtttitcet tcgacctgac agocggaagag 840
gttgataaaa fcacggagcet gggtctggae catgaaccocge tgcgoctgta ctggaataza 200
ttgtatggeca aatataacta cgcocgoccag azagtgtsat ga 942
<21G> 300
<211> 313
<212> PRT
<Z213> Artificlal Seguence
<220>
<223>» Synthetic Ceonstruct
<400> 200
Met Ser Phe His Gln FPhe Asn Lys Ile
1 5 15
Pro Rla Ile Ala Ile Ile Gly Thr Lys Ser Glu
20 O
Giu Thr Asp Als Thr Phe Ser Asn T : Ile Val Tyr
33 40 i3
Ala Leu Lvs Leu Pro Gly Ile Tle His Leu Asp RAla Ala Glu Ile Tyr
50 :5 G0
Arg Thr Tyr Pro Glu Val Gly Lys Ala Leu Ser Leuw Thr Giu Lys Pro
G5 70 75 g
Lrg Asn Ala Ile Phe Ile Thr Zsp Lys Tyr Ser Pro Gln Tle Lys Met
85 90 95
Ser Asp Ser Pro Rla Asp Gly Leu Asp Leu Ala Lesu Lys Lys Met Gly
100 1058 116
Thr Asp Tyr Val Bsp Leu Tyr Leu Tle His Ser Pro Leu Val Ser Lys
115 220 125
Glu Val Asn Gly Leu Ser Leuw Glu Glu Ala Trp Lys Asp Met Glu Gin
130 135 140
Leu Tyr Lys Ser Gly Lys Rla Lys Zsn Ile Gly Val Jer Asn Phe Thr
145 150 155 160
Val Glu &Asp Lew Gin Arg Ile Leuw Lys Val Ria Glu Val Lys Pro Gln
165 7 175
Vai Asn Gln Tle Glu Phe Sery FPro Phe Leu Gln Asn Gin Thr Pro Gly
180 185 150
Ile Cys Lys Phe Cys Gln Glu His Asp Ile Leu Val Glu Alas Tyr Ser
195 200 205
Pro Leu Gly Proc Leu Arg Lys Lys Thr Adla Gln Asp Asp Ser Gln Pro
210 215 220
Phe Phe Glu Tyr Val Lys Glu Leu Ser Glu Lys Tyr Asn Lys Thr Glu
225 Z30 235 240
Ala Gin lle Leu Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
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<223> 3Synthetic Construct

<400> 304

Met Ser Phe His Gin Glu Phe Phe Thr Leu Asn Asn G1ly Asn Lys Ile

FPro Ala

GZlu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Giu Eln 2 Val Tyr
5 40 45

Ala Leu Ile His Iie Asp Ala Als Giu Ile Tyr

50 60

Arg Thr = Lys Ala Leu Ser Leu Thr Glu Lys Pro

65 i 75 80

Brg ARsn Ela Ile Phe Leu Thr Asp Lys Tyr Ser Pro Gln Iie Lys Met

g5 SC 85
Ser Asp Ser Pro Ala Asp Gly Leu Asp Leu Als Leu Lys Lys Met Gly
100 10t 110

Thr Asp Tyr Val Asp Leu Tyvr Leu Iles His Ser Pro Leu Val Ssr Lys
1:5 120 125

Glu Valil Asn Leu Gilu Glu Ala Trp Lys Asp Met Glu Gin

130 135 140

Leu Tyr Lys S=r Gly Lvs Ala Lys Asn Ile Gly Val Ser Asn Phe Thr
145 150 155 160
Val Glu Asp Leu Gin Arg Tle Leu Lys Val Als Giu Val Lys Pro Gln
1E5 170 175
Vzl ZAsn Gin Ile Glu Phe Ser Pro Phe Leu Gln Asn Gin Thr Pro Gly
180 185 120
Tie Cys Lys Phe Cys Gln Glu His Asp Ile Leu Val Giu Ala Tyr Ser
195 200 205
Pro Leuw Gly Pro Leu Arg Lys Lys Thr Alas Gln Asp Asp Ser Gin Pro
210 215 220
Phe Phe Giu Tyr Val Lys Giu Leu Ser Glu Lys Tyr Asn Lys 3Ser Glu
225 230 235 240
Bla Gln Ile Ile Leu Arg Trp Val Thr Lys Arg Gly Val Len Pro Val

Thy Thr Ser Ser Lys Pro Gin Arg Ile Ser Asp Ala Gln Asn Ile Phe
260 265 276
Sar Phe Lsp Leu Thr Als Glu 4Glu Val Asp Lys Ile Thr Glu Leuw Gly
275 280 285
Leuw Glu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Gly Lys
250 ’ 295 300
Tyr Asn Tyr Ala Als Gln Lys Val
303 310
<210» 305
<ZL1> 942
<Z1Z>» DNA
<213» Artificial Sequences
<2202
<2Z3» Synthetic Ceonstruct
<400> 305
atgtctiitc accaagaatt tcacgotg aacaacggca ataaaatooo ggogattgoeo 60
atcatcggea ctggtacage giggtataaz agtgaagaaa ctgacgcgac cttotccast 120
agtctggttg aacaattagt gtatgcogttg aaactgocgg ggattatcoca cotggacges 180
goggagaettt atcgoaccta cooggaagtyg ggtaaageoac tgtccctgac cgaaaagoot 240
cgtaacgoga titthotgac ggataaatat tetocgoaga ttaaaatgag tgactcoccocct 3006
gocggacggic tggatttage attgaagaaa atgggtacag attatgtbtge ttiatatctg 360
attcattccee cgt tc gaaggaagtg aatggoitas gottzgazaga ggcttggasa 420




gatatggagy agttatacaa aagtggtaasa gotaaaaaca toggggtttco caatttcaca 480
gtggaagace tgcaacgtat cctgaaaghtc gotgaagtta aacctcaggt caaccagatt 540
o’ ccaggeattt goaaattcoctg tcaggagcac 600

ggooogotge ggaagaaaac cgogoaggat 660
gaattgagcg aaaaatacaa taaatccecgag 720
cgoggtgtgc tgocagttac cacctcttca 780

aagccetecage geatitagoga tgctcagaac ctgttttoot tcgacctgac agcggaagag 89490

gttgataaaa tcacggagct gggtctggas catgsaccgs tgcgeochtgta ctggaataas 900

Tttgtatggea aatataacta cgcoccacacag aaagtgtaalt ga 9472

<210> 306

<211> 313

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetlc Construct

<400> 306

Met Ser Phe His Gln Glu Phe Phe Thr Leu Asn Asn Gly Asn Lys Iie

i 5 i0 15

Pro Ala Ile Ala Ile Ile Gly Thr Gly Thr Rla Trp Tyr Lys Ser Giu

26 25 30
Glu Thy Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Gin Leu Val Tyr
35 LG 45
Elz Leu Lyvs Leu Pro Gly Iie Ile His Leu Asp Ala Als Glu Ile Tyr
50 55 &0

krg Thr Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Thr Glu Lys FPro

65 70 75 80

Arg Asn Ala Ile Phe Leuw Thr Asp Lys Tyr Ser Pro Gln Ile Lys Met

g5 90 95
Ser Aszp Ser Pro Ala Asp Gly Leu Asp Leu Ale Lew Lys Lys Met Gly

160 105 1io

Thr Asp Tyr Val Bsp Leu Tyr Leu Ile His Ser Pro Leu Val Ser Lys
115 120 125

Glu Val Asn Gly Lew Ser Leu Glu Glu Rla Trp Lys ksp Met Glu Giu

130 135 140

Lew Tyr Lys Ser Gly Lys Zia Lye Asn Ile Gly Val Ser Rsn Phe Thr

145 150 135 160G

Val Glu Asp Leu Gln Rrg TIle Leu Lys Val Als Glu Val Lys Pro Gln

165 176 175
Val Asn Gln Ile Glu Phe Ser Pro Phe Leu Gin Asn Gin Thr Pro Gly
188 183 180

Ile Cys Lys Phe Cys Giln Gilu His Asp Ile Leu Val Glu Rla Tyr Ser
195 200 205

Pro Leu Gly Prc Leu Arg Lys Lys Thr Ala Giln Asp Asp Ser Gln Pro

210 215 220

Phe Phe Glu Tyr Val Lvs Glu Leu Ser Giu Lys Tyr Asn Lys Ser Glu

225 230 z35 240G

Ala Gln Ile Ile Leuw Arg Trp Val Thr Lys Arg Gly Val Leu P Val

245 250 255
Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Asp Ala Gln Asn Leu Phe
260 265 2706

Ser Phe Asp Leu Thr Ala Glu Glu Val Asp Lys Ile Thr Giuv Leu Gly
275 280 285

Leu Giuw His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Leu Tyr Gly Lys

250 295 360
Tyr Asn Tyr Ala Thr n Lys Val
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<Z10> 307

<211> D4z

<21Z2> DNE

<213%» Artificlal Seguence
<220>

<Z23> Synthetric Construct
<400 307

atgtecttttc accaagaatt tttca
atcateggea ctggtacagoc gtggt
agtoctggttg aacasatcegt gtatg
goggagattt atcgecaccta cccgg
cgtaacgcega titttctgac ggata
goggacggto tggattiage atiga
attcattooco cgttaguitto gaagy
gatatggagg agttatacaa aaghg
gtagaagacc tggaacgtat cctga
gagttctctc cgticctgea aaacco
gatatccotgg tggaageata thot
gacagccaac catititiga gtac
gcococagatot tactgogotg ggtca
aagcocctcage gcattagogs tgotoa
gitgataaaa tcacggaget gggt
ttgtatggca aacataacta <gco

<210> 308

<Z2¥1> 313

<Z212>» PRT

<213» Artificial Seguence
<z220>

<223> Synthetic Construct
<400> 308

Met Ser Phe His Gln Glu Phe
1 5

Glu Thr Asp Ala Thr Phe §
35

Ala Leu Lys Leu Pro Gly I

5 5

Arg Thr Tyr Pro Giu Vai G

Arg Asn Ala Ile Phe Leu Thr
85

Ser Asp Ser Prc Ala Asp G

1GO
Thr Asp Tyr Val Asp Leu Tyr
1:i5
Glu Val Asn Sly Leu Ser Leu
136 132

Leu Tyr Lys Ser Giy Lys Ala

145 150

fal Glu Asp Leu Glu Rrg Ile
165

Val Asn Gin Ile Glu Phe Ser
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Erg Thr

Lrg Asn

Giu Val
130G

Leu Tyr
145

Yal Glu
Val Asn

Thr Thr
Ser Phne
Leu Glu
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Tyvr Asn
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<210> 311
<Z1li» 942
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<213> Rrtificial Sequen
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<223» Synthetic Construct
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atgTotittc
atcatoggea
agteiggttg
goggagattt
cgtaacgcga
goggacggte
attcattceo
gatatggage
gtggaagacc
gagttctatc
gatatcctgg
Jgacagccaac
geccagatca
aagcctcage

<ZZ3>
<400> 314
Met Ser Phe
Pro Aie Ile
Glu Thr Asp
35
Ala Leu Lys
50
Arg Thr Tvr
65
Arqg Asn Al
Ser Asp Ser
Thr Asp Tyr
1id
Gilu Vali Asn
i30
Leuw Tvr Lvs
145
Val Glu Asp
Val Asn Gl
Ile Cys Lvs
125
Pro Leu Gly
Z10
Phe Phe Glu

accaagaatt tttcacgctg
gqtaﬁagc gtggtat ]
aacaattagt gtatgcgit
ateogeaccta ccocggaagty
tttttatcac ggataaatat
tggatttage attgzagaas
cgttagtitc gaaggaagrg
agttatacaa zagtggtaas
tgcaacgtat cctgaaagtc
cgttcotgeca aaaccaaaca
tggaagecata ttctccgota
cattttttga gtacgtcaaa
Tootgoyoty gotcactaaa
geattagcecga tgcetcagaac
tcacggagct gggtctggaa
gatataacta cgoodoocag
I Seguence
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His Gin Glu Phe Phe
ARla Ile Tle Gly Thr
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RBla Thr Phe Ser Asn
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Leuy Pro Gly Ile Ile
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Pro Glu Val Gly Lys
70
Ils Phe Ile Thr Asp
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Pro Ala Asp Gly Leu
i00
Val Asp Leu Tyr Leu
120
Gly Leu Ser Leu Giu
135
Ser Gly Lys Rhla Lys
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Leu Gl Arg Iis Leu
Ile Glu Phe Ser Pro
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Phe Cys Gln Glu His
2006
Pro Leu Arg Lys Lys
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Tyr Val Lys Glu Leu
230
Ile Leu Arg Trp Val
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Ser Lys Pro Gln Arg
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cccgeaagaasa
aaactgocygy
ggtasagcac
tctocogecaga
atgggtacag
aatggetitas
gectaaagaca

ctgaagtta
ccaggoattt
ggceccgetge
gaattgagcyg
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cttotocaat
catcgacgoo
cgaaaagect
cgactccoct
tttatatetg
ggcttdgaaa
caatitcaca
caaccagatt
tcaggageac
cgcgcaggat
Taazaccgay
cacctcitcsa
agoggaagag
ctggaataaa
Lys Ile
=
—
Pro Glu
Val Tyzr
Ile Tyr
Lys Pro
80
Lvs Met
95
Met Gly
Ser Lys
Giuv &ln
Phe Thr
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Pro Gin
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Tyr Ser
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Pro Val
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Ser Phe Asp Leu Thr Ala Glu Glu Val Asp Lys
275 280
Leu Glu His Glu Pro Lew Arg Leu Tyr Trp Asn
290 295
Tyr Asn Tyr Ala Ala Gln Lys Val
30% 310
315
942
<212> DNA
<213» RArtificial Sequencs
<220
<223> Synthetic Construct
<4G0> 315
atgtcttttc accaacagtt tttcacgctg aacaacggce
ztcatcgygra ctggtacage gtggtataas cocgaadaas
agtciggttg sacaaatcgt gtatgogttg aaactgocgy
gcggagtggt atcgcacota cocoggaagiyg Jggtazageac
cgtaacgega ttittetgac cggataaatat tctcocgoagsa
gcggacggtoe tggattitage attgaagaaa atgggtacadg
attcattcoco cgitagtttc gaaggaagty aatggcttaa
gatatggage agttatacaa aagtggtaaa goctazaaaca
gtggaagacc tgcaacgtat cctgaaagtc goctgaagtiia
gagttectcte cgttcctgoa aaaccaaaca ccaggeatth
gatatcotgg tggasgcata ttotoogoty ggooogaetgo
gacageocase catitititga gtacgtcaaa gaatigageg
gocoagatca toctgogetyg ggtcactaaa cgegotgtgo
aagccocteoage geattagega tgotcsgsac ctgtitttoct
gttgataaaa tcacggagcet gggtcotggaa catgaacogo
ttgtatggca aatataacta cgccgeccag aaagigtaat
<Z210>
<Zil>
<Z12>
<213>
<220>
<223» Synthetic Construct
<400> 316
Met Ser Pne His Gin Gin Phs Phe Thr Leu Asn
1 5 10
Pro Ala Ile Alz Ile ITle Gly Thr Gly Thr Ala
20 25
Glu Thr Asp Bla Thr Phe Ser Asn Ser Leu Val
35 40
Bla Leu Lys Leu Pro Gly Ile ile His Ile Asp
50 55
Arg Thr Giu Val Gly Lys ARla Leu 3Ser
o5 T0 75
Arg Bsn Ala Ile Phe Leu Thr Asp Lys Tyr ser
g5 90
Ser Asp Ser Pro Ala Asp Gly Leu Asp Leuw Als
100 105
Thr Asp Tyr Val Asp Leu Tyr Leu Ile His Ser
115 120
Glu Val Asn Gly Leu Ser Leu Gilu Glu Rla Trp

Ile Thr Glu
285
Lys Leu Tyr
300
ataaaatccoe
ctgacgcocgac
ggattatccs
tgtcocctgac
ttaaaatgag
attatgttga
gottagaags
togggotttc
aaccicaggt
gcaaattctyg
ggaagaaaac
aaaaatacas
Lgccagttac
togaceigac
tgogocotgta
ga
Esn Gly Asn
Trp Tyr Lys
30
Giuw Gin Il=
45
Ala BRls Glu
60
el Thr Glu
Pro Gln Tie
Leu Lys Lvs
110
Pro Leu Val
125
Lys Asp Met

Leu Gly

Giy Lys

ggcgattgeoo
cttotccaat
catcgacgcce
cgasaagcct
tgactcoccot
tttatatctg
ggcttggaza
caatttcaca
caaccagatt
tcaggagcac
cgocgcaggat
Ltaaatcogay
cacctettca
agocggaagag
chggaatasa
Lys Ile
i5

Pro Gilu
Val Tyr

Tro Tyr
Lys FPro
80

Lys Met
95

Met Giy
Ser Lys
Glu Gln
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130 135
Leu Tyr Lys Ser $Sly Lys Ala Lys Asn Ile Gly
145 150 155
Val Glu Asp Leu Gln Arg Ile Leu Lys Val Ala
165 170
Val Asn Gin Ile Glu Phe Ser Pro Phe Leu Gln
180 185
Ile Cys Lys Phe Cys Gln Glu His Asp Ile Leu
185 0o
Pro Leu Gly Pro Lew Arg Lys Lys Thr Ala Gln
210 215
Phe Phe Giu Tyr Val Lys Glu Leu Ser Glu Lys
225 30 235
Ala Gln Iie Ile Leu Arg Trp Val Thr Lys Arg
245 250
Thr Thr Ser Ser Lys Pro $ln Arg Ile Ser Asp
260 28h
Ser Phe Asp Leu Thr Ala Giu Glu Val Asp Lys
275 280
Leu Glu His Glu Pro Leu Arg Leu Tyr Trp Asn
250 205
Tyr hsn Tyr Ala Als Gin Lys Val
305 310
<210> 317
<211> G472
<212> DNA
<213> Brtificial Sequence
<220
<Z23» 3ynthetic Construct
<400> 317
atgtcttitc accaacaygtt thtcacgcoctg aacaacggcea
atcatoggea ctggtacage gtggtatasas cCccgaadaas
agtctggtig aacaaatcgt gtatgogitd aaactgocgg
goggagtgut atcgcaccta ceocoggaagtg ggtaaagcac
cgtaacgoga ttitttotgac ggatasatat totocgeags
gocggacggte tggatitage attgaagaaa atgggracadg
avrtcattoco cgtiagtttc gaaggaagtg satggeltitaa
gatatggagc agttatacaa aagtyggtasa gctaaasaca
gtggaagacc tgoaacgtat ccotgasadtc gotgaagtta
gagttctote cgttoctgca azaccaaaca ccaggeatte
gstatcctgo tggaageoata ttctcegetbg ggoocgcige
gacagocoaac catitittgas gtacgtcaas gaattgagcyg
goecagatca tooctgegety ggtcactaaa cgoggigige
aagcctcago gcattagega tgctcagasc cigtttteot
gttgataass tcacggagct ggotcltggaa catgaaccygc
ttgtatgges aatatzacta cgocgoeccag aaagtgtaat
<210> 318
<Z211» 313
<212> PRT
<233» Brtificial Seguence
<2202
<223» Synthetic Construct
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gatatcctgg tggaagecata ttcotcococgoctg ggocogotgco
gacagccaac catttittga gtacotcaaa gaatigageg
geocsgatca toctgogetyg ggtcactaas cgoggtgtge
aagcctcage gceatfagega tgcicagaac etgttiicat
cttgataaaa tcacggadgct gggtctggaa catgaaccogo
ttgtatggea aatataacta cgocgoccag saaghbgtaat
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<213» Artificial Sequence
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Phe Phe Glu Tvr Val Lys Glu Leu Ser Glu Lys
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Thr Thr Ser Ser Lys Pro Gln Arg Ile Ser Lsp
260 265
Ser Phe Asp Leu Thr Ala Glu Glu Val Asp Lys
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Leu Glu His CGlu Pro Leu Arg Leu Trp Trp Asn
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<220
CZ23>
<400> 321
atgtctitic
atcatcggca
agtctggttg
aoogagattt
cgtaacgoga
goggacggtc
attcattccco
gatatggaga
gitguaagacc
gagttcotote
gatatcctagg
gacagocaac
gococagatoa
aagoctoage
gttgataaaa
aggtatggesa

<210> 322
<211> 313
<212> PRT
<Z213> Rrtif
<220

<223» Synth

<400»> 322
Met Ser Phe
1
Pro Ala Ile
Gilu Thr Asrp
35
Ala Leu Lys
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Arg Thr Tyr
65
Arg Asn Als
Ser Asp Ser
Thr Asp Tyr
1i%
Glu Val Asn
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Leu Tyr Lys
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Val Asn Gin
Tle Cys Lys
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Synthetic Construct

accaacagtt tttcacgctg
ctggtacage gtggtataas
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atcgcaccta cccggaagtyg
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Glu Ale Trp

Lsn Ile Gly
155

Lys Val Rla

170

Phe Leu Gin

185

Lsp Ile Leu

Thr Ala Gln

ataaa cc
ctgac ac
ggattatcca
tgToo ac
tlLaasatgay
attatgtiga
gocttagaaga
tocggggitoo
aacctcaggt
gcaaatictg
ggzagaaaac
asaaatacaa
tgccagitac
togacctoac
tgcgooctgta
ga
Asn Gly Asn
Trp Tyr Lys
30
Glu Il=
Ela Ala Glu
60
Leu Thy Glu
Pro Gln Ile
Leu Lys Lys
110
Pro Leu Val
12%
Lys Asp Met
140
Val Ser Asn
Glu Val Lys
Egn Gin Thr
190
Val Glu Ala
205
Asp Rsp Sev
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Ile Tyr

Lys Pro
80
Lye Met
95
Mer Gly
Ser Lys
Glu Gln
Phe Thr
160
Proc Gin
175
Pro Giy
Tyr Ser
Gln Pro

120
180
240
300
3&0
420
480
540
600
a6l
720
780
840
BOC
942
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i0 215 220

Phe Phe L Tyr Asn Lys Ser Glu

Z25 230

Ala Gln Tie Ile Leu Avrg Trp Vail Lys ‘ ro
245 250 255

Thr Thr Ser Ser Lys Pro Gln Rrg Ser Asp
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Ser Phe Asp Leu Thr Ala Glu Gilu Val Asp Lys Ile Thr Giu Leu Gly
275 280 285 '
Leu Giu His Glu Pro Leu Arg Leu Tyr Trp Asn Lys Arg Tyr Gly Lys
290 295 300
Tyr Asn Tyr Ala Aiz Gln Lys Val
305 310
<210> 323
<211l>» 942
<212> DNA
<213> Artificlal Seguence
<220
<223> 3Synthetic Construct
<400> 323
atgtctitic accaacagtt tttcacgcig aaceacggca at
atcatcggea ctggtacage gtggtaltaaa cccgaagaaa ct
agtctggitg sacasatogt gtatgocgttyg aaactgceogd gg
geggagalttt atcgraccta ccooggaadgtc ggtaaadgcac tgtoce c
cgtaacgcga ttottctgac ggataaatat totccgcaga ttaasatgag tgactoccocet 300
gtec tggatttage attgazagasaa atgggtacag attatgitga fTrtatatctg 360
cocc cgttagtitce gaaggaagtg aatggottaa gottagaagsa ggottggaaa 420
gc agttatacaa aagtggtaaa gcotaaasaca tocggggttic castttcaca 480
ggaagace tgcaacgtat cctgaaagto gotgaagita aacctcaggt caaccagatt 540
TCote cgttcoctgca aaaccaaaca ccaggcattht gcazatictg toaggageac 600
gatatcctgg tggaageats ttctcocogeLg ggccogotge ggaagaasdac cgoegoaggat 660
gacagucaac cattttttga gtacgicasa gaatigagcog aaaaatacaa taaatccogag 720
gococagatca tootgcogetg ggtcactaaa cgoggtgige tgecagttac cacctottca 780
aagecrcage geattageoga tgetcagaac ctgttitcocot tcogacctgac agocggaagag 840
gtigataasa tcacggagot gggtotggas catgaaccge tgogcoctagta cltggaataaa 900
zagtatagca aatataacta cgcogoocag aaagtgtaat ga 942
<210> 324
<211> 313
<Z12> PRT
<213>» Artificiazl Seguence
<Z220>
<223>» Bynthetic Construct
<400 324
Met Ser Phe His Gln Gln Phe Phe Thr Leu BRsn Asn Gly Asn Lys Iie
1 5 16 L%
Pro Ala Ile Alz Ile Ile Gly Thr Gly Thr Als Trp Tyr Lys Prc Glu
20 25 30
Giu Thr Asp Aia Thr Phe Ser Asn Ser Lau Val Glu CGln Ile Val Tyr
35 £ 0 45
Ala Leu Lys Leuw Pro Gily Ile Iie His Ile Asp AZs Ala Glu Ils Tyr
50 55 60
Arg Thr Tyr Pro Glu Val Gly Lys Ala Leu Ser Leu Thr Glu Lys Pro
65 16 5 g0



Arg Asn Ala Ile Phe Leu Thr Asp Lys Tvr Ser Pro Gln Ile Lvs Met
¥ 95
Lsp Giy Leu Asp Leu Ala Leu Liys Lys Met CGly
105 1ic
Leuw Tyr Leu Iie His Ser Pro Leu Val r Lys
120 125
Ser Leu Glu Glu Ala Trp Lys Asg Met Glu Gin
135 140
Lys Aia Lys Asn Ile Gily Val Ser Asn Phe Thr
150 135 160
ABrg Ile Leu Lys Val Ala Glu Val Lys Pro Gln

170 175
Phe Ser Pro Phe Leu Ast Gln Thr Pro Giy
185 150
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Ly Gin Glu His Asp Ile Leu Val Glu Ala Tyr Ser
1@ 200 05
Pro Leu Gly Pro Leu Arg Lys Lys Thr Ala Gin Asp Asp Ber Gin Pro

o

Fre Phe Giu al Lys Glilu Leu Ser
225 230
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Ala Gln Ile Ile Leu Arg Trp Val Thr Lys ro Val
245 250 255
Thr Thr Ser Ser Lys Pro Gln Arg Tle Ser Asp Ala 8ln Asn Leu Phe

260 265 i 270

Ser Phe Asp Leu Thr Ala Glu Glu Val Asp Lys Ile Thr Giu Lesu &ly
280 285

Arg Leu Tyr Trp Asn Lys Lys Tvr Gly Lys

255 300

Lys Val
<z210> 325
<Zil» 942
<Z23iZ>» DNA
<213> Artificial Sequance
<220
<223>» Synthetic Construct
<400> 325
atgtcifitc acczacaghtt titcacgetg aacaacggca atasaatccc ggogattgeo 60
atcatcgoca ctggtacage gtggtaetaaa cocgaagaasa ctgacgogac cttchocaat 120
agtctggttc aacaaatcgt giatgcgttg asactoccgg ggattatcca catcgacgece 180
gcggagtggt atcgcaccta cccggaaghg ggtaasagcac tgtccocotgac cygasaagocet 240
cgtaacgega witutorgac ggataaatat totcoogceada Ttasaatgag tgactcococt 300
goggacyggic tggatitage atigaagaaa stoggtacag atiatgitga tttatatcotbg 3606
attcattcece cgitagttte gaaggsagto satggottaa gottagsaga ggottggasa 420
gatatggsage agttatacas sagiggtsaa gotaasasca bogougttte caatitcaca 480
gtggaagace tgcaacgtat cotgaaagtc gotgaagtta aacclcagygt caaccagatt 540
gagttcotcte cghtcocigoa asaccaaaca ccaggoattt gcaaattotg toaggageac 600
gatatcotgg tggaagoata titctoccgotg ggcooccgotgce ggsagaaaac cgogcaggat 660
gacagccaac catttittga gtacgtcaaa gaatigagog aaaaatacaa taaatocgag 720
gcocagatTca toctgogetg ggtcactasa cgoggtgngc tgccagttac cacctettca 780
azgcotoage goattagoge tgotcagaac ctgttttcoct togaccigac ageggaagag 840
gttgataszaa tcacggagcet ggoictggeaa catgaaccoc tgogcocctgtg gtggsataza 500
ttgratggca aatataacta cgocogeccag aaagtgtaat ga B4z
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Tyr Lys Ser
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Thr Ser Ser
Fal
[
Phe Asp Leu
275
siu His Glu
290
Asn Tyr Ala
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gocggagtggt atcgocaccta cococggaagbtg ggtaaagcac tgtcocctgac cgaaaageoct 240
cgteaacgoga ttiitcotgac ggataaatat totcocgceaga ttaaaatgag tgactcococt 300
gcggacgotc tggatttago attgasgaas atgggtacag attatgttga tttatatctg 360
attcaticoo cgttagittc gaaggaagtg astggottaa getitagaaga ggcottggasas 420
gatatggage agttatacaa aaghggtaaa gctaaaazaca tcggggbtte caatttcaca 480
gtggaagaco tgceaacgtat cotgaaagic gotgaagita aaccicaggt caaccagatt 540
gagttcotaote cgttoctgea aaaccaaaca ccaggoattt gocaaattctg tcaggagcac 600
gatatoctgy Tggaagoata ttcotocgotyg ggccogotgc ggaagazaac cgogcaggat 660
gacagccaac cattttittga gtacgtcaaa gsattgagcg aaasatacas taaatcogag 720
goccagatcea tcoctgogohbg ggtcactaaa cgoggtgtyge tgccagitac caccicttcoca T80
aagootcage geattagogas tgotcagaac cightttcooct togaccigac ageggaagac 840
gttgataaaa tcacggagot gggtctggaa catgaaccge tgogoctgig gtggaataaa 800
aagtatggca aatatsacta cgccgccocag aaagtgtaat ga 942
<230» 328
<211> 313
<Z1Z> PRT
<213> Arti
<220>
<223> Synthetic Construct
<400> 328
Met Ser Phe His Gln Gl Phe Phe Thr Leu Asn Asn Gly Asn Lys Ile
i 5 10 io
Pro Ala Ile Rla Ile Ile Gly Thr Gly Thr Als Trp Tyr Lys Pro Glu
20 25 30
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu Gin Ile Val Tyr
35 40 45
Bla Leu Lvs Leu Pro Gily Ile Iis His Iie Bsp Ala Ala Gilu Trp Tyr
50 55 60
Arg Thr Tyr Pro Gilu Val Gily Lys Ala Leu Ser Leu Thr Giu Lys Pro
&5 70 75 BO
Brg Asn Ala Tle Phe Leu Thr Asp Lys Tyr Ser Pro Gln Ile Lys Met
g5 30 85
Ser Asp Ser Pro Bls Lsp Gly Leu Asp Leu Ala Leu Lys Lys Mel Gly
106 105 115
Thr Asp Tyr Val Asg Leu Tyr Leu Ile His Ser Pro Leu Val Ser Lys
115 120 125
Glu Val Asn Gly Leu Ser Leu Glu GIlu &Ala Trp Lys Asp Gin
130 135 140
Leuw Tyr Lys Ser Giy Lyvs Alz Lys Asn Iie Gly Val Ser Asn Phe Thr
145 150 1=5 1e0
Val Glu Asp Leu Gln Arg Ile Leu Lys Val Als Glu Val Lys Proc Gin
165 170 175
Val Asn Gln Tle Glu Phe Ser Pro Phe Leu Gln Asn Gln Thr Pro Gly
180 185 190
Iie Cys Lys Phe Cys Gln Glu His Asp Ile Leu Val Glu Ala Tyr Ser
195 200 205
Pro Leu Gly Pro Leu &rg Lvs Lys Thr Ala Gln Asp Asp Ser Gln Pro
210 2.5 220
Phe Phe Glu Tyr Val Lys Glu Leu Ser Glu Lyvs Tyvr Asn Lys Ser Glu
225 230 235 240
Ela Gln Ile Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro Val
245 250 255
Thr Thr Ser Ser Lys Pro Gin Arg Ile Ser Asp Ala Gln Asn Leu Phe
260 265 270
Ser Phe BAsp Leu Thr Ala Glu Glu Val Asp Lys Ile Thr Glu Leu Gly
275 280 285
Leu Giu His Glu Pro Leuw Arg Leu Trp Trp Asn Lys Lys Tyr Gly Lys
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<Z210> 329
<211> 942
<212> DNR
<213» Artificial Sequences

<220%
<2Z23» Synthetic Construct

<400> 329

atgtottttc accaagaaltt tttcacgety aacaacggcea ataaaatcoce
atcatcgges ciggrtacags gtggtataas cocgaagazs chgacgcgac
agtctggttg azcaattagt gtatgegitg zaactgoccgg gouattatcoca
geggagrgygt atcegoacets cocgygasgltyg ggtaaageac tghteocctgac
cgtaacgcga tttttatcac ggataaatat toctogcgcaga TtTaaaatgad
goeggacugte tggatitagoe atigaagaaa atgggtacag attatgttga
attcatticceo cgitagtitc gaaggaagte aatggettaa gottagaaga
gatatggage agttatacsa sagtggtaaa gotaasaaca toggggttic
agtggaagacoe btgcaacgtat cctgaaagltc gctgaagitta aacctcaggt
gagitictctce cgitoctgces aaaccaaaca CCcaggcattt goasatictg
gatatcctgy tggaagceata ttcitccgota ggooccgaotgs ggaagaazac
gacagecasc cattttitgs gtacgicaaszs gastlfgagoecg azaaatacas
goccagatca Lectgogetd ggtcactaaa cgogotgtge tgcecagttac
aagccicage gocattagega tgctcagaac ctgtittcecct togacotgac
gtigataaaa tcacggagel cggtcotggaa catgzacoge tgogootata
ttgtatggca asafataacta cgocgcocag aaagtataat ga

<Zi0> 330

<z21i> 313

<212> PRT

<Z213> Ax icial Seguence

Thr Lsu Asn Asn Gly Asn

LU
Gly Thr Als Trp Tvyr Lys
25 20
A Ser Leu Val Glu Gln Leu
3 45
Ala Leu Lys Leu Pro Gly Ils Ile His Tle Asp Ala Ala Glu
50 55 60
Arg Thr Tyr Pro Glu Val Gly Lys Als Leu Ser Leu Thr Giu
65 7C 15
ARrg Asn Alz Tle Phe Ile Thr Asp Lys Tyvr Ser Pro Gln Ile
25 94
Ser Asp Ser Pro Alz Asp Giy Leu Asp Leuw Ala Leu Lys Lvs
i0G 105 121G
Val Asp Leu Tyr Leu Ile His Ser Pro Leu Val
120 125
Gly Leu Ser Leu Glu Glu Ela Trp Lys Asp Met
135 140
Ser Gly Lvs RAla Lys Asn Ile Glv Val Ser Asn
150 155
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Gln

Lys Fro

Glu val

Val Ala

eu Lys

Iie L

Arg

1
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Glu Asp

Val
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Glu Thr Asp Thr Phe Ser
35
Als Leu Lys Pro Gly Ile
50 55
Brg Thr Tyr Glu Val Gly
&5 70
Arg Asn Ala Phe Leu Thr
5
Ser Asp Sar Rla Asp Gly
Thr Asp Tyr Asp Leu Tyr
115
Giu Val Asn Leu Ser Leu
130 135
Leu Tyr Lvs Gly Lys Ala
145 150
Val Glu Asp Gln Arg Ile
163
Val Asn Gln Giu Phe Ser
Tie Cys Lvys Cys Gln Glu
195
Pro Leu Gly Leuw Arg Lvs
210 215
Phe Phe Glu Val Lys Glu
225 230
Ala Gln Ile Leu Arg Trp
2845
Thr Thr Ser Lyvs Pro CGlo
Ser Phe Asp Thy Ala Giu
275
Leu Glu His Pro Leu Arg
290 295
Tyr Asn Tyr Bia CGin Lys
305 310
<218> 333
<Zii> B4z
<212> DNA
<213> Arcifi Sequence
<220
<223» Synthetic Construct
<AQ0> 333
atgtcettittc accaacagtt tttcac
atcatcggea ctggtacago gtggt
agtciggttg aacaaatcgr gtatg
goggagtgot atoegcacceta cocogyg
cgtaacoeyga Litttcotgac ggata
gocggacyggto tggatitagc attga
attcatteco cgtiagttic gaadgg
gatatggagoe agttatacaa aagig
gtggaagacc tgcaacgtat cotga
gagttctcto CgtTooigoa asacco
gatatccoctgg tggaagoata ttoto
gacagocoaac catttittga guacg
gqoocagatca tococtgocgctg ggtea
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Leun
125
Asp

Lys
1106
Val

Mat

Glu Val Lvs
Rsn Gin Th
150
Val Glu Ala
205
Asp Asp Ser
220
Tyr Asn Lys
Gly Val Leu
Aiz Gin Asn
270
Ile Thr Glu
285
oys Ala Tyy
300
atasaatccc
ctgacgogac
ggattatcca
Tgtooctgac
ttaaaatgag
attatgttga
gottadaaga
teggggtito
aacctcaggt
geaaattctyg
ggaagaaaac
azaaatacaa
Lgeoccagtiac

Val Tyr

Trp Tyr
Lys Pro
80
Lys Met
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Met Gly
Ser Lys
Glu Gln
Phe Thr
164
Pro Gin
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Leu Gly
Gily Lys
ggcgatigec
ctictocaat
catcgacgeo
cgaaaagoct
tgactccect
tttatatcotyg
ggcttggaas
caatttcacs
caaccagatz
Fcaggagcac
cgogoaggat
taaatcogag
cacotetioa
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aagoctcage geoattagega tgotcagaac ctgttttcoct togacctgac agcggaagag 840
gttgataaas tcacggagct gggtctggaa catgaaccge tgcgoectgtg gtggaataza 900
Tcgtatggea aatataactse cgcoccgoccag aaagtgtaat ga 947
<21i0> 334
<21l» 313
<212> PRT
<213» Artificial Seguence
<220>
<223» Synthetic Construct
<400> 334
Met Ser Phe His Gin Gln Phe Pne Thr Leu Asn Asn CGly Asn Lys Ile
1 5 14 15
Pro Ala Ile Rla Ile Ile Gly Tnr Gly Thr Ala Trp Tyr Lys Pro Giu
20 25 30
Glu Thy Zgp Ala Thr Phe Ser Asn Ser Leu Val Glu Gin Iie Val Tyr

Ela Leu Lys Leu Tie His Tls Asp Ala Ala Glu Trp Tyr
50 60

hArg Thr Tyr Pro vs Ala Leu Ser Leu Thr Gilu Lys Pro

65 75 O

Arg Rsn Alz Tlie Rsp Lys Tyr Ser Pro Gln Ile Lys Met

Leu Asp Leu Ala Leu Lys Lys Met
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E1lu val Asn CGly Leu Ser Leu Trp Lys Asp Met Glu Gin
130 135 140

Leu Tyr Lys Ser Gly Lys Ala Lys ABsn Ile Gly Val Ser Asn Phe Thr

145 is0 5 160

Val Giu Asp Leu Gln A 1 Gln
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165 170

Vel Asn Gln Ile Glu Phe Ser Pro Phe Leu Gin Asn CGin Thr ! G
180 185 190
Ile Cys Lys Pne Cvs Gln Glu His Asp Ile Leu Val Glu Ala Tyr 3er

Ero Leu v Pro Leu Arg Lys Lys Thr Zls Gin Asp A Ser Gln Pro
210 215 220

Phe Phe Glu Tyr Vai Lys Glu Leu Ser Glu Lys Tyr Asn Lys Ser Glu

225 230 235 240

Alz CGin Iie Ile Leu Arg Trp Val Thr Lys Arg Gly Vai Leu Pro Val

245 250 255
Thr Thr Ser Ser Lys Pro Gln Arg ILle Ber Asp Ala Gln Asn Leu Phe
260 265 70
Ser Phe Asp Leu Thr Als Glu Glu Val Asp Lys Ile Thr Glu Leu Gly
275 280 285

Leu Glu His Glu Pro Leu Arg Leu Trp Trp Asn Lys Ser Tyy Gly Lys
230 2085 300

Tyr Asn Tyr Ala Ala Gln Lys Val

305 310

<210> 335
<21i> 94

<212> DNA
<213>» Artificial Seguence



<Z220>
<Z23> Synth

<400> 323

atgtettttc
atcatcggoa
agtoctggttyg
geggagtggt
cgtaacgcga
gcggacggte
attcat
gatatggago
gtggaagacc
gagttoctoto

gatat ag
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<210>» 33%
<Zil» 313
<Z1l2> PRT
<213% Artif
<220
<ZZ3>» Synth
<4{00> 336
M=t Ser Phe
Proc ARla Ilc
Glu Thr Asp
35
Bla Leu Lys
50
Arg Thr Tyr
&5
Rrg Asn Ala

Thr Asp Tyr
115
Glu Val Asn
1390
Leu Tyr Lys
145
Val Glu Asp
Val Asn Gln
Iie Cys Lys
195
Pro Leu Giy
230
Pne Phe Glu
225

etic Construct
accaacagit tttcacgetg
ctgagtacage gtggtataaa
aacaaatcgt gtatgeogtig
atcgcaccta cooggaagig
cttfteotgac ggataaatat
tggatttage atigaagaaa
cgttagttic gaaggaageyg
agttatacaa aagtggtaaa
tgcaacgtat coctgaaagtce
cgticcTgoa aaaccaaaca
tggsagcata Lrotecgoety
catttittiga gtacgtcaasa
tecoctgogetyg ggtcactazas
gcattagega tgctcagaac
tcacggaget gggtcetggaa
gatataaclta cgcocogoccay
icial Seguence
wetic Construct
His Glin Gln Phe Phe
5
via Ile Tle Gly Thr
20
2la Thr Phe Ser Asn
40
Leu Pro Gly Ile Tie
55
Pro Glu Val Gly Lys
70
le Phe Leu Thr Asp
835
Pro Ala Asp Gly Leu
Qo
Val Asp Leu Tyr Leu
120
Giy Leu Ser Leu Glu
135
Ser Gly Lys Alz Lys
1506
Leuw Gln Arg Tle Leu
163
fie Glu Phe Ser Prc
180
Phe Cys Gin Glu His
0
Pro Leuw Arg Lys Lys
215
Tyr Val Lys Glu Leu
230

aacaacggca
cccgaagaaa
aaactgccygyg
ggtaaagcac
totococgcaga
atgggtacag
astggcttaa
gqotazaaaca
gotgaagLia
ccaggceattt
goccogotge
gzattgagcy
cgoggtgtge
ctgtitiect
catgaaccgo
aaagtgtaat
Tnr Leu Asn
10
Gly Thr Ala
25
Ser Leu Vail
iis Tie Asp
Ela Leu Ser
]
Lys Tyr Ser
506
Esp Leu Ala
105
Ile Hig Ser
Giu &la Trp
Eesn Ile Gly
155
Lys Val Ala
170
Phe Leu Gin
183
Asp Ile Leu
Thy ARls Gin
Ser Glu Lys
235

atasaatccc
ctgacgogac
ggattatcca
tgtccetgac
ttaasatgag
attatgttaga
gcttagaaga
tcggggtitte
aacctcaggt
gcazattctyg
ggaagaaaac
aaaaatacasa
tgocagttac
togaccigac
tgocgoctgtyg
ga
Asn Gly Asn
Trp Tyr Lys
30
Glu Gln 11
45
Rila Ala Giu
60
Leu Thr Glu
Pro Gin Ile
Leu Lvs Lys
210
Pro Leu Val
125
Lys Asp Met
TAD
Val Ser Asn
Glu Val Lys
Asn Gln Thr
15
Val Glu Als
205
Asp Ser

=3 R I
Sl I ()]
S Bl

b=
in
bt
—
<
in

ggcgattgeo

ctictocaat
catcgacgoo
cgasazgoot
tgactccoet
tttatatotg
ggcttggasa
caatttcaca
caaccagatt
tcaggagceac
cgocgcaggac
taaatccgayg
cacctotica
ageggaagag
gtagaatasa
Lys Ile
1z
Pro Glu
Val Tyr
Trp Tyr
Lys Proc
20
Lys Met
95
Met Gly
Ser Lys
Giu Gln

Pro

i =

“

Pro Giy

Tyr Ser

Gln Pro

Ser Glu
240

60

120
180
240
300
360
427
480
540
600
Gel
720
T80
840
9co
94z



Ala Gln Iie

Thr Thr Ser

Ser Phe Asp

275

Leu Glu His
290

Pan Tyr

<210>
<21il>
<212
<213>

<220
<223> EBynth
<400> 337

atgtcttttao
atcatcggcoa
agtctggtoc
goggagrggt
cgtaacgoga
geggacggto
attcattcce
gatatggago
gtggaagacc
gag
gatatoctgy
gacagcecaac
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<220>
<Z23» Synth

<400> 338

Met Ser Phe

Pro Ala Ile

Giu Thr Asp
35

Bia Leu Lys

50
Arg Thr Tyr

Ile Leu Arg Trp Val Thr Lys
245 250
Ser Lys Pro Gln Arg Ile Ser
260 265
Leu Thr Ala Glu Giu Val Asp
280G
Giu Pro Leu Arg Leu Trp Trp
295
Ala Ala Gin Lys Vai
310
Lcial Beguence
etic Construct
accaacagtt tticacgctg aacaac
ctggtacagce gtggtataaa cocogas
sacaaatcgt gtatgegtico zaactg
atcgrcaccita ccoocggaadtg ggtaaa
ttotgac ggataaatat totocy
Lggatttage attgaagsaa atgggt
cgttagitic gaaggaagty aatggc
agttatacaa aagtggtaaa gotaaa
tgcaacdtat Cocotgaaagtc gotugaa
cgttcoctgeca asaccaaaca ccagyc
tggaagoata Luctocgotyg ggooog
cattttttga gtacgtcaaa gaatig
teccoctocgety ggtcactaaa cgcggt
geattagoga Lgctcagasac ctgttt
tcacggaget gggtetggaa catgaa
gatataacta cgcogoccay asagtyg
icial Seguence
etic Construct
His Gin Gln Phe Phe Thr Leu
5 10
Ala Ile Ile Giy Thr Gly Thr
20 Z5
Ala Thr Phe Ser Asn Ser Leu
40
Leu Pro Gly Ile Ile His flie
55
Pro Glu Val Gly Lys Ala Leu
e
Ile Phe Leu Thr Asp Lvs Tyr
85 90
Pro Ala Asp Gly Leu Asp Leu
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Giy Val Leu

Alz Gln Asn
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ITle Thr Glu
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Lys Glu Tyr
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atasaatcco
ctgacgegsac
ggattatcca
tgtocctgac
Ctaazaatgag
attatgioga
gocttagaaga
tcggggtttc
aacctocaggt
geazattotyg
ggaagaaaac
aaaaatacaa
tgccagttac
tocgacctgac
tgcgoctgty
ga
Asn Gly Asn
Trp Tyr Lys
30
Glu Gln Ile
45
Ala Ala Glu
66
Leu Thr Gla
Pre Gln Ile
Leu Lyvs Lys
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Gly Leu

245

hr Ser Ser Lvs Pro
260
e Bsp Leuw Thr Ala
275

Giu His Glu Pro lLeu
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Arrtificial Sequence

Synthetic Construct
> 338
CctittC accaacagtt T
Togygces ctggtacags g
Tggtog aacaaatocgt g
agtggt atcgcaccta <
acgcga tTittittctgac g
acggte tggatttage a
attcococe cgttagttte g
Tggage agtiatacas a
aagacc tgcaacgtat <
tectere cgtitoctaca a
tcctgg tggaagcata €
gocaac cattttttga ¢
agatca toctgogectg g
cteags geattagoega t
ataaaa tcacggaget g
atggca aatataacta ¢
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Ser Glu Lys
235
Thr Lys Arg

230

Ile EBer Asp
265
Vazi Asp Lys

aacaacggca
ccogaagaas
aaacTgccgg
ggtaaagcac
toctecocgoaga
atgggtacag
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Ser Lys
Glu Gln
Phe Thr

160
Pro Gln

Gln Pro

Ser (lu
240

Pro Vail

255

Leu Phe

ggcgattgeo
cttctcecaat
catcgacooc
cgasaagoot
Tgactoooot
tttatatctg
ggcttggasas
caatttcaca
caaccagatt
Lcaggageac
COCgeagyat
taaatccgag
cacctcitca
ageggaagay
gtggaataaa
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<£00> 340

Met Ser Phe

1

Fro Ala Ile

Glu Thr Asp
35

Ala Leu Lys

50

Thr
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Ilie Cys Lys
1485
Pro Leu Gly
210
Phe Phe Glu
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His Gin Gln
Ala Ile Ile
20

Ala Thr Phe
Leu Pro Gly
Pro Glu

Iiz Glu Phe
180

Phe Cys Gin
Pro Leu Arxg

e
AL

Lys

215
Glu

Leu Glu leu Arg
290 295

Tyr Asn Tyr Ala Ala Gln Lys

305 310

<Z21G> 341

<Z211> 942

<Z1Z>» DN&

<213>» RArtificial Seguence

<220

<Z223> Synthetic Construct

<400> 347

atgtcttiic accaacagtt tttca

atcatcggca ctggtacagce gtggt

agtctggtty aacaaatcogt gtatyg

gcggagtggt atcgcaccta cocgy

cgtaacgcga ttitttotgac goata

goggacggtc tggatrttage attga
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Lys Ile
15
Pro Glu

[

5
Met Gly
)

Gilu Gin
ne Thr
160
Pro Gln
175
Pro Gly
Tyr Ser
Gln Pro
Ser Glu
240
Prc Val
258
Lew Phe

Leu

Gly

ggcgatigee
criotccaat
catcgacgcco
cgaaaadoct
TgacLccoot
tLtatatcig



attcattcce cgtta
gatatggage agtta
gtggaagacc tgcaa
gagttoTote cgtic
gatatccigg tggaa
gacagceaac cattt
cccagatoa tectg
aageoctcagoe gceatt
gttgataaaa tcacg
gagtatggca aatat
<210> 342
<21l 313
<212> PRT
<213 Arctificial
<220>
<ZZ3> Synthetic
<400> 342
Met Ser Phe His
1
Proc Ala Ile Ala
20
Giu Thr Asp Ala
35
Ala TLew Lys Leu
5
Arg Thr Tyr Pro
65
Arg Asn Alz Ile
Ser Asp Ser Pro
100
Thr Asp Tyr Val
113
Gilu Val Asn Gly
130
Leu Tyr Lys Ser
145
Vail Glu Asp Leu
Val Asn Gln Ile
180
Tle Cys Lys Phe
195
Fro Leu Gly Pro
210
Phe Phe Glu Tyr
225

Ser Phe RAsp Leu
275
Leu Giu His Glu
280
Tyr Asn Tvr Ala
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gaaggaagtg
sagtggtaas
coctgaaagtc
aaaccasadca
ttcecteoecgetyg
gtacgtcaas
ggtcactaaa
tgctcagaac
gggtctggaa
cgccgoocad
Sequence
ruct
Gln Phe Phe
Ile Gly Tar
Phe Ser Asn
40
1y Tie Ile
55
Val Gly Lys
0
Leu Thr Asp
Asp Gly Leu
Leu Tyr Leu
120
Ser Leu Glu
135
Lys Ala Lys
150
rg Ile Leu
Phe Ser Pro
in Glu His
200
Arg Lys Lys
215
Lys Glu Leu
230
Arg Trp Vai
Pro Gln Arg
Bla Glu Glu
280
Leu Arg Leu
295
Gin Lys Val
10

datggcttaa
gctaaasac

gotgaagtt

ccaggoattt
ggcocgctyge
gaattgagcy
cgoggtgige
ctgttttect
catgaaccgo
aaagtgtaat

1)

(R

Thr Leu Asn
10
Ciy Thr Rla
25
Ser Leu Val
His Iie Asp
Als Leu Ser
75
Lys Tyr Sex
fat
i
Esp Leu Alsa
10%
Ile His SBer

Thr Zla Gln

Ser Glu Lys
235

hr Lvs Arg

250

ie 3er Asp

265

fal Asp Lys

gcttagaaga
teoggggttto
aacctcaggt
gecaaattotyg
ggaagaaaac
azaaatacaa
tgoccagttac
tocgacctgac
Tgogectgta
ga

Asn Gly Asn

Trp Tyr Lys
36

Giu Gln Ile

Leuw Thr Glu
Pro Gln Ile
Leu Lys Lys
110
Pro Leu Val
125
Asp Met
Ser Asn
Val Lys
Gl Thr
100
Glu Ala
205
Asp Asp Ser
2206
Tyr Asn Lys
Glv Val Leu
Ala Gln Asn
270
Iie Thr Glu
285
Lys Glu Tyr

300

gogcttggaaa
caatttcaca
caaccagatt
tecaggageoac
cgoegecaggat
Taaatccgag
cacctctica
agcggaagag
ttggaataaa

Lys Ile
T
15
Pro Giu
Val Tyr
Trp Tyr

I.Jy

95

Met Glvy

Ser Lys

Glue Gin

Phe Thr
160

Pro Gln

175

Pro Giy

Tyr Ser

Gin Pro

Ser Glu
240

PFro Vail

255

Leu Phe
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<212> DNA

<Z2i3» Brtificial Sedquence

<220

<Z23>» Synthetic Construct

<400> 343

atgtottitc accaacagit titca

atcatcggea ctggtacage gtggr

ggtotggttg aacaaatcgt gtatyg

goggagtggt atcgeaccta Cotdgyg

cgtaacgega tttttctgac ggata

goggacggto tggatitagoe attga

attcattcce cgttagttic gaagg

gatatggagce agitatacaa aagtg

gtggaagacs tgcaacgtat cociga

gagttctcte cgttcectaca aaacc

gatatcotgyg tggaagecata ttete

gacagccaac catttittga gtacg

gooccagatca tcectgegctg ggtca

aagoctcage gecattagcga tgotc

gttgataaas toacggaget gggtco

gcgtatoggeca aatataacta cgccg

<21C» 344

<21i> 313

<212> PRT

<213» Artificiszl Seguenc

220>

<223>» Bynthetic Construct

<400> 344

Met Ssr Fhe His Gln Gin Phe

kl 5

Pro Ala Ile Alas Ile Ile Giy

20
Giuw Thr Asp Aila Thr Pnre Ser
35

Ala Leu Lys Leu Pro Gly Ilie
5 5

Erg Thr Tyr Pro Glu Vel Gly

65 7C

Erg Asn Rla 1le Phe Leu Thr

g5
Ser BAsp Ser Pro Rla Asp CGly
100

Thr Asp Tyr Val &sp Leu Tyr

Glu Val Zsn Gly Leu Ser Leu
136 135

Leu Tyr Lys Ser Gly Lys Ala

145 1506

Val Glu Asp Leu Gln Arg Ile
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aacaacggca
cccocgaadaaa
zaactgooygg
ggtaaagcac
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Glu Gln
Phe Thr
160

Ser Glu

240
FPro Vax
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Jquogattgec
cttctccaat
catcgacgoo
Cgzaaagcoot
tgactoocot
Tttatatotyg
gygcttggaaa
caatttcaca
caaccagatt
Tcaggagcac
cgcgoaggat
taaatcocgag
cacctctica
agcggadgad
giLggaataas



<400> 354
Met Ser Phe
1
Pro pais Ile
Glu Thr Asp
3k
Ala Leu Lys
50
RArg Thr Tyr
65
Arg Asn Ala
Ser Asp Ser
Thr Asp Tyr
115
Giu Val Asn
130
Leuw Tyr Lys
145
Val Glu Rsp
Val Asn Gln
Iis Cys Lys
195
Pro Leu Gly
210
Phe Phe Giu
225
Ala Gin Ile

Tyr

<210>
<Z11l>
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Bis Gln Gln Fhe Phe
5

Ble Ile Ile Gly Thr
24

Ala Thr Phe Ser Asn

4G
Leu Pro Gly Ile Iie
55

Pro Glu Val Gly Lys

Ile Phe u Thr Asp
85
Pro Bla Asp Gly Leu
100
Val Asp Leu Tyr Leu
126
Gly Leu Ser Leu Glu
135
Ser Gly Lvs Ala Lys
150
Leuw Gln Arg Ile Leu
165
Ile Glu Phe Ser Pro
180
Phe Cys Gin Giu His
200
Pro Leu Arg Lvys Lys
215
Tyr Val Lys Glu Leu
230
Ile Lieu Arg Trp Val
T Gln Arg
2ot
Leu Thr Ala Glu Glu
280
Glu Pro Leu

A
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Ala Als Arg Glu Ser
316

icial Sequence

etic Construct
accaacagtt tticacgctg
ctggtacage gtggtataaa
aacaasatcgt gtatgcgttg
atcgcaccta coccggaagtg
tttttctgac ggataaatat
tggatttage attgaagaza
cgttagitic gasggaagtg
agttatacaa aagtggtaaa
tgcaacgtat cctgaaagte

Thr Leu Asn
1C
Thr Ala

r Leu Val
His Tle Rsp
Rla Leu Ser

75
Lys Tyr Ser
90
Bsp Leu Ala
103
Iie His BSer
Glu Als Trp
RBzn Tle Gly
155
Lys Val RAls
170
Phe Leu Gln
185
Bsp ITle Leu
Thr Ala Gln
Ser Glu Lys
235
Thr Lys Arg
250
Ile Ser Asp
265
Val Asp Lys
Tro Trp Asn
Val Met
sacaacggca
ccocgsagaaa
aaactgccgy
ggtaaagcac
tctococgcaga
atgggtacag
aatggcottaa
gctaaaaacs

gotgaagtta

Asn

Lys
30

Glu Gln Ile
45
Aila Ala Glu
60
Leyu Thr Glu
Fro Gln Ile
Leu Lys Lys
RN
Pro Leu Val
iZs
Lys Asp Met
140
Val Ser Asn
5lu Val Lys
Lsn Gln Thr
190
Val (Glu Ala
205
Asp Asp Ser
220
Tyr Asn Lvs
Gly Val Leu
Ala Gin Asn
270
Tle Thr Gi
285
Lys Gin Tyr
300
ataaaatcoc
chgacgcgac
ggattatcca
tgtccotgac
ttaaaatgag
attatgttga
gcttagaaga
tocggggttic
aacctcaggt

Lys Ile
i5
Pro Giu
Val Tyr
Tre Tyr
Lys Pro
B0
Lys Met
5

Ser Lys
Glu Gln
Phe Thr
160
FPro Gln
175
Pro Gly
Tvr Ser
Gin Pro
Ser Glu
240
Pro Val
255
Leu Phe
LU Gly
Gly Lys
ggcgatigec
crtctecaat
catcgacgoc
cgaaaagcoct
tgactcooct
Tttatatctyg
ggcttgygaaz
caatticaca
caaccoagatt

60

120
180
240
300
360
420
480
740



gagttoctetc
gatatcctgo
gacagccaadc
gecccagatca
aagcctcago
gttygatasaa
cagtatggca

FANRFAN
LG o
b et pt e
[SVIR RCIE a)
VoMWW

TANAY
)

<220%
<223> Synth

Mzt Ser Fhe
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Pro Als Ile

Glu Thr Asp

Als Lesu Lys
50

Rrg Thr Tyr
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brg Asn Als

Ser Asp Ser

Thr Asp Tvr
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Leu Tyr Lys
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tcteocgetg
tacgtcaaa
gtcactaaa
getcagaac
ggcctgga
gcogeocayg
Phe Phe
Giy Thr
Ser Asn
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Tie Ile
55
Gly Lys
Thr Asp
Gly Leu
Tyr Leu
120
Leu Glu
135
Ria Lvs
Ile Le=u
Ser Pro
Glu His
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Val Tyr

Lys Fro
B0C
Lys Met

Fhe Thr
160

Pro Gln

175

Pro Gly

Tyvr Ser

Gln Pro

-
Ser Giua

240

Pro Val
55

Leu Fhe
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<213>» Artificial Seguence

<223>» Synthetic Construct

<400> 357
atgtottttc accaacagtt Citca g aacaacggca atasaatccc ggcgattgec 60
atcatcggea ctugtacage gitggtataas cccgaagaaa ctgacgcgac ctictcocaat 120
agtctggityg aacasaatcgt gtatgogttg aaactgocge ggattatcca catcgacgec 180
gocggagtgut atcgcaccLa Ccoogygaagiyg ggtaaagoac tgtoociygac cgaaaagocct 240
cgtaacgega ttittotgac ggataaatat tetocgcaga tiaaaatgag tgactcoccccot 300
goggacggtc tggatttage atigaagasaa atgggtacag attatgtiga tttatatctg 360
attcattoco cgttagtitc gaagyaagtg aatggeitaa gottagaaga ggottggasa 420
gatatyggage adgttatacaa aagtggtaaa gotazasaaca Toggggtttc caatittcaca 480
gtggaagace tgcaacgtat cotgaaagtc gotgaagita aaccticagyt caaccagatt 540
gagttotctc cgttcootgoca aaaccaaaca ccaggeatit gceaaatteto tcaggagceac 600
gatatcotgg tggaagceata ttcetocgotg ggcococcocgotgoe ggasgaaaac cgogcaggat 660
gacagccaac cattttitga gtacgicaasa gaattgagceg asgaaatacaa taaatcogag 720
geccagatca tectgocgcty gotcactaaa cgoggtotge tgccagttac cacctcttca 736
zagocotcage goaittagoga tgotcagaac ctgttttoct togacctgac agcoggaagag B40
gttgatzaaa tcacgygaget gggectggaa catgaaccge tgogectgtyg gtggaataaas 9C0
cagtatggca aatataacta CgCCUgCcCCCa gasdagigtas Cga 943
<210> 358
<z1ix 314
<Z12> PRT
<213» Artificial Sequence
220>
<ZZ3» Synthetic Consitruct
<400> 358
Met Ser Phe His Glrn ¢ln Phe Phe Thr Leu Asn Asn Gly Asn Lvs Ile
i 5 10 15
Pro Ala Ils Als Ile Ile Gly Thr Gly Thr Rlz Trp Tvyvr Lys Pro Ciu
20 25 30
Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Giu Gln Ile Val Tyr
35 40 45
Ala Leu Lys Leu Pro Gly Ile Ile His Ile Asp Rla Ala Gilu Trp Tyr
54 BE 60
Arg Thr Tyr Pro Glu Val Giy Lys Alz Leu Ser Leu Thr Glu Lys Pro
5 70 75 80
Arg Asn ARis Ile Phe Leu Thr Asp Lys Tyr Ser Fro wys Mex
85 G0 25
Ser Asp Ser Pro Als Asp Gly Leu Asp Leu Rla Leu Lys Lys Met Gly
1G0 1d5 10
Thr Esp Tyr Val RAsp Leu Tyr Leu Tie His Ser L Ser Lys
1is 120
Glu Val Asn Glv Leu Ser Leu Glu Giu Ala Trp Lvs Asp Met Giu Gin
135 140
Leu Tyr Lys Ser Gly Lys Ala Lvs Asn Bsn Phe Thr
145 150 160
Val Glu Asp Leu Gln Arg Iile Leu Lys Lys Fro Gin
165 275
Val Asn Gin Ile Glu Phe Ser Pro Phe Thr Pro Gly
180 185 190
Tle Cys Lys Phe Cys Cln Glu His Asp Ile Leu Val Glu &la Tyr Ser
195 260 205



Pro Leau
210
Phe Glu
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Thr Thr Ser
Ser Phe Asp
275

Leu Glu His

Tyvr Asn Tvr

<21G» 35

<211> 94

<212> DNA

<213> Artificia
<220

<223

<430> 355
atgtetittc acca
atcatcggea ctgg
agtctogttg zaca
gcggagtggt atcy
cgtaacgoga tiott
gocggacggte tgga
attcattocce cgtt
gatatggage agtt
gtggaagacce tgca
gagttctecte cgtt
gatatcctgyg tgga
gacagceeaac cati
goccagatca tect
aageoicage geat
ttgatasaz tcac
gagtatggca salta

<21C> 360
<21%i> 313
<212> PRT

<Z213>» Artificils

<220>

C2Z3>

<40G> 360

Met Ser Phe
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Pro Ala Ile

Giu Thr Asp
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Ala Le=u Lvs
50

Arg Thr Tyr
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ctgacgogac
ggattatcca
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attatgttga
gottagaags
tcggggttte
aacctcaggt
geaaattong
gTaagaaaac
aaaaatacasa
TgccagTtac
tcgacctgac
tgocgoctgta
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Asn Gly Asn
Trp Tyr Lys
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Giu Gln Leu
45
Lia Rla GL
60
Leu Thr Glu

Ero Val
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Leuw Phe
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&5 70 75
Arg Asn Rls Iile Phe Ile Thr Asp Lys Tyr Ser Pro Sln Iie Lys
85 90 95
Ser Asp Ser Pro Ala Asp Gly Leu Asp Leu ARla Leu Lys Lys Met
100 105 118
Thr Asp Tyr Val Asp Leu Tyr Leu Ile His Ser Pro Leu Val Ser
) 120 125
Glu val Asn CGly Leu Ser Leu Giu Glu Als Trp Lvs Asp Met Glu
130 4

Leu Tyr Lys Ser Gly Lys Giy Val Ser Asn FPhe

145 i5¢C 1:55

Val Glu Asp Leu Gln Arg Ils Leu Lys Val Ala Glu Val Lys Pro
165 i70 175

Val Asn Gln Ile Giu Phe Ser Pro Phe Leu Gin Asn Gin Thr Pro

igc 1z

Phe Cys Gln Glu His As
200

vs Lys Thr Ala Gin Asp
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Rla Gln Ile Ile Leu Arg Trp Val Thr Lys Brg Gly Val Leu Pro
45 250 253
Thr Thr S5er Sexr L Pro Gln Arg Ile Ser Asp Ala Gln Asn Leu
260 265 270
Ser Phe Asp Leu Thr Ala Glu Glu Val Asp Lys Ile Thr Glu Leu
27 5
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b GO

Leu Glu His Giu Pro Leu Arg Leu Tyr Trp Asn Lys u Tyr Gly
2940 295 300

Tyr £sn Tyr Ala Ala Gln Lys Val

308 31¢

<210» 36l
<z11> 942
<Z212> DA
<213> Artificial Sequence

4N

220>
223> Synthetic Construct

A

<400> 361

1

atgtocttittc acc titcacgety sacaacggca ataazaatccc ggog

tcetocgygca ctg gtggtataaa cccgaagaas ctgacgegac cttco
agteotggtie as gratgogityg aasacs gy ggattatcoca catc
goggagattt at ccocggaagtyg gghta cac tgtcecchtgac cgaa
cgtaacgcyga TLY atcac ggataaatat TcLc a Ltaaaatgag cgac
gcggacggic tggatttagce attgaagaas atgys cag attatgtTga itz
attcattcoe cgttagttte gaaggaagtyg aatggcttas gcttagaaga ggot
gatatggagec agtitatacaa aagtggtaaa dctasasaca toggggtito caat
grggaagacc tgcaacgtat ccotgaaagtc gctgaaglia aacctcaggl caac
gagttcicte cgticctgca gaaccaaacs ccaggeattt goaaatictg tcoag
gatatcetgg tggaageata tictoogeta gooccgotygc Jgaagaaaac ogog
gacagccaac catt tga gtacgtcaaa gaatigagog aaaaatacaa Taaa
goccagatca tcotgogotyg ggtcactaas cgcggtgtgoe tgcoccagtiac cacco
aagcoteago geattagega tgotcagaac ctgbtittoct togacohtgac agog
gitgataaaa tcacggagct gggtctggaa catgaaccge Tgogooitgto gtgo
ttgtatggca aatataacta cgccoygoocay aaagtataat ga

<210> 362
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<211» 313
<212> PRT
<213
<Z20>
CZZZ> Synthetic
<400> 362
Met Ser Pne His
Pro Ala Ile Ala
20
Glu Thr Asp Ala
35
Ala Leu Lys Leu
50
Brg Thr Tvyvr Fro
%!
Arg Asn Ala Tie
Ser Asp Ser Pro
106
Thr Asp Tyr Val
115
Giu Val Asn Gly
130
Leu Tyr Lvs Ser
145
Val Glu Asp Leu
Val Asn Gin Tie
180
Ile Cys Lvs Phe
195
Pro Leu Gly Pro
210
Phe Phe Glu Tyzr
225
Ala CGin Ile Ile
Thr Thr Ser Ser
260
Ser Phe Asp Leu
275
Leuw Glu His Giu
290
Tyr Asn Tyr Ala
305
<210> 363
<ZLi1l> 942
<Z1Z>» DKA
<213» Brvificia
220>
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Leuw Arg Lys
215
Val Lys Glu
230
Leu Arc Trp
245
Lys Pro Gln
Thr Ala Glu
Fro Leu Arg
285
Als Gin Lys
310
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Synthetic Construct
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agretggtic
goggagtggt
cgtaacgocga
gocggacgglc
attcattces
Jgatatggageo
gtguargaco
gagttctotc
gatatcoigy
gacageccaac
gococagatoa
aagcctecagoe
gttgataaaa
ttgtatggceca
<210> 364
<231x 313
<212> PRY
<Z23iZ» Artifi

Synth

<400> 364
Met Ser Phe
1

Pro Alg Ile
Glu Thr Asp

35
Ala Leu Lys
5".

Arg Thr Tyr
o]

Arg Asn Als

Thr Asp Tvr
115
Clu Val Asn
130
Leu Tvyvr Lys
145
val Glu Asp
Val ARsn Gin
Tle Cys Lys
135
Pro Leu Gly
210
Phe Phe Giu
225
Ala Gin Ile
Thr Thr Ser
Ser Phe Asp
5T

aacaattagt gtatgogtig
atcgecaccta cocoggaadgtyg
tttttatcac ggataaatat
tggatttage attgaagaaa
cgttagttte gaaggaagiqg
agttatacaa aagtggtaaa
tgcaacgtat cctgaaagic
cgttcococtigea asaccaaac
tggaagecata ttctoogeta
cattrttiga gtacgtcaas
tcoctgegetyg gotcactaas
groattageoga tgotcagaac
tcacggagot gggtotggas
aatataacta CgCCgoCoag
icial Sequence
etic Construct
His Gln Glu Bhe Phe
5
Ala Iie Iie Gly Thr
20
Ala Thr Phe Ser Asn
40
Leu Pro CGily lle Ile
55
Pro Glu Val Gly Lys
70
Tle Phe Ile
85
Pro Ala Asp Gly Leu
100
Val Asp Leu Tvr Leu
120
Gly Leu Ser Leu Elu
135
Ser Gly Lvs Ala Lys
150
Leuw Gln Arg Ile Leu
165
Iie Giu Phe Ser Pro
0
e

Iie Leu Arg Trp Va:
245

Ser Lys Pro Gln Arg

260

Leu Thr Ala Glu G

aaactgocgyg
ggtaaagoac
tctcococgoaga
atgggtacag
aatggcottaa
gctaasaaca
gotoaaghtta
ccaggeattt
guccogotgo
gaattgageg
cgcggtgtge
ctgititoet
catgaacage
aaagtataat
Thr Leu Asn
Giy Thr Rls
25
Ser Leu Val
His Ile Asp
Ala Leu Ser
75
Ser
ks Leu Als
105
Ile Eis Ser
Giu Ale Try
Bsn Iie Giy
155
Lys Val Als
170
Phe Leu Gln
185
] Iie Leu
Ala Gln

siu Lys
235
Thr Lys Arg
250
Ile Ser Asp
265
Val Asp Lys
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totccctgac
Ttaaaatga
attat

gottag

j§H)

AN

+

O
ot
rh

oot

9]

fie]

Q

i8]

(19
o
ok O o

FUE
(ORISR B R

n
0
e
ot

Al
o]
O Lo oW
9] LC; [
Ot

v

(R iearte]
S

ot
Do (O 0
09 0w
O m
o ot ot
o ot
LoD
0 w0

Uy
[
]
o
loNe]

L8]

Glu Gln Leau
45

Ala Bla Glu

60

Leu Thr Glu

Pro Gin Tle

Leau Lys s

Lys Asp Met
1490

Val Ser Asn
Glu Val Lys

Ben CGln Thr
190
Val Glu Alz
205
Asp Asp Ser
220
T

Ala CGlon Asn
270
Iie Thr Glu

catcgacgac
cgaaazqgceck
cgactcocoot
tttatatctyg
ggcttggaaa
caatttcaca
caaccagatt
tcaggagcac
cgcgoaggat
taazaccgadg
cacctcitca
agoggaagay
gtggaataaa

Lys Iis

15

Pre Giu

Lys Pro
8

Lys Mat

95

Met Gly

Ser Lys

Glu Gin

Pro Gln
175

Pro Gly
Tvr Ser
Gln Pro
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Leu Gly
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Glu His

290 285

Tyr Asn Tyr Ala Ala Gln Lys

305 310

<210> 365

<Z21i>» 942

<Z12> DNA

<Z213> Artificial Seqguence

<220%

<Z223» Synthetic Construct

<400> 365

atgictttic accaagaaltt ttica

atcatcggea ctggtacage gtgge

agtetggttg aacaatitagt gtatg

goeggagtggt atcogeaccta cocgg

cgtaacgcga tittiatcac ggata

goggacgygte tggatttage attga

aticattcce cgttagtitc gaagg
agttatacaa aagtg
tgcasacgtat cctga
cgttcctgeca asaacc
tggaagcats ttcete
cattttttga gtacg
tcoctgogetg ggtoa
geattagega tacto
tcacguagot gogto
szatataacTta cgccg

<z10» 366
<21l 313
<212> PRT

<Z13» Artificial

<220>

<2Z23>» Synthetic Construct

400> 366

Met Ser Phe His Gln Giu Phe

1 5

PFro Ala Ile Rla Ile Ile Gly

20
Glu Thr Asp Ala Thr Phe Ser
35
Ala Leu Lys Leu Pro Gly Ile
5¢ 5

g Thr Tyr Pro CGlu Val Cly
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ro Asn Ala Ile Phe e Thr
85
Ser Asp Ser Pro Alz Rsp Gly
100
Thr Asp Tyr Val Asp Leu Tyr
115

Glu Val Asn Gly Leu Ser Leu
130 135

Leu Tyr Lys Ser Gly Lys &la
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Arg Leu Trp Trp Asn Lys Leu

aacaacggcs
ccCcgaagaaa
asactgecygy
ggtaaagcac
tctoogecaga
atgggtacag
aatggottas
getaaaaacs
gectgaagtta
ccaggeattt
ggoeogetyge
gaattgagcyg
cgoggtgotge
crtgtttteet
catgaaccge
aaagdtataat
Thr Leu Asn
10

Gly Thr Als
23

Ser Leu Val

His Iie Asp
Lla Leu Ser
A
i’
Lys Tyr ber
a0
hsp Leu Ala
105
Tle His
Giu Ala
Asn Iie

Tvyr
300

ataaaatcco
ctgacgcgac
ggattatoca
Tgtcceotgac
ttaaaatgag
attatgttga
gettagaags
toggggtito
aacctoaggt
geaaatocoyg
Joaageaaac
anaaatacaa
tgccagttac
Tcgacctgac
Tgcgoctgiy
Gga
Asn Gily Asn
Trp Tyr Lvs
30
Giu Gln Leu

ggcgattg
cttcteea
catcgacg
cgaaaago
cgacicco
[ atc
a9 Jga
caatttea
caaccaga
Toaggago
cgcdoagg
taaaaccy
cacctett
agtggaad
gtggaata
Lvs Ile
5
Dro Glu
Val Tyr
Trp Tyx
Lys Pro
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Livs Met
95

Meat Gly
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145 150 155

Val Giu Asp Leu Gln Arg Iie Leu Lys Val Ala Glu Val Lys Pro
165 170 175

Val Asn Gln Ile Gilu Phe Ser Pro FPhe Leu Gln Asn Gln Thr Pro

180 185 1280
Ile Cys Lys Phe Cys Gin Glu His Asp Ile Leu Val Glu Ala Tyr
195 200 205
Pro Leu Gly Pro Lew Arxg Lys Lys Thr Ala Gln Asp Asp Ser Gln
210 215 220

Phe Phe Giu Tyr Val Lys Giu Leu Ser Glu Lys Tyr Asn Lys Thr

225 230 235

vla Gin Ile Ile Leu Arg Trp Val Thr Lys Arg Gly Val Leu Pro
245 250 255

Thr Thr Ser Ser Lvys Pro Gln Arg Tle Ser Asp Aia Gln Asn Leu

60 265 276
Ser Phe Asp Leu Thr Ala Glu Glu Val Asp Lys Iie Thr Glu Leu
215 280 285
Leu Glu His Glu Pro Leu Arg Leu Trp Trp &sn Lys Gln Tyr Gly
290 295 300
I Lys Val



