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TRANSAMINASE BIOCATALYSTS

I CROSS REFERENCE TO RELATED APPLICATIONS
{G6001] This application claims benefit under 35 U.S.C. § 119(e) of application Serial No.

61/155,902, filed February 26, 2609, the contents of which are incorporated herein by reference,

2. TECHNICAL FIELD
[0002] The present disclosure relates to transaminase biocatalysts and methods of using the

biocatalysts.

3. REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM
[0603] The official copy of the Sequence Listing is submitted concurrently with the specification as
an ASCIH formatted text file via EFS-Web, with a file name of 376247-(35.ixt, creation date of
February 26, 2010, with a file size of 367 Kbvtes. The Sequence Listing filed via EFS-Web is part of

the specification and is herein incorporated by reference.

4, BACKGROUND _

{0004] Following ingestion of a meal, a group of hormones termed incretins, which inchade glucagon
iike peptide-1 (GLP-1) and glucose dependent insulinotropic peptide (GLIP), are released. Incretins
stimulate insulin release and suppress glucagon release in a glucose dependent manner, delay gastric

emptying, and increase satiety, Increting are rapidly degraded by dipeptidyl peptidase-TV (DPP-4),

[0005] Sitagiiptin is one of a class of anti-hyperglycemic drugs that inhibits DPP-4. Inhibiting DPP-
4 activity and thereby delaying the mactivation of increting appears to improve islet fimction by
mereasing alpha-cell and beta-cell responsiveness to glucose, resulting in improved glucose-
dependent insulin secretion and reduced inappropriate glucagon secretion. Because of its anti-
hyperglycemic effects, sitagliptin has been approved for use i the treatment of Type 2 diabetes in

NUmMErous countries.

[6006] The current manufacturing process to produce sitagliptin features asymmetric hydrogenation
of an unprotected enamine amide (US Patent No. 7,468,459, which issued on December 23, 2008, the
contents of which are incorporated by reference in their entirety; Shultz et al., 2007, Acc. Chem. Res.
40:1320-1326). Using a thodium Josiphos-ligand catalyst in methanol at 50°C and 250 psi provides
sitagliptin as the free base with about 97% e.e. Crystallization upgrade of the free base yields
sitagliptin with >9%.5% e.e. and 84% yield, and subsequent reaction with phosphoric acid affords
stagliptin phosphate monohydrate, the active pharmacestical ingredient (“APT™} in JANUVIA®, in

about 79% overall yield from the enamine amide substrate.

{0007] Further improvements in the manufacturing process for sitagliptin are desirable.
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5. SUMMARY

[6008] The present disclosure provides polypeptides, polynucleotides encoding the polypeptides and
methods of using the polypeptides for the biocatalytic conversion of 4-0x0-4-[3-(trifluoromethyl)-5,6-
dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-y11-1-(2,4,5-trifluorophenyl)butan-2-one (the “ketoamide
substrate”} to (2R)-4-oxo-4-[ 3-(trifluoromethyl}-5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-yl]-1-
(2,4,5-trifluorophenylbutan-2-amine (the “product) in presence of an amino group donor. The
product, having the USAN of sitagliptin, is the active ingredient in JANUVIA®, which has received

marketing approval in many countries for the treatment of Type 2 diabetes.

[0009)] While naturally occurring transaminases measured by the inventors do not measurably act on
the ketoamide substrate, the engineered transaminases of the present disclosure are capable of
carrying out the facile conversion of the ketoamide substrate to the product. Thus, in one embodiment, the
present disclosure relates to improved transaminases capable of converiing 4-0x0-4-{3-
(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a)pyrazin-7(8 H)-y1]-1-2,4,5-trifluorophenyl)butan-
2-one (“the ketoamide substrate™) to (2R)-4-0x0-4-[3-(trifluorometkyl)-5,6-dihydro[1,2,4]triazolo[4,3-
alpyrazin-7(8 H)-y1]-1-(2,4,5-trifluorophenylybutan-2-amine (“the product™) in presence of an amino

group donor to levels measurable by an analysis technique, such as HPLC-UV absorbance.

{0009a] Tn one aspect, there is provided a transaminase polypeptide capable of converting
4-0x0-4-[3-(trifluoromethyl)-5,6-

dihydrof1,2,4]triazolo[4,3-alpyrazin-T(8 H}-y11-1-(2,4,5rifluorophenyl)butan-2-one (“ketoamide
substrate™) to (2R)-4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro{ 1,2 ,4]triazoio[4,3-alpyrazin-7(8 H}-yl]-1-
(2,4,5-trifluorophenylybutan-2-amine (“product”™) under a defined reaction condition in the presence of
an amino group donor isopropylamine to levels of the product detectable by HPLC-UV at 210 nm,
where the reaction condition comprises about 2 g/1. ketoamide substrate, about 0.5 M isopropylamine,
about 22°C, about pH 7.5, about 5% DMSO, about 100 uM pyridoxal phosphate, and about 20

mg/mL of transaminase polypeptide.

{0010] In some embodiments, the improved transaminases of the disclosure are capable of carrying
out the conversion of the ketoamide substrate to product with an activity that is least equal to or
greater than the activity of the polypeptide of SEQ ID NO:4. In the embodiments herein, the
improved transaminases are capable of forming the product in enantiomeric excess of at least 90%,

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% or more.
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{0611] In some embodiments, the improved transaminases are capable of carrying out the conversion
of the ketoamide substrate to product with at least 1.5 times, 2 times, 3 times, 4 times, 5 times, 6
times, 7 times, 8 times, 9 times, 10 times, 15 times, 20 times, 30 times, 40 times, 50 times, 75 times,
100 times, 130 times, 200 times, 300 times, 400 times, 500 times, 1000 times, 1500 times, 2000 times
or greater than 2000 times the activity of the polypeptide of SEQ ID NO:4 under defined reaction
conditions. In some embodiments, the reaction conditions comprise a temperature of 45°C, and a pH

of about 8.5,

[0012] In some embodiments, the improved transaminase polypeptides are capable of converting the
ketoamide substrate 4-oxo-4-[3-(trifluoromethyl}-5,6-dihydro[1,2,4]triazolo{4,3-a]pyrazin-7{8 H)-yl]-
1-(2.4,5-trifluorophenyl)butan-2-one to the product (2R)-4-ox0-4-[3-(trifluoromethyl)-5,6-
dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-y1]-1-(2,4,5-trifluorophenyl)butan-2-amine in the
presence of an amino group donor with an activity that is improved over the activity of the
transaminase of SEQ ID NO: 2 and comprises an amino acid sequence that is at least 80%, 85%, 86%,

87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to the
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reference sequence of SEQ ID NO:4, 68, 70, 72, 74, 76, 78, §0, 82, 84, 84, 88, 90, 92, 94, 96, 98, 100
or 162,

{0013} In some embodiments, the improved transaminase polypeptide can comprise an amino acid
sequence comprising one or more residue differences as compared to the sequence of SEQ ID NO:2 at
the following residue positions corresponding to: X4; X5; X8; X18; X25; X26; X27; X28; X30; X41;
X42; X48; X49; X50; X54; X55; X60; X61; X62; X65; X609, X81; X04, X96; X102; X117; X120;
X122; X124; X126, X136; X137; X138; X146; X148; X150; X152; X155; X156; X160; X163; X164;
X169; X174; X178, X195; X199; X204; X208; X209; X211; X215; X217, X223; X225; X230; X252;
X269; X273; X282, X284; X292; X297; X302; X306; X321; and X329. Guidance for the choice of
various amino acid residues that can be present at the specified residue positions are provided in the

detailed description that follows.

[0014] In some embodiments, the improved transaminase polypeptide comprises an amino acid
sequence that inclades at least one of the following features: residue corresponding to X69 is cysteing
(C) or a non-polar, polar, or aliphatic residue; residae corresponding to X122 is a constrained, non-
polar or aliphatic residue; residue corresponding to X223 is a constrained residue; and residue

corresponding to X284 is a non-polar residue.

[0015] In some embodiments, the improved transaminase polypeptide comprises an amino acid
sequence that includes at least the following features: residue corresponding to X69 is C or a non-
polar, polar, or aliphatic residue, and/or residue corresponding to X284 is a non-polar residue; residue
corresponding 10 X122 is a constrained, non-polar or aliphatic residue; and residue corresponding to

X223 is a constrained residue.

[0016] In some embodiments, the improved transaminase polypeptide comprises an amino acid
sequence that includes at least the following features: residue corresponding to X69 is C or a non-
polar, polar, or aliphatic residue; residue corresponding to X122 is a constrained, non-polar or

aliphatic residue; and residue corresponding to X223 is a constrained residue.

{0017} In some embodiments, the improved transaminase polypeptide comprises an amino acid
sequence that includes at least the following features: residue corresponding to X122 is a constrained,
non-polar or aliphatic residue; residue comresponding to X223 is a constrained residue; and X284 is a

non-polar residue.

[0018] In some embodiments, the improved transaminase polypeptide comprises an amino acid
sequence that includes at least the following features: residue corresponding to X69 is C or a non-
polar, polar or aliphatic residue; residue corresponding to X122 is a constrained, non-polar or
aliphatic residue; residue corresponding to X223 is a constrained residue; and residue correspending

to X284 is a non-polar residue.
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[0019] In some embodiments, the improved transaminase polypeptide comprises an amino acid
sequence that includes, in addition to the features described herein for one or more of residue
positions X69, X122, X223, and X284, further includes at least the following features: X26 is an
aromatic or constrained residue, and/or X62 is an aromatic or polar residue; X63 is an aliphatic
residue; X136 is an aromatic residue; X199 is an aliphatic or aromatic residue; and X209 is an

aliphatic residue.

[0020] In some embodiments, the improved transaminase polypeptide comprises an amino acid
sequence that includes, in addition to the features described herein for one or more of residue
positions X69, X122, X223, and X284, further includes at least the following features: X61is an
aromatic residue; X62 is an aromatic or polar residue; X635 is an aliphatic residue; X94 is an aliphatic
residue; X136 is an aromatic residue; X199 is an aliphatic or aromatic residue; X209 is an aliphatic

residue; X215 is a C; and X282 is a polar residue.

[#021] In some embodiments, the improved transaminase polypeptide comprises an amino acid
sequence that includes, in addition to the features dcsbx‘%bed herein for one or more of residue
positions X69, X122, X223 and X284, fuorther includes at least the following features: X8 isa
constrained residue; X61 is an aromatic residue; X62 is an aromatic or polar residue; X635 is an
aliphaiic residue; X81 is a non-polar or small residue; X94 is an aliphatic residue; X136 is an aromatic
residue; X199 is an aliphatic or aromatic residue; X209 is an aliphatic residue; X215 isa C; X217 isa
polar r_esid&e; X269 is a constrained residue; X282 is a polar residue; X297 is a polar residue; and

X321 is a constrained residue.

[6022] n some embodiments, the improved transaminase polypeptide comprises an amino acid
sequence that includes, in addition to the features described herein for one or more of residue
positions X69, X122, X223, and X284, further includes at least the following features: X8 isa
constrained residue; X60 is an aromatic residue; X61 is an aromatic residue; X62 is an aromatic or
polar residue; X635 is an aliphatic residue; X81 is a non-polar residuc; X94 is an aliphatic residue; X96
is an aliphatic residue; X124 is a polar or constrained residue; X136 is an aromatic residue; X169 is
an aliphatic residue; X199 is an aliphatic or aromatic residue; X209 is an aliphatic residue; X215 s a
C; X217 is a polar residue; X269 is a constrained residue; X273 1s an aromatic restdue; .X282 isa

polar residue; X297 is a polar residue; and X321 is a constrained residue.

[0023] in some embodiments, the improved engineered transaminase polypeptide comprises an
amine acid sequence corresponding to the sequence of SEQ ID NQO: 4, 6, 8, 10, 12, 14, 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, 156, 158, 160, 162,
164, 166 or 168.



[0024] The present disclosure also provides polynucleotides encoding the improved engineered
transaminase polypeptides. In one aspect, there is provided a polynucleotide encoding a polypeptide
as defined above. In some embodiments, the polynucleotides can be part of an expression vector
having one or more control sequences for the expression of the transaminase polypeptide. In some
embodiments, the polynucleotide can comprise a sequence corresponding to the sequence of SEQ ID
NO:3,5,7,9,11,13,15,17,19, 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, or 167.

[0024a] In one aspect, there is provided an expression vector comprising a polynucleotide as defined

above,

[0025] Also disclosed are host cells comprising the polynucleotides encoding the engineered
transaminases or expression vectors capable of expressing the engineered transaminases. In one
aspect, there is provided a host cell comprising the expression vector as defined above. In some
embodiments, the host cell can be a bacterial host cells, such as E. ¢oli. The host cells can be used for
the expression and isolation of the engineered transaminase enzymes described herein, or,

alternatively, they can be used directly for the conversion of the ketoamide substrate to product.

[0026] In some embodiments, the engineered transaminases, in the form of whole cells, crude
exiracts, isolated polypeptides, or purified polypeptides, can be used indévidually or as a combination

of different engineered transaminases.

[0627] In a further embodiment, the improved engineered transaminase polypeptides described herein can
be used in a process for transamination of certain amino group acceptors (e.g., a ketone acceptor) in
presence of an amino group donor. In one aspect, there is provided a process for preparing a

compound of structural formula (I):

(I)

having the indicated stereochemical configuration at the stereogenic center marked with an *; in an

enantiomeric excess of at least 70% over the opposite enantiomer, wherein



Z is ORZ or NR2R3;
Rl is C1.g alkyl, ary}, heteroaryl, aryl-C1.2 alkyl, or heteroaryl-C1.2 alkyl;
R2 and R3 are each independently hydrogen, C1.8 alkyl, aryl, or aryl-C1.2 alkyl; or

R2 and R3 together with the nitrogen atom to which they are attached form a 4- to 7-
membered heterocyclic ring system optionally containing an additional heteroatom selected from O,

S, NH, and NC1_4 alkyl, the heterocyclic ring being unsubstituted or substituted with one to three
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substituents independently selected from oxo, hydroxy, halogen, Ci-4 alkoxy, and Cq.4 alkyl,

wherein alkyl and alkoxy are unsubstituted or substituted with one to five fluorines; and the
heterocyclic ring system being optionally fused with a 53- to 6-membered saturated or aromatic
carbocyclic ring system or a 5- to 6-membered saturated or aromatic heterocyelic ring system

containing one to two heteroatoms selected from O, S, and NCo.4 alkyl, the fused ring system being
unsubstituted or substituted with one to two substituents selected from hydroxy, amino, fluorine, C1.4
alkyl, C1.4 alkoxy, and trifluoromsethyl, wherein the process comprises the step of contacting a

prochiral ketone of structural formula (I):

R1/I:I‘=\/LZ

D

with an improved engineered transaminase polypeptide disclosed above in the presence of an amino
group donor in a suitable organic solvent under suitable reaction conditions for the conversion of the

compound of formula (II) to the compound of formula (I).

[0028] In another aspect, there is provided a process for preparing a compound of structural formula (1):

NH, O
Ar
Y N /N\N
]\/N\{
() R

having the (R)-configuration at the stereogenic center marked with an ***, in an enantiomeric excess
of at least 70% over the enantiomer having the opposite (S)-configuration; wherein

Ar is phenyl which is unsubstituted or substituted with one to five substituents independently
selected from the group consisting of fluorine, trifluoromethyl, and trifluoromethoxy; and

R4 is hydrogen or C1.4 alky! unsubstituted or substituted with one to five fluorines

wherein, the process comprises the step of contacting a prochiral ketone of structural formula

(2):



with an improved engineered transaminase polypeptide disclosed herein in the presence of an amino
group donor in a suitable organic solvent under suifable reaction conditions for the conversion of the

compound of formula (2) to the compound of formula (1). In some embodiments of the process, the

Ar of formula (2) is 2,5-difluorophenyl or 2,4,5-trifluorophenyl, and R4 is trifiluoromethyl. In some
embodiments of the process, the Ar of formula (2) is 2,4,5-trifluorophenyl.

[0028a] In one aspect, there is provided a process of preparing the compound of formula (1a):
F

NH, O

N/\]{'N‘N
3

comprising a step of contacting a substrate of formula (2a):

F
F
o) 0
N/YN\N
F K/N\,/(
(2a) CFs

with a transaminase polypeptide as defined above in the presence of an amino group donor in

a suitable organic solvent under suitable reaction conditions.

[0028b] In one aspect, there is provided an improved process for the preparation of (2R)-4-
oxo-4-[3-(triftuoromethyl)-5,6-
dihydro[1,2,47triazolol4,3-alpyrazin-7(8H)-y1]-1-(2.,4,5-trifluorophenyl)butan-2-amine phosphate
(1:1) monohydrate, the improvement in the process comprising a step of converting a compound of
formula (1a) to a product of formula (2a) with a transaminase polypeptide as defined above

i1 the presence of an amino group donor in a suitable organic solvent under suitable reaction

conditions, wherein the compound of formula (1a) is
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NH, O
" /\"N‘N
F k/ N \<
(1a)
CF,
and the compound of formula (2a) is:
F
F
8] G

(2a) CF3

[0029] In some embodiments, the improved engineered transaminase polypeptides can be used in a
process for preparing a compound of formuia (1a), (2R)-4-oxo-4-{3-(trifluoromethyl)-5,6-
dihydro[1,2.4]triazolof4,3-alpyrazin-7(8 H)-yI]-1-(2,4,5-trifluorophenyl)butan-2-amine, in

enantiomeric cxXcess:

NH, O

(1a)

N /ﬁ% N\N
Ly
CF4
[6030] In these embodiments, the process comprises the step of contacting a prochiral ketone of

structural formula (2a), 4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro(1,2,4]triazolo[4,3-a]pyrazin-T(8 H)-
v1]-1-(2,4,5-trifluorophenyl}butan-2-one):

=
F
0 O
N /\KN\N
F K/ N \<
(2a) CFsy
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with an improved transaminase polypeptide disclosed herein in the presence of an amino group donor
in a suitable organic solvent under suitable reaction conditions for the conversion of the compound of

formula (2a) to the compound of formula (ia).
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{0031] In some embodiments of the above processes, the compound of formula (I), the compound of
formula (1) or the compound of formula (1a) is produced in at least 70%, 80%, 90%, 91%, 92%, 93%,
04%, 95%, 96%, 97%, 98%, 99% or more enantiomeric excess. In some embodiments of the
processes, the compound of formula (I), the compound of formula (1) or the compound of formula

(1a) is produced in at least 99% enantiomeric excess.

[0032] In some embodiments of the above processes where the choice of the amino group donor
resuits in a carbonyl by-product that has a vapor pressure higher than water (e.g., a low boiling co-
product such as a volatile organic carbonyl compound), the process can be carried out wherein the
carbonyl by-product is removed by sparging the reaction solution with a non-reactive gas (e.g.,
nitrogen) or by applying a vacuum to lower the reaction pressure and removing the carbonyl by-

product present in the gas phase.

[6633] The improved engineered transaminase polypeptides useful for the above processes can
comprise an amino acid sequence selected from SEQ ID NO: 4, 6, 8, 10, 12, 14, 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, 156, 158, 160, 162, 164,
166 or 168..

[0634] In a further embodiment, the present disclosure provides processes for preparing (2R)-4-0x0-4-{3-
(trifluoromethyl)-3,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-7 (8 H)-yl]-1-(2,4,5-trifluorophenyl)butan-
2-amine using the engineered transaminases disclosed herein. In some embodiments, the process
comprises contacting a ketoamide substrate 4-oxo-4-[3-(trifluoromethyl)-5,6-
dihydro{1,2,4]iriazolo[4,3-a]pyrazin-7(8 H)-yi]-1-(2.,4,5-triflucrophenyl jbutan-2-one in presence of an
amino group donor with an engineered transaminase polypeptide described herein under reaction
conditions suitable for converting the ketoamide substrate to product (2R)-4-ox0-4-[3-
(trifluoromethyl}-5,6-dihydre[1,2,4]triazolo[4,3-a]pyrazin-7(8F)-v1]-1-(2,4,5 ~triﬂuorophenyi)buiai1-

2-amine.

[0035] In some embodiments, the process is capable of forming the product (2R)-4-0x0-4-[3-
(trifluoromethyi)-5,6-dihydro]1,2,4]triazolo[4,3-alpyrazin-7(§ H)-yi]-1(2,4,5-trifluorophenyl)butan-

2-amine in at least 90% enantiomeric excess.

[0036] In some embodiments, the process is capable of forming the product (2R)-4-0x0-4-[3-
(trifluoromethyl)-5,6-dihydro{1,2,4}triazolo[4,3-apyrazin-7(8 H)-yl]-1-(2,4,5-trifluorophenylbutan-

2-amine in at least 99% enantiomeric excess.

[0037] In some embodiments, the process for converting ketoamide substrate 4-ox0-4-[3-
(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-y1]-1-(2,4,5-trifluorophenyl)butan-

8-
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2-one to product (2R)-4-ox0-4-[3-{trifluoromethy!)-5,6-dihydro[1,2 4 liriazolo(4,3-u]pyrazin-7(8 H)-
y1]-1-(2,4,5-mifluorophenylbutan-2-amine comprises contacting the ketoamide substrate at about 590
¢/L with about 5 g/L of a transaminase described herein under reaction conditions of pH 8.5 and 45°C
in presence of 1 M isopropylamine, wherein at least 90% of the ketoamide substrate is converted to
product in 24 hrs. In some embodiments, the transaminase polypeptide capable of carrying out the
foregoing reaction comprises an amino acid sequence corresponding to SEQ ID NO: 80, 86, 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 or 168.

6. DETAILED DESCRIPTION

[6038] The present disclosure provides highly stereoselective and efficient biocatalysts capable of
mediating transformations involving transamination of certain amine group acceptors, e.g., the
synthesis of sitagliptin. The biocatalysts are engineered transaminase polypepiides that can convert
the substrate of formula (2a), 4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-
T(8H)-yl]-1-(2,4 5-trifluorophenyl)butan-2-one (the “ketoamide substrate™), to the product of formula
(1a) (2R)-4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro{1,2,4]triazolo[4,3-a]pyrazin-7(8 H)-y1]- 1-(2,4,5-

frifluoraphenylbutan-2-amine (the “product) in presence of an amino group donor of formula (3), as

follows:
F
F
O C HN
4+ 2
N/YN\N 1)\ 2
! K/N \( R R
CF,
(2a) (3)
l Transaminase
F
F
NH, O o
N -+
N/\l’/' \N R‘/H\RZ
F k/N\{
(1a) o )

[0039] In certain embodiments, the engineered transaminases are derived from the natarally
occurring transaminase of Arthrobacter sp KNK168, which is an R-selective pyridoxal 5°-phosphate
dependent enzyme that can catalyze the reversible transfer of an amino group between an amino

group donor and an amino group acceptor, typically a prochiral ketone (see, e.g., Iwasaki et al,, 2000,
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Appl. Microbiol. Biotechnol. 69: 499-5035; and US Patent 7,169,592, each of which is hereby

. meorporated by reference herein). The R-stereoselective transamination activity of the naturally
occlring transaminase from Arthrebacier sp. KNK168 has been demonstrated on 3,4-
dimethoxyphenylacetene, but the naturally occurring enzyme and the transaminase of SEQ 1D NO:2
do not display measurable activity for the ketoamide substrate (2a), 4-oxo-4-[3-(trifluoromethyl)-5,6-
dihydro[1,2 4Mtriazolol4,3-alpyrazin-7(8 F)-y1]- 1-(2,4,5-trifluorophenylbutan-2-one, The
transaminase of SEQ ID NO:2 differs from the naturally occurring enzyme from drthrobacier sp.
KNK 168 in having a substitution of isoleucine (1) at residue position X306 with valine (V). To
overcomge these shortcomings, the transaminase of SEQ ID NO:2 has been engineered to mediate the
efficient conversion of the ketoamide substrate of formula (2a) to the product of formula {1a) in the
presence of an amino group donor, such as isopropylamine., The conversion can be carried out under
miid conditions with high % conversion and stereoselectivity, making the process applicable to high

volume production of sitagliptin.

6.1 Abbreviations and Definitions
[0040] For the purposes of the descriptions herein, the abbreviations used for the genetically encoded

amino acids are conventional and are as follows:

Ao Acid... e Tlhree:Letter Abbreviation......One:Letter Abbreviation. ...
Alanine Ala A
Arginine Arg R
Asparaging Asn N
Aspartate Asp D
Cysteine Cys C
Glutamaie Glu E
Glutamine Gln Q
Glycine Gly G
Histidine _ His H
Isoleucine e 1
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp W
Tyrosine Tyr Y
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WO 2010/099501 ’ PCT/IUS2010/025685

Amino Acid_____ Thrge-Letter Abbreviation.. One-Letter Abbreviation
Valine Val Y

[6041] When the three-letter abbreviations are used, unless specifically preceded by an “L” or a “D”
or clear from the context in which the abbreviation is used, the amine acid may be in either the L- or
D-configuration about a-carbon (Car). For example, whereas “Ala” designates alanine without
specifying the configuration about the o carbon, “D-Ala”™ and “L-Ala™ designate D-alanine and L-
alanine, respectively. When the one-letter abbreviations are used, upper case letters designate amino
acids in the L-configuration about the a-carbon and lower case letters designate amino acids in the D-
configuration about the a-carbon. For example, “A” designates L-alanine and “a” designates D-
alanine. When peptide sequences are presented as a string of one-letter or three-letier abbreviations
{or mixtures thereof), the sequences are presented in the N—C direction in accordance with common

convention.

[0042] The fechnical and scientific terms used in the descriptions herein will have the meanings
commonly understood by one of ordinary skill in the art, unless specifically defined otherwise.

Accordingly, the following terms are intended to have the folowing meanings,

[6043] “Aminotransferase” and “transaminase™ are used nterchangeably herein to refer to a
polypeptide having an enzymatic capability of transferring an amino group (NH,) and a hydrogen
atom from a primary amine (3} to an acceptor carbonyl compound (2}, converting the amine donor
into its corresponding carbonyl compound (4) and the acceptor into s corresponding primary amine

(1

N I-'{2 O N HZ
)\ ! J'L - J\ ! )\
R’ R? RS R4 R1 R2 R3 R*
{3 (2 4) (1)

[0044] In the embodiments herein, the transaminase polypeptides are capable of enantiosefectively
converting the compound of formula (2a) to the compound of formula (1a) in the presence of an

amino group donor of formula (3).

[0045] “Protein”, “polypeptide,” and “peptide™ are used interchangeably herein to denote a polymer
of at least two amino acids covalently linked by an amide bond, regardless of length or post-
transtational modification (e.g., glycosylation, phosphorylation, hpidation, myristilation,
ubiquitination, ctc.). Included within this definition are D- and L-amino acids, and mixtures of D- and

L-amino acids.
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[0046] “Substrate” as used herein refers to an amino group acceptor, such as a ketone, that accepts
the amino group from an amine group donor in a reaction mediated by a trangaminase. In the context
of the present disclosure, substrate for the transaminase includes, among others, the compound of
formula (II}, the compound of formula (2) and the compound of formula (2a), as further described
herein, A “ketoamide substrate” specificatly refers to the compound of formula (2a), 4-oxo-4-[3-
(triffuoromethyl)-5,6-dihydro{ 1,2 4 triazolol4,3-¢pyrazin-T(8 H}-y1]-1-(2,4,5-trifluorophenyhbutan-

2-one.

[6047] “Aminc group donor” refers to an amino compound which is capable of donating an amino
group to an acceptor carbonyl compound (i.e., an amino group acceptor), thereby becoming a

carbonyl by-product. Amino group donors are molecules of general formula (3),

NH,

PN

(3

R R2

in which each of R', R?, when taken independently, is an alkyl, an alkylaryl group, or aryl group
which is unsubstituted or substituted with one or more enzymaticaily non-inhibiting groups. R' can
be the same or different from R in structure or chirality. The groups R’ and R, taken together, may
form a ring that is unsubstit.uted, substiiuted, or fused to other rings. Typical amino group donors that

can be used with the invention include chiral and achiral amino acids, and chiral and achiral amines,

[06048] “Chiral amine” refers to amines of general formula R'-CH(NH,)-R* wherein R' and R* are
nonidentical and is employed herein in its broadest sense, including a wide variety of aﬁg)hati(: and
alicyclic compounds of different, and mixed, functional types, characterized by the presence of a
primary amino group bound to & secondary carbon atom which, in addition to 2 hydrogen atom,
carries etther (i} a divalent group forming a chiral cyclic structure, or (i} two substituents (other than
hydrogen) differing from each other in structure or chirality, Divalent groups forming a chiral cyclic
structure include, for examplé, 2-methylbutane-1,4-divl, pentane-1,4-diyl, hexane-1,4-diyl, hexane-
1,5-diyl, 2-methylpentane-1,5-diyl. The two different substituents on the secondary carbon atom (R’
and R” above) also can vary widely and include alkyl, aralkyl, aryl, halo, hydroxy, lower alkyl, lower
alkoxy, lower alkylthio, cycloalkyl, carboxy, carboalkoxy, carbamoy!, mono- and di-(lower allkyl)
substituted carbamoyl, trifluoromethyl, phenyl, nitro, amine, mono- and di-{1ower alkyl) substituted
amino, alkylsulfonyl, arylsuifonyl, alkylearboxamido, aryicarboxamido, ete., as well as alkyl, aralkyl,

or aryl substituted by the foregoing.
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[0049] “Carbony] by-produet” refers to the carbonyl compound formed from the amino group donor
when the amine group on the amino group donor is transferred fo the amino group acceptor ina

transamination reaction. The carbonyl by-produet has the gencral structure of formula (4):

]

X

R! R?
(4)

wherein R' and R” are defined above for the amino group donor.

[0050] “Pyridoxal-phosphate™, “PLP”, “pyridoxal-5'-phosphate”, “PYP”, and “P5P” are used
terchangeably herein to refer to the compound that acts as a coenzyme in transaminase reactions. In
some embodiments, pyridoxal phosphate is defined by the structure 1-{4'-formyl-3'-hydroxy-2'-
methyl-5"-pyridyDmethoxyphosphonic acid, CAS number [54-47-7]. Pyridoxal-5"-phosphate is
produced in vivo by phosphorylation and oxidation of pyridoxol (also known as pyridoxine or
Vitamin B6). In transamination reactions using transaminase enzymes, the amino group of the amino
group donor is transferred to the coenzyme to preduce a keto byproduet, while pyridoxal-5'-phosphate

is converted to pyridoxamine phosphate. Pyridoxal-5'-phosphate is regenerated by teaction with a
different keto compound (the amina group acceptor). The transfer of the amino group from
pyridexamine phosphate to the amino acceptor produces a chiral amine and regenerates the coenzyme.
The pyridoxal-5'-phosphate of the current invention can be replaced by other members of the vitamin
B, family, including, among others, pyridoxal (PL), pyridexamine (PM), and their phosphorylated

counterparts; pyridoxine phosphate (PNP), and pyridoxamine phosphate (PMP).

[6051] “Coding sequence”™ refers to that portion of a nucleic acid (e.g., a gene) that encodes an amino

acid sequence of a protein.

[0032] “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 present in an
organism that can be isolated from 2 source in nature and which has not been intentionally modified

by human manipulation.

[60G53] “Recombinant” when used with reference to, ¢.g., a cell, nucleic acid, or polypeptide, refers to
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 technigues. 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 gencs that are otherwise expressed at a

different level.
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[8654] “Percentage of sequence identity,” “percent identity,” and “percent identical” are used herein
to tefer to comparisons between polynucleotide sequences or poiypcptide sequences, and are
determined by comparing two optimally aligned sequences over a comparison window, wherein the
portion of the polynucleotide or polypeptide sequence in the comparison window may comprise
additions or deletions {i.e., gaps) as compared to the reference sequence for optimal alignment of the
two sequences. The -pel'centage is caloulated 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 yiéld the number of matched positions, dividing the
number of matched positions by the total mumber of positions in the window of comparison and
multiptying the result by 100 to yield the percentagé of sequence identity. Determination of optimal
alignment and percent sequence identity is performed using the BLAST and BLAST 2.0 algorithms
(sec e.g., Altschul et al., 1990, J. Mol Biol. 215: 403-410 and Altschul et al., 1977, Nucleic Acids
Res. 3389-3402). Software for performing BLAST analyses is publicly available through the

National Center for Biotechnology Information website.

[6055] Bricfly, the BLAST analyses involve first identifying high scoring sequence pairs (HSPs) by
identitying 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 database
sequence, T is referred to as, the neighborhood word score threshold (Alischul 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
seqﬁenocs, the parameters M (reward score for a pair of matching residues; alWays >() 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: fhe
cumulative aligmment 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 cither 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 BLOSUMOS2 scoring matrix (see Henikoff and
Henikoff, 1989, Proc Natl Acad Sci USA 89:10915).

[0056] Numerous other algorithms are available that function simiilarly to BLAST in providing
percent identity for 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. Math.
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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. USA
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
Protecols in 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)).
Additionally, determination of sequence alignment and percent sequence identity can employ the
BESTFIT or GAP programs in the GCG Wisconsin Software package (Accelrys, Madison WI), using

default parameters provided.

[#057] “Reference sequence™ refers to a defined sequence to which another (e.g., altered) sequence is
compared. A reference sequence may be a subset of a larger seﬁuence, for example, a segment of a
full-length gene or polypeptide sequence. Generally, a reference sequence is at 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 nuckic acid or polypeptide. Since two polynucleotides or polypeptides may each (1)
comprise a sequence {L.e., 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.

{0058] The term “reference sequence” is not intended to be limited to wild-type sequences, and can
include engineered or alterad sequences. For example, in some embodiments, a “reference sequence”
can be a previously engineered or altered amine acid sequence. For instance, a “reference sequence
based on SEQ 1D NO:2 having a glycine residue at position X284” refers to a reference sequence
corresponding to SEQ ID NO:2 with a glycine residue at X284 (the un-altered version of SEQ 1D
NO:2 has alanine at X284},

[0059] “Comparison window™ refers to a conceptual scgment of at least about 20 contiguous
nucleotide positions or amino acids residues wherein a sequence mayebe 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 ag
conipared to the reference sequence (which does not comprise additions or deletions) for optimal
alignment of the two sequences. The com parison window can be longer than 20 contiguous residues,

and inclades, optionalty 36, 44, 50, 100, or longer windows.

[0060] “Substantial identity” refers to a polynucleotide or polypeptide sequence that hag at least 80
percent sequence identity, at least 85 percent sequence identity, at least 89 percent sequence identity,

at feast 95 percent sequence identity, and even at least 99 percent sequence identity as compared to a
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reference sequence over a comparison windew 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
secquence identity or more {2.g., 99 percent sequence identity). Preferably, residue positions which are

not identical differ by conservative amino acid substitutions.

[0061] “Corresponding to”, “reference t0” or “relative to” when used in the coniext of the mumbering
of a given amino acid or polynuclectide sequence refers to the numbering of the residues of a
specified reference sequence when the given amino acid or polynucleotide sequence is compared to
the reference sequence. In other words, the residue number or residue position of a given polymer is
designated with respect to the reference sequence rather than by the actual numerical position of the
residue within the given amino acid or polynueleotide sequence. For example, a given amino acid
sequence, such as that of an engineered transaminase, can be aligned to a reference sequence by
mtroducing gaps to optimize residue matches between the two sequences. In these cases, although the
gaps are present, the numbering of the residue in the given amine acid or potynucleotide sequence is

made with respect to the reference sequence to which it has been aligned.

[8062] “Stercoselectivity™ refers to the preferential formation in a chemical or enzymatic reaction of
one stercoisomer over another. Stereosclectivity can be partial, where the formation of one
stereoisomer is favored over the other, or it may be complete where only one stereoisomer is formed,
When the stercoisomers are enantiomers, the stercoselectivity is referred io as enantioselectivity, the
fraction (typically reported as a percentage) of one enantiomer in the sum of both. It is commonly
alternatively reported in the art (typically as a percentage) as the enantiomeric excess {e.e.) calculated
therefrom according to the formula [major enantiomer — minger enantiomer]/[major enantiomer +
miner enantiomer]. Where the stercoisomers are diastereoisomers, the stereoselectivity is referred to
as diastereoselectivity, the fraction (typically reported as a percentage) of one diastereomer in a
mixture of two diastereomers, commaonly alternatively reported as the diastereomeric excess (d.e.).

Enantiomeric excess and diastercomeric excess are types of stereomeric excess.

[3963] “Highly stereoselective™ refers to a chemical or enzymatic reaction thai is capable of
converting a substrate (e.g., formula (2a)) to its corresponding product (¢.g., formula (1a)) with at

ieast about 85% stereoisomeric excess.

[0064] “Improved enzyme property” refers to any enzyme property made betier or more desirable for

a particular purpose as compared to that property found in a reference enzyme. For the engineered
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transaminase polypeptides described hercin, the comparison is generally made to the wild-type
transaminase enzyme, although in some embodiments, the reference transaminase can be another
improved engineered transaminase. Enzyme properties for which improvement can be made include,
but are not limited to, enzymatic activity {which can be expressed in terms of percent conversion of
the substrate in a period of time), thermal stability, solvent stability, pH activity profile, coenzyme
requirements, refractoriness to inthibitors (e.g., product inhibition), stereospecificity, and

stereoselectivity (inchuding enantioselectivity).

[0065] “Increased enzymatic activity” or “increased activity” refers to an improved property of an
engineered enzyme, which can be represented by an increase in specific activity {¢.g., product
producéd/timc/wcight protein) or an increase in percent conversion of the substrate to the product
(e.g., percent conversion of starting amount of substrate to product in a specified time period using a
specified amount of transaminase) as compared to a reference enzyme. Exemplary methods to
determine enzyme activity are provided in the Examples. Any property relating to enzyme activity
may be affected, including the classical enzyme properties of Ky, Vg 0r koo, 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 or engineered enzyme, to as much as 2 times, 5
times, 10 times, 20 times, 25 times, 50 times, 75 times, 100 times, or more enzymatic activity than the
naturally occurring enzyme (e.g., a transaminase) or another engineered enzyme from which the
enzymes exhibiting increased activity were derived. In specific embodiments, the engineered
transaminase enzymes of the present disclosure exhibit improved enzymatic activity in the range of
1.5 to 50 times, 1.5 to 100 times or greater than that of the parent transaminase enzyme (i.e., the wild-
type or engineered transaminase from which they were derived). 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 coenzymes. The theoretical
maximum of the diffusion limit is generally about 10° to 10° (M §7). Hence, any improvements in
the enzyme activity of the transaminase will have an upper limit related to the diffusion rate of the
substrates acted on by the transaminase enzyme. Transaminase activity can be measured by any one
of standard assays used for measuring transaminases, such as change in substrate or product
concentration, or change in concentration of the amine group donor. Comparisons of enzyme
activities are made using a defined preparation of enzyme, a defined assay under a set condifion, and
one or more defined substrates, as further described in detail herein. Generally, when enzymes in cell
lysates are compared, the numbers of celis 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,
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[8066] “Conversion” refers to the enzymatic transformation of a substrate to the corresponding
product. “Percent conversion” refers to the percent of the substrate that is converted to the product
within a period of time under specified conditions. Thus, for example, the “enzymatic activity” or
“activity” of a transaminase polypeptide can be expressed as “percent conversion” of the substrate to

the product.

[0067] “Thermostable” or “thermal stable”™ are used interchangeably to refer to a polypeptide that is
resistant to inactivation when exposed to a set of temperature conditions (e.g., 40-80°C) for a peried
of time (c.g., (.5-24 hrs) compared to the untreated enzyme, thus retaining a certain level of residual |

activity (more than 60% to 80% for example) after sxposure to elevated temperatures.

10068] “Solvent stable” refers to a polypeptide that maintains similar activity (more than e.g., 60% to
80%) after exposure to varying concentrations (e.g., 5-99%) of solvent , (e.g., isoprapyl alcohol,
dimethylsulfoxide, tetrahydrofuran, 2-methyitetraliydrefuran, acetone, 16111311@, butytacetate, methyl
tert-butylether, acetonitrile, etc.) for a period of time (e.g., 0.5-24 hrs) compared to the untreated

eNZYINe.

[0069] “pH stable™ refers to a polypeptide that maintains similar activity (more than e.g., 60% to
809%%) after exposure to fow or high pH (c.g., 4.5-6 or 8-12) for a period of time (e.g., 0.5-24 hrs)

compared to the untreated enzyme.

[0670] “Thermo- and solvent stable” refers to a polypeptide that is both thermostable and solvent

stable.

[0071] “Derived from™ as used herein in the context of engineered enzymes identifies the originating
enzyme, and/or the gene encoding such enzyme, upon which the engineering was based. For
example, the engineered transaminase enzyme of SEQ ID NO: 4 was obtained by mutating the
transaminase of SEQ 1D NO:2. Thus, this engineered transaminase enzyme of SEQ ID NO:4 is
“derived from” the polypeptide of SEQ 1D NO:2

10972] “Amino acid” or “residue”™ as used in context of the polypeptides disclosed herein refers to the
specific monomer at a sequence position (e.g., P8 indicates that the “amino acid” or “residue” at

position 8 of SEQ ID NO: 2 is a proline.)

{0073{ “Hydrophilic amino acid or residue” refers fo an amino acid or residue having a side chain
exhibiting a hydrophobicity of less than zero according to the normalized consensus hydrophobicity
scale of Fisenberg et al., 1984, 1. Mol Biol, 179:125-142. Genetically encoded hydrophilic amino
acids include L-Thr (T), L-Ser (S), L-His (H), L-Glu (E), L-Asn (N}, L-Gin {Q), L-Asp (D), L-Lys
(K) and L-Arg (R).
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[0074] “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 physiclogical pH
due to loss of a hydrogen ion. Genetically encoded acidic amino acids include L-Glu (E) and L-Asp
D).

[0G75] “Basic amino acid or residue” refers to a hydrophilic amino acid or residue having 2 side -
chain exhibiting a pKa 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 physiological pH due
to association with hydronium on. Genetically encoded basic amino acids include L-Arg (R} and

L-Lys (K).

[0076] “Polar amino acid or residee” 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
clectrons 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 (Sj and L-Thr (T).

[6077] “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 er al., 1984, J. Mol. Biol. 179:125-142, Genetically encoded
hydrophobic amino acids include L-Pro (P), L-Ile {I), L-Phe (F), L-Val (V), L-Leu (L), L-Trp (W),
L-Met (M), L-Ala (A) and L-Tyr (Y).

[6078] “Arcomatic 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
enceded aromatic amine acids mclude L-Phe (F), L-Fyr (Y} and L-Trp (W), Although owing to the
pKa of its heteroaromatic nitrogen atom L-His (H) it is sometimes classified as a basic residue, or as
an aromatic residuc as its side chain includes a heteroaromatic ring, herein histidine is classified as a

hydrophilic residue or as a “constrained residuc™ (sce below).

[0079] “Constrained amino actd or residue” refers to an amino acid or residuc that has a constrained
geometry. Herein, constrained residues include L-Pro (P) and L-His (H). Histidine has a constrained
geometry because it has a relatively small imidazole ring. Proline has a constrained geometry because

it also has a five membered ring.

[6086] “N on-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 (i.e.. the side |
chain is not polar). Genetically encoded non-polar amino acids include L-Gly (G), L-Leu (L), L-Val

(V), L-lle (I}, L-Met (M) and L-Ala (A).
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[0081] “Aliphatic amino acid or residue” refers to a hydrophobic ammo acid or residue having an
aliphatic hydrocarbon side chain. Genetically encoded aliphatic amino acids include L-Ala (A}, L-Val

(V), L-Leu (L) and L-Ile (I).

[0682] “Cysteihe” or L-Cys () is unusual in that it can form disulfide bridges with other L-Cys (C)
amino acids or other sulfanyl- or suifhydryl-containing amino acids. The “cysteine-like residues™
include cysteine and other aminoe 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 () contributes net hydrophobic or hydrophilic character 1o a peptide. While
L-Cys (C) exhibits a hydrophobicity of 0.29 according to the normalized consensus scale of Eisenberg
{Eisenberg et al 1984, supra), it is to be understood that for purposes of the present disclosure L-Cys

(C) is categorized into its own unique group.

[6083] “Small amino acid or residue™ refers to an amino acid or residue having a side chain that is
composed of a total of three or fewer carbon and/or heteroatoms (excluding the ¢-carbon and
hydrogens). The small amine 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-
gncoded small amino acids include L-Ala (A}, L-Val (V), L-Cys (), L-Asn (N}, L-Ser {S), L-Thr (T)
and L-Asp (D).

16084] “Hydroxyl-containing amino acid or residug™ refers to an amino acid containing a hydroxy! (-
OH) moiety. Genetically-encoded hydroxyl-contsining amine acids include L-Ser (S) L-Thr (T) and

L-Tyr (Y).

[6085] “Amino acid difference” or “residue difference” rcferé 10 & change in the residuec ata
specified position of a polypeptide sequence when compared to a reference sequence. For example, a
residue difference at position X8§, where the reference sequence has a serine, refers to a change of the
residue at position X8 to any residuc other than serine. As disclosed herein, an enzyme can include
one or more residue differences relative to a reference sequence, where multiple residue differences
typicalty are indicated by a list of the specified positions where changes are made relative to the
reference sequenge (e.g., “one or more residue differences as compared to SEQ ID NO:2 at the
following residuc positions: X4; X8; X26; X48; X60; X61; X62; X65; X&1; X94; X096, X102, X124;
X136, X137; X150, X152; X160; X163; X169; X174; X178; X195; X199, X208; X209, X211, X215;
K217, X225, X230; X232, X269; X273; X282, X292, X297; X306; X321; and X329.7).

[6086] “Conservative” amino acid substitutions or mutations refer to the interchangeability of
residues having stmilar side chains, and thus typicaily involves substitution of the amino acid in the

polypeptide with amino acids within the same or similar defined class of amino acids. However, as
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used herein, n some embodiments, conservative mutations do not include substitutions from a
hydrophilic to hvdrophilic, hydrophobic to hydrophobic, hydroxyl-containing to hydroxyl-containing,
or small to small residue, if the conservative mutation can instead be a substitution from an aliphatic
to an aliphatic, non-polar to non-polar, polar to polar, acidic to acidic, basic to basic, aromatic to
aromatic, or constrained to constrained residue. Further, as used herein, A, V, L, or I can be
conservatively mutated to either another aliphatic residuce or to another non-polar residue. The table

below shows exemplary conservative substitutions.

[0087] Table 1

Residue Passible Conservative Mutations
ALV,I Other aliphatic (A, L, V, D)

Other non-polar (A, L, V, L G, M)
G, M Other non-polar (A, L, V. I, G, M)
D,E Other acidic (D, E)
K, R Other basic (K, R)
P,.H Other constrained (P, H)
N,Q. 8T Other polar
Y, W, F Other aromatic (Y, W, F)
C None

[B088] “Non-conservative substitution™ refers to substitution or mutation of an amino acid in the
polypeptide with an amino acid with significantly differing side chain properties. Non-conservative
substitutions may use amino acids between, rather than within, the defined groups listed above. In
one embodiment, a non-conservative mutation affects (a) the structure of the peptide backbone.in the
area of the substitution (e.g., proline for glycine} (b) the charge or hydrophobicity, 6r (¢) the bulk of

the side chain.

[8089] “Deletion” refers to modification of the polypeptide by removal of one or more amino acids
from the reference polypeptide. Deletions can comprise ren‘mval_ of 1 or more amino acids, 2 or more
amino acids, 5 or more amine acids, 16 or more amino acids, 15 or more amino acids, or 20 or mere
amine acids, up to 10% of the total number of amine 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 polypeptide while retaining
enzymatic activity and/or retaining the improved properties of an engineered transaminase 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.

[8096] “Insertion” refers to maedification of the polvpeptide by addition of one or more amino acids

10 the reference polypeptide. In some embodiments, the improved engineered transaminase enzymes

21-



WO 2010/099501 PCT/US2010/025685

comprise insertions of one or more amino acids to the naturally occurring fransaminase polypeptide as
well as ingertions of one or more amino acids to other improved transaminase polypeptides.
Tnsertions ¢an be in the internal portions of the polypeptide, or to the carboxy or smino 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

oceurring polypeptide.

[0091} “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
;)Gsi{ions in the sequence. Fragments can be at least 14 amino acids long, at least 20 amino acids
long, at least 30 amino acids Jong or longer, and up 10 70%, 80%, 90%, 95%, 98%, and 99% of the
full-length transaminase polypeptide, for example the polypeptide of SEQ ID NO4.

[0092] “Isolated polypeptide” refers to a polypeptide which is substantially separated from other
contamyinants that naturally accompany it, e.g., protein, lipids, and polynucleotides. The term
embraces polypeptides which have been removed or purified from their naturally-oceurring
environment or expression system {e.g., host cell or in vifro synthesis). The improved transaminase
enzymes may be present within a cell, present in the celiular medium, or prepared in various forms,
such as lysates or isolated preparations. As such, in some embodiments, the improved fransaminase

enzyme can be an isolated polypeptide.

10693] “Substantially pure polypeptide” refers to a composition 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 is 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 transaminase 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 cmbodiments, the object species is purified to cssential homogeneity (Le.,
contaminant species cannot be detected in the compoéitéon by conventional detection methods)
wherein the composition consists essentially of a single macromolecular species. Solvent species,
small molecules (<500 Daltons), and clemental ion specics are not considered macromolecular
species. In some embodiments, the isolated improved transaminases polypeptide is a substantially

pure polypeptide composition,

10094] “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. Tn general, the stability of a hybrid is a function of ion

strength, temperature, G/C content, and the presence of chaotropic agents. The T, values for
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polynucleotides can be calculated using known methaods 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 ef al., 1986, Proc. Nath, Acad. Sci USA 83:8893-8897; Freter et al., 1986, Proc.
Natl. Acad. Sci USA 83:9373-9377; Kierzek et al., Biochemistry 25:7840-7846; Rychlik et al., 1990,
Nucleic Acids Res 18:6409-6412 (erratum, 1991, Nueleic Acids Res 19:698); Sambrocok et al., supra);
Suggs etal,, 1981, In Developmental Biology Using Purified Genes (Brown et al,, eds.), pp. 683-693,
Academic Press; and Wetmur, 1991, Crit Rev Biochem Mel Biol 26:227-259. All publications
incorporate herein by reference). In some embodiments, the polynucleotide encodes the polypeptide
disciosed herein and hybridizes under defined conditions, such as moderately stringent or highly
stringent conditions, to the complement of a sequence encoding an engineered transaminase enzyme

of the present disclosure.

[0095] “Hybridization stringency™ relates to hybridization conditions, such as washing conditions, in
the hybridization of nucicic acids. Generally, hybridization reactions are performed under conditions
of lower stringency, followed by washes of varying but higher stringency. 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 the target
DINA; with greater than about 90% identity to target-polynucleotide. Exemplary moderately stringent
conditions are conditions equivalent to hybridization in 50% formamide, 5% Denhart's solution,
5xSSPE, 0.2% SDS at 42°C., foliowed by washing in 0.2xSSPE, 0.2% SDS, at 42°C. “High
stringency hybridization™ refers generally to conditicns that are about 10°C or less from the thermal
melting temperature 77, 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 MNaCl 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 0.1 xSSPE, and 0.1% SDS at 65°C. Another high stringency
condition is hybridizing in conditions equivalent to hybridizing in 5X SSC containing 0.1% (w:v)
SDS at 65°C and washing in 0.1x SSC containing 0.1% SDS at 65°C. Other high stringency
hybridization conditions, as well as moderately stringent conditions, are described in the references

cited above.

[6096] “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 remtroduced into a host cell.
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[0097] “Codon optimized” refers to changes in the codons of the polynucieotide 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 codens, called “synonyms™ or “synonymous” codons, it is 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 proteing versus low copy number proteins, and the aggregate
protein coding regions of an organism's genome. In some embodiments, the polynucleotides encoding
the transaminases enzymes may be codon optimized for optimal production from the host organism

selected for expression,

{0098] “Preferred, optimal, high codon usage bias codons” refers interchangeably to codons that are
used at higher frequency m 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 codon 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. 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, including multivariate analysis, for example, using cluster analysis
or correspondence analysis, and the effective number of codons used in a gene (see GCG
CodonPreference, Genetics Computer Group Wisconsin Package; CodonW, John Peden, University
of Nottingham; Mcknemey, 1. O, 1998, Bioinformatics 14:372-73; Stenico et al., 1994, Nucleic Acids
Res. 222437-46; Wright, F., 1990, Gene 87:23-29). Codon usage tables are available for a growing
fist 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 (EST), or predicted coding
regions of genomic sequences (see for example, Mount, D., Bioinformatics: Sequence and Genome
Analysis, Chapter 8, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 2001;
Uberbacher, E. C., 1996, Methods Enzymol. 266:239-281; Tiwari et al., 1997, Comput. Appl. Biosci.
13:263-270).

[80899] “Control sequence™ is defined herein to include all components, which are necessary or

advantageous for the expression of a polynucleotide and/or polypeptide of the present disclosure.
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Each control sequence may be native or foreign to the polynucleotide of interest. Such control
sequences include, but are not limited to, a leader, polyadenylation sequence, propeptide sequence,

promoter, signal peptide sequence, and transcription terminator,

[0160] “Operably linked” is defined hercin as a configuration in which a contrel sequence is
appropriately placed (i.e., in & functional relationship) at a position relative to a polynucleotide of
interest such that the control sequence directs or regulates the expression of the polynucleotide and/or

polypeptide of interest.

[0161] “Promoter sequence” is a nucleic acid sequence that is recognized by a host cell for
expression of a polynucleotide of interest, such as a coding sequence. The control sequence may
comprise an appropriate promoter sequence. The promoter sequence contains transcriptional control
sequences, which mediate the expression of a polynucleotide of interest. The promoter may be any
nueleic acid sequence which shows transcriptional activity in the host celt 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.

6.2 Detailed Description of Embodiments
{0802} In the embodiments herein, the enginecred transaminases are improved in their capability of
stereoselectively converting ketoamide substrate 4-oxo-4-[3-(frifluoromethyl)-5,6-
dihydrol1,2, 4)triazolo[4,3-alpyrazin-7(&8H)-y1]-1-(2,4,5-triflucrophenyl)batan-2-one to product (2R)-
4-0x0-4-[3-(trifluoromethyl)-3,6-dihydro[ 1,2,4 jtriazolof4,3-apyrazin-7{§ H}-y1]-1-(2,4,5-
triftuorophenyl)butan-2-amine as compared to the transaminase of SEQ ID NO:2, Transaminases,
'inciﬁding those described herein, typically contain a coenzyme, pyridoxal phosphate (PLP), which
participates in the transamination reaction, PLP can be provided by the host cell in which the
polypeptide is synthesized, or provided by adding PLP to a solution of the polypeptide. While the
transaminase is described with respect to the amine acid sequence, it will be understbod by those

skilled in the art that the active polypeptide containg PLP or a suitable analog as a coenzyme.

[8103] In some embodiments, the improvement in enzyme activity is with respect to another
engineered transaminase, such as the polypeptide of SEQ 1D NO:4. The improved activity on the
ketoamide substrate can be manifested by an increase in the amount of substrate converted to product
{e.g., percent conversion) by the engineered enzyme relative to a reference enzyme {e.g., the wild-
type) under defined conditions. The improved activity can include an increased rate of product
formation resulting in an increase in conversion of ketoamide substrate to product in a defined time
under a defined condition. The increase in activity (e.g., increased percent conversion and/or
comversion tate) may also be characterized by conversion of substrate to the same amount of product
with a lower amount of enzyme. The amownt of product can be asscssed by a varicty of techn'iques,

for example, separation of the reaction mixture {e.g., by chromatography) and detection of the
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separated product by UV absorbance or tandem mass spectroscopy (MS/MS) (see, e.g., Example 4).
An exemplary method of UV detection of product uses an incident wavelength of 210 nm and a path
length of 1.0 cm, which has a detection limit for sitagliptin of about § ug/mlL., UV detection of
product generally follows separation of the reaction mixture by chromatography, particularty HPLC in
a reverse phase chromatographic medium, for example Agilent Eclipse XDB-C8 column (4.6 x 150
mm, 5 um), using an eluent of 45:55 10 mM NI Ac/MeCN at a flow rate of 1.5 ml/min and a column
temperature £0°C. In some embodiments, the UV detection uses an incident wavelength of 268 nm,

which has a detection limit similar to the detection limit at 210 nm.

[0104] In some embodiments, the improvement in enzyme activity is equal to or greater than the
activity of the polypeptide of SEQ 1D NO:4 under defined reaction condition, such as provided in
Example 6 or 7. An exemplary defined reaction condition for comparison to the activity of SEQ ID
NO:2 or SEQ ID NO:4 is about 2 g/ ketoamide substrate, about 0.5 M isopropylamine, about 22°C,
about pH 7.5, about 5% DMSO, about 100 uM PLP, and about 20 mg/mL of transaminase
polypeptide, as given below in the description of reaction conditions for the transaminases listed in
Table 2.. Defined reaction conditions for comparison to certain engineered transaminases are also
provided in the description for the transaminases listed on Table 2, and in the comresponding
descriptions in Examples 7 to 11, In some embodiments, the engineered transaminases have at feast
[.5 times, 2 times, 3 times, 4 times, 5 times, 6 tintes, 7 times, § times, 9 times, [0 times, 13 times, 20
fimes, 30 times, 44 times, 50 times, 75 times, 100 times, 150 times, 200 times, 300 times, 400 times,
500 times, 1000 times, 1500 times, 2000 thmes or greater than 2000 times the activity of the
polypeptide of SEQ 1D NO:4 under the defined reaction condition. Given that the transaminase
enzyme of SEQ ID NO:2 does not act measurably on the ketoamide substrate 4-0xo0-4-[3-
(trifluoromethyD-3,6-dihydro[1,2,4)triazolo[4,3-alpyrazin-7{ 8 H)-y1]-1-(2,4,5-trifluorophenybutan-
2-one, an engineered transaminase with activity equal to or greater than SEQ ID NO:4 in converting
the ketoamide substrate to the corresponding product is improved over the enzyme represented by

SEQ D NO:2.

[06105] In some embodiments, the improved enzymatic activity 15 also associated with other
improvements in enzyme property. In some embodiments, the improvement in enzyms property is

with respect to thermal stability, such as at 45°C or higher.

[0106] In some embodiments, the improved enzymatic activity 15 also associated with improvements
in solvent stability, such as in about 25 to about 40% or about 25 to about 50% dimethylsulfoxide
(DMSQ). In some embodiments, the improved fransaminase is resistance to inactivation by a reaction
component, sach as the amino group donor. In some embodiments, the engineered transaminases arc

stable to T M or up to 2 M isopropylamine.
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[6107F In some embodiments, the improved transaminase polypeptide is also capable of converting
ketoamide substrate 4-oxo-4-[3-(trifluoromethyl}-5,6-dihydrof 1,2 d]triazolo[4,3-alpyrazin-7(8H)-y1]-
1-(2,4,5-trifluorophenylbutan-2-one to product (2R)-4-ox0-4-[3-(trifluoromethy)-5,6-
dihydro[i,2,4]triazolof4,3-alpyrazin-7(8H)-y1]-1-(2,4,5-trifluorophenyl) butan- 2-amine with at least
70%, 8G%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 36%, 97%, 9%%, or 99% or greater enantiomeric

excess (e.e.).

{0108] In some embodiments, the engineered transaminase polypeptides of the present disclosure are
capable of converting the ketoamide substrate 4-oxo-4-[3-(trifluoromethyl)-5,6-
dihydrol1,2.4]triazolol4,3-alpyrazin-7{(8H)-y1]- 1-(2.4,5-tnflucrophenyDbutan-2-one to the product
(2ZR)-4-0x0-4-3 ~(triflucromethyl)-5,6-dihydrof1 ,2,4]tr’;az010{4,3-a]pyrazin—7(8H)—yl]— 1-{2,4,5-
triftuorophenylbutan-2-amine with an activity that is equal to or greater than the activity of the
polypeptide of SEQ 1D NO:4 in the presence of an amino group donor, particutarly isopropylamine,
and comprises an amino acid sequence that is at least 80%, 85%, 86%, B7%, 88%, §9%, 0004, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to the reference sequence of SEQ 1D
NO:A4,

{01091 In some embodiments, the engineered transaminase polypeptides of the present disclosure are
capable of converting the ketoamide substrate 4-0x0-4-[3-{trifluoromethyl)-5,6-

dihydro! 1,2,4triazolol4,3-alpyrazin-7(3 H)-yt]-1-(2,4,5-wrifluorophenyl)butan-2-one to the product
(2R)-4-oxo0-4-[3-(trifluoromethyl}-5,6-dihydro[ 1,2,4]triazolol4,3 -a}pyraiin"?(S Hy-v13-1-(2,4,5-
trifluorophenyl)butan-2-amine in the presence of an amino group donor, particuslarly isopropylamine,
with an activity that is equal to or greater than the polypeptide of SEQ 1D NO:4 and comprises an
amine acid sequence that is at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or more identical to a reference Sequcnce listed in Table 2, for example,
SEQ 1D NO: 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 80, 92, 64, 96, 98, 100 or 102, as further

described below,

[0310] In some embodiments, the engineered transaminase polypeptides comprise an amino acid
sequence that has one or more residue differences as compared to a transaminase reference sequence.
The residue differences can be non-conservative substitutions, conservative substitutions, or a
combination of non-conservative and conservative substitutions. With respect to the residue
differences and the descriptions of residue positions, the transaminases provided herein can be
described in reference to the amino acid sequence of the naturally occurring transaminase of
Arthrobacter sp KNK 168 or the transaminase of SEQ ID NO:2, or an engineered transaminase, such
as the polypeptide of SEQ ID NO:4. For the descriptions herein, the amino acid residue position in
the reference sequence is determined in the transaminase beginning from the initiating methionine

(M) residue {i.e., M represents residue position 1), althcugh it will be understood by the skilled artisan
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that this initiating methionine residue may be removed by biological processing machinery, such as in
a host cell or in vitro transiation system, to generate a mature protein lacking the initiating methionine

residue.

[0111] The polypeptide sequence position at which a particular amine acid or amino acid change
“residue diffcrence”) is present is sometimes described herein as “Xn”, or “position n”, where n
P ) posits ,

refers to the residue position with respect to the reference sequence.

[0112] A specific substitution mutation, which is a replacement of the specific residue in a eference
sequence with a different specified residue may be denoted by the conventional notation
“K(number)Y”, where X is the single letter identifier of the residue in the reference sequence,
“number” is the residue position in the reference sequence, and Y is the single letter identifier of the

residue substitution in the engineered sequence.

[0113] In some embodiments, the residue differences can oceur at one or more of the following
residue positions: X4, XS; X8 X18; X25; X26; X27, X28; X30; X41; X42; X48; X49; X50; X54;
X55; X60; X61; X062; X65; X69; X81; X94; X96; X102; X117, X120; X122; X124; X126; X136,
X137; X138; X146; X148; X150; X152; X1535; X156; X160; X163; X164; X169; X174; X178; X195;
X199, X204; X208; X209, X211; X215; X217, X223; X225; X230; X252; X260; X273; X282; X284;
X292; X297; X302; X306; X321; and X329. In some embodiments, the residue differences or
combinations thereof, are associated with the improved enzyme properties. In some embodiments,
the transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1.5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60
residue differences at residue positions other than those specific positions dendgted by “Xa” listed
above. In Somc embodiments, the number of differencescanbe 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 14,
15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 535, or 60 residue differences at the other amino acid
residue posittons, In some embodiments, the residue differences at other residue positions comprise

substitutions with conservative amino acid residues.

[0114] In the embodiments herein, the residue differences as compared to SEQ TD NO:2 at residue
positions affecting substrate binding on the transaminase allows accommodation of the ketoamide
substrate of structural formula (I}, further described below, in particular the ketoamide substrate 4-
oxo-4-[3-(trifluoromethy)-5.6-dihydro] 1,2 41triazolo[4,3-alpyrazin-7(8H)-y1]- 1-(2,4,5-
triftuorophenybutan-2-one. Without being bound by theory, at least two regions, a first substrate
binding region and & sccond substrate binding region, interact with different structural elements of the
ketoamide substrate. The first binding region comprises residue positions X62, X136, X137, X195,
X199, X208, X209, X223, X225, and X282, while the second binding region comprises residuc
positions X69, X122, and X284. Accordingly, the transaminase polypeptides herein have one or more

residue differences at residue positions comprising X62, X69, X122, X136, X137, X195, X199,
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X208, X209, X223, X225, X282, and X284. In some cmbodiments, the transaminase polypeptides
herein have at least two or more, three or more, four or more, five or more, or six or more residuc

differences at the specified residue positions associated with substrate binding.

[0115] Iz some embodiments, the residue differences as compared to SEQ ID NO:2 are at one or
more of residue positions forming a first substrate binding region comprised of residue positions X62,
X136, X137, X195, X199, X208, X209, X223, X223, and X282, Accordingly, in some embodiments,
the engineered transaminase comprises an amino acid sequence that includes at jeast one residue
difference as compared to SEQ 1D NO:2 at residue positions X62, X136, Xl37, X195, X199, X208,
X209, X223, X225, and X282.

[0116] In some embodiments, the residue differences as compared to SEQ ID NO:2 arc at one or
more of residue positions forming a second substrate binding region comprised of residue positions
X469, X122, and X284. Accordingly, in some embodiments, the engineered transaminase comprises
an amino acid sequence that includes at least one residue difference as compared to SEQ 1D NO:2 at

residue positions X69, X122, and X284,

[8117] Insome embodiments, the engineered fransaminase conprises an amino acid sequence that
includes residue differences at the first binding region in combination with residue differences at the
second binding region. Accordingly, in some embodiments, the engineered transaminase comprises
an amino acid sequence that includes one or more residue difference as compared to SEQ ID NO:2 at
residue positions X62, X136, X137, X195, X199, X208, X209, X223, X225, and X282 in
combination with one or more residue difference as compared to SEQ D NO:2 at residue positions

X69, X122, and X284,

[0118] In some embodiments of the enginecred transaminases of the disclosure, the amino acid
residues at a residue position can be can be defined in terms of the amino acid “features” {e.g., type or
praperty of amino acids) that can appear at that position, Thus, in scme embodiments the amino acid
residues at the pbsitions specified above can be selected from the following features: X4 is an
aromatic residue; X5 is a basic residue; X8 is a constrained residue; X 18 15 a cysteine (C) or an
aliphatic residue; X235 is a polar residue; X26 is an aromatic or constrained residue; X27 is a polar
residue; X28 is a constrained residue; X30 is polar or non-polar residue; X41 is a constrained or polar
residue; X42 is non-polar residue; X48 is a polar, acidic, aliphatic or non-polar residue; X49 is a polar
residue; X50 is an aliphatic residue; X54 is a constrained residue; XS5 is an aliphatic residue; X60 18
an aromatic residue; X61 is an aromatic residue; X62 is an aromatic or polar residue; X465 is an
aliphatic residue; X69 is a cysteine {C) or non-polar, polar, or aliphatic residue; X81 is a non-polar
residue; X94 is an aliphatic residue; X96 is an aliphatic residue; X102 is an aliphatic or basic residue;
Xil7isa 110_11—1)02&}1‘ residue; X120 is an aromatic residue; X122 is a constrained, non-polar or

aliphatic residue; X124 is a polar or constrained residue; X126 is a polar residue; X136 is an aromatic
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residue; X137 is a polar or aliphatic residue; X138 is a basic or constrained residue; X146 is a basic
residue; X148 is an aliphatic or aromatic residue; X150 is aromatic, constrained or polar residue;
X152 is cysteine (C), non-polar, aliphatic, or polar residue; X155 is non-polar or polar residue; X156
is a polar residue; X160 is an aliphatic residue; X163 is an aliphatic or constrained residue; X164 is an
aliphatic or constrained residue; X169 is an aliphatic residue; X174 is an aliphatic residue; X178 is a

~ polar residue; X195 is an aromatic or polar residue; X199 is an aliphatic or aromatic residue; X204 is
an aliphatic residue; X208 is cysteine (C) or a constrained, non-polar, aromatic, polar, or basic
residue; X209 is an aliphatic residue; X211 is an aliphatic residue; X213 is a cysteine (C); X217 is a
polar residue; X223 is @ consirained residue; X223 i an aromatic residue; X230 is an aliphatic
residue; X252 is an aromatic or aliphatic residue; X269 is a constrained residue; X273 is an aromatic
residue; X282 is a polar residue; X284 is a non-polar resiéue; X292 is a polar residue; X297 is a polar
residue; X302 is an aliphatic residue; X306 is an aliphatic residue; X321 is a constrained residue, and
X329 is a constrained or aromatic residue. In some embodiments, where the amino acid residue at the
corresponding residue position of the reference sequence (e.g.. SEQ ID NO:2) are encompassed
within the category of amine acids described for the specified position, a different amino acid within

that amino acid eategory can be used in light of the guidance provided herein.

{0119] In some embodiments, the amino acid residue at the residue positions specified above can be
selected from the following features: X41is Y, F, or W, particularly Y: X5 is K or R, particularly K,
X8 is Hor P, particularly P; X18 is C, A, V, or I, particularly C or I; X25 is N, Q, S, or T, particularly
(Q; X261s F, W, H or P, particularly H; X27 18N, Q, S, or T, particularly T; X28 is P or H,
particularly P; X30is N, Q, S, T, G, M, A, V, L or ], particularly Q or M; X411s P, H, N, Q, 8,orT,
particularty Flor S; X421s G, M, A, V, L or [, particotarly G; X48 s N, Q, 85, T, D, E, G, M, A, V. L,
or T, particularly Q, D, V, G, or A; X49 is N, Q, or T, particularly T; X50 15 A, V, L or I, particularly
L; X54is P or H; X55 is A, V, or L, particularly V; X60 is F or W, particularly F, X61 s Y, F, or W,
particularly Y; X62 is'S, T, N, Q, Y, F, or W, particutarly T, Y or F; X65 is A, L or I, particularly A;
X69isC, G, M, A, LLS, T,NorQ, particularly G, C, T, A, or 5; X8l is G, M, A, V, L, I,
particularly G; X94 is A, V, L or [, particularly Tor L; X96 is A, V or L, particularly L.; X102 is A, V,
L, 1, K or R, particularly L or K; X117 is G, M, A, V, L or I, particularly G; X120 is Y, W, or F,
particularly Y; X122 38 G, M, A, V, I, L, P or H, particularly M, L L, V, or H; X124 is T, N, Q, P, or
H, particularly T, Hor N; X 126 is N, Q, or T, particularly T; X136 8 Y, F or W, particularly Y or F;
X13718 8, T, N, Q, A, V, L or I, particudarly T or I; X138 is K, P or H, particularly K or P; X146 s K
or R, particularly ; X148 s A, V,L 1, W, or F, particularly A or I'; X150 s F, W, H, P, 5§, T, N, or Q,
pariicularly F, H, or S; X152 is C, G, M, A, L, 1, S, T, N, or Q, particularly G, 1, L, S or C; X155 is N,
S, T.G, M, A, V,Lor], particularly M, V or T; X156 isN, Q, S, or T, particularly J; X160 is A, V,
Lor I, particularly L; X163 1 P, H, A, V, or L, particudarly Hor V; X164 is A, V, L, L P or H,
particularty V or P; X169 is V, L or 1, particularly L; X174 is A, V, L or I, particularly A; X178 is S,
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N, or Q, particularly S; X1951s F, Y, W, S, T, Nor Q, particularly For Q; X199 is A, L, , Y, F, W,
particularly W oor [; X204 is A, V, L, or I, particularly A; X208 s H, C, G, K, N, Y, D or S; X209 is
V, Lot I, particularly L; X211 18 A, V, or 1, particolarly T, X215 C; X217 S, T, N or Q,
particularly N; X223 is H or P, particularly P; X225 is W or Y, particularly ¥; X230is A, V, or L,
particularly V; X252 is A, V, 1, Y, F, or W, particularty F; X26% is H ¢r P, particularly P; X273 is Y,
F or W, particularly Y; X282 15 S, N or Q, particularly S; X284 is G, M, V, L or I, particularly G;
X2921s T, N, or Q, particiarty T; X297 is 8, T, N or Q, particularly §; X302 15 A, L, or I,
particularly A; X306 is A, L or [, particularty L; X321 is H or P, particularly P; and X329 is H, P, Y,
F, or W, particularly H.

[0120] In some embodiments, the engincered transaminase polypeptide comprises an amino acid
sequence that includes one or more of the following features: residuc corresponding to X69 is
cysteine (C) or a non-polar, polar, or aliphatic residue; residue corresponding to X122 is a
constrained, non-polar or aliphatic restdue; residue corresponding to X223 is a constrained residug;

and residue corresponding to X284 is a non-polar residue.

[0121} In some embodiments, the engineered transaminase polypeptide comprises an amino acid
sequence that includes at least the following features: (1) residue corresponding to X69 is C or a non-
pelar, aliphatic or polar residue, and/or residue corresponding to X284 is a non-polar residue; (2)
residue corresponding to X122 is a constrained, non-polar or aliphatic residue; and (3) residue

corresponding to X223 is a constrained residue.

[0222] Insome embodiments, the enginecred transaminase polypeptide comprises an amino acid
sequence that includes at least the following features: X69 is C or a non-polar, aliphatic or polar

residue; X122 is a constrained, non-polar or aliphatic residue; and X223 is a constrained residue.

{05231 Insome embodiments, the engineered transaminase polypeptide comprises an amino acid
sequence that includes at least the following features: X691is C, G, M, A, L, 1, S, T, N or (Q,
particilarly G, C, T, A, or §; X122 15 G, M, AV, L L PorH, particudarly M, I, V, L, or H; and X223

1s H or P, particuiarly P.

[6124} In some embodiments, the engineered transaminase polypeptide comprises an amino acid
sequence that includes at least the following features: X122 is a constrained, non-polar or aliphatic

residue; X223 is a constrained residue; and X284 is a nop-polar residue.
[6125] In some embodiments, the engineered transaminase polypeptide comprises an amino acid

sequence that includes at least the following features: X122 is G, M, A, V, L, I, P or H, particularly

M, 1V, L orH; X223 is H or P, particularly P; and X284 is G, M, V, L or I, particularly G.
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[0126] In some emboediments, the engineered transaminase polypeptide comprises an amino acid
sequence that includes at least the following features: X69 is C or a non-polar, polar or aliphatic
residue; X122 is a constrained, non-polar or aliphatic residue; X223 is a constrained residue; and

X284 is a non-polar residue.

[0127] In some embodiments, the engincered transaminase polypeptide comprises an amino acid
sequence that includes at least the following features: X691s C, G, M, A, L, 1.5, T, Nor Q,
particularly G, C, T, A, or 8; X122 is G, M, A, V, L, I, P or H, , particularly M, I, V, L, or H; X223 is
H or P, particularly P; and X284 1s G, M, A, V, L or [, particularly G. '

[0128] In some embodiments, the engineered transaminase polypeptide comprises an aminoe acid
sequence that includes at least the following features: X691is Cor T; X122 is M or [; X223 is P; and
X284 15 G,

[0129] In some embediments, the engineerad transaminase polypeptides with ene or more of the
specified features or combinations of features at residue positions X69, X122, X223, and X284, can
additionally have one or more residue differences as compared to SEQ ID NO:2 at the following
residue positions: X4; X5; X8; X18; X25; X26; X27; X28; X30; X41; X42; X48; X49; X50; X54;
X535, X60; X61; X62; X65; X81; X94; X96; X102; X117, X120; X124; X126; X136; X137; XEBS;
Klde; X148, Xi130; X152; X155; X156; X160; X163; X164; X169; X174; X178; X195; X199; X204;
X208, X209; X211; X215, X217, X225, X230; X252; X269; X273; X282, X292; X297, X302; X306;
X321; and X329, In additions to residue positions X69, X122, X223, and X284, these other residue
positions are associated with effects on various propertics of the fransaminase polypeptide, and thus
can have residue differences as compared to SEQ ID NO:2 to effect desirable changes in enzyme

properties.

[0130] As noted above, residue positions X62, X136, X137, X195, X199, X208, X209, X225, and
X282 along with residue positions X69, X122, X223, and X284, are associated with binding of the
substrate to the enzyme, and thus the transaminase polypeptide can have residue dif_fercnces at these

recited positions as compared to SEQ ID NO:2 to effect desirable changes in enzyme activity.

[8131] Residue positions X4, X35, X8, X260, X48, X6, X635, X81, X96, X102, X124, X160, X163,
X169, X174, X178, X211, X217, X225, X230, X252, X269, X273, X292, X297, X306, X321, X326
are also associated with additional increases in enzyme activity, and thus the fransaminase
polypeptide can have residue differences at these recited positions as compared to SEQ 1D NG:2 to
effect additional desirable changes in enzyme activity, for example increase in efficiency of

conversion at high substrate loading conditions.

[0132] Residue positions X18, X25, X27, X28, X30, X41, X42, X49, X50, X534, X55, X117, X120,
K126, X138, X146, X148, X150, X152, X155, X156, Xi64, X204, X302 are associated also with
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increases in thermostability and/or solvent stability, such as DMSQ, and thus the transaminase
nolypeptide can have residue differences at these recited positions as compared to SEQ D NO:2 to

effect desirable changes in thermostability and/or solvent stability.

[0133] Restdue positions X61, X94, X215 are agsociated also with the ability to carry out the
reaction at high concentrations of amino donor isopropylamine, and thus the transaminase polypeptide
can have residue differences at these recited positions as compared to SEQ D NO:2 to effect increase

in efficiency of conversion at high {e.g., | — 2 M) concentrations of isopropylamine.

[0134] It is to be undersiood that the residue differences from SEQ ID NO:2 at residue positions
associated with the various properties of the enzymes can be used in various combinations to form
transaminase polypeptides having desirable enzymatic characteristics, for example combination of
increases in enzyme activity, solvent and temperate stability, and utilization of amino denor.

Exemplary combinations are described herem.

[0135] In some embodiments, the amino acid residues for the specified residue positions can be
selected according to the descriptions above, For example, the amino acid residues can be selected
based on the following features: X4 is an aromatic tesidue; X35 is a basic residue; X8 is a constrained
residue; X18 is a cysteine (C) or an aliphatic residue; X235 is a polar residue; X26 is an aromatic or
constrained residue; X27 is a polar residue; X28 is a constrained residue; X30 is a polar or non-polar
residue; X41 is a constrained or polar residue; X42 is a non-polar residue;, X48 is a polar, acidie,
aliphatic or non-polar residue; X49 is a polar residue; X350 is an aliphatic residue; X34 is a constrained
residue; X55 is an aliphatic residue; X60 is an aromatic residue; X61 is an aromatic residue; X62 is an
aromatic or polar residue; X635 is an aliphatic residue; X81 is a non-polar residue; X94 is an aliphatic
residue; X96 1s an aliphatic residue; X102 is an aliphatic or basic residue; X117 is a non-polar
residuc; X120 is an aromatic residue; X124 is a polar or constrained residue; X126 is a polar résidue;
X136 is an aromatic residue; X137 is a polar or aliphatic residug; X138 is a basic or constrained
residue; X146 is a basic residue; X148 is an aliphatic or aromatic residue; X150 is an aromatic,
constrained or polar residue; X 152 is a cysteine (C), non-polar, aliphatic, or polar residue; X155 15 a
non-polar or pelar residue; X156 is a polar residue; X160 is an aliphatic residue; X163 is en aliphatic
or constrained residue; X164 is an aliphatic or consirained residue; X169 is an aliphatic residue; X174
ig an aliphatic residue; X178 is a polar residue; X195 is an aromatic or polar residue; X199 is an
aliphatic or aromatic residue; X204 is an aliphatic residue; X208 is a cysteine (C) or a constrained,
non-polar, aromatic, polar, or basic residue; X209 is an aliphatic residue; X211 is an aliphatic residue;
X215 18 C; X217 1s a polar residuc; X225 is an aromatic residue; X230 is an aliphatic residue; X252 15
an aromatic or aliphatic residue; X269 is a constrained residue; X273 is an aromatic residue; X282 is

a polar residue; X292 is a polar residuc; X297 is a polar residue; X302 is an aliphatic residue; X306 is
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an aliphatic residue; X321 is a constrained residue; and X329 is a constrained or aromatic residue.

Specific amino acid residues that can be used at these residue positions are described above.

[0136] In some embodiments, the engineered transaminase having the features at one or more residae
positions X69, X122, X223, and X284 as described above, can have additionally one or more of the
following features: X26 is an aromatic or constrained residue; X61 is an aromatic residue; X62 is an
aromatic or poiar residue; X653 is an aliphatic residue; X94 is an aliphatic residue; X136 is an aromatic
residue; X137 is a polar or aliphatic residue; X199 is an aliphatic or aromatic residue; X209 is an

aliphatic residue; X215 is C; and X282 is a polar residue.

[0137]) Insome embodiments, in addition to the preceding features, the transaminase amino acid
sequence can inciude additionally one or more of the following features: X8 is a constrained residue;
X60 13 an aromatic residue; X1 is a non-polar or small residue; X906 is an aliphatic residue; X124 is a
polar or constrained residue; X169 is an aliphatic residue; X217 18 a polar residuc—:; X2691isa
constrained residue; X273 is an aromatic residue; X297 is a polar residue; and X321 is a constrained

residue.

[0138] Tu some embodiments, in addition to the preceding features, the transaminase amino acid
sequence can include additionally one or more of the following features; X4 is an aromatic residue;
X48 is a polar, acidic, aliphatic or non-potar residue; X102 is an aliphatic or basic residue; X150 is
aromatic, constrained or polar residue; X152 is C or a non-polar, aliphatic or polar residue; X160 is an
aliphatic residue; X163 i3 an aliphatic or constrained residue; X174 is an aliphatic residue; X178isa
polar restdue; X195 is an aromatic or polar residue; X208 15 C or a constrained, non-polar, aromatic,
polar, or basic residue; X211 is an aliphatic residue; X225 is an aromatic residue; X230 is an aliphatic
residue; X252 is an aromatic or aliphatic residue; X292 is a polar residue; X206 is an aliphatic

residue; and X329 13 a constrained or aromatic residue.

[0139] Insome embodiments, the engineered transaminase having the features at one or more or
combinations of features at residue positions X69, X122, X223, and X284 as described above,
includes at least the following additional features: X26 is an aromatic or constrained residue, and/or
X62 is an aromatic or polar residue; X635 is an aliphatic residue; X136 is an aromatic residue; X199 is

an aliphatic or aromatic residue; and X209 is an aliphatic residue,

[0140} Insome embodiments, the engineered transaminase having the featares at cne or more residue
positions X69, X122, X223, and X284 as described above, includes at least the following additional
features: X61 is an aromatic residue; X62 is an aromatic or pelar residue; X65 is an aliphatic residue;
X064 is an aliphatic residue; X136 is an aromatic residue; X199 is an aliphatic or aromatic residue;

X209 is an aliphatic residue; X215 is C, and X282 is a polar residue.
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[6141] In some embodiments, the engineered transaminase having the features at one or more resicue
positions X69, X122, X223, and X284 as described above, includes at Ieast the following additional
features: X8 is a constrained residue; X601 is an aromatic residue; X62 is an aromatic or polar residue;
X635 is an aliphatic residue; X81 is a non-polar or smali residue; X94 is an aliphatic residue; X136 is
an aromatic residue; X199 is an aliphatic or aromatic residue; X209 is an aliphatic residue; X215is a
C; X217 is a polar residue; X269 is a constrained residue; X282 is a polar residue X297 is a polar

residue; and X321 is a constrained residue,

[0142] in some embodiments, the engineered transaminase having the features at one or more residue
positions X69, X122, X223, and X284 as described above, includes at least the following additional
features: X8 is a constramed residue; Xa0 is an émmatic residue; X61 is an aromatic residue; X62 is
an aromatic or polar residue; X635 is an aliphatic residue; X81 is a non-polar residue; X94 is an
aliphatic residue; X96 is an aliphatic residue; X124 is a polar or constrained residue; X136 i an
aromatic residue; X169 is an aliphatic restdue; X199 is an aliphatic or aromatic residue; X209 is an
aliphatic residue; X215 is C; X217 is a polar residue; X265 is a constrained residue; X273 is an

aromatic residue. X282 is a polar residue; X297 is a polar residue; and X321 is a constrained residue.

f0143] In some embodimenis, the engineered transaminase having the features at one or more residue
positions X69, X122, X223, and X284 as described above, includes at least the following additional
features: X8 is a constrained residue; X640 is an aromatic residue; X61 1s an aromatic residue; X62 i3
an aromatic or polar residue; X63 is an aliphatic residue; X81 is a non-polar residae; X94 is an
aliphatic residuc; X96 is an aliphatic residue; X124 1s a polar or constrained residue; X126 is a polar
residue; X136 is an aromatic residue; X150 is an aromatic, constrained or polar residue; X152 is a
gysteme {C), non-polar, aliphatié, or polar residue; X169 is an aliphatic residue; X199 is an alipharic
or aromatic residue; X209 is an aliphatic residue; X215 is C; X217 is a polar residuc; X269 15 a
constrained residue; X273 is an aromatic residue. X282 is a polar residue; X297 is a polar residue;

and X321 is a consgtrained residue,

[6144] In some embodiments, the engincered transaminase having the features at one or more residue
positions X69, X122, X222, and X284 as described above, includes at least the following additional
features: X261s P, HL F, or W, pasticularly H, and/or X62 8 S, T, N, Q, Y, F, or W, particularly T or
F, X651is A, Lor 1, particularly A; X13614s Y, F or W, particularly Y or F; X199 is A, L, L Y, F, or
W, particularly W or §; and X209 is V, L or 1, particularly L.

[8145] In some embodiments, the engincered transaminase having the features at one or more residue
positions X69, X122, X223, and X284 as described above, includes at least the following additional
features: X61is Y, F, or W, particularly Y; X062 is S, T, N, Q, Y, F, or W, particularly T or F; X65 is
A, Lor I, particularly A; X94 is A, V, L or I, particularly I or L; X136 is Y, F, or W, particularly Y or
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F, X1994s A, L, LY, F, or W, particularly W or [; X209 is V, L or [, particularly L; X215 is C; and
X282 15 S, N or Q, particularly S.

[0146] In some embodiments, the engineered fransaininase having the features at one or more residue
positions X69, X122, X223, and X284 as described ahove, includes at least the following additional
features; X8 is Hor P, particularly P; X61is Y, F, or W, particularly Y; X62is S, T, NQ, Y, F, or W,
particularly T or F; X635 is A, L or 1, particularly A; X811s G, M, A, V, L or |, particularly G; X94 i3
A,V Lorl particlarly Tor L; X136 is Y, F, or W, particalarly Y or F; X199 is A, L, LY, F, or W,
particularly W or I; X2091is V, L or 1, particularly L; X215 1s C; X217 18 S, T, N, or Q, particularly N;
X269 is H or P, particularly P; X282 is S, N or Q, particularly S. X297 is 8, T, N or Q, particularly S;
and X321 1s H or P, particularly P.

[01471 In some embodiments, the engineered transaminase having the features at one or more residue
positions X69, X122, X223, and X284 as described above, includes at least the following additional
features: X& is H or P, particularty P; X60 is F or W, particularly F; X61 is Y, F, or W, particufarly
Y; X6218Y,F, W, 5, T, N or Q, particularly T or F; X63is A, L or I, particularly A; X81 15 G, M, A,
V. L or I, particularly G; X94 is A, V, L or I, particularly Tor T; X965 A,V br L., particuial"{y L:
X1241isP, H, T, N, or Q, particularly T, H or N; X136 is Y, F or W, particularly ¥ or F; X169 15 V, L,
or I, particularly L; X199 is Y, F, W, A, L or 1, particularly W or I; X209 is V, L or I, particularly L;
X215is C; X217 18 S, T, N or Q, particularly N; X269 is H or P, particularty P; X273 s Y, F, or W,
particaelarly Y; X282 is S, N or Q, particularly S; X297 is 8, T, N or Q, particularly S; and X321 s H
or P, particularly P.

[0148] In some embodiments, the engineered transaminase having the features at one or more residue
positions X69, X122, X223, and X284 as described above, includes at least the following additional
features: X8 is H or P, particularly P; X60 is F or W, particularty F; X611s Y, F, or W, particulariy
Y; X621 Y, F, W, 8, T, NorQ, pa-rtiéulérly TorF; X65is A, L or I, particularly A; X81 is G, M, A,
V, L or 1, particularly G; X94 is A, V, L or I, particularly I or L; X96 is A, V or L, particularly L;
X124 P, H, T, N, or Q, particularly T, H or N; X 126 is N, Q, or T, particularly T; X136 is Y, I or
W, particularly Y or F; X150 s F, W, H, P, 8, T, N, or Q, particularly F, H, or §; X152 is C, G, M, A,
L, 1S, TN, or Q, particularly G, I, L, S or C; X169 15 V, L, or I, particularty L; X199is Y, F, W, A,
L oor I, particularly W or I; X209 1s V, L or [, particularly L; X21518 C; X217is §, T, N or Q,
particularly N; X269 is H or P, particularly P; X273 8 Y, T, or W, particularly Y; X282 is S, N or Q,
particularly S; X297 1s 5, T, N or Q, particularly S; and X321 is H or P, particularly P.

[0149] Tn some embodiments, the enginecred transaminases comprise an antino acid sequence that
includes at least the following features: X122 is a constrained, non-polar or aliphatic residue,
particularly M, T, L., V, or H; X223 is a constrained residue, particularly P; X284 is a non-polar

residue, particularly G. In some embodiments, the transaminase polypeptides can have additionally i-
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2,1-3, 14, 1-5, -6, 1-7, 1-8, 1-9, 1-14, £-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,1-24, 1-26, 1-
30, 1-35, 1-40, 1-453, [-30, 1-55, or 1-60 residue differences at other residuc positions, In some
embodiments, the number of differences canbe 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20,
22, 24, 26, 30, 35, 40, 45, 50,. 53, or 60 residue differences at the other residee positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino acid sequence that is
at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 9}%; 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% identical to a reference amino acid sequence based on SEQ 1D NO:2 having the features
described for the preceding specified residue ;;wsitions (le. X122; X223; and X284) (e.g., SEQ ID
NO:8 or 10), with the proviso that the engineered transaminase polypeptide comprises polypeptide
comprises an amino acid sequence that includes at Ieast the features described for the specified

residucs.

[0150] In some embodiments, the engineered transaminases comprise an amino acid sequence that
imchudes at least the following features: X69 is C or a non-polar, aliphatic or polar residue,
particularly G, C, T, A, or §; X122 is a constrained, non-polar or aliphatic residue, particularly M, I
L, V, or H; X223 is a constrained residue, paﬂicul#rly P; and X284 is a non-polar residue, particularly
G. In some embodiments, the transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6,
127, 1.8, 1.9, 1-10, 1-11, 12, 1-14, 1-15 1-16, 1-18§, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45,
1-58, 1-55, or 1-60 residue differences at other residue positions. In some embodiments, the number
of differences canbe 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 14, 15, 16,. 18, 20,22, 24, 26, 30, 35, 40, 45,
50,. 55, or 60 residue differences at the other residue positions. In somwe embodiments, the engineered
transaninase polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence based on SEQ 1D NO:2 having the features described for precedimg specified residue
positions (i.c., X69; X122; X223; and X284)e.g., SEQ ID NO:4), with the provise that the
engineered transaminase polypeptide comprises polypeptide comprises an amine acid sequence

having at lcast the features described for the specified residues.

[0151] In some embodiments, the engineered transaminases comprise an amino acid sequence that
inchudes at least the following featurcs: X635 is an aliphatic residue, particularly A; X69 is C or a non-
polar, aiiphatic or polar residue, particularly G, C, T, A, or §; X127 is a constrained, non-polar or
aliphatic residue, particularly M, T, L, V, or H; and X223 is a constrained residue, particalaily P. In
some embodiments, the transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7,
1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50,
1-55, or 1-60 residue differences at other residue positions. Tn some embodiments, the number of
differences canbe 1,2,3,4,5,6,7,8, 9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50..
55, or 60 residue differences at the other residue positions. In some embodiments, the engineered

transaminase polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%,
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87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence based on SEQ 1D NO:2 having the features deseribed for the preceding specified residue
positions (¢.g., SEQ D NO:6), with the proviso that the engineered transaminase polypeptide
comprises polypeptide comprises an amino acid sequence that includes at least the features described
for the specified residues. In some embodiments, the engineered transaminase polypeptide can
comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, §9%, 90%, 91%,

02%, ¥3%, 94%, 05%, 06%, 97%, OR%, 99% identical to a reference sequence of SEQ 1D NO:6,

[0152] In some embodiments, Ithc engineered transaminases comprise an amino acid sequence that
includes at least the following features: X122 is a constrained, non-polar or aliphatic residue,
particularly M, 1, L, V, or H; X174 is an aliphatic residue, particularly A; X223 is a constrained
residue, particularly P; and X284 is a non-polar residue, particularly G. In some embodiments, the
transaminase polypeptides can have additionally 1-2, 1.3, 1-4, 1.5, 1-6, 1-7, 1-§, 1-9, 1-10, 1-11, 1-
12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue
differences at other residue positions. In some embodiments, the number of differences can be 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue
differences at the other residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about §0%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based
on SEQ ID NQ:2 having the features described for preceding specified residue positions (e.g., SEQ
1D NO:12), with the proviso that the engineered transaminase polypeptide comprises polypeptide
comprises an amino acid sequence that includes at least the features described for the specified
residue posiﬁons. In some embodiments, the engineered transaminase polypeptide can comprise an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence of SEQ ID NO:12,

[0153] Insome embodiments, the engineered fransaminases comprise an amino acid sequence that
includes the following features: In some embodiments, the engineered transaminases coﬁmrise an
amino acid sequence ihat includes at least the following features: X26 is an aromatic or constrained
residue, particularly H; X65 is an aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic
or polar residue, particularly G, C, T, A, or S; X122 is a constrained, non-polar or aliphatic residue,
particularly M, I, L, V, or H; X223 is a constrained residue, particularly P; and X284 is a non-polar
residue, particularly G, In some embodiments, the transaminase polypeptides can have additionally 1-
2, 1-3,1-4, 1-5, 1-6,1-7, 1-8, 1-9, 1-10, 1-11, I-12, 1-14, 1-15, 1-16, }-18, 1-20, [-22, 1-24, 1-26, ]-
30, 1-35, 1-40, 1-45, 1-50, 1-533, or 1-60 residue differences at other residue positions. In some
embodiments, the number of differences canbe 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26,730, 35, 40, 45, 50,. 35, or 60 residue differences at the other residue positions. In some

embodiments, the engineered transaminase polypeptide can comprise an amino acid sequence that is
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at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% identical to a reference sequence based on SEQ ID NO:2 having the features described for
preceding specified residue positions {e.g., SEQ 1D NG:14), with the provisc that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid sequence that includes at
teast the features described for the specified residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amine acid sequence that is at least abowut 80%, 85%, 86%,
87%, 88%%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO: 14,

(0154} In some embodiments, the engineered transaminases comprise an amine actd sequence that
includes the following features: In some embodiments, the engineered transaminases comprise an
amino acid sequence that includes at least the following features: X206 is an aromatic or constrained
residue, particularly H; X62 is an aromatic or polar residue, pzirt%cu}aﬂy T,Y or F; X465 is an aliphatic
residue, particularly A; X69 is C or a non-polar, aliphatic or polar residue, particularly G, C,'F, A, or
S; X122 is a constrained, non-polar or aliphatic residue, particalarly M, 1, L, V, or H; X178 is a polar
residue, particularly S; X199 is an aliphatic or aromatic residue, particularly W or 1, particularly X223
is & constrained residue, particularly P; X225 is an aromatic fesiduc, particularly Y, X282 is a polar
residue, particularty S; and X284 is a non-polar residue, particularly G. In some embodiments, the
transaminase polypeptides can have additionally 1-2, 1-3, i-4, [-5, 1-6, 1-7, I-§, 1-9, 1-10, I-11, 1-
12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, [-55, or 1-60 residue
differences at other residue positions. In some embodiments, the number of differences can be 1, 2, 3,
4,5,6,7,8,9,10, 1L, 12, 14,15, 16, 18,20, 22, 24, 26, 30, 35, 40, 45, 50.. 55, or 60 residue
differences at the other residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 953%, 96%, 97%, 98%, 99% identical to a reference sequence based
on SEQ ID NO:2 having the features described for preceding specified residue positions (e.g., SEQ
D NO:16), with the proviso that the engineered transaminase polypeptide comprises polypeptide
comprises an amino acid sequence that includes at least the features described for the specified
residue positions. In some embodiments, the engineered transaminase polypeptide can comprise an
amino acid sequence that is at feast about 80%, 85%, §6%, §7%, 88%, 8%%, 9%, %1%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical 1o a reference sequence of SEQ D NQ:16.

[0155] In some embodiments, the engineered transaminases comprise an amino acid sequence that
includes the following features: In some embodiments, the engineered transaminases comprise an
amino acid sequence that includes at least the following features: X26 is an aromatic or constrained
residue, particularly H; X62 is an aromatic or polar residue, particularly T, Y or F; X635 is an aliphatic
residue, particularly A; X69 is C or a non-polar, aliphatic or polar residue, particularly G, C, T, A, or

S, X122 i a constrained, non-polar or aliphatic residue, particularly M, L L, V, or H; X}36‘is an
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aromatic residue, particularly Y or F; X199 is an aliphatic or aromatic residue, particularly W or I;
X209 is an aliphatic residue, particularly L; X223 is a constrained residue, particularly P; X225 is an
aromatic residue, particutarly Y, X282 is a polar residue, particularly S; and X284 is a non-polar
residue, particularly G. In some embodiments, the transaminase polypeptides can have additionally 1-
2,1-3,1-4,1-5, 1-6, 1»7, 1-8,1-9, 1-16, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, [-26, 1-
30, 1-353, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at other residue positions. 1n some
cmbodimen‘;s, the number of differences canbe 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26,30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino acid sequence that is
 at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% identical to a reference sequence based on SEQ ID NO:2 having the featares described for
preceding specified residue positions {e.g., SEQ 1D NO:18), with the proviso that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid sequence that includes at
[east the features described for the specified residue positions. In some embodiments, the engincered
transaminase polypeptide can comprise an amino acid sequence that s at least about 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NG:18.

[0156] In some embodiments, the engincered transaminases comprise an amino actd sequence that
includes the following features: In some embodiments, the engineered transaminases comprise an
amino acid sequence that includes at least the following features: X26 is an aromatic or constrained
residue, particularty H; X62 is an aromatic or polar residue, particularly T, Y or F; X65 is an aliphatic
residue, particularly A; X69% is C or a non-polar, aliphatic or polar residue, particularly G, C, T, A, or
S; X122 is a constrained, non-polar or aliphatic residue, particularly M, I, L, V, or H; X136 is an
aromatic residue, particularly Y or F; X137 is a polar or aliphatic residue, particularly T or [; X199 is
an aliphatic or aromatic residue, particularly W or I; X209 is an aliphatic residue, particularly L; X223
isa constrain'ed residue, particutarly P; X282 is a polar residue, particalarly S; and X284 is a non- |
polar residue, particularly G. In some embodiments, the fransaminase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1.30, 1.35, 1-40, 1-45, 1-50, 1-535, or [-60 residue differences at other residue positions.
in some embodiments, the namber of differences canbe 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 14, 15, 16,
18, 200, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue positions. In
some embodiments, the engineered transaminase polypeptide can comprise an amine acid sequence
that is at least about §0%, 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%,
08%, 99% identical to a reference sequence based on SEQ ID NO:2 having the features deseribed for
preceding specified residue positions (e.g., SEQ ID NO:20, 22, 28, 30, 32, 34, 38 or 40), with the

proviso that the engineered transaminase polypeptide comprises polypeptide comprises an aminoe acid
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sequence that includes at least the features described for the specified residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino acid sequence that is
at least about 80%, 85%, 86%, 87%, B8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% identical to a reference sequence of SEQ TDNO:20, 22, 28, 30, 32, 34, 38 or 40.

[0257] Insome embodiments, the engineered fransaminases comprise an amino acid sequence that
includes the following features: In some embodiments, the engineered transaminases comprise an
amino acid sequence that includes at least the following features: X26 is an argmatic or constrained
residue, particularly H; X62 is an aromatic or polar residue, particulaﬂy T, Y or F; X065 is an atiphatic
residue, particularly A; X69 is C or a non-polar, aliphatic or poler restdue, pariicularly G, C, T, A, or
S; X122 is a constrained, non-polar or aliphatic residue, particudarly M, 1, L, V, or H; X136 18 an
aromatic residue, particularly Y or F; X137 is a polar or aliphatic residue, particularly T or [; X199 is
an afiphatic or aromatic residue, particularly W or I; X209 is an aliphatic residue, particularly L; X223
isa constrained residue, particularly P; X225 is an aromatic residue, particularly Y, X282 is a polar
residue, particularly S; and X284 is a non-polar residue, particularly G. In some embodiments, the
transaniinase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, I-8, 1-9, 1-10, 1-11, 1-
12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-43, 1-56, 1-53, or 1-60 residue
differences at other residue positions. In some emboediments, the number of differences can be 1, 2, 3,
4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residuc
differences at the other residue positions. In some embodiments, the engincered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%, §8%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based
on SEQ ID NO:2 having the features described for preceding specified residue positions (e.g., SEQ
ID NO:24), with the proviso that the engineered transaminase polypeptide comprises polypeptide
comprises an amino acid sequence that includes at least the features described for the specified
residue positions. In some embodiments, the engincered transaminase polypeptide can comprise an
amino acid sequence that is at least about 80%, 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence of SEQ ID NQ:24.

[0158] In some embodiments, the engineered transaminases comprise an amino acid sequence that
includes the following features: In some embodiments, the engincered transaminases comprise an
amino acid sequence that includes at least the following features: X26 is an aromatic or constrained
residue, particularly H; X65 is an aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic
or polar residue, particularly G, C, T, A, or 8; X122 is a constrained, non-polar or aliphatic residue,
particularly M, I, L, V, or H; X136 is an aromatic residee, pasticularly ¥ or F; X137 is a polar or
aliphatic residue, particularly T or §; X174 is an aliphatic residue, particularly A; X199 is an aliphatic
or aromatic residue, particularly W or I; X209 15 an aliphatic residoe, particularty T.; X223 is 2

constrained residue, particuiarly P; X230 is an aliphatic residue, particuiarky V; and X284 is a non-
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potar residue, particularly G. In some embodiments, the transaminase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-3, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-58, 1-55, or §~6{j residue differences at other residue positions.
In some embodiments, the number of differences canbe 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15, 16,
18,20, 22,24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue positions. In
some embodiments, the engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 8§9%, 90%, 91%, 92%, 93%, 4%, 95%, 96%, 97%,
98%, 99% identical to a reference sequence based on SEQ 1D NO:2 having the features described for
preceding specified residue positions {e.g., SEQ ID NO:26), with the provisc that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid sequence that includes at
least the features described for the specified residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ 1D NO:26.

[0159] In some embodiments, the engineered fransaminases comprise an amino acid sequence that
includes the following features: In some embodiments, the engineered transaminases comprise an
amino acid sequence that includes at least the following features: X26 is an aromatic or constrained
residue, particularly H; X61 is an aromatic residue, particularly Y; X62 is an aromatic or polar
residue, particularly T, Y or F; X65 is an aliphatic residue, particularly A; X69 is C or a non-polar,
aliphatic or polar residue, particularly G, C, T, A, or $; X122 is a constrained, non-polar or aliphatic
residue, particularly M, I, L, V, or H; X136 is an aromatic residue, particularly ¥ or F; X137 is a polar
or aliphatic residue, particularly T or I; X199 is an aliphatic or aromatic residue, particularly W or I;
X209 is an aliphatic residue, particularly L; X223 is a constrained rcéiduc, particularly P; X282 is a
polar residue, particularly S; and X284 is a non-polar residue, particularly G, In some embodiments,
the transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60
residue differences at other residue positions. In some embodiments, the number of differences can
bel,2,3,4,5,6,7,8,9,10, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60
residue differences at the other residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based
on SEQ 1D NO:2 having the features described for preceding specified residue positions (e.g., SEQ
1D NQ:36), with the proviso that the engineered transaminase polypeptide comprises polypeptide
comprises an amino acid sequence that includes at least the features described for the specified

residue positions. In some embodiments, the engineered transaminase polypeptide can comprise an
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amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
941%, 95%, 96%, 97%, 98%, 99% identical to a reforence sequence of SEQ [D NO:36.

[0160] Tn some embodiments, the engineered transaminases comprise an amino acid sequence that
inchudes the foilowing features: In some embodiments, the engineered transaminases comprise an
amino acid sequence that includes at least the following features: X4 is an aromatic residue,
particularly Y; X26 is an aromatic or constrained residue, particularly H; X62 is an aromatic or polar
residue, particularly T, Y or ¥; X635 is an aliphatic residue, particutarly A; X69 is C or a non-polar,
aliphatic or polar residue, particularly G, C, T, A, or S; X94 is an aliphatic residue, particularly 1 or [;
X122 is a constrained, non-polar or aliphatic residue, particularly M, I, L, V, or H; X136 is an
aromatic residue, particutarly Y or F; X137 is a pelar or aliphatic residue, particularly T or I; X199 is
an aliphatic or aromatic residue, particularly W or {; X209 is an aliphatic residue, particularfy L; X215
is C; X223 is a constrained residue, particularly P; X282 is a polar residue, particolarly S; and X284 is
a non-polar residue, particularly G. Tn some embodiments, the transaminase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, -8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 160 residue differences at other residue positions.
In some embodiments, the number of differences canbe 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 14, 15, 16,
I8, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue positioné. In
some embodiments, the engincered transaminase polypeptide can comprise an amino acid sequence
that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
989, 99% identical fo a reference sequence based on SEQ 1D NO:2 having the features described for
preceding specified residue positions (e.g., SEQ 1D NO:42), with the proviso that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid sequence that includes at
least the featres described for the specified residue positions. Tn some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%,
87%, 88%, 8994, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ 1D NO:42.

[0861]) In some embodiments, the engincered n'ansamiﬁase comprises an amino acid sequ.enc'e that
includes the following features: X62 is an aromatic or polar residue, particularly T, Y or F; X65 is an
aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic or polar residue, particularly G, C,
T, A, or S: X94 s an aliphatic residue, particularly I or L; X122 is a copstrained, non-polar or
al’iphaﬁc residue, particularly M, T, L, V, or H; X136 is an aromatic residue, particularly Y or F; X137
is a polar or aliphatic residue, particularty T or I; X199 is an aliphatic or aromatic residue, particularly
W oor I X209 is an aliphatic residue, particularly L; X215 is a C; X223 is a constrained residue,
particularly P; X282 is a polar residue, particularly S; and X284 is a non-polar residue, particulasly G.
In some embodiments, the fransaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1~

7,1-8, 1-9,1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1~
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50, 1-55, ar 1-60 residue differences at other residue positions. In some embodiments, the number of
differences canbe 1,2,3,4,5, 6,7, 8 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50..
55, or 60 residue differences aﬁ the other residune positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amine acid sequence that is at least about 80%, 85%, 86%,
87%, B8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence based on SEQ ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ D NO: 44, 46, or 48), with the proviso that the engineered transaminase
pelypeptide comprises polypeptide comprises an amino acid sequence that includes at least the
features described for the specified residue positions,  In some embodiments, the enginecred
transaminase polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%,
87%, 88%, 89%%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO:44, 46, or 48,

[0162] In some embodiments, the engineered transaminase comprises an amino acid sequence that
includes the following features: X8 18 a constramed residue, particularly P; X62 is an aromatic or
polar residue, particularly T, Y or F; X635 ig an aliphatic residue, particularly A; X69 is C or a non-
polar, aliphatic or polar residue, particularly G, C, T, A, or §; X94 is an aliphatic residue, particularly
IorL; X122 13 a constrained, non-polar or aliphatic residue, particudarly M, 1, L, V, or H; X136 is an
aromatic residue, particularly Y or F; X137 is a polar or aliphatic residue, particularly T or T; X199 15
an aliphatic or aromatic residue, particularly W or I; X209 is an aliphatic residue, particularly L; X215 |
is a cysteine ((C); X223 is a constrained residue, particularty P; X282 is a polar residue, particularly S;
and X284 is 2 non-polar residue, particularly G. In some embodiments, the transaminase polypeptides
can have additionally 1-2, 1-3, 14, 1-5, 1-6, 1-7, 1-8, 1-9, }-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-
20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at other residue
positions. In some embodiments, the number of differences canbe 1,2,3,4,5,6,7,8, 9, 10, 11, 12,
14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 53, or 60 residue differences at the other residuc
positions. In some embodiments, the engineergd fransaminase pelypeptide can comprise an amino
acid sequence that is at [east about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
G5%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ ID NO:2 having the
features described for preceding specified residue positions (e.g., SEQ 1D NO: 50), with the proviso
that the engineered transaminase polypeptide comprises polypeptide comprises an amino acid
sequence that includes at least the features described for the specified residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino acid sequence that is
at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% identical to a reference sequence of SEQ ID NO:50. '

[0163] In some embodiments, the engineered transaminase comprises an amingo acid sequence that

includes the following features: X671 is an aromatic residue, particularly Y X62 i3 an aromatic or
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polar residue, particularly T, Y or F; X65 is an aliphatic residue, particularly A; X69 is C or 2 non-
potar, aliphatic or polar residue, particularly G, C, T, A, or S; X94 is an aliphatic residue, particularly
T or L; X122 is a constrained, non-polar or aliphatic residue, particularly M, I, L, V, or I; X136 is an
aromatic residue, particularly Y or F; X137 is a polar or .aiiphatic residue, particularly T or I; X152 is
C, non-polar, aliphatic, or po!al'::'esidue, particularly G, I, L, S or C; X199 is an aliphatic or aromatic
residue, particularly W or 1; X209 is an aliphatic residue, particularly L; X215 isa C; X223 is a
constrained residue, particularty P; X282 is a polar residue, particularly S; and X284 is a non-polar
residue, particularly G. In some embodiments, the transaminase polypeptides can have additionally 1-
2,1-3,1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-3Q, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-
30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at other residue positions. In solme
embodiments, the number of differences canbe 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 14, 15, 16, 1§, 20,
22,24 26, 30, 35, 40, 45, 50,. 55, (}f 60 residue differences at the other residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an antino acid sequence that is
at least about 80%, 85%, 86%, 8§7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% identical to a reference sequence based on SEQ ID NO:2 having the features described for
preceding specified residue positions (e.g., SEQ ID NO: 52), with the proviso that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid sequence that includes at
least the features described for the specified residue positions. In some embodiments, the engincered
transaminase polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%,
87%, 88%, 89%, 0%, 91%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO:52,

[0164] In some embodiments, the engineered transaminase comprises an amine acid sequence that
includes the following features: X61 is an aromatic residue, particularly Y; X62 is an aromatic or
polar residue, particularly T, Y or F; X65 is an aliphatic residue, particularly A; X69 is C or a non-
polar, aliphatic or polar residue, particularly G, C, T, A, or S; X94 is an aliphatic residue, particularly
TorL; X122 is a constrained, non-polar or aliphatic residue, particularly M, 1, L, V, or H; X136 s an
aromatic residue, particularly Y or F; X137 is a polar or aliphatic residue, particularly T or I; X199 is
an aliphatic or aromatic residue, particularly W or I; X209 is an aliphatic residue, particularly 1; X215
is a C; X223 is a constrained residue, particularly P; X282 is a polar residue, particularly S; and X284
is a non-polar residue, particalarly G. In some embodiments, the transaminase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18§, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35, 1-40, 1.45, 1-50, 1-53, or 1-60 residue differences at other residuc positions.
In some embodiments, the number of differences canbe 1,2, 3,4, 5,6,7,8,9, 10, 11, 12, 14, 15, 16,
18, 20,22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue positions. In
some embodiments, the engineered transaminase polypeptide can comprise an amino acid sequence

that is at lcast about 80%, 85%, 86%, 87%, 88%, 84%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%,
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08%, 99% identical to a reference sequence based on SEQ ID NO:2 having the features described for
preceding specified residue positions (e.g., SEQ ID NO: 54 or 56}, with the proviso that the
engincered transaminase polvpeptide comprises polypeptide comprises an amino acid sequence that
includes at least the features described for the specified residue positions. In some embodiments, the
engineered transaminase polypeptide can comprise an amine acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, R9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a-
reference sequence of SEQ 1D NO:54 or 56.

[0165] In some embodiments, the engineered transaminase compriscs an amine acid seguence that
includes the following features: X61 is an aromafic residue, particularly Y; X62 is an aromatic or
polar residue, particdarly T, Y or F; X635 18 an aliphatic residue, particularly A; X69 is C or a non-
polar, aliphatic or polar residue, particularly G, C, T, A, or S; X594 is an aliphatic residue, particularly
Torl; X122 is a constrained, non-polar or aliphatic residué, particularly M, I, L, V, or H; X136 is an
aromatic residue, particularly Y or F; X199 is an aliphatic or aromatic residue, particularly Wor I;
X209 is an aliphatic residue, particularly L; X215 is a C; X223 is a constrained residue, particularfy P;
X282 is 2 polar residue, particudarly S; and X284 is a non-poiar residue, particularly G. In some
embodiments, the transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-§, i-
8, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22 124, 1.26, 1-30, 1-35, 1-40, 1-45, 1-30, 1-35,
or 1-60 residue differences at other residue positions. In some embcdiﬁlcms, the number of
differences canbe 1,2, 3,4, 3,6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,.
55, or 60 residue differences at the other residue positions.  In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 02%, 03%, 94%, 03%, 96%, 97%, 98%, 99% identical to a refercnce
sequence based on SEQ ID NO:2 having the features described for preceding specified residue
positions (e.g., SEQ 1D NO: 58 or 60), with the proviso that the engineered transaminase polypeptide
comprises polypeptide comprises an amino acid sequence that includes at ieast the features described
for the specified residue positions. In some embodiments, the engineered transaminase polypeptide
can comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a refercnce sequence of SEQ 1D
NO:58 or 60.

[0266] In some embodiments, the engineered transaminase comprises an amino acid sequence that
inchades the following features: X61 is an aromatic residue, particularly Y; X62 is an aromatic or
pelar residue, particularly T, Y or F;, X653 is an aliphatic residue, particularly A; X69 18 C or a non-
polar, aliphatic or polar residue, particularly G, C, T, A, or S; X94 is an aliphatic residue, particularly
Torl; X122 is a constrained, non-polar or aliphatic residue, particularly M, 1, [, V, or H; X136 15 an
aromatic residue, particularly Y or F; X137 is a polar or aliphatic residue, particslarly T or I; X160 is

an aliphatic residue, particularly L; X169 is an aliphatic residue, particularly 1; X199 is an aliphatic
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or aromatic residue, particularly W or I; X209 is an aliphatic residue, particularly L; X215 is C; X223
is a constrained residue, particularly P; X269 is a constrained residue, particularly P; X282 is a polar
residue, particalarly S; and X284 is a non-polar residue, particularly G. In some embodiments, the
transaminase polypeptides can have additienally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1.9, 1-10, 1-11, 1-
12,1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-53, or 1-60 residue
differences at other residue positions. In some embodiments, the number of differences canbe 1, 2, 3,
4,5,6,7,8,9,10, 11,12, 14,15, 16, 18,20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue
differences at the other residue positions. [n some embodiments, the engincered transaminase
polypeptide can comprise an amine acid sequence that is at least about 80%, 85%, 86%, 87%, 88%,
80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based
on SEQ 1D NO:2 having the features described for preceding specified residue poesitions {e.g., SEQ
ID NQ:62), with the proviso that the engineered transaminase polypeptide comprises polypeptide
comprises an amino acid sequence that includes at least the features described for the specified
residue positions.  In some embodiments, the engineered transaminase polypeptide can comprise an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
04%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence of SEQ 1D N(:62.

[0E167] In some embodiments, the engineered transaminase comprises an amino acid sequence that
includes the following features: X61 is an aromatic residue, particularly Y; X62 is an aromatic or
polar residue, particularly T, Y or F; X65 is an aliphatic residue, particularly A; X69 is C or a non-
polar, aliphatic or polar residue, particularly G, C, T, A, or §; X94 is an aliphatic residus, particularly
TorL; X122 iy a constrained, non-polar or aliphatic residue, particularly M, I, L, V, or F; X136 18 an
aromatic residue, particularly Y or F; X137 is a polar or aliphatic residue, particularly T or I; X169 15
an aliphatic residue, particularly L; X199 is an aliphatic or aromatic residue, particularly W or I; X209
is an aliphatic residue, particularly L; X215 is C; X223 is a consfrained residue, particularly P; X282
is a polar residue, particularfy S; X284 is a non-polar residue, particularly G; and X306 is an aliphatic
residue, particularly L. In some embodiments, the transaminase polypeptides can have additionally 1-
2,1-3,1-4, 1-5, 1-6, 1-7, 1-8, 1.9, 110, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-
30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at other residue positions. In some
embodiments, the number of differences canbe 1,2,3,4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino acid sequence that is
at least ubout 80%, 85%, 86%, 87%, 88%, 89%, 90%, $1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% identical to a reference sequence based on SEQ ID NO:2 having the features described for
preceding specified residue positions (e.g., SEQ ID NQO:64), with the provise that the engineered
transaminase polypeptide comprises polypeptide comprises an amino acid sequence that includes at

feast the features described for the specified residue positions.  In some embodiments, the engineered
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transaminase polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%,
§7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ 1D NO:64.

[0368] In some embodiments, the engineered transaminase comprises an amino acid sequence that
includes the following features: X61 is an aromatic residue, particularly Y; X62 is an aromatic or
polar residue, particularly T, Y or F; X635 is an aliphatic residue, particularly A; X69 is C or a non-
polar, aliphatic or polar residue, particularly G, C, T, A, or 5; X594 is an aliphatic residue, particalarly
Torl; X102 is an aliphatic or basic residue, particularly Loor ); X122 is a cons‘rraiﬁed, non-polar or
aliphatic residue, particularly M, 1, £, V, or H; X136 is an aromatic residue, particularly Y or F; X150
is aromatic, constrained or polar residue, particularty F, H, or §; X152 is C, non-polar, aliphatic, or
polar residue, particularly G, 1, L, S or C; X19% is an aliphatic or aromatic residue, particularly W or
I, X209 is an aliphatic residue, particularly L; X215 is o C; X223 is a constrained residue, particularly
P; X282 is a polar residue, particularly S; and X284 is a non-polar residue, particularly G. In some
embodiments, the transaminase polypeptides can have additionally 1_—2, 1-3,1-4, -5, 1-6, 1-7, 1-8, 1-
9,1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-30, 1-55,
or 1-60 residue differences at other residue positions. In some embodiments, the number of
differences canbe 1,2, 3,4, 5, 6,7,8,9, 10, 11,12, 14, 15,16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,.
55, or 60 residue differences at the other residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%,
B7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence based on SEQ 11 NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO:66), with the proviso that the engineered transaminase polypeptide
comprises polypeptide comprises an amino acid sequence that includes at least the features described
for the specified residue positions.  Tn some embodiments, the engineered transaminase polypeptide
can comprise an amino acid sequence that is at Jeast aboutISO%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence of SEQ 1D
NO:66. '

[0169] In some embodiments, the engineered transaminase comprises an amino acid sequence that
inctudes the following features: X8 is a constrained residue, particularly is P; X48 is a polar, acidic,
aliphatic or non-polar residue, particularly D, V, G, Q or A; X61 is an aromatic residue, particularly
Y; X62 15 an aromatic or polar residue, particularly T, Y or F; X65 is an aliphatic residue, particularly
A; X69 is C or a2 non-polar, al.i'phatic or polar residue, particularly G, C, T, A, or S; X81 i3 a non-polar
residue, particularly G; X94 is an aliphatic residue, particularly T or L; X96 is an aliphatic residue,
particularty L; X102 is an aliphatic or basic residue, particularly L or K; X122 is a constrained, non-

" palar or aliphatic residue, particularly M, I, L, V, or H; X136 is an aromatic residue, particulasly Y or

F; X163 is an aliphatic or constrained residue, particularly H or V; X199 is an aliphatic or aromatic
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residue, particularly W or [; X209 is an aliphatic residue, particularly L; X211 is an aliphatic residue,
particularly T; X215 is a C; X217 is a polar residue, particularly N: X223 is a constrained residue,
particularly P; X252 is an aromatic or aliphatic residue, particularly F; X273 is an aromatic res.idue,
particularly Y; X282 is a polar residue, particularly S; and X284 is a non-polar residue, particularly G;
and X321 is a constrained residue, particularly P. In some embodiments, the transaminase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-35, or 1-60 residue differences at
other residue positions'. In some embodiments, the number of differences can be 1, 2, 3,4, 5,6, 7, 8,
9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 35, or 60 residue differences at the
other residue positions. In some embodiments, the engineered fransaminase polypeptide can comprise
an amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, $0%, 91%, 92%,
§3%,, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ 1D NO:2
having the features described for preceding specified residue positions (c.g., SEQ ID NO:68), with the
proviso that the engineered transaminase polypeptide comprises polypeptide comprises an amino acid
sequence that includes at least the features described for the specified residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino acid sequence that is
at least about 80%, 85%, 86%, 87%, 83%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
9% identical to a reference sequence of SEQ ID NO:68.

[0170] Insome embediments, the engineered transaminase comprises an amino acid sequence that
includes the following features: X8 is a constrained residue, particularly is P; X48 is a polar, acidic,
aliphatic or non-polar residue, particularly A; X61 is an aromatic residue, particularly Y; X62 is an
aromatic or polar residﬁc, particularly T, Y or F; X63 is an aliphatic residue, particufarly A; X69 is C
ot a non-polar, aliphatic or polar residue, particularly G, C, T, A, or S; X81 is a non-polar restdue,
particularly G; X94 is an aliphatic residue, particularly { or L; X122 is a constrained, non-polar or
aliphatic residue, particularly M, [, L, V, or H; X136 is an aromatic residue, particularly Y or F; X169
isan alipﬁa’ric residue, particularly L; X199 is an aliphatic or aromatic residue, particularly Wor I;
X209 is an aliphatic residue, particularly L; X215 is C; X217 is a polar residue, particularly N; X223
is a constrained residue, particularly P; X269 is a constrained residue, particularly P; X282 is a polar
residue, particularly S; X284 is a non-polar residue, particularly G; X297 is a polar residue,
particularly S; and X321 is a constrained residue, particularly P. In some emboediments, the
transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-
12, 1-14, 1-15, 1-16, 1-18, 1-20, .22, [-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1.50, 1-585, or 1-60 residune
differences at other residue positions. In some embodiments, the number of differences canbe 1, 2, 3,
4,5,6,7,8,9,10,11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue
differences at the other residue positions. In some embodiments, the engineered transaminase

polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%,
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89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based
on SEQ ID NO:2 having the features described for preceding specified residue positions {e.g., SEQ
1D NO:703), with the proviso that the engineered transaniinase polypeptide comprises an amino acid
sequence that includes at least the features deseribed for the specified residue positions.  In some
embodiments, the enginesred transaminase polypeptide can comprise an amino acid sequence that is
at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 37%, 98%,
969 identical to a reference sequence of SEQ ID NO:70. |

[8171] In some embodiments, the engineered transaminase comprises an aming acid sequence that
includes the following features: X8 is a constrained residue, particularly is P; X61 is an aromatic
restdue, particularly Y; X62 is an aromatic or polar residue, particularly T, Y or F; X65 is an aliphatic
residue, particularly A; X69 1s C or a non-polar, aliphatic or polar residue, particularly G, C, T, A, or
S; X94 is an aliphatic residue, particularly 1 or L; X122 is a constrained, non-polar or aliphatic
residue, particularty M, T, L, V, or H; X136 is an aromatic residue, particularly Y or F; X199 is an
aliphatic or aromatic residue, particularly W or [; X209 is an aliphatic residue, particularly L; X215 is
C; X223 isa constrained residue, particelarly Py X282 is a polar residue, particularly S; and X284 is a
non-polar residue, particularly G. In some embodiments, the transaminase polypeptides can have
additionally 1-2, 1-3, 14, -5, [-6, 1-7, 1-8, 1-9,1-10, 1-11, 1-12_ 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue differences at other residue positions.
In some embodiments, the number of differences canbe 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 14, 15, 16,
18, 20,22, 24 26,30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue positions. In
some embodiments, the engineered transaminase polypeptide can comprise an amino acid sequence
that is at least about 8(%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
989, 99% identical to a reference sequence based on SEQ ID NO:2 having the features deseribed for
preceding specified residue positions (e.g., SEQ ID NO:72), with the proviso that the engineered
trensaminase polypeptide comprises an antine acid sequence that includes at least the features
described for the specified residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequ'cncc that is at feast about 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence of
SEQ ID NO:72.

[0172] In some embodiments, the engincered transaminase compriscs an amino acid sequence that
includes the following features: X§ is a constrained residue, particularly is P; X61 is an aromatic
residue, particularly Y; X62 1s an aromatic or polar residue, particularly T, Y or F; X635 is an aliphatic
resicue, particularty A; X69 is C or a non-polar, aliphatic or polar residue, particularty G, C, T, A, or
S; X&1 is a non-polar residue, particularly G; X94 is an aliphatic residue, particularly T or L; X96 is an
aliphatic residue, particutarly 1.; X122 is a constrained, non-polar or aliphatic residue, particularly M,

I L, V, or H; X136 is an aromatic residue, pai‘ticulariy Y or F; X178 is a polar residue, particulatly S;
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X199 ig an aliphatic or aromatic residue, particularly W or I; X209 is an aliphatic residue, particularly
L; X2151s C; X223 is a constrained residue, particularly P; X269 is a constrained residue, particularly
P; X282 15 a polar residue, particularly S; X284 is a non-polar residue, parficularly G; X297 is a polar
residue, particularly S; and X321 is a constrained residue, particularly P. In some embodiments, the
transaminase polypeptides can have additionally 1-2, 1.3, 1.4, 1-5, 1-6, 1.7, 1.8, 1-9, 1-10, 1-11, 1-
12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-30, 1-55, or 1-60 residue
differences at other residue positions. In some embodiments, the number of differences canbe 1, 2, 3,
4,5,6,7,8,9,10,11,12,14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 6{ residue
differences at the other residue positions. In some embodiments, the engineered transaminase
palypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based
on SEQ ID NO:2 having the features described for preceding specified residue positions (e.g., SEQ
1D NO:74), with the proviso that the engineered transaminase polypepﬁde comprises an amino acid
sequence that includes at least the features described for the specified residue positions.  In some
embodiments, the enginecred fransaminase polypeptide can comprise an aminoe acid sequence that is
at least about 80%, 83%, 86%, 87%, 88%, 8§9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, B7%, 98%,
99% identical to a reference sequence of SEQ 1D NO:74.

[8173] Insome embodimcnts, the engineered transaminase comprises an amino acid sequence that
includes the following features: X8 is a constrained residue, particularly is P; X60 is an aromatic
residue, particularly F; X61 is an aromatic residue, particutarly Y; X62 is an aromatic or polar residue,
particularly T, Y or F; X65 is an aliphatic residue, particularly A; X69 1s C or a non-palar, aliphatic or
polar restdue, particularly G, C, T, A, or 8; X81 is a non-polar residue, particularly G; X94 is an
aliphatic residue, particularly T or L; X96 is an aliphatic residue, particularly L; X122 is a constrained,
non-polar or aliphatic residue, particularly M, 1, L, V, or H; X136 is an aromatic residue, particularly
Y or F; X152 is C or a non-polar, aliphatic, or polar residue, particularly G, I, L, Sor C; X178 is a
polar residue, particularly S; X199 is an aliphatic or aromatic residue, particularly W or I; X209 is an
aliphatic residue, particularly L; X215 s C; X217 is a polar residue, particularly N; X223 is a
constrained residue, particularly P; X252 is an aromatic or aliphatic restdue, particularly F; X269 isa
constrained residue, particularly P; X273 is an aromatic residue, particularly Y; X282 is a polar
residue, particulaﬂy S; and X284 is a non-polar residue, particularly G; X297 is a polar residue,
particularly S; and X321 is a constrained residue, particularly P. In some embodimems., the
transaminase polypeptides can have additionally 1;23 i-3, 1-4, 1-5,1-6, 1-7, 1-8, 1-9, 1-19, 1-11, 1-
12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residue
differences at other residue positions. In some embodiments, the number of ditferences canbe 1, 2, 3,
4,5,6,7,8,9, 10,11, 12, 14, 15, 16, 18,20, 22, 24 26, 30, 35, 40, 45, 50,. 55, or 60 residue

differences at the other residue positions. In some embediments, the engincered transaminase
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polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%, §8%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based
on SEQ ID NO:2 having the features described for preceding specified residue positions (e.g., SEQ
1D NO:76), with the proviso that the engineered fransaminase polypeptide comprises an amino acid
sequence that includes at least the features described for the specified residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino acid sequence that is
at least about 80%, 85%, 86%, 87%, 88%, 89%, G0%, 91%, 92%, 93%, 4%, 35%, 90%, 97%, 98%,
99% identical to a reference sequence of SEQ 1D NO:76.

[0874] In some embodiments, the engineered transaminase comprises an amine acid sequence that
includes the following features: X8 is a constrained residue, particularly is P; X60 is an aromatic
residue, particularly F; X61 is an aromatic residue, particularly Y; X62 is an aromatic or polar residue,
particularly T, Y or F; X65 is an aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic or
polar residue, particularly G, C, T, A, or $; X81 is a non-polar residue, particularly G; X94 is an
aliphatic residue, particularly T or L.; X96 is an aliphatic residue, particularly L; X122 is a constrained,
non-palar or aliphatic residue, paﬁiculaﬂy ML L, V, or I1; X136 is an aromatic residuc, particularly
Y or F; X169 is an aliphatic residue, particularly L; X178 is a polar residue, particularly S; X199 is an
aliphatic or aromatic residue, particularly W or I; X209 is an aliphatic residue, particularly L; X215 is
C; X217 is a polar residue, particularly N; X223 is a constrained residue, particularly P; X269 isa
constrained residue, particularly P; X282 is a polar residue, particularly S; and X284 is a non-polar
residue, particularly G; X292 is & polar residue, particufarly T; X297 is a polar residue, particularly S;
and X321 is a constrained residue, particularly P. In 5ome embodiments, the transaminase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, [-35, 1-40, 1-45, 1-50, 1-55, or 1-60 residuc differences at
other residue positions. In some embodiments, the number of differences can be 1, 2,3,4, 5,6, 7, 8,
9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 43, 50,. 55, or 60 residue differences at the
other residue positions. In some embodiments, the engineered transaminase polypeptide can comprise
an amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 8§9%, 90%, 91%, 92%,
639, 94%, 95%, 96%, 97%, 98%, 99% identical t¢ a reference sequence based 611 SEQ ID NO:2
having the features deseribed for preceding specified residue positions (e.g., SEQ ID NO:78), with the
proviso that the engineered transaminase polypeptide comprises an amino acid sequence that includes
at least the features described for the specified residue positions.  In some embodiments, the
engineered transaminase polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a
reference sequence of SEQ 1D NO:73.

[6175] In some embodiments, the engineered transaminase comprises an amino acid sequence that

includes the following features: X8 is a constrained residue, particularly is P; X60 is an aromatic
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residue, particularly F; X61 is an aromatic residue, particularly Y; X62 is an aromatic or polar residue,
particalarly T, Y or F; X65 is an aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic or
polar residue, particularly G, C, T, A, or S; X81 is a non-polar residue, particularly G; X94 is an
aliphatic residue, particularly T or L; X96 is an aliphatic residue, particularly L; X122 is a constrained,
non-poiar or aliphatic residue, particularty M, I, L, 'V, or H: X136 is an aromatic residue, particolarly
Y or F;: X169 is an aliphatic residue, particularty L; X199 is an aliphatic or aromatic residue,
particularly W or I; X209 is an aliphatic residue, particularly L; X215 is C; X217 is a polar residue,
particularly N; X223 is a constrained residue, particularly P; X269 is a constrained residue,
particularly P; X273 is an aromatic residue, particularly Y; X282 is a polar residue, particularly S; and
X284 i3 a non-polar residue, particularly G; X297 is a polar residue, particularly S; and X321 s a
constrained residue, particularly P. Tn some embodiments, the transaminase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1.7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-35, or 1-60 residue differences at other residue positions.
In some embodiments, the number of differences canbe 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 14, 15, 16,
18,20, 22,24, 26,30, 35, 40, 45, 50,, 55, or 60 residue differences at the other residue positions. In
some embodiments, the engineered transaminase polypeptide can comprise an amino acid sequence
that i3 at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
G8%, 99% identical to a reference sequence based on SEQ ID NO:2 having the featurcs described for
preceding specified residue positions (¢.g., SEQ ID NO:80), with the proviso that the engineered
transaminase pelypeptide comprises an amine acid sequence that includes at least the features
described for the specified residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, §6%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence of
SEQ ID NO:R0.

[0176] In some embodiments, the engineered transaminase comprises an amino acid sequence that
nchudes the following features: X8 is a constrained residue, particularly is P; X60 is an aromatic

_ residue, particularly F; X61 is an aromatic residue, particularly Y; X62 is an aromatic or polar residue,
particularly T, Y or F; X65 is an aliphatic residue, particularly A; X69 is Cora nen-polar, aliphatic or
polar residue, particularly G, C, T, A, or S; X81 is a non-polar residue, particularly G; X94 is an
aliphatic residue, particularly T or L; X96 is an aliphatic residue, particularly L; X122 is a constrained,
non-polar or aliphatic residue, particutarly M, 1, L, V, or H; X136 is an aromatic residue, particularly
Y or F; X169 is an aliphatic residue, particufarly L; X178 is a polar residue, particularly S; X199 is an
aliphatic or aromatic residue, particularly W or I; X209 is an aliphatic residue, particularly F; X215 is
C; X223 is a constrained residue, particularly P; X269 is a constrained residue, particularly P; X273 is
an aromatic residue, particularly Y; X282 is a polar residue, particularly S; and X284 is a non-polar

residue, particularly G; X297 is a polar residue, particularly 8; and X321 is a constrained residue,
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particularfy P. In some embodiments, the transaminase polypeptides can have additicnally 1-2, 1-3,
14, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, £-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-
35, 1-40, 1-45, 1-50, 1-53, or 1-60 residue differences at other residue positions. Insome
embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26,30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amine acid sequence that is
at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% identical to a reference sequence based on SEQ 1D NO:2 having the features described for
preceding specified residue positions (e.g., SEQ ID NO:82), with the provise that the engineered
transaminase polypeptide comprises an amino acid sequence that includes at least the features
described for the specified residue positions. In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that 1s at least about 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98I5/o, 99% identical to a reference sequence of
SEQ 1D NO:82

[0177] Insome embodiments, the engineered transaminase comprises an amino acid sequence that
includes the following features: X8 is a constrained residue, particularly is P; X60 is an aromatic
residue, particularly F; X61 is an aromatic residue, particularly Y; X62 is an aromatic or polar restidue,
particularly T, Y or F; X65 is an aliphatic residue, particularly A; X69 1s C or a non-polar, aliphatic or
polar residue, particularly G, C, T, A, or S; X&1 is a non-polar residue, particularly G; X94 is an
aliphatic residue, particularly T or L; X96 is an aliphatic residue, particularly L; X122 is a constrained,
non-polar or aliphatic residue, particularly M, T, L, V, or H; X124 is a polar or constrained residue,
particularly T, H or N; X136 is an aromatic residue, particularly Y or F; X169 is an aliphatic residue,
particularly L; X199 is an aliphatic or aromatic residue, particularly W or I; X209 is an aliphatic
residue, particularly L; X215 is C; X217 is a polar residue, particularly N; X223 is a constrained
residue, particularly P; X269 is a constrained residu g, particularly P; X273 is an aromatic residue,
particularly Y; X282 is a polar residue, particularly S; and X284 is a non-polar residue, particularly G;
X297 iz a polar 1’.esidue, particularly S; and X321 is a constrained residue, particularly P. In some
embodiments, the transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-
9, 1-10, 1-13, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1—26,.}-.30, [-35, 1-40, 1-45, 1-50, 1-55,
or 1-60 residue differences at other residue positicns. In some embodiments, the mamber of
differences can be 1,2,3,4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50..
55, or 60 residue differences at the other residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence based on SEQ ID NO:2 having the features described for preceding specified residue

positions (e.g., SEQ ID NO:84, 86, 88, 96, 98, or 100), with the proviso that the engineered
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transaminase polypeptide comprises an amino acid sequence that inchedes at least the features
described for the specified residue positions. In some embodiments, the engmeered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%,
80%, 90%, 919, 92%, 93%, 94%, 95%, 96%, 07%, 98%, 999 identical to a reference sequence of
SEQ ID NO:84, 86, 88, 96, 98, or 100.

18178} In some embodiments, the engineered transaminase comprises an amino acid sequence that
includes the following features: X8 is a constrained residue, particularly is P; X60 is an aromatic
residue, parficularly F; X61 is an aromatic residue, particularly Y; X62 is an aromatic or polar residue,
particalarly T, Y or F; X65 is an aliphatic residue, particularly A; X69 is C or.a non-polar, aliphatic or
polar residue, particutarly G, C, T, A, or 8; X81 is a non-polar residue, particularly G; X94 is an
aliphatic residue, particularly I or L; X96 is an aliphatic residue, particularly L; X122 is a constrained,
non-polar or aliphatic residue, particolarly M, 1, L, V, or H; X136 is an aromatic residue, particularly
Y or F; X150 is aromatic, constrained or polar residue, particularly F, H, or S; X169 is an aliphatic
residue, particularly T; X199 i3 an aliphatic or aromatic residue, particularly W ar I; X209 is an
aliphatic residue, particulariy L; X215 is C; X217 i3 a polar residue, particularly N; X223 is a
constrained residue, particularly P; X269 is a constrained residue, particularly P; X273 is an aromatic
residue, particularly Y; X282 is a polar residue, particularly S; and X284 is a non-polar residue, '
particularly G; X297 is a polar residue, particularly S; and X321 is a constrained residue, particularly
P. In some embodiments, the transaminase polypeptides can have additionally 1.2, 1-3, 1-4, 1-5, 1-6,
1-7,1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45,
1-50, 1-535, or 1-60 residuc differences at other residue positions. In some embodiments, the number
of differencescanbe 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20,22, 24, 26, 30, 35, 40, 45,
50,. 55, or 60 residue differences at the other residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at least about 86%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 999% identical to a reference
sequence based on SEQ 1D NO:2 having the features described for preceding specified residue
positions (e.g., SEQ ID NO:90}), with the proviso that the enginecred transaminase polypeptide
comprises an amino acid sequence that includes at least the features described for the specified
residue positions. In some embodiments, the engineered transaminase polypeptide can comprise an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 9%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence of SEQ ID NO:90.

(81791 In some embodiments, the engineered transaminase comprises an amino acid sequence that
includes the following features: X8 is a constrained residue, particularly is P; X690 is an aromatic
residue, particularly F; X61 is an aromatic residue, particularly Y; X62 1s an aromatic or poiar residue,
particularly T, Y or F; X65is an aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic or

polar residue, particularly G, C, T, A, or S; X81 is a non-polar residue, particularly G; X94 is an
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aliphatic residue, particularly I or L; X122 is a constrained, non-polar or aliphatic residue, particularly
M, I, I, V, or H; X124 ig a pelar or constrained ;’esidue, particularly T, H or N; X136 is an aromatic
residue, particularly Y or F; X150 is aromatic, constrained or polar residue, particularly F, H, or S;
X152 is C or a non-polar, aliphatic, or polar residue, particularly G, T, L, S or C; X169 is an aliphatic
residue, particularly L; X199 is an aliphatic or aromatic residue, particularly W or I; X209 is an
aliphatic residue, particularly L; X215 is a C; X217 is a polar residue, particularly N; X223 is a
constrained residue, particularly P; X269 is a constrained residue, particularly P; X273 is an aromatic
residue, particularly Y; X282 is a polar residue, particularly S; and X284 is a non-polar residue,
palﬁculariy G; X297 is a polar residue, particulafiy S:and X321 isa cénstrained residue, particularly
P. In some embodiments, the transaminase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6,
1-7, 1-§, 1-9, 1-10, 1-11, 1—22,_ 1-14, 1-15, 1-16, 1-18, 1-20,1-22, 1-24, 1-26, 1-30, 1-35, 1-44, 1-45,
1-50, 1-55, or 1-60 residue differences at other residue positions. In some embodiments, the number
of differences can be 1, 2, ‘3, 4,5,6,7,8,9, 10, 11,12, 14, 15, 16, 18,20, 22, 24, 26, 30, 35, 40, 45,
50,. 55, or 69 residue differences at thc_*. other residue positions, In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%,
87%, 88%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, Y7%, 98%, 99% identical to a reference
sequence based on SEQ ID NO:2 having the features described for preceding specified residue
positions (¢.g., SEQ [D NO:92), with the proviso that the engineered transaminase polypeptide
comprises an amino acid sequence that includes at least the features described for the specified
residue positions. In some embodiments, the engincered transaminase polypeptide can comprise an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%,, 5%, 96%, 97%, 98%, 99% identical to a reference sequence of SEQ ID NO:92. '

[0180] In some embodiments, the engineered transaminase comprises an amino acid sequence that
includes the following features: X8 is a constrained residue, particularly is P; X60 is an aromatic
residue, particalarly F; X61 is an aromatic residue, particularly Y; X062 is an aromatic or polar residue,
particularly T, Y or F; X635 is an aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic cr
polar residue, particutarly G, C, T, A, or §; X81 is a non-polar residue, particularly G; X94 is an
aliphatic residue, particularty 1 or L; X96 is an aliphatic residue, particularly L; X122 is a constrained,
non-polar or aliphatic residue, particularly M, I, L, V, or H; X124 is a polar or constrained residue,
particularly T, H or N; X136 is an aromatic residue, particularly Y or F; X150 is aromatic, constrained
or polar residue, particufarly F, H, or S; X152is Cora non-polar, aliphatic, or polar residue,
particularly G, T, L, S or C; X169 is an aliphatic residue, particutarly L; X199 is an aliphatic or
aromatic residue, particularly W or I; X209 is an aliphatic residue, particulasly L; X215 is a C; X217
is a polar residue, particularly N; X223 is a constrained residue, particularly P; X269 is a constrained
residue, particularly P; X273 is an aromatic residue, particularly Y; X282 is a polar residue,

particularly S; and X284 is a non-polar residue, particularly G; X297 is a polar residue, particularly S;
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and X321 is a constrained residue, particularly P. In some embodiments, the transaminase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-30, 1-55, or 1-60 residue differences at
other residue positions. In some embodiments, the number of differences can be 1, 2, 3, 4, 5,6, 7, §,
9,10,11, 12,14, 15, 16, 18, 20, 22; 24,26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the
other residue positions. In some embodiments, the engincered transaminase polypeptide can comprise
an aminge acid sequence that is at least about 80%, 85%, 869, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ 1D NG:2
having the features described for preceding specified residue positions {e.g., SEQ ID NO:94), with the
proviso that the engineered transaminase polypeptide comprises an amino acid sequence that includes
at least the features deseribed for the specified residue positions. In some embodiments, the
engineered transaminase polypeptide can comprise an amino acid sequence that is at least about 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 959%, 96%, 97%, 98%, 99% identical to a
reference sequence of SEQ 1D NO:94,

[0181] In some cmbodiments, the engineered transaminase comprises an amino acid sequence that
includes the following features: X8 is a constrained residue, particularly is P; X60 is an aromatic
residue, particularly F; X6t is an aromatic residue, particularly Y; X62 is an aromatic or polar residue,
particularly T, Y or F; X635 is 411 aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic or
polar residue, particularly G, C, T, A, ot S; X81 is a non-polar residue, particalarly G; X%4 is an
aliphatic residue, particularly T or L; X96 is an aliphatic residue, particularly 1; X122 is a constrained,
non-polar or aliphatic residue, particularly M, I, L, V, or H; X124 is a polar or constrained residue,
particularly T, H or N; X136 is an aromatic residue, particularly Y or F; X169 is an aliphatic residue,
particularly T.; X199 is an aliphatic or aromatic residue, particularly W or I; X209 is an aliphatic
residue, particutarly L; X215 is C; X217 is a polar residue, particularly N; X223 is a constrained
residue, particularly P; X269 is a constrained residue, particularty P; X273 is an aromatic residue,
parficularly Y; X282 is a polar residue, particularly S; and X284 is a non-polar residue, particularly G;
X297 is a polar residue, particularly S; X321 s a constrained residue, particalarly P; and X329 s a
constrained or aromatic residue, particularly H. In some embodiments, the transaminase polypeptides
can have additionally 1-2, -3, [-4, 1-5, 1-6, }-7, 1-8, 1-9, 1-10, 1-11, }-12, 1-14, 1-15, 1-16, 1-1§, 1~
20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-55, or 1-6{ residue differences at other residue
positions. In some embodiments, the number of differences canbe 1, 2,3, 4, 5, 6,7, 8,9, 10, 11, 12,
14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residuc
positions. In some embodiments, the engingered transaminase polypeptide can comprise an amino
acid sequence that is at Ieast about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 2%, 93%, 94%,
93%, 96%, 97%, 98%, 99% identical to a reference sequence based on SEQ ID NO:2 having the

features described for preceding specified residue positions {e.g., SEQ ID NO:102), witl the proviso
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that the engineered transaminase polypeptide comprises an amino acid sequence that includes at loast
the features described for the specified residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid seguence that is at least about 80%, 85%. 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO:102,

[0182] Insome cmbodiments, the engineered transaminase comprises an amino acid sequence that
inctudes the following features: X8 is a constrained residue, particularly is P; X60 is an aromatic
residue, particularly F; X61 is an aromatic residue, particularly Y; X62 is an aromatic or polar residue,
particularly T, Y or F; X635 is an aliphatic residue, particularly A; X69 is C or a non-polar, aliphatic or
polar residue, particularly G, C, T, A, or §; X81 is a non-polar residue, particularly G; X94 is an
aliphatic residue, pan‘icularly\l or L; X96 is an aliphatic residue, particularly [; X122 is 2 constrained,
non-polar or aliphatic residue, particutarly M, 1, L, V, or H; X124 is a polar or constrained residue,
particularly T, H dr N; X136 is an aromatic residue, particularly Y or F, X150 is aromatic, constrained
or polar residue, particularly S: X152 is cysteine (C), non-polar, aliphatic, or polar residue,
particularly G, I, L, S or C; X169 is an aliphatic residue, particularly L; X199 is an aliphatic or
aromatic residue, particularty W or 1; X269 is an aliphatic residue, particularly [; X215 is C; X217 15
a polar residue, particularly N; X223 is a constrained residue, particularly P; X269 is a constrained
residue, particularly P; X273 is an aromatic residue, particularly Y; X282 15 a polar residue,
particularly S; X284 is a non-polar residue, particularly G; X297 is a polar residue, particularly S; and
X321 is a constrained residue, particularty P. In some embodiments, the transaminase polypeptides
can have additionally 1-2, -3, 1-4, 1-5, 1-6, 1-7, 1-§, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-
20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-35, or 1-60 residue differences at other residue
positions. In some embodiments, the number of differences canbe 1, 2,3,4,5,6,7,8,9, 10, 11, 12,
14, 15, 16, 18, 20,22, 24, 25, 30, 35, 40, 45, 50,. 35, or 60 residue differences at the other residue
positions. In some emboediments, the engineered transaminase polypeptide can comprise an amino
acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
05%, 96%, 97%, 98%, 99% identical to a reference sequence brased on SEQ ID NO:2 having the
features described for preceding specified residuc positions (e.g., SEQ ID NO:110), with the proviso
that the engineered transaminase polypeptide comprises an amino acid sequence that includes at least
the features described for the specified residue positions. In some embodiments, the engineered
transaminase polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, §6%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical to a reference
sequence of SEQ ID NO:110.

10183] Insome embodiments, the engineered transaminase comprises an amino acid sequence that
includes the following features: X8 is a constrained residue, particularly is P'; X49 is a polar residue,

particularly T; X60 is an aromatic residue, particularly F; X61 is an aromatic residue, particularly Y;
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X62 is an aromatic or polar residue, particularly T, Y or F; X65 is an aliphatic residue, particularly A;
X69 is C or a non-polar, aliphatic or polar residue, particularly G, C, T, A, or S; X81 is a non-polar
residue, particularly G; X94 i3 an aliphatic residue, particul.arly Tor L; X96 is an aliphatic residue,
particularly [; X117 is a noa-polar residue, particularly G; X122 is a constrained, non-polar or
aliphatic residue, particularly M, 1, L, V, or H; X124 is a polar or constrained residue, particuiarly T,
H or N; X126 is a polar residue, particularly T; X136 is an aromatic residue, particularly Y or F; X150
is aromatic, constrained or polar residue, particularly 8; X152 is cysteine (C), non-polar, aliphatic, or
polar residue, particularly G, I, L, S or C; X169 is an aliphatic residue, particularly L; X199 is an
aliphatic or aromatic residue, particularly W or I; X209 is an aliphatic residue, particularly L; X215 1s
C; X217 is a potar residue, particularly N; X223 is a constrained residue, particularly P; X269 is a
constrained residue, particularly P; X273 is an aromatic residue, particularly Y; X282 is a polar
residue, particularly S; X284 is a non-polar residue, particularly G; X297 is a polar residue,
particularly S; X302 is an aliphatic regidue, pafticularly A and X321 is a constrained residue,
particularly P. In some embodiments, the fransaminase polypeptides can have additionally 1-2, 1-3,
i-4, 1-3,1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-
35, 1-40, 1-45, 1-50, 1-353, or 1-60 residue differences at other residue positions. In some
embodiments, the number of differences canbe |, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26, 30, 35, 40, 45, 50,. 55, or 60 residue differences at the other residue positions. In some
embodiments, the engineered transaminase polypeptide can comprise an amino acid sequence that is
at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
89% identical 0 a reference sequence based on SEQ 1D NO:2 having the features described for
preceding specified residue positions {e.g., SEQ ID N(:166), with the proviso that the engineered
transaminase polypeptide comprises an amino acid sequence that includes at least the features
described for the specified residue positions, In some embodiments, the engineered transaminase
polypeptide can comprise an amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical {0 a reference sequence of
SEQ ID NG:166.

[0184] Table 2 below provides exemplary englnesred transaminase polypepﬁdcs, with each row
listing two SEQ ID NOs, the odd number referring to the nucleotide sequence encoding the amine
acid sequence provided by the even number, The residue differences are based on comparison to
reference sequence of SEQ ID NO:2, a transaminase derived from drthrobacter sp KNK168 and
differs from the naturally occurring enzyme in having a substitution of iscleucine (1) at residue
position X306 with valine (V). In the Activity columy, the levels of increasing activity (i.e., “+7 “++7
“h+7 ote) were defined as follows: “+7 indicates at least equal to but not greater than 2 times the
activity of SEQ 1D NO:4 {assay conditions: 2 g/ ketoamide substrate, (.5 M isopropylamine, 22°C,
pH 7.3, 5% DMSO, 100 uM PLP); “++” indicates about 50-to-100 times greater than the activity of
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SEQ ID NO:4 (assay conditions: 2 g/L. ketoamide substrate, 0.5 M isopropylamine, 22°C, pH 7.5, 5%
MeOH, 100 uM PLPY; “+++ indicates about 1.1 to about 5 times greater than the activity of SEQ ID

NO:22 {assay conditions: 5-10 g/L ketoamide substrate, 0.5-1 M isopropylamine, 22-30°C, pH 7.5,

5% MeOQH, 100 uM PLP); “++++> indicates about 1.1 to 5 times greater than the activity of SEQ ID

NO:48 (assay conditions: 10-40 g/L ketoamide substrate, 1 M isopropylamine, 30-45°C, pH 8.5, 10%

MeOH, 100 uM PLP); “+++++" indicates about 1.1 to 5 times or greater than the activity of SEQ ID

NQ:58 (assay conditions: 40-100 g/L ketoamide substrate, 1 M isopropylamine, 45°C, pH 8.5, 10%
MeQH-25% DMSO, 250 pM PLPY; “++++-+" indicates about 1.1 to 5 fimes or greater than the

activity of SEQ ID NO:104 (assay conditions: 40-100 g/L ketoamide substrate, 1 M isopropylamine,

45°C, pH 8.5, 50% DMSO, 1000 uM PLP). Exemplary assay conditions for measuring activity using

methanol and DMSO are deseribed in Examples 6-11.

[0185] Table 2

No.
SEQ ID Residue
NO Residue differences relative to SEQ 1D NO:2 Differences | Activity
172 - - -
3/4 V69(G; F122V; 8223P; A284G 4 +
5/6 V65A; V69G; F1221; S223P 4 +
7/8 F122]; S223P; A284G 3 +
9/10 FI221;, S223P; A284G 3 +
11712 | F1221; S174A; S223P; AZ840G 4 +
13/14 | Y26H: V6SA: VO9G; F1221; S223P; A2840 6 +
15/16 | Y26H; HO2T, V65SA; VO9G; F1221; T178S; VI99W, S223P, 11 L
F225Y; T2825; A284G
17/18 | Y26H; HO2F; VA3A; V69G; F122V; G136Y; V199L; A209L; 12 ++
S2239; F225Y; T232S: A284G
19/20 | Y26, H62T; V63A; V69G; F122V; G136Y; BE137T; V1991, 12 ++
AZ091; S223P; T2828; A284G
2822 1 Y26H; HE2T; V6SA; VAUG; F1221; G136Y,; E1371; V1991, 12 ++
1 AZ09L; S223P; T2825; A284G
23/24 | Y26H; HO2T; V65A; V69G; F1221; G136Y; E137T; VI99L 13 ek
A2091L; S223P; F225Y: T2825; AZ84G
25726 | Y26H; V65A; V6OG; F122V; G136Y; E1371; S174A; V1991, 12 ++
A209L.; §223P; 1230V; A284CG
27128 1 Y26H; H62T; V6SA; VoG, F122H; G136Y; E1371; VI991; 12 R
AZ091.; S223P; T2825; A284G
29/30 | Y26H; HO62T; V63A; V69T, FI221; G136Y; E1371; VIS, 12 e+t
AZOOL: S223P; T282S; A284G
3132 1 Y26H; He2T; V65SA:; VE9C; F1221, GI136Y,; E1371; V1991, 12 Ak
AZ09L.; S223P; T282S; A284G
33/34 | Y26H; H62T; V63A; V69A; F1221; G136Y; E1371; V199, 12 et
A209L; S223P; T2825; A284G
35/36 | Y26H; Lo1Y; HG2T; V65 A, V69G,; F1221; G136Y; E1371; 13 ek
V1991; A209L.; S223P: T2825; A284G
37/38 | Y26H: H62Y; V63A; V69G; F1221; G136Y; E1371; V199L; 12 et
A2091,; S§223P: T2828: AZ840

-650)-
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No.
SEQID Residue

N Residue differences relative to SEQ ID NG:2 Differences | Activity

36/40 | Y26H; HO62T; VO5SA; Ve9G; F1221; G136F; E1371; V199, i2 4t
AZO9L; S223P; T2828; A284G

41/42 | S4Y; Y26H; H62T, Va5A; VOOG; MY4L; F1221; GI136Y; 15 -+t
E137T; V1991; A209%.; G215C; S223P; T2825: A284G

43/44 1 HE2'T; V63A; V69G: MO4T; FI22T; GI36Y; E1371, V1991, I3 +++
AZ09L; G215C; S223P; T2828; AZR4G

45/46 | HO2T; Va5A; V69G; M941; F1221; G136Y; E137T, V1991, 13 4
A2091: G215C; S223P; T2828; A284G

47/48 | HA2T; V65A; V69C; MO4L; F1221; Gi36Y; EI37T. V1991, 13 bt
A208L; G215C; §223P; T2828; A284CG

46/50 | S8P; HO2T; V65A; V69T, M941; F1221; G136Y; E137T, 14 SERES
V1981 A200L; G215C; 8223P; T282S; A284G

31/52 | LOTY,; H62T; V65A; V69S; M94l; F122T; G136F; E137T; i5 e+
V13521, V1991, A2091; G215C; S223P; T282S; A284G

33/54 | LOTY; He2T: V65A; V69T, MO4T, T122V; GI36F; E137T; i4 Tt
V1991 A200L; (3215C,; 8223P; T28IS; A284G

55/56 | L61Y; H62T; VA5SA; VA9T, M94L; F122V; GI136F; E137T; 14 bbbk
V1991; A209L,; G215C; S223P; T2R2S: AZ8G

57/58 | L6IY; HE2T; V6SA,; VA9T; M94l; F1221; G136F; VIS, 13 et
A209L; G215C; S223P; T2828S,; A284G

59/60 | LolY; H62T; V65A; V69T; MO4L; FI122H; G136T; V1991, 13 bbb
A200L: G215C, S223P; T2828; A284G

61/62 | L61Y; HO2T; VO3SA; V6OC; M94T; F1221; G136Y; E137T; 17 e
F160L; A16YL; V199 A209L,; G215C; 5223P; L.269P;
T2828; A284G

63/64 | L61Y; He2T; VO3 A, VAOC, MO4L, FI122L;, GI136Y; E137T; 16 bkt
AT69L; VI991; A209L; G215C; 8223P; T2828; A284G;
V306L

65/66 | LolY; H62T; V&SA; VeOC; M4l Q1021 F1221; GI36F; 16 R
Y1580F; V1521; V1991 A200L; G215C; S223P; T2828; A284G

67/68% | S8P; PA8A; 1.61Y: HA2T, V6SA; VOUT; DRIG; M941; I96L; 24 Attt
Q102K; F1221; GI36F; 1163V, VI9oT; A2001; L.2111; G215C;
G2ITN,; S223P; L.252F; L.273Y; T2828; A284G; S321P

69/700 | S8P: P4SA: LolY: HA2T; VASA; V69T DR1G; M941; F1221, 21 R
G13AF: A169L.; VI99L: A209L; G215C; G217N; 8223P; - '
LL260P; T282S; A284G; P2978; S321P

71772 1 S8P; LolY; Ho2T; V63SA,; V69T, MO4L; F1221; G136F; V1991, 14 b
A2000; G215C; 8223P; T2828; A284G

73/74 | SBP: Lo1Y; Ha2T: VO5SA: V69T, DRIG; M94L; I96L; F1221; 20 T
GI36F; TIT78S, V1991, A209L; G215C; S223P; L209P;
T2828: A284G; P297S; 8321P

75/76 | S8P; YAOF; LelY: HAZT: V63A; VOOT; D81G: M94T; 1941L.; 25 ittt
F1221; G136F; V1321 TI788; V1991, A209L; G215C;
G217N; §223P; L252F; L2607, L.273Y; T2828; A284G;
P2G7S; S321P

77778 | S8P; YOOF; L61Y; H62T; V6SA; V69T, DE1G; M94L; 196L; 24 ettt
F1221, GI36F; A169L; T178S; V199 A209L; G215C:
G217N; S223P; L269P; T2828; A284(; S292T; P2978: §321P

79/80 | S&P: YAOE: L61Y; H62T; V65SA; VOIT; DIIG; M94T; 196L; 23 heb b
F1221, GI36F; A169L; VI99T; A200L: G215C; G217N;

61-
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SEQ ID
NO

Residue differences relative to SEQ 1D NO:2

Ne.
Residue
Differences

Activity

S223P; 1.269P; L273Y,; T2828; A284G; P297S; 8321P

§1/82

SEP; YOOF; LolY; Ho2T; VGSA; VOUT,; DEIG; MY4L; I196L;
F1221; GL36F; A16OL; T178S; V1991, A2009L; G215C; S223P;
L269P; L273Y; T2828; A284G; P2978; 8321p

23

bbb

83784

S8P; Y6OF; LolY; HoZT; VO5SA; Vo9T; DRIG; M4, 196L;
FI1221;, S124T; G136F; A16S9L; VI99I; A209L; G215C;
G217N; S223P; L269P; L273Y; T2825; A284G; P2978; 33217

24

Fobbb

85/86

S8P; Y60F; L61Y; H62T; V65A; V6IT; D81G; M94l; 196L;
F1221: S124H: G136F: A169L: V1991; A209L; G215C,
G217N; §223P; L269P; L273Y; T2828; A284G; P297S; S321P

24

et g

§7/88

S8P: Y6OF: L61Y; H62T; V65A: V69T: DI1G; MO4I: I96L;
F1221; SI24N; G136F; A169L; V1991; A209L; G215C:
G217N; S223P; L269P; L273Y; T2828: A284G: P297S: S321P

24

NI

89/90

S8P; Y6OF; L61Y; H62T; V65A; V69T; D81G; MO4T; 1961
F1221; G136F; Y150H; A169L; V199T; A200L; G215C;
G217N; S$223P; L269P; L273Y: T282S; A284G; P297S; S321P

24

P

91/92

S8P: Y60F: LolY: H6ZT: V63A; V69T, DRIG; M9o4I; 196L;
F122M:; S124H; G136F; Y150H; V152S; A169L; V199I;
A206L:; G215C; G217N; S223P; L269P; L273Y; T2828;
AZ284G; P2978; 832iP

26

bbbt

93/94

S8P; YOOF; Lo1Y: He2T; VASA; V69T; DBIG; M941; 196L;
F1221; S1247T; G136F; Y150S; V1352C; A169L; V199I;
A209L; G215C; G217N; 8223P; L269P; L273Y; T282S;
A284(; P297S; 8321P

26

ST

95/96

SSP; Y60F; L61Y; H62T; V65A; V69T, DS1G: M94T; 196L;
F122M; S124N; G136F; A169L; V199T; A209L; G215C:
G217N; $223P; L269P; L273Y; T282S: A284G; P297S; S321P

24

bbb

97/98

S8P; YGOF; L61Y; H62T; V65A; V69T, DI1G; M94L; 196L.;
F1224; S124H; G136F; A169L; V1991 A2001; G215C;
G217N; 8223P; L269P; L273Y; T2825; A284G; P2975; §321P

24

bbb

99/100

- S8P; Y60F; L61Y; HO2T; V6SA; V69T D81G; M94I; 196L;

F122M; S124N; G136F; A169L; VI69SI, A2059L; G215C;
G217N; S223P; L260P; L273Y; T2825; A284G; P2975; S321P

24

+bt

1G1/102

S8P; Y6OF; L61Y: H62T; V65A; VAOT; D81G; M94T; 196L;
F122M; S124N; G136F; AL69L; V1991: A209L; G215C;
G217N; $223P; L269P; L273Y: T282S; A284G; P297S;
$321P; Q329H :

25

b+

1037104

S8P; YOOF; L61Y; Ho2T; V65A; VO9T, DRI1G; M94L; 156L,;
F122M; S1247T; G136F; Y1508; V152C; A169L; V1991,
A200L; G215C; G217N; S223P; L269P; L273Y; T2328;
A284G; P2975; 8321P

26

FR———

105/106

S8P; Y6UF; LolY; He2T; V65SA; V&IT; DE1G; MY41; [96L;
FI122M; S124T; S126T; G136F; R138K; Y15GS; VI52G;
Q155M; A169L; VI991; A209L; G215C; G217N; S223P;
L269P; [L273Y; T282S; A284(G; P2975, 8321P

29

T+

T107/108

S8P: YHOF: La1Y: H62T; VASA: V69T; DRIG; M94I; 196L,;
F122M; S124T; G136F; R138P; Q146R; Y1508; V1528,
AT69L; V1951, A2091; G215C; G217N; 8223P; L269P;
L273Y: T2828; A284G; P297S; S321P

28

bt

109/110

S8P; Y6OF; L61Y,; He2T; VA5A: VAUT; DE1G; MO41; 1961,

27

ERFRES

-62-
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SEQID
NO

Residue differences refative to SEQ 1D NO:2

No.
Residue
Differences

Activity

F122M; S1247T; S1267T; G136F; Y1505; VI52C; A169L;
V1991, AZ09L,; G215C; GZ17N; S223P; L.269P; L273Y;
T2828; A284G; P2975; 5321P

111/112

SEP; Y6OF; LolY; HO2T; V65A; V9T, DR1G; Mo41; I96E.;
F122M; §124T; GI136F; Y1508; V152C; 1163H; AT166L;
V199 A209L; G215C; G217N; S223P; L269P; L273Y;
T2825; A284G; P2975; S321P

27

S

113/114

S8P; YOOF: LelY,; H62T; V6SA; VO9T; DRIG; MY4]; 196L;
F122M; S124T: G136F; Y148A; Y1508; VI52C; A169L,;
VI99L A206L; G215C; GZ17N; S223P; L269P; L273Y;
T28285; A284G; P297S; 5321P

27

b e

115/116

S8P; Y6OF; L61Y; H62T: V65A; V69T, DS1G; Mo4L; 196L;
F122M; S124T; G136F,; Y1508; V152C; W1560Q; A1691;
V1991; A209L; G215C; G217N; 8223P; L269P; L273Y;
T2825: A284G; P2978; S321P '

27

AFRFRERrAF

117/118

S8P; Y6OF; L6tY; He2T; VESA; V69T, DE1G, M941; 1961.;
FI22M; S1247T: GI36F; Y1508; VI152C; R164V; A16YL,;
VI99T; A209L; G215C; G217N; S223P; L.269P; L.273Y;
T2825; A284G; P297S; S321P

27

bbbt

119/120

S8P; YOOF; LolY; He2T; V65SA, Va9T; DRIG; M941; 196L.;
F122M, §124T; (G136F; Y148F; Y1508: V152C; A169L;
V199T; A209L; G213C; G217N; 8223P; L269P; [.273Y;
T2828; A284G; P297S; 8321P

27

+++t

1217122

S8P; Y6OF; L61Y; HOZT; VA3SA; V69T, DEIG; M94l; 1961,
E120Y; F122M; S124T; G136F; Y1I50S; V152C; Al69L;
V1991; A209L; G215C; G217N; S223P; L269P; L273Y;
T282S; A284G; P2975; S321P

27

btk

123/124

S8P; YOOF; L61Y: HO2T; VA5SA; VOOT; DRI1G; M94L; 196L;
F122M; S124T; GI36F; Y1508; V132C; Q155V; Al69L;
V199L A2091,;, G215C; GZ17N; S223P; L249P; L273Y;
T2825; A284G; P297S; 5321P

27

e e

125/126

S8P; Y6OF: Lo1Y; He2T; VO5SA; V69T, DSIG; MY4I; 196L;
F122M; S124T; GI36F; Y1505; V152C; R1647; A169L;
V1691 A206L; G215C; G217N; 5223P; L269P; L273Y;
T282S; A284G; P2975; S321P

27

Sob bbbk

1277128

S&P; Y6OF; La1Y; H62T; V6SA; Vo9T; DE1G; Mo41; 1961;
F122M; S124T: GI36F; Y1505; V152C; Q155T; A169L;
V1991; A200L: G215C; G217N; S223P; L269P; L273Y;
T2828; A284G; P2978; 8§321P

27

-

129/130

S8P; E50L; Y6OF; L61Y; 1621, V6SA; V6OT; DBIG; MO4I;
196L; F122M: S124T; G136F; Y1508; V152C; A169L; V1991,
A209L; G215C; G217N; $223P; L269P; 1.273Y: T282S:
A284G; P297S; $321P :

oo

131/132

S8P;, L1BL YOOF; La1Y; H62T; VOsA; Va9T; DRIG; MY4lL;
196L; F122M; S1247T; G136F; Y1508; V152C; A169L; V1991,
A209L; G215C; G217N; S223P; 1.265P; L273Y; T282S;
A284G; P297S; S321P

27

bt

133/134

S8P; D25Q; Y6OF; LALY; HO2T, V63SA; VO9T:; DEIG; MY,
196L; F122M; S124T; GI36F; Yi505; VI52C; A1659L; VIU9L,
A209L; G2153C; G217N; S223P; L269P; L273Y; T2825;

27

b+t

-63-
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SEQ D
NO

Residue differences relative to SEQ ID NO:2

Na.
Residue
Differences

Activity

A284G; P2975; S321P

135/136

S8P; E42G; Y6OF; LO1Y; HOZT; V63 A; VOOT; DRI1G; M94k;
196L; F122M; 8124T; GI36F; Y1308; V152C; A169L; V199L;
A209L; G215C; GZ217N; 8223P; L269P; L273Y; T282S;
A284G; P2978S; S321P

27

ot

137/138

S8P; P4A8D:; YOOF; LolY: HO2T; V6SA; VEIT; DE1G; M4l
196L; F122M; S124T; GI136F; Y1508, V152C; A169L; V1991,
A209L; G215C; G217N; S223P; L269P; [.273Y; T2828;
A2B84G; P297S; S321P

27

bbbk

139/140

S8P; P30Q; Y6OT,; LolY, HoZ2T; VO5SA; VOUT,; D8IG; M4,
1961; F122M; 81247, G134F, Y1508; VIS2(; A169L; V199l
A209L; G215C; GZ17N ;8223P; L.269P; L273Y; T282S;
A2B4G; P2975, 8321P

27

Fopob b

1417142

S8P; L28P; Y60F; L61Y; HO2T; VO5SA,; V69T, DBIG; M4,
196L; F122M; S124T; G136F; Y150S; V152C; A169L; V199T;
A209L; G215C; G217N; 8223P; L269P; 1.273Y; T28ZS,
A284C; P29785; S321P

27

bbb

143/144

S&P; I41H; YOOF; LeYY; H62T: V65A; VOOT, DIIG; M%4L,
1961,; F122M; S124T,; GI36F; Y150S; V152C; AI6SL; V199
A200L; G215C; G217N; 8223P; L269P; 1.273Y; T2825;
A284G; P2975; S321P

27

o+

145/146

S&P; P3OM; YO0F; LO61Y,; HO2T; Va5SA; V69T, DE1G; MY4L;
196L; F122M; §124T; G136F; Y150S; V152C; A169L; V1991;
A200L; G215C; G217N; S223P; L269P; L273Y; T282S;
A2B4G; P2975; S321P

27

e )

147/148

S8P; S34H; YoOF; LotY; He2T; V65A; V69T, D8I, MY4[,
1961.; F122M; S124T: G136F; Y1308; V152C; A169L; V1991,
A209L; G215C; G217N: S223P; L269P; L273Y; T282S;
A284G; P297S; S321P

27

i+

149/150

S8P; LIRC; 155V, Y6OF; L61Y; HA2T; V65A; V69T DIG;
MO41; 1961 F122M; S124T; G136F; Y150S; VISZC; A169L;
V199, AZ209L; G215C,; G217N; §223P; L2692; L273Y;
T2828; A284G; P297S; 3321P

28

ek bbb

151/152

SRP; PA8G; Y60F; L61Y; H62T; VO6SA; V9T, DRIG; M4,

| 196L; F122M; S124T; G136F; Y150S; V152C; A169L; V1991,

A200L; G215C; G217N; §223P; L269P; 1.273Y; T2828;
AZB4G; P257S, 83219

27

b+

153/154

S8P; P48V, Y6OF; LO1Y; H62T; VA3A; VO9T; D81G; M%4l;
I96L; F122M; S124T; GI36F; Y1508; VI52C; A160L; VI99L
A209L; G215C; GZ17N; 8223P; L269P; L273Y; T2R82S;
A284G; P2978S; S321P

27

3

155/156

S8P; I418; Y6OF; L61Y; H62T; V65SA,; V69T, DE1G; M94I;
I961; F122M; S124T; GI36F; Y1508; V152C; A169L; VI99I;
AZ00L; G215C, G217N; 85223P; L269P; L273Y; T2825;
A284@G; P2978S; 5321P

27

b e

157/158

S8P: E27T; YOOF; Lo1Y,; H62T; VE5A; VEIT; DBIG; MOl
196L.; F122M; S124T; G136F; Y1508; V152C; A169L; VI99L;
A200L; G215C; G217N; §223P; L269P; 1.273Y; T2823;
A284G; P2975,; 5321P

27

ottt

156/160

S8P; S54P; Y6OF; LatY,; H62T, V63 A, VauT; DRI1G; M4,

27

b

64
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Ne.
SEQID Residue
NO Residue differences relative to SEQ ID NO:2 Differences | Activity

1961, F122M; §124T; G136F; Y1508; V152C; A169L; V199I;
A209L; G215C; G217N; 5223P; L269P; L.273Y; T2828;
A284G; P2978; 8321P

1617162 | S8P; P48Q); Y6OF; LoIY; H62T; VO5SA; V6oT; DRI1G; MY4I; 27 bk ok
196L; FI122M; S124T; G136F; Y1508, V152C; A169L; VIO9L;
A209L; G2I5C; G217N; 8223P; L.269P; L273Y; T2825;
A284G; P297S; 8321P

163/164 | A3SK; S8P; Y6OF; L6IY; H62T; V63A; V69T, D8IG; MY4H; 28 RS

196L; F122M; S124T; S126T; G136F; Y150S; V152C; A169L;
V1991, A209L; G215C; G217N; 5223P; L269P; 1273,
T2825; A284G; P2975; S321P

165/166 | S8P; S49T; Y6OF; LolY,; H62T; V65A; V9T, DRIG; MO4L; 30 bbbtk
196L; B117G; F122M; §124T, S126T G136F; Y1508; V1528,
AL69L; V1991; A209L; G215C; GZ17N; S223P; 1.269P;
L273Y; T2828; A284G; P2978; V302ZA; 5321P

167/168 | S8P; S54P; Y6OF; Lo1Y; H62T; VOSA; V6IT; DEIG; M%4L; 29 bt
196E.; F122M; S1247: §126T; GI36F; Y1508; V15285; A169L;
V1991, D204 A; A209L; G2I5C; G217N, S223P; L265P;
L273Y; T2825; A284G; P2978; S321P

[0186] As noted above, in some embodiments, the improved transaminase polypeptide comprises an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 9(%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or more identical to a reference sequence of SEQ ID NO: 6, §, 16,
12, 14,16, 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, 156, 158, 160, 162, 164, 166 or 168. In some embodiments, the improved transaminase
polypeptides can have 1-2, 1-3, 14, 1-5, 1-6, -7, I-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-
20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-30, 1-35, or 1-60 residue differences as compared to the
transaminase represented by SEQ ID NO:2. In some embodiments, the number of residue differences
canbe 1,2,3,4,5,6,7,8,9,10, 11,12, 14, 15, 16, 18,20, 22, 24, 26, 30, 35, 40, 45_.: 50, 55, or 60
differences as compared to SEQ ID NO:2. |

[0187] In some embodiments, the improved transaminase polypeptide comprises an aming acid
sequence that is at least about 80%, 85%, 8§6%, 87%. 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 7%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 4, 6, 8, 10, 12, 14,
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, 156,
158, 160, 162, 164, 166 or 168, with the proviso that the improved transaminase amino acid sequence

comprises any one of the set of residue differences contained in any one of the polypepiide sequences
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listed in Table 2 as compared to SEQ ID NO:2. In some embodiments, the improved {ransaminase
polypeptides can have additionally 1-2, 1-3, 1-4, 1.5, 1-6, 1-7, 1-8, 19, 1-10, 1-11, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, 1-50, 1-53, or 1-60 residue differences at
other amino acid residue positions as compared to the reference sequence. In some embodiments, the
mmnber of differencescan be 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35,
49, 43, 50, 35, or 60 residue differences at other residue positions. In some embodiments, the residue

differences at other residue positions comprise substitutions with conservative amino acid residues.

[0E88] In some embodiments, the improved transaminase polypeptides capable of converting the
ketoamide substrate, 4-0x0-4-{3-(triflucromethyl)-5,6-dihydrefl ,2,4]triaz<)io[4,3—é] pyrazin-7(8H-v1}-
1-(2,4,5-trifluorophenylbutan-2-one to product (2R)-4-oxo-4-[3-(triflucromethyl)-5,6-
dihydro[1,2,4ltriazolo[4,3-a]pyrazin-7(8 H)-v1]-1-(2,4,5-trifluoropheny)butan-2-amine in the

presence of an amino group donor to levels of product detectable by HPLC-UV at 210 nm comprises
an amino acid sequence corresp(_md%ng to the sequence of SEQ 1D NO: 4,6, 8,10, 12, 14, 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, B8, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 114, 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 or 168.

[0189] In some embodiments, the engineered transaminase polypeptide is capable of converting the
ketoamide substrate to product with 50 to 100 times or greater activity than the polypeptide of SEQ
1D NO:4. In some embodiments, the engineered transaminase polypeptide capable of converting the
ketoamide substrate to product with 50 to 100 times or greater activity than the polypeptide of SEQ
1D NO:4 comprises an amino acid sequence corresponding to SEQ 1D NO: 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, 156, 158, 160, 162, 164, 166 or
168.

10190} In some embodiments, the engineered transaminase polypeptide is capable of converting the
ketoamide subsrraté to product with about 1.1 to 5 times or greater activity than the polypeptide of
SEQID NO:22, In some embodiments, the engineered fransaminase polypeptide capable of
converting the ketoamide substrate to product with about 1.1 to 5 times or greater activity than the
polypeptide of SEQ TD NO:22 comprises an amino acid sequence corresponding to the sequence of
SEQ ID NO: 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52 34, 56, 38, 60, 62, 64, 66, 68, 70, 72,
74,76, 78, 80, 82, 84, 86,38, 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, ]54,‘156, 158,
160, 162, 164, 166 or 168. |
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[6191] In some embodiments, the engineered transaminase polypeptide is capable of converting the
ketoamide substrate to product with about 1.1-to-5-times or greater activity than the polypeptide of
SEQ ID NO:48. In some embodiments, the engineered transaminase polypeptide capable of
converting the ketoamide substrate to product with about 1.1-t0-5-times or greater activity than the
polypeptide of SEQ ID NO:48 comprises a sequence corresponding to the sequence of SEQ 1D NO:
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, 1240, 122, 124, 124, 128, 130, 132, 134, 136, 138, 140,
142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 164, 166 or 168,

[0192] In some embodiments, the engineered transaminase polypeptide is capable of converting the
ketoamide substrate to product with about 1.1 to 5 times or greater activity than the polypeptide of -
SEQ ED NO:58. In some embodiments, the engineered transaminase polypeptide capable of
converting the ketoamide substrate 1o product with about 1.1 to § times or greater activity than the
polypeptide of SEQ 1D NQ:58 comprises an amino acid sequence corresponding to the sequence of
SEQ ID NO: 68,70, 72, 74,76, 78, 80, 82, 84, 86, 88,90, 92, 94, 96, 98, 100, 102, 104, 106, 108,
110, 132, 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 or 168,

10193] As noted above, in some embodiments, the improved transaminase polypeptide is also
capable of converting ketoamide substrate 4-0x0-4-[3-(trifluoromethyi)-5,6-
diyydro{1,2,4itriazole]4,3-a]pyrazin-7( SH)-yi]— 1-(2,4,5-trifluorophenyl)butan-2-one to product {2.8)-
4-ox0-4-[3-(triftuoromethyl}-3,6-dihydrof[ 1,2,4 ftriazoio[4,3-ajpyrazin-7{(&8 H)-yli-1-(2 4,5-
tz’iﬂuoropheny1)butan-2-aminc with at least 70%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 05%, 96%,
G7%, 98%, or 99% enantiomeric excess, Exemplary transaminase polypeptides with the specificd
levels of enantioselectivity can comprise an aming acid sequence corresponding to SEQ ID NO: 4, 6,
8,10, 12, 14, 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, 66, 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 or 168.

[0194] In some embodiments, the improved engineered transaminase polypeptides can comprise
deletions of the engineered transaminase polypeptides described herein. Thus, for cach and every
embodiment of the transaminase polypeptides of the disclosure, the deletions can comprise one or
more amino acids, 2 or more amino acids, 3 or more aminoe acids, 4 or more amino acids, 5 or more
aming acids, 6 or more amino acids, & or more amino acids, 10 or more amino acids, 15 or more
amino acids, or 20 or more amino acids, up to 10% of the total number of aminro 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 ransaminase polypeptides, as long as the fimetional activity of the
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transaminase activity is maintained. In some embodiments, the deletions can comprise, 1-2, 1-3, 1-4,
-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1~

40, 1-45, 1-50, 1-55, or 1-60 amino acid residues. In some embodiments, the number of deletions can
bel,2,3,4,56,7,89, 10,11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, 50, 55, or 60 amino

acids. In some embodiments, the deletions can comprise deletions of 1,2, 3,4, 5,6, 7, 8, 9, 10, 11,

12,13, 14, 15, 16, 18, 20, 22, 24, 26, 28, or 30 amino acid residues.

[0195] As described herein, the transaminase polypeptides of the disclosure can be in the form of
fusion polypeptides in which the transaminase polypeptides are fused to other polypeptides, such as,
by way of example and not limitation, antibody tags (¢.g., myc epitope), purifications sequences (¢.g.,
His tags for binding to metals), and cell localization signals (e.g., secretion signals). Thus, the

transaminase polypeptides can be used with or without fusions to other polypeptides.

{0196] The polypeptides described herein are not restricted to the genetically encoded amino acids.
In addition to the genetically encoded amino acids, the polypeptides described herein may be
comprised, either in whole or in part, of naturally-occurring and/or synthetic non-encoded amino
acids. Certain commonly encountered non-encoded amino acids of which the polypeptides described
herein may be comprised include, but are not limited to: the D-stereoisomers of the genetically-
encoded amino acids; 2,3-diaminopropionic acid (Dpr); o-aminoisobutyric acid (Aibj;
g-aminohexanoic acid {Aha); §-aminovaleric acid (Ava);, N-methylglycine or sarcosine (MeGly or
Sar); ornithine (Orn); citrulline (Cit); t-butylalanine (Bua}; t-butylglycine (Bug); N-methylisoleucine
{Melle); phenylglycine {Phg); cyclohexylalanine (Cha); norfeucine (Nle); naphthylalanine (Nal); 2-
chlorophenylalanine (Oct); 3-chlorophenylalanine (Mct); 4-chlorophenylalanine (Pct);
2-fluorophenylalanine (Off); 3-fluorophenyialanine (Mf); 4-fluorophenylalanine (Ptf); 2-
bromophenylalanine {Obf); 3-bromophenylalanine {Mbf); 4-bromophenylalanine (Pbf); 2-
methylphenylalanine (Omf); 3-methylphenylalanine (Mmf); 4-methylphenylalanine (Pmf); 2-
nitrophenylalanine (Onf); 3-nitrophenylalanine (Mnf); 4-nitrophenylalanine (Pnf}; 2-
cyanophenylalanine (Ocf); 3-cyanophenylalanine (Mef); 4-cyanophenylalanine {Pef); 2-
mifluoromethylphenylalanine (Otf); 3-triflucromethylphenylalanine (Mtf}; 4-
trifluoromethylphenylalaning (Ptf); 4-aminophenylalanine (Paf); 4-iodophenylalanine (Pif); 4- |
aminomethylphenylalanine (Pamf); 2,4-dichlorophenylalanine (Opef); 3,4-dichlorophenylalanine
(MpcH); 2,4-diflucrophenylalanine (Opff); 3,4-difluorophenylalanine (Mpff); pyrid-2-ylalanine
(2pAla); pyrid-3-ylalanine (3pAla); pyrid-4-ylalanine (4pAla); naphth-1-ylatanine (1nAla); naphth-2-
ylalanine {2nAla); thiazolylalanine (taAla); benzothienylalanine (bAla); thienylalanine (tAla);
furylalanine (fAla); homophenylalanine (hPhe); homotyrosine (hTyr); homotryptophan (hTrp);
pentafluorophenylalanine (5f1); styrylkalanine (sAla); authrylalanine (aAlx); 3,3.—diphe_nylalanine

~(Dfa); 3-amino-S-phenypentanocic acid (Afp); penicillamine (Pen); 1,2,3 4-tetrahydroisoquinoline-3-
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carboxylic acid (Tic); B-2-thienylalanine (Thi); methionine sulfoxide (Mso); N(w)-nitroarginine
(nArg); homolysine (hLys); phosphonomethyIphenylalanine (pmPhe); phosphoserine {pSer);
phosphothreonine (pThr); homoaspartic acid (hAsp); homo glutamic acid (hGlu); .I -aminocyclopent-(2
or 3)-ene-4 carboxylic acid; pipecolic acid (PA), azetidine-3-carboxylic acid (ACA}; 1- |
aminocyclopentane-3-carboxylic acid; allylglycine (aOly); propargylglycine (pgGly); homoalanine
(hAla); norvaline {(nVal); homoleucine (hLew}, homovaline (hVal); homoisoleucine (hlle);
homoarginine (hArg); N-acetyl lysine (AcLys); 2.4-diaminobutyric acid (Dbu}; 2,3-diaminobutyric
acid (Dab); N-methylvaline (MeVal); homocysteine (hCys): homoserine (hSer); hydroxyproline

~ (Hyp) and homobz‘c}li'ﬂc (hPro). Additional non-encoded amino acids of which the polypeptides
described herein may be comprised will be apparent to those of skill in the art {; sec, e.g., the various
amino acids provided in Fasman, 1989, CRC Practical Handbook of Biochemistry and Molecular
Biology, CRC Press, Boca Raton, FL, at pp. 3-70 and the references cited therein, all of which are

incorporated by teference). These amino acids may be in either the L- or D-configuration.

[6197] Those of skil} in the art will recognize that amino acids or residues bearing side chain
protecting groups may also comprise the polypeptides described herein. Non-limiting examples of
such protected amino acids, which in this case belong to the aromatic category, include (protecting
groups listed in parentheses), but are not limited to: Arg(tos), Cys(methylbenzyl), Cys
(nitropyridinesulfenyl), Glu(S-benzylester), Gln(xanthyl), Asn(N-d-xanthyl), His(bom), His(benzyl),
His(tos), Lys(fmoc), Lys(tos), Ser(O-benzyl), Thr (O-benzyl) and Tyr(O-benzyl).

[0198] Non-encoding amino acids that are conformationally constrained of which the poiypeptides
described herein may be composed include, but are not limited to, N-methyl amino acids
(L-configuration); l-aminocyclopent-(2 or 3)}-ene-4-carboxylic acid; pipecolic acid; azetidine-3-

carboxylic acid; homoproline (hPro); and 1-aminocyclopentane-3-carboxylic acid.

[0159] As described above the various modifications introduced into the naturally oceutring
polypeptide to generate an engineered transaminase enzyme can be targeted to a specific property of

the enzyme.

[0200] In another aspect, the present disclosure provides polynucieotides encoding the improved
transaminase polypeptides. 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 transaminase polypeptide. Expression constructs containing
a heterologous polynucleotide encoding the engineered transaminase can be introduced into

appropriate host cells to express the corresponding transaminase polypeptide.

[0201] 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
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by alternative or synonymous codons allows an extremely large number of nucleic acids to be made,
all of which encode the improved transaminase polypeptides disclosed herein. Thus, having identified
a particular amino acid sequence, those skilled in the art could make any number of different nucleic
acids by simply modifying the sequence of onte 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 selecting combinations
based on the possible codon choices, and all such variations are to be considered specifically
disclosed for any polypeptide disclosed herein, ncluding the aming acid sequences presented in Table

2.

[0202] In some embodiments, the polynucleotides can be selected and/or engineered to comprise
codons that are preferably selected to fit the host cell in which the protein is being produced. For
example, preferred codons used in bacteria are vsed to express the gene in bacteria; preferred codons
used in veast are used for expression in yeast; and preferred codons used in mammals are used for
expression in mammalian cells. Since not all codons need to be replaced to optimize the codon usage
of the fransaminases (e.g., because the natural sequence can have preferred codons and because use of
preferred codons may not be required for all amino acid residues), codon optimized polynucleotides
encoding the transaminase polypeptides may contain preferred codons at about 40%, 50%, 60%, 70%,

80%, or greater than 90% of codon positions of the full length coding region.

10203] In some embodiments, the polynucleotide encodes a transaminase polypeptide comprising an
amino acid sequence that is at least 80%, 83%, 86%, 87%, 88%, 89%, 90%, 1%, 92%, 93%, 94%,
05%, 96%, 97%, 98%, 99% or more identical to the reference sequence of SEQ ID NO:4, wherein the
polypeptide is capable of converting the ketoamide substrate 4-oxo-4-[3-(trifluoromethyl)-5,6-
dihydrof1,2,4]triazolo{4,3-ajpyrazin-7(8H)-y1}-1-(2,4,5-trifluorophenyl)butan-2-one to product (2R}-
4-ox0-4-{3-(trifluoromethyl)-5,6-dihydro{ 1,2 ,4]triazolo[4.3-¢] pyrazin-’?( 8HN-yl1]-1-{2.4.5-
triﬂuomphenyl)butan—iamine in the presence of an aming group donor with an activity that is
improved as compared to the activity of the transaminase of SEQ 1D NO:2 derived from Arthrobacter

sp KNK 168,

[0284] In some embodiments, the polynucleotide encodes a transaminase polypeptide comprising an
amino acid sequence that has at least about 80%, 85%, §86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%,
9495, 95%, 96%, 97%, 98%, or 99% or maore sequence identity to the polypeptide comprising an
amino acid sequence corresponding to SEQ ID NQ: 4, 6, 8, 10, 12, 14, 16, 18, 20., 22,24, 26,28, 30,
32,34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 69, 62, 64, 66, 68,70, 72,74, 76, 78, 80, 82, 84,
8a, 88, 90, 92, 94, 96, 98, 100, or 102, wherein the polypeptide has one or more improved_pmperties
in converting the ketoamide substrate 4-oxo-4-[3-(triffuoromethyl)-5,6-dihydro[1,2,4]triazolo{4,3-

alpyrazin-7(8H)-yi]-1-(2,4,5-trifluorophenyibutan-2-one to product (ZR)-4-o0x0-4-3-
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(trifluoromethy!)-5,6-dihydro[ 1,2 4}triazolo[4,3-alpyrazin-7(8 H)-y1]-1-(2,4.5-trifluorophenylbutan-
Z-amine in presence of an amino group donor. In some embodiments, the encoded transaminase
polypeptide has an activity that is equal to or greater than the activity of the polypeptide of SEQ ID
NO:4.

[6205] In some embodiments, the pelynucleotide encodes a transaminase polypeptide comprising an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
04%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence of SEQ ID NO: 4, 6, 8, 10, 12,
14, 16, 18,20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54,‘ 56, 58, 64, 62, 64, 66,
68, 70, 72,74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 04, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114,
[16, 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 or 168,

[0206] Tn some embodiments, the polynucleotide encodes a transaminase polypeptide comprising an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 00%, 91%, 92%, 03%,
949, 95%, 96%, 97%, 98%, or 9% identical to a reference sequence based on SEQ 1D NO: 4, 6, §,
10, 12, 14, 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, 140, 148, 150, 152,
154, 156, 158, 160, 162, 164, 166 or 168, with the proviso that the improved transaminase amino acid
sequence comprises any one of the set of residue differences contained in any one of the polypeptide

sequences Hsted in Table 2 as compared to SEQ ID NO:2.

[0207] Insome embodiments, the polynucleotides encoding the improved transaminase polypeptides
are selected from SEQ ID NO: 3,5,7,9,11, 13, 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, or 167,

[0208] In some embodiments, the polynuclectides are capable of hybridizing under highly stringent
conditions to a polynucleotide comprising SEQ IDNOC: 3,5, 7,9, 11, 13,15, 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,
82, 85, 87, 89, 91, 63, 95, 97, 99, 101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125,
127,129, 131, 133, 133, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165, or
167, or a complement thereof, where the highly siringently hybridizing polynucleotides encode a
transaminase polypeptide capable of converting 4-oxo-4-[3-(friftuoromethyl)-5,6-
dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-y1]-1-(2,4,5 ;triﬂuoropheﬂyi)butan—Q-one to product (2R)-
4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro[ 1,2,4]triazolo[4,3-a]pyrazin-7(8H)-y1]-1-(2,4,5-
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trifluorophenyl)butan-2-amine in presence of an amino group donor with an activity that is equal to or

greater than the polypeptide of SEQ ID NO:4.

[0209] In some embodiments, the polynucleotides encode the polypeptides described herein but have.
about 80% or more sequence identity, about 80%, 85%, §6%, 87%, 88%, 89%, 80%, 91%, 92%, 039%,
94%, 95%, G6%, 97%, 98%, or 99% or more sequence identity at the nucleotide level to a reference
polynucleotide encoding the engineered transantinase described herein. In some embodiments, the
reference polynucleotide is selected from SEQ ID NO: 3,5,7, 9, 11,13, 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, 67,99, 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, or 167.

(6210} An isolated polynucleotide encoding an improved transaminase polypeptide may be
manipulated in a varicty of ways to provide for expression of thé polypeptide. In some embodiments,
the pofynucleotides encoding the engineered transaminase polypeptides can be provided as expression
vectors where one or more control sequences is present to regulate the expression of the
polynucleotides. Manipulation of the isolated polynuclcotide prior to its insertion into a vector may
be desirable or necessary depending on the expression vector, The fechniques for modifying
polynucleotides and nucieic acid sequences utilizing recombinant DNA methods are well known in
the art. Guidance is provided in Sambrook et al., 2001, Molecular Cloning: A Laboratory Manual,
3rd Bd., Cold Spring Harbor Laboratory Press; and Current Protocols in Molecular Biology, Ausubel.
F. ed., Greene Pub. Associates, 1998, updates to 2006.

[0211] In some embodiments, the control sequences include among others, promoters, leader
sequence, polyadenylation sequence, propeptide sequence, signal peptide sequence, and transeription
terminator. For bacterial host cells, suitable promoters for directing transcription of the nucleic acid
constructs of the present disclosure, include the promoters obtained from the E. coli lac operon, E.
coli trp operon, bacteriophage &, Streptomyces coelicolor agarase gene (dagA), Bacilius subtilis
levansucrase gene (sacB), Bacillus licheniformis alpha-amylase gene (amyL), Bacillus
stearothermophilus maltogenic amylase gene (amyM), Bacillus amyloliquefaciens alpha-amylase
gene (amy(Q), Bacillus licheniformis penicillinase gene (penP), Bacillus subtilis xylA and xyIB genes,
and prokaryotic beta-lactamase gene (Villa-Kamaroff et al., 1978, Proc, Natl Acad. Sci. USA.’/S:
3727-3731), as well as the tac promoter (DeBoer et al., 1983, Proc. Natl Acad. Sci. USA 80: 21-25).

[0282) 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
Aspergiflus oryzae TAKA amylase, Rhizomucor michei aspartic proteinase, Aspergillus niger neutral
alpha-amylase, Aspergillus niger acid stable alpha-amylase, Aspergillus niger or Aspergillus awamori

glucoamylase (glaA), Rhizomucor michei lipase, Aspergillus oryzae alkaline protease, Aspergillus
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oryzae triose phosphate isomerase, Aspergillus nidulans acetamidase, and Fusarium oxysporum
trypsin-like protease (see c.g., WO 96/00787, which is hereby incorporated by reference hercin), as
well as the NA2-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 thereof,

[0213] In a yeast host, useful promoters can be from the genes for Saccharomyces cerevisiae enolase
(ENO-1), Saccharomyces cerevisiae galactokinase {GAL1), 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 8:423-4885.

[0214] The control sequence may also be a suitable transcription terminator sequence, a sequence
recognized by a host cell to terminate transcription. The terminator sequence 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.

- [8215] For example, exemplary transcription terminators for filamentous fungal hest cells can be
obtained from the genes for Aspergillus oryzaec TAKA amylase, Aspergillus niger glucoamylase,
Aspergillus nidulans anthranilate synthase, Aspergillus niger alpha-glucosidase, and Fusariom

oxysporum trypsin-like protease.

[0216] Exemplary terminators for yeast host cells can be obtained from the genes for Saccharomyces
cerevisiae enoclase, Saccharemyces cerevisiae cytochrome C (CYCU), and Saccharomyces cerevisiae
glyceraldehyde-3-phosphate dehydrogenase. Other useful terminators for yeast host cells are

described by Romanas et al., 1992, supra.

[0217] The control sequence may also be a suitable leader sequence, a nontranstated 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 Aspergilius oryzae TAKA amylase and Aspergillus nidulans triose
phosphate isomerase. Suitable leaders for yeast host cells are obtained from the genes for
Saccharomyces cerevisiae enolase {ENQO-1), Saccharomyces cerevisiae 3-phosphoglycerate kinase,
Saccharomyces cerevisiae alpha-factor, and Saccharomyces cerevisiae alcohol

dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP).

[6218] The control sequence may also be a polyadenylation sequence, a scqucm:é 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 franscribed mRNA. Any polyadenylation sequence
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which is functional in the host cell of choice may be used in the present invention. Exemplary
polyadenylation sequences for filamentous fungal host cells can be from the genes for Aspergillus
oryzaec TAKA amylase, Aspergillus niger glucoamyluse, Aspergillus nidulans anthranilate synthase,
Fusarium oxysporum trypsin-fike protease, and Aspergillus niger alpha-glucosidase. Useful
polyadenylation sequences for yeast host cells are describc.c% by Guo and Sherman, 1995, Mol Cell Bio
15:5983-5990.

[0219] The contrel sequence may also be a signal peptide coding region that codes for an amino acid
sequence linked to the amina terminus of a polypeptide and directs the encoded polypeptidé 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.

[0220] 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-
factamase, Bacillus stearothermophilus neutral proteases (nprT, nprS, nprM), and Bacillus subtilis

prsA. Further signal peptides are described by Simonen and Palva, 1993, Microbiol Rev 57: 109-137.

[0221] Effective signal peptide coding regions for filamentous fungal host cells can be the signal
peptide coding regions obtained from the genes for Aspergillus oryzac TAKA amylase, Aspergillus
niger neutral amylase, Aspergillus niger glucoamylase, Rhizomucor michei aspartic proteinase,

Humicola insolens cellulase, and Humicola lanuginosa lipase.

[0222] Useful signal peptides for yeast host cells can be from the genes for Saccharomyces cerevisiae
alpha-factor and Sacchuromyces cerevisiae invertase. Other useful signal peptide coding regions are

described by Romanos et al., 1992, supra,

{0223] 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 mactive
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 frém the genes
for Bacillus subtilis alkaline protease {aprE), Bacillus subtilis neutral protease (nprT), Saccharomyces
cerevisiae alpha-factor, Rhizomucor miehei aspartic proteinase, and Myceliophthora thermophila

lactase (see e.g., WO 95/33836, which is hereby incorporated by reference herein).
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[0224] Where both signal peptide and propeptide regions are present at the amino terminus of a
polypeptide, the propeptide region is positioned next to the amino terminus of a polypeptide and the

signal peptide region is positioned next to the amino terminus of the propeptide region,

[0225] Tt may also be desirable to add regulatory 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 include the lac, tac, and trp operator systems. In yeast host cells,
suitable regulatory systems include, as examples, the ADH2 system or GALI system. In filamentous
fungi, suitable regulatory sequences include the TAKA alpha-amylase promoter, Aspergiltus niger

glucoamylase promoter, and Aspergillus oryzae glucoamylase promoter.

[0226] Other examples of regulatory sequences are those which allow for gene amplification. In
eukaryotic 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 transaminase polypeptide of the present invention

would be operably hnked with the regulatory sequence.

{9227] Thus, in another embodiment, the present disclosure is also directed to a recombinant
expression vector comprisihg a polynucleotide encoding an engineered transaminase polypeptide or a
variant thereof, and one or more expression regulating regions such as a promoter and a terminator, a
replication origin, ete., depending on the type of hosts into which they are to be introduced. The
Vafious nueleic acid and control sequences described above may be joined together to produce a
recombinant expression vector which may include one or 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 s operably linked with the appropriate control sequences for expression.

[0228] The recombinant expression vector may be any vector (e.g., a plasmid or virus), which can be
cunﬁenientiy subjected to recombinant DNA procedures and can bring about the expression of the
polynucieotide 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.

[0229] The expression vector may be an autonomously replicating vector, Le., a vector that exists as
an extrachromosomal entity, the replication of which is independent of chromosomal replication, e.g.,

a plasmid, an extrachromosomal ¢lement, a minichromosome, or an artificial chromosome. The
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vector may contain any means for assuring self-replication, Alternatively, the vector may be one
which, when introduced into the host cell, is integrated into the genome and replicated together with
the chr{)mosorhe(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 fransposon may be used.

[0230] The expression vector of the present invention preferably contains one or more selectable
markers, which perniit easy selection of transformed cells. A selectable marker is 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 Bacilius
subtilis or Bacillus Heheniformis, or markers, which confer antibiotic resistance such as ampicillin,
kanamycin, chioramphenicol, or tetracycline resistance. Suitable markers for yeast host cells are

ADE2, HIS3, LEUZ, LYS2, MET3, TRPI, and URA3.

[0231] Selectable markers for use in a filamentous fungal host cell include, but are not limited to,
amd$ {acctamidase), argB {ornithine carbamoyltransferase), bar (phosphinothricin acetyltransferase),
hph (hygromycin phosphotransferase), niaD (nitrate reductase), pyrG (orotidine-3'-phosphate
decarboxylase), sC (sulfate adenyltransferase}, and trpC (anthranilate synthase}, as well as equivalents
thercof, Embodiments for use in an Aspergiltus cell include the amdS and pyrG genes of Aspergiilus

nidulans or Aspergillus oryzae and the bar genc of Streptomyces hygroscopicus.

[8232] The expression vectors for expressing the transaminases can contain an element(s} that
permits integration of the vector into the host cell's genome or autonomous replication of the vector n
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 nonhemologous recombination.

{0233] 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 clements should preferably contain a sufficient number of nucleic acids, such as 100 to
10,000 base pairs, preferably 400 to 10,060 base pairs, and most preferably 800 to 10,000 base pairs,
which are highly homoelogous with the corresponding target sequence to enhance the probability of
homelogeus recombination. The integrational elements may be any sequence that is homologous
with the target sequence in the genome of the bost 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.
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[0234] For autonomous replication, the vector may further comprise an origin of replication enabling
the vector to replicate agtonomously in the host cell in guestion. Examples of bacterial origins of
replication are P15A ori, or the origins of replication of plasmids pBR322, pUC19, pACYC177 (which
plasmid has the P15A ori), or pACY C184 permitting replication in E. coli, and pUB114, pE194,
pTA1060, or pAMB1 permitting replication in Bacillus, Examples of origins of replication for use in
a yeast host cell are the 2 micron origin of replication, ARS1, ARS4, the combination of ARS1 and
CENS3, and the combination of ARS4 and CEN6. The origin of replication may be one having a
mutation which makes its fimctioning temperature-sensitive in the host cell (see, e.g., Ehrlich, 1978,

Proc Natl Acad Sci. USA 75:1433).

[0235] More than one copy of a nucleic acid sequence of the present invention may.bc nserted into
the host cell to increase production of the gene product. An increase in the copy mumber of the
nucleie acid sequence can be obtained by integrating 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 nuckeic acid sequence, can be sclected for by cultivating the cells in the

presence of the appropriate selectable agent.

[0236] Many of the expression vectors for use in the present invention are commercially available.
Suitable commercial expression vectors include p3xFLAGTMTM 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 are commercially available from Stratagene, Lafolta CA, and plasmids which are
derived from pBR322 {Gibco BRL), pUC (Gibco BRL), pREP4, pCEP4 (Invitrogen) or pPoly (Lathe
et al,, 1987, Gene 57:193-201).

[0237] In another aspect, the present disclosure provides a host celi comprising a polynuclectide
encoding an improved transaminase polypeptide of the present disclosure, the polynucleotide being
aperatively linked to one or more control sequences for expression of the transaminase enzyme in the
host cell. Host cells for use in expressing the transaminase 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, Lactobaciilus, Streptomyces and Salmonella typhimurium cells; fungal cells,
such as yeast cells (e.g., Saccharomyces cerevisiae or Pichia pastoris (ATCC Accession No. 201178)};
insect cells such as Drosophila $2 and Spodoptera S£9 cells; animal cells such as CHO, COS, BHK,
293, and Bowes melanoma cells; and plant cells, Appropriate culture mediums and growth conditions

for the above-deseribed host cells are well known in the art.
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[0238] Polynucleotides for expression of the transaminase may be introduced into cells by various
methods known in the art. Techniques include among others, electroporation, biolistic particle
bombardment, liposome mediated transfection, caleium chloride transfection, and protoplast fusion.

Various methods for introducing pelynucleotides into cells will be apparent to the skilled artisan.

[0239] An exemplary host cell is Escherichia colit W3110. The expression vector was created by
operatively linking a polynucleotide encoding an improved transaminase into the plasmid pCK110900
operatively linked to the lac promoter under control of the lacT repressor. The expression vector also
contained the P15a origin of replication and the chloramphenicol resistance gene. Cells containing
the subject polynucleotide n Hscherichia coli W3110 were isolated by subjecting the celis to

chloramphenicol selection.

[0248] The improved transaminases and polynucleotides encoding such polypeptides can be prepared
using methods commonly used by those skilled in the art. As noted above, the naturally-occurring
amine acid sequence and corresponding polynucleotide encoding the wild type transaminase enzyme
of Arthrobacter sp KNK168, from which the parent sequence SEQ 1D NO:2 was derived, is available
in US Patent No. 7,169,592, which is hereby incorporated by reference herein. In some embodiments,
the parent polynucleotide sequence is codon optimized to enhance expression of the transaminase in a
specified host cell. The polynueicotide sequence designated SEQ 1D NO: 1 was the parent sequence
utilized as the starting point for most experiments and library construction of engineered

fransaminases.

[0241] The engineecred transaminases can be obtained by subjecting the polynucleotide encoding the
naturally occurring transaminase to mutagenesis and/vr directed evelution methods. An exemplary
directed evolution wechnique is mutagenesis and/or DNA shuffling as described in Stemmer, 1994,
Proe Watl Acad Sci USA 91:10747-10751; WQ 953/22625; WO 97/0078; WO 97/35966; WO
08/27230: WO 00/42651; WO 01/75767 and U.S. Pat. 6,537,746 (cach of which is hereby

incorporated by reference herein).

[0242] Other directed evolution procedures that can be used include, among cthers, staggered
extension process (StEP), in vitro recombination (Zhao et al,, 1998, Nat. Biotechnol, 16:258-261),
mutagenic PCR (Caldwell ¢t al., 1994, PCR Methods Appl. 3:5136-S140), and cassette mutagenesis
(Black et al., 1996, Proc Natl Acad Sci USA 93:3525-3529). Mutagenesis and directed evolution
techniques useful for the purposes herein are also described in the following references: Ling, etal,
1997, “Approaches to DNA 1hutagcn€:si5: 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, 1983, “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,” Cell
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38:879-887; Wells et al., 1985, “Cassette mutagenesis: an efficient method for generation of multiple
muytations 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 evelution of thymidine
kinase for AZT phospherylation using DNA family shuffling,” Nature Biotech 17:259-264; Crameri
et al., 1998, “DNA shuffling of a family of gencs from diverse species accelerates directed evolution,”
Natyre 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 o_f 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; and Stemmer, 1994, “Rapid evolution of a profein
in vitro by DNA shuffling,” Nature 370:389-391. All publications are incorporated herein by

reference.

[0243] In some embodiments, the clones obtained following mutagenesis treatiment are screened for
transaminases having a desired improved enzyme property. Measuring transaminase enzyme activity
from the expression libraries can be performed using the standard techniques, such as separation of
the product (¢.g., by HPLC) and detection of the product by measuring UV absorbance of the
separated substrate and products and/or by detection using tandem mass spectroscopy (e.g., MS/MS).
Exemplary assays are described in Example 4 below. The rate of increase in desired product per unit
time indicates the relative (enzymatic) activity of the transaminase polypeptide in a fixed amount of
the lysate (or a lyophilized powder made thercfrom). 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.
Clones containing a polynucieotide encoding the desired transaminases are then isolated, sequenced to

identify the nucleotide sequence changes (if any), and used to express the enzyme in a host cell.

[0244] 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 individually synthesized, then
joined (e.g., by enzymatic or chemical litigation methods, or polymerase mediated methods) to form
any desired continuous sequence. For example, polynucleotides and oligonucleotides of the invention
¢an be prepared by chemical synthesis using, ¢.g., the classical phosphoramidite method described by
Beaucage et al., 1981, Tet Lett 22:1859-69, or the method described by Matthes et al., 1984, EMBO J.
3:801-05, e.g., as it is typically practiced in automated syathetic methods. According to the
phosphoramidite method, oligonucleotides are synthesized, e.g., in an automatic DNA synthesizer,
purificd, annealed, ligated and cloned in appropriate vectors. In addition, essentially any nucleic acid

can be obtained from any of a variety of commercial sources, The Great American Gene Company,
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Ramona, CA, ExpressGen Inc. Chicago, IL, Operon Technologies Inc., Alameda, CA, and many

others.

[0245] The engineered transaminase enzymes expressed in a host cell can be recovered from the cefls
and or the culture medium using any one or more of the well known techniques for protein
purification, including, among others, lysozyme treatinent, 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

BTM from Sigma-Aldrich of St. Louis MO,

[0246] Chromatographic techniques for isolation of the transaminase polypeptide include, among
others, reverse phase chromatography high performance Hquid 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,
melecular weight, molecular shape, etc., and will be apparent to those having skill in the art. In some
embodiments, the engineered transaminases can be expressed as fusion proteins with purification tags,
such as His-tags having affinity for metals, or antibody tags for binding to antibodies, e.g., myc

epitope tag.

[8247] In some embodiments, affinity techniques may be used to isolate the improved transaminase
enzymes. For affinity chromatography purification, any antibedy which specifically binds the
transaminase polypeptide may be wsed. For the production of antibodies, varicus host animals,
including but not imited to rabbits, mice, rats, ete,, may be immunized by injection with an
engincered polypeptide. The polypeptide 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 fumetional group, Various
adjuvants may be used to increase the immunolegical 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 lysolecithin, pluronic polyols, polyanions, peptides, oil
emulsions, keyhole limpet hemocyanin, dinitrophenol, and potentially useful human adjuvants such as
BCG {bacilli Calmette Guerin) and Corynebacterium parvum,
[0248] In a further aspect, the improved transaminase polypeptides described herein can be used in a
process for transamination of certain amine group acceptors (e.g., & ketone acceptor) in presence of an
amino group donor. For the description of the compounds herein, the following meanings shall apply.
[0249] “Alkyl” is intended to include alkyl groups of the designated length in either a straight or
branched configuration. Exemplary of such alkyl groups are methyl, ethyl, propy!, isopropyl, butyl,

sec-butyl, tert-butyl, pentyl, isopentyl, hexyl, isohexyl, and the like. The alky! groups are
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unsubstituted or substituted with one to three groups independently selected from the group consisting

of halegen, hydroxy, carboxy, aminocarbonyl, amino, Cpalkeoxy, and Cy.4 alkylthic.

{0250} “Cycloalkyl” is intended to mean cyclic rings of alkanes of five to twelve total carbon ators,

or any number within this range {i.e., cyclopentyl, cyclohexyl, cycloheptyl, ete).
[0251] “Halogen™ is intended to include the halogen atoms fluorine, chlorine, bromine, and iodine.

102521 “Aryl” is infended to mean an aromatic group, neloding phenyl and naphthyl. “Aryl™ s

unsubstituted or substituted with one to five substituents independently seiected from fluoro, hydroxy,

trifluoromethyl, amino, Cp4 allkyl, and Cp4 alkoxy.

[0253] “Heteroaryl” means an 5- or 6-membered aromatic heterocyele that contains at least one ring
hetercatom selected from O, S and N. Heteroaryls also include heteroaryls fused to other kinds of
rings, such as aryls, cycloalkyls and heterocycles that are not aromatic. Examples of heteroaryl
groups melude, but are not imited to, pyrrolyl, isoxazalyl, isothiazalyl, pyrazolyl, pyridinyl, oxazolyl,
1,2, 4-oxadiazelyl, 1,3,4-oxadiazolyl, thiadiazolyl, thiazolyl, imidazolyl, friazolyl, tetrazolyl, furyl,
triazinyl, thieny!, pyrimidinyl, pyrazinyi, benzisoxazolyl, benzoxazolyl, benzothiazolyi, |
benzothiadiazolyl, d.i]‘lydrobenzoﬁn*anyl, indolinyl, pyridazinyl, indaéolyi, isoindolyl,
dilydrobenzothienyl, indolizinyi, c-'mnaiiﬁyi', phihalazinyl, quinaz%oliny], naphihﬁ'adinyi, carbazolyl,
benzodioxolyl, quinoxalinyl, purinyl, furazanyl, isobenzylfuranyl, benzimidazolyl, benzofuranyl,
benzothienyl, quinolyi, indolyl, isoquinolyl, and dibenzofuranyl. “Heteroaryl” is unsubstituted or

substituted with one to five substituents independently selected from fluoro, hydroxy, trifluoromethyl,

amino, Cr.z alkyl, and C)4 alkoxy.

[0254] In some embodiments, the transaminases can be used in a process for preparing a compound

of structural formula (T):

NH, ©
RlM 7
(i

having the indicated stereochemical configaration at the stereogenic center marked with an *; in an
enantiomeric excess of at least 70% over the apposite enantiomer, wherein

Z is OR2 or NR2R3;

R1is Cy-g alkyl, arylL, heteroaryl, aryl-C1 .7 alkyl, or heteroaryl-Cy.2 alkyl;

R2 and R3 are each independently hydrogen, C|-§ alkyl, aryl, or aryl-C1.2 alkyl; or

R2 and R3 together with the nitrogen atom to which they are attached form a 4- to 7-

membered heterocyclic ring system optionally containing an additional heteroatom selected from O,
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S, NH, and NCp.4 alkyl, the heterocyelic ring being unsubstituted or substituted with one to three
substituents independently selected from oxo, hydroxy, halogen, Ci.4 alkoxy, and C1-4 alkyl,
wherein alkyl and alkoxy are unsubstituted or substituted with one to five fluorines; and the
heterocyclic ring system being optionally fused with a 5- to 6-membered saturated or aromatic
carbocyclic ring system or a 5- to 6-membered saturated or aromatic heterocyclic ting system
containing ong to two heteroatoms selecied from O, S, and NCg-4 a]ikyl, the fused ring system being
unsubstituted or substituted with one to two substituents selected from hydroxy, amino, fluerine, C1.4
alkyl, C1-4 alkoxy, and trifluoromethyl. In these embodiments, Iths process comprises the step of

contacting a prochiral ketone of structural formula (IT):

R1MZ

(n

with an improved transaminase polypeptide disclosed herein in the presence of an amino group donor
in a suitable organic solvent under suitable reaction conditions for the conversion of the compound of

formula (I1) to the compound of formula (T).

[0255] In some embodiments of the process, the R1 of formula (I7) is bénzyl, wherein the phenyl
group of benzyl is unsubstituted or substituted with one to three substituents selected from the group

consisting of fluorine, trifluoromethyl, and riftuoromethoxy,
[0256] In some embodiments of the process, the Z of formula (1) is NR2R3.

[0257] In some embodiments of the process, the NRZR3 of formula (IT) is a llet.er(SC-ycle of the

structural formula (1103

. R
wherein R4 is hydrogen or C1.4 alkyl which is unsubstituted or substituted with one to five fluorines.

16258] In some embodiments, the transaminases can be used in a process for preparing a compound

of structural formuda (1):
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NH; ©
Ar
ok o N/\’¢N\N
A
(1) R*

having the (R)-configuration at the stercogenic center marked with an **¥, in an enantiomeric excess
of at least 70% over the enantiomer having the opposite (S)-configuration; wherein
Ar is phenyl which is unsubstituted or substituted with one to five substituents independently

selected from the group consisting of fluorine, trifluoromethyl, and triffucromethoxy; and '
R4 is hydrogen or Cy.4 alkyl unsubstituted or substituted with one to five fluorines. In such

embodiments, the process comprises the step of contacting a prochiral ketone of structural formula

(2}
0O
Ar\M '\]l\//\t\f;r\]{\ N

@ R?

with an improved transaminase polypeptide disclosed herein in the presence of an amino group donor
in a suitable organic solvent under suitable reaction conditions for the conversion of the compound of

formuia (2) to the compeund of formula (1)

[8259] In some embodiments of the process, the Ar of formula (2} is 2,5-difluoropheny! or 2,4,5-

sriflaorophenyl, and R4 is triflu ordmcthyi.
[0260] In some embodiments of the process, the Ar of formula (2} is 2,4,5-trifluorophenyl.

[6261] In some embodiments, the trangaminases can be used in a process for preparing a compound
of formula (1a), (2R)-4-oxo0-4-[3-(trifluoromethy!)-35,6-dihydro[ 1,2 4 ]triazolo[4,3-a]pyrazin-7(8 H)-

yi]-1-(2,4 5-trifluorophenyljbutan-2-amine, in enantiomeric excess:

-
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[6262] In these embodiments, the process comprises the step of contacting a prochiral ketone of
structural formula (2a}, 4-ox0-4-[3-{triflucromethy}-5,6-dihydro[ 1,24 triazolo[4,3-a|pyrazin-7(8/)-
yi]-1-(2,4,5-trifluorophenyDbutan-2-one):

F
F
G O
N = N\
N
F k/?\l y
(2a) CFs

with an improved transaminase polypeptide disclosed herein in the presence of an amine group doenoer
in a suitable organic sofvent under suitable reaction conditions for the conversion of the compound of

formula (2a) te the compound of formula (1a).

{0263} In some embodiments of the processes above, the compound of formula (T), the compound of
formula (1) or the compound of formula (1a) is produced n at least 70%, 80%, 90%, 91%, 92%, 93%,

04%, 95%, 96%, 97%, 98%, 99% or more enantiomeric excess.

[0264] In some embodiments of the processes, the compound of formula (1), the compound of

formuda (1) or the compound of formula (1a) is produced in at least 99% cnantiomeric excess.

[16263]) In some embodiments of the process, the improved transaminases are selected from SEQ 1D
NO: 4,6, 8,10, 12, 14, 16, 18, 20,22, 24, 26, 2§, 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, B0, 82, 84, 86, 88, 9{),.92, 04, 96, 98, 100, 102, 104, 106,
108,110, 112, 114, 116, TIR, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146,
148, 150, 152, 154, 156, 158, 160, 162, 164, 166 or 168,

[0266] The compound of formuia (11}, the compound of formula (2), and the compound of formaula
(24}, along with their synthesis, are described in, among others, US Patent No. 7,326,708 and

7,468,459, the disclosures of which are incorporated herein by reference in their entirety.

[0267] As noted above, the transaminase polypeptidé herein uses pyridoxal phosphate (PLP) as a
coenzyme, which may be bound to the enzyme when prepared, e.g., as provided by the host cell in
which the polypeptide is expressed. In some embodiments, PLP, PLP analogs, or precursors to PLP
can be added to the media of host cells during expression of the transaminase polypeptide. In some
embodiments of the processes, PLP or PLP analogs can be added to a reaction to provide the
coenzyme required for enzyme activity. The amount of PLP sufficient for enzyme activity can be

determined by one of skill in the art.

[0268] In some embodiments, the process comprises contacting or incubating the ketoamide substrate

4-0x0-4-[3-(rifluoromethyl)-3,6-dihydro[ 1,2,4 triazolo[4,3-glpyrazin-7{§ H)-y1}-1-(2,4,5-

-R4-
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trifluorophenyl)butan-2-one with an improved transaminasce in presence of an amino group donor
under suitable reaction conditions to convert the ketcamide substrate to the product (2R)-4-0x0-4-[3-
(trifluoromethyl)-5,6-dihydrof 1,2 4 triazolo{4,3-a]pyrazin-7{8 H)-yl}-1-(2,4,5-trifluorophenyl)butan-
2-amine with 50 to 100 times or greater conversion rate and/or activity than that of SEQ ID NO:4.
Exemplary polypeptides comprise an amino acid sequence corresponding to SEQ 1D NO: 16, 18, 20,
22,24, 26,28 30,32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 38, 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, 1146, 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 or 168.

[0269] In some embodiments, the process comprises contacting or incubating the ketoamide substrate
4-ox0-4-[3-(trifluoromethyD)-5,6-dihydrof 1,2,4 triazolo[4,3-alpyrazin-7(84)-yl]- 1-(2,4,5-
trifluorophenylbutan-2-one with an improved transaminase in presence of an amine group donor
under suitable reaction conditions to convert the ketoamide substrate to the product (2R)-4-oxo-4-[3-
(trifluoromethyl)-5,6-dibydrof1,2,4]triazolo[4,3-alpyrazin-7(8/1)-y1]-1-(2 4,5-trifluoropheny Hbutan-
2-amine with 1.1 to 5 times or greater coﬁversion rate and/or activity than that of SEQ 1D NO:22,
Exemplary polypeptides comprise an amino acid sequence corresponding to SEQ 1D NO: 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, 156, 158, 160, 162, 164, 166 or 168.

[0270] In some embodiments, the process comprises contacting or incubating the ketoamide substrate
4-ox0-4-[3-(rifluoromethyl)-3,6-dihydrof 1,2,4 triazolo[4,3-aJpyrazin-7(8 H)-y1]-1-(2,4,5-
trifluorophenylbutan-2-one with an improved transaminase in presence of an amino gréu.p donor
under suitable reaction conditions to convert the ketoamide substrate {o the product (2R)-4-ox0-4-[3-
(triflucromethyl)-5,6-dihydrof 1,2 4]triazolo[4,3-a]pyrazin-7(8 H)-y1]-1-(2 4,5-triftuorophenyhbutan-
2-amine with 1.1 to 5 times or greater conversion rate and/or activity than that of SEQ ID NO:48.
Exemplary polypeptides comprise an amino acid sequence corresponding to SEQ ID NO: 50, 52, 54,
56, 58, 4l 62, 64, 66; 68,70, 72,74, 76,78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 162, 104, 106,
108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 1406,
148, 150, 152, 154, 156, 158, 160, 162, 164, 166 or 168.

[0271] In some embodiments, the p%ocess comprises contacting or incubating the ketoamide substrate
4-ox0-4-[3-(trifluoromethyl)-5,6-dihydro[ 1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yi]-1-(2,4,5-
trifluorophenylibutan-2-one with an improved transaminase in presence of an amino group donor
under suitable reaction conditions to convert the ketoamide substrate to the product (2R)-4-0x0-4-[3-
(triftaoromethyl)-5,6-dihydro[ 1,2, 4]triazolof{4,3-alpyrazin-7(8 H)-y1}-1-(2,4,5-trifluoropheny | butan-

2-amine with 1.1 to 5 times or greater conversion rate and/or activity than that of SEQ ID NO:38.
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Exemplary pelypeptides comprise an amino acid sequence corresponding to SEQ 1D NO: 68, 70, 72,
74, 76,78, 80, B2, 84, 86, 84, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 11§,
120,122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158,
160, 162, 164, 166 or 168.

[0272] In some embodiments of the processes above, the reaction condition for carrying out the
process can comprise a pH of about 7.0 to about 9.0. In some embodiments, the reaction condition for

the process 1s a pH of about 8.5.

[0273] In some embodiments, the reaction condition for carrying out the process can comprise a
temperature of about 25°C 1o about 50°C. In some embodiments, the reaction condition is a

temperature of about 45°C.

[0274] In some embodiments, the reaction condition is a pH of about 8.5 and a temperature of about

45°C.

[0275] In some embodiments of the process, the organic soivent comprises a polar solvent, such as

methanol or DMSO.

[0276] In some embodiments, the organic solvent is DMSO, which can be present from about 10% to
about 40% volume/volume (v/v); about 25% to about 40% (v/v); 10% to about 50% (v/v) or about
25% to about 30% (v/v) of DMSO. In seme embodiments, the DMSO is present at about 30% v/v,
35% viv, 40% viv, 45% v/v or about 50% v/v.

[6277] As discussed above, the amino group donor used in the process can be a chiral amine or an
achiral amine. An achiral amino group donor has the advantage of not being limited in its reaction fo
a specific sterevisomer, thus requiring less of the aminb group donor. Various suitable amino group
domors can be used, including, by way of example and not limitation, isopropylamine (also referred to
as 2-aminoprepane), L, D or DL alanine, phenylatanine, glutamate, glutamine, leucine (or any other
suitable g-amino acids), 3-aminobutyric acid (or any other suitable f-aminoc acids), and
methylbenzylamine. In some embodiments, the amino group donor is isopropylamine. In some
embodiments, other amino group donors may be used, including, among others, o-phenethylamine
(also termed -phenylethanaming), and its enantiomers (S)-1-phenylethanamine and (R)-1-
phenylethanamine, 2-amino-4-phenylbutane, glycine, L-glutamic acid, L-glutamate, monosodium
glutamate, L-aspartic acid, L-lysine, L-ornithine, B-afanine, taurine, n-octylamine, cyclohexylamine,
1.4-butanediamine, 1,6-hexanediamine, 6-aminohexanoic acid, 4-aminobutyric acid, tyramine, and
benzyi amine, 2-aminobutane, 2-amino-1-butanol, 1-amino-1-phenylethane, l-amino-1-(2-methoxy-5-
fluorophenyijethane, T-amino- 1-phenylpropane, f—amino—l-(4—hydmxyphcny])p'ropanc, 1-amino-1-(4-
bromophenyl)propane, 1-amino-1-(4-nitrophenyl)propane, 1-phenyl-2-aminepropane, 1-(3-

trifluoromethyiphenyl}-2-aminopropane, 2-aminopropanoi, l-amino-1-phenylbutane, 1-phenyl-2-
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aminobutane, 1-(2,3-dimethoxy-4-methylphenyl)-2-aminobutane, 1-phenyl-3-aminobutane, 1-(4-
hydroxyphenyl)-3-aminobutane, 1-amino-2-methylcyclopentane, l-amino-3-methyleyclopentane, -
amino-2-methyleyelohexane, 1-amino-1-(2-naphthylethane, 3-methyleyclopentylamine, 2-
methylcyclopentylamine, 2-ethyleyclopentylamine, 2-methylcyclobexylamine, 3-
methyleyclohexylamine, 1-aminotetralin, 2-aminotetralin, 2-amino-5-methoxytetratin, and 1-
aminoindan, including both (R) and (8) single isomers where possible and including all possible salts

of the amines.

[6278] In some embodiments of the processes above, the step in the process can further comprise
removal of the carbony! by-product formed from the amino group donor when the amino group is
transferred to the amino group acceptor. Such removal in sifu can reduce the rate of the reverse

reaction such that the forward reaction dominates and more substrate is then converted to product.

[6279] Removal of the carbonyl by-product can be carried in a number of ways. Where the amino
group donor is an amino acid, such as alanine, the carbonyl by product, a keto acid, can be removed
by reaction with a peroxide (see, e.g., US 2008/0213845, incorporated herein by reference).
Peroxides which can be used include, among others, hydrogen peroxide; peroxyacids (peracids) such
as peracetic acid (CH:COsH), triffuoroperacetic acid and .metac-hEoropemxybenzoic acid; organic
peroxides such as t-butyl peroxide ((CH;};COOH}, or other seiéctive oxidants such as
tetrapropylammonium perruthenate, MnO,, KMnQO,, ruthenium tetroxide and related compounds.
Alternatively, pyruvate removal can be achieved via its reduction to lactate by employing lactate
dehydrogenase to shift equilibrium to the product amine (see, c.g., Koszelewski et al.,, 2008, Adv.
Syn., Catal, 350: 2761-2766). Pyruvate removal can also be achieved via its decarboxylation to carbon
dioxide acetaldehyde by employing pyruvate decarboxylase (see, e.g., Hohne et al., 2008, Chem
BioChem 9: 363-365).

[0280] In some embodiments, where the choice of the amino group donor resuits in a carbonyl by-
product that has a vapor pressure higher than water (e.g., a low boiling co-product such as a volatile
organic carbonyl compound), the carbonyl by-product can be removed by sparging the reaction
solution with a non-reactive gas or by applying a vacuum to lower the reaction pressure and temoving
the carbonyl by-product present in the gas phase. A non-reactive gas is any gas that does not react
with the reaction components. Various non-reactive gases include nitrogen and noble gases (c.g.,

inert gases). In some embodiments, the non-reactive gas is nitrogen gas.

{0281] Tn some embodiments, the amino acid donor used in the process is isopropylamine, which
forms the carbonyl by-product acetone upon transfer of the amine group to the amino group acceptor.
The acetone can be removed by sparging with nitrogen gas or applying a vacuum to the reaction

solution and removing the acetone from the gas phase by an acetone trap, such as a condenser or other
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cold trap. Alternatively, the acetone can be removed by reduction to isopropanocl using a

ketoreductase.

[0282] In some embodiments of the processes above where the carbonyl by-product is removed, the
corresponding amino group donor can be added during the transamination reaction to replenish the
amino group donor and/or maintain the pH of the reaction. Replemishing the amino group donor also
shifts the equilibrium towards product formation, thereby increasing the conversion of substrate to
product. Thus, in socme embodiments wherein the amine group donor is isopropylamine and the
acetone product is removed in sifu, isopropylamine can be added to the solution to replenish the
amino group donor lost during the acetone removal and to maintain the pH of the reaction (e.g., at
about 8.5). Alternatively, in embodiments where an aminoe acid is used as amino group donor, the
keto acid carbonyl by-product can be recycled back to the amino acid by reaction with amumonia and
NADH using an appropriate amino acid dehydrogenase enzyme, thereby replenishing the amino

group donor.

[0283] Insome embodiments, the process for converting ketoamide substrate 4-0x0-4-[3-
{trifluoromethy})-5,6-dihydro{ 1,2,4}riazolo[4,3-alpyrazin-7(8 #)-yl]-1-(2,4,5-wrifluorophenyl)butan-
2-one to product (2R)}-4-ox0-4-[3-(triffuoromethyl)-3,6-dihydro[1,2,4]triazoio[4,3-a]pyrazin-7(8 H)-
y1]-1-(2,4,5-trifluorophenyl)butan-2-amine comprises contacting the ketoamide substrate at about [0
to 50 g/L with about 1 to 20 ¢/L. of a transaminase described herein under reaction conditions of pH
7.5 10 9.0 and a temperature of 30 to 50°C in presence of isopropylamine of from about | M to about
2 M, wherein at least 80%, 85%, 90%, 92%, 94%, 96%, or 98% or more of the ketoamide substrate is
converted to product in 24 hrs. Tn some embodiments, the transaminase polypeptide capable of
carrying out the foregoing reaction comprises an amino acid sequence corresponding to SEQ 1D NO:

80, 86, 96, 98, 1040, 102, 110, or 166.

[6284] In some embodiments, the processes above can further comprise the step of isclating the
compound of structural formula (1}, the compound of structural formula (1), or the compound of

structural formula (1a) from the reaction solvent.

10285] In some embodiments, the processes above can further comprise a step of converting the
compound of structural formula (1) or the compound of structural formula (1a) into a
pharmaceutically acceptable salt by contacting the compound with a pharmaceutically acceptable acid
in a suitable reaction solvent. In some embodiments, the pharmaceutically acceptable acid is
phosphoric acid and the pharmaceutically acceptable salt is the dihydrogenphosphate salt. Inscme
embodiments, the salt of (2R)-4-oxo-4-[3-(triflucremethyl}-3,6-dihydro[ 1,2, 4]triazolo[4,3-a Jpyrazin-
HBLH-y1]-1-(2.4,5-trifluorophenyl)butan-2-amine is the phbsphate monohydrate salt, having the

following chemical formula:
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F
F
NH, ©
N/\[—/’N\
F H PO, K/N Y
*H,0 CFsy

[0286] In some embodiments, in a process for the preparation of (2R)-4-oxo-4-[3-(trifluoromethy[)-
5,6-dihydrof 1,2 4]triazolo[4,3-a]pyrazin-7(8 H)-y1}-1-(2 4, 5-triflucrophenyl)butan-2-amine phosphate
(1:1y monohydrate, the improvement in the process ¢comprises a step of converting the compoﬁnd of
formula (1a) to the compound of formula (2a) with a transaminase polypeptide of the disclosure in
presence of an amino group donor in a suitable organic solvent under suitable reaction conditions,

wherein the compound of formula {12) 1s

F.“
F.'
NH, O
N /YN\N
(La)
CF.
and the compound of formula (2a) is:
F
F
0 G
N/\’_/,N\N
(2a) CF,

[6287] In some embodiments of the preparation of the phosphate monohydrate salt, the amino donor
is isolpropylamine_

[0288] Methods for preparing various salts are described in US Patent No. 7,326,708 and 7,468,459,
each of which is hereby incorporated by reference herein. An exemplary process for preparing the

phosphate monohydrate of sitagliptin is presented in Example 13.

[028%] In some embodiments, the processes above can further comprise a step of crystallizing the

pharmaceutically acceptable salt from the reaction solvent.

[0298] Also provided herein are compositions of the transaminases and substrates/products. In some

embodiments, the compositions can comprise the compound of formula (1), the compound of formula
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{1} or the compound of formula {13) and an improved transaminase of the disclosure. Any one or

more of the improved engineered transaminases can be part of the composition.

[0291] In some embodiments, the composition can comprise the compound of formula (IT), the
compound of formula (2), or the compound of formula (2a) an improved transaminase described

herein.

{0292] In some embodiments, the compositions can further comprise an amino group donor, e.g., of
formula (3). In some embodiments of the compositions, the amino group donor can comprise
isopropylamine, alanine, 3-amincbutyric acid, or methylbenzylamine. In some embodiments of the

compositions, the amino group donor is an isopropylamine.

7. EXAMPLES
10293} Various features and embodiments of the disclosure are illustrated in the following
representative examples, which are intended to be illustrative, and not limiting.

Example 1: Wild-type transaminase gene acquisition and construction of

expression vectors.

[0294] Transaminase (TA) encoding genes were designed for expression in E, coli. based on the
reported amino acid sequence of the transaminase, and a codon optimization algorithm as described in
Example 1 of US application publication 20080248539, which is hereby incorporated by reference
herein. Genes were synthesized using oligonucleotides, generally composed of 42 nucleotides, and
the gene cloned into the expression vector pCK 110700 (depicted as FIG. 1 in US application
publication 20050153417, which is hereby incorporated by reference herein) or pCK110900 {(depicted
as F1G. 3 in US application publication 20060195947, which is hereby incorporated by reference
herein) under the control of a lac promoter. This expression vector also contains the P15a origin of
replication and the chloramphenicol resistance gene. Resulting plasmids were transformed into £,
coli, W3110 using standard methods. Codon optimized genes and the encoded po.iypeptides are listed

in Table 2, and their sequences provided as SEQ 1D NOs:1 and 2.

[6295] Likewise, the genes encoding the engineered transaminases of the present disclosure listed in
Table 2 {SEQ 1D NOs: 3-168) were cloned into vector pCK 110700 or pCK 110900 for expression in
E. coli W3110.

Example 2: Production of transaminase powders - shake flask procedure.
[0296] A single microbial colony of E. coli containing a plasmid encoding a transaminase of interest
was inoculated into 50 mL Luria Bertani broth containing 30 ug/mL chloramphenicol and 1%
glucose. Cells were grown overnight (at least 16 hrs) In an incubator at 30°C with shaking at 250
rpm1. The culture was dituted inte 250 mL MOYE (1.0 g/L ammonium chloride, 0.5 g/L of sodium

chloride, 6.0 g/L of disedium monohydrogen phosphate, 3.0 g/ of potassivm dihydrogen phosphate,
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2.0 g/l of Tastone-154 yeast extract, 1 L/L. de-ionized water) containing 30 pg/mL chloramphenicol
and 100 1M pyridoxine, ina I fiter flask to an eptical density at 600 nm (OD600) of 0.2 and allowed
0 grow at 30°C. Expression of the fransaminase gene was induced by addition of isopropyl  D-
thiogalactoside (IPTG) to a final concentration of 1 mM when the OD600 of the culture is 0.6 to 0.8
and inéubation was then continued overnight (at least 16 hrs). Cells were harvested by centrifugation
(5000 rpm, 15 min, 4°C) and the supernatant discarded. The cell pellet was resuspended with an
equal volume of cold (4°C) 100 mM triethanolamine (chloride) buffer, pt 7.5 containing 100 or 500
1M pyridoxal 5'-phosphate (PLP}, and harvested by centrifugation as above. The washed cells were
resuspended in two volumes of the cold triethanolamine (chloride) buffer containing PLP and passed
through a French Press twice at 12,000 psi while maintained 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 provides a dry powder of crude transaminase enzyme.

Alternatively, the cell peltet (before or afier washing) may be stored at 4°C or 80°C.

Example 3: Production of transaminase - fermentation procedure,
{0297] A single microbial colony of E. coli. containing a plasmid with the transaminase gene of
interest was inoculated into 2 mL MOYE broth (1.0 g/l ammonium chloride, 0.5 g/L of sodium
chloride, 6.0 g/L of disodium monohydrogen phosphate, 3.0 g/L. of potassium dibydrogen phosphate,
2.0 g/L of Tastone-154 veast extract, | L/L de-lonized water) containing 30 pg/ml chloramphenicol
and 1% glucose. Cells were grown overnight (at least 12 hrs) in an incubator at 37°C with shaking at
250 rpm. After overnight growth, (.5 mL of this culture was diluted into 250 m] MOYE Broth,
containing 30 pg/ml chloramphenicol and 1% glucose in 1 liter flask and allowed to grow at 37°C
with shaking at 250 rpm. When the OD600 of the culture 5 0.5 10 1.0, the cells were removed from

the incubator and either used immediately, or stored at 4°C.

[6298] Bench-scale fermentations were carried out at 30°C n an acrated, agitated 15 L fermentor
using 6.0 L. of growth medium (0.88 g/L ammonium sulfate, 0.98 g/L. of sodium citrate; 12.5 g/L of
dipotassium hydrogen phosphate trihydrate, 6.25g/L of potassium dihydrogen phosphate, 3.3g/1. of
Tastone-154 yeast extract, 0.083 g/L. ferric ammonium citrate, and 8.3 ml/L of a trace element
solution containing 2 g/L of calcium chloride dihydrate, 2.2 g/L of zine sulfate heptahydrate, 0.5 g/L.
manganese sulfate monohydrate, 1 g/L cuprous sulfate heptahydrate, 0.1 g/I. ammonium molybdate
setrahydrate and 0.02 g/L sodium tetrabarate. The vessel was sterilized at 121°C and 15 P31 for 30
minutes, and 100 uM pyridoxine was added post sterilization. The fermentor was inoculated with a
late exponential culture of E. coli W3110 containin g & plasmid encoding the transaminase genc of
interest (grown in a shake flask as described above to a starting ODgoy of 0.5 to 1.0, The fermentor
was agitated at 250~1250 rpm and air was supplied to the fermentation vessel at 0.6-25 L/min to
maintain a disselvcd. oxygen level of 50% sataration or greater. The pH of the culture was maintained

at 7.0 by addition of 20% v/v ammonium hydrexide. Growth of the culture was maintained by
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addition of a feed solution containing 500 g/L Cerelose dextrose, 12 g/L ammonium chioride and

5.1 g/L magnesium sulfatc heptahydrate. After the culture reached an ODgys of 70 -+-10, expression of
transaminase was induced by addition of isopropyl-8-D-thiogalactoside (IPTQ) to a final
concentration of 1 mM and fermentation is continued for another 18 hours. The culture was then
chilled to 4°C and maintained at that temperature until harvested. Cells were collected by
centrifugation at 5000 G for 40 minutes in a Sorval RC12BP centrifuge at 4°C. Harvested cells were
used directly in the following downstream recovery process or they may be stored at 4°C or frozen at

-80°C until such use.

[0299] The cell pellet was resuspended in 2 volumes of 100 mM triethanolamine (chloride) buffer,
pH 7.5 containing 100 or 500 uM pyridoxal 5*-phosphate (PLP), at 4°C to each volume of wet cell
paste. The intracellular transaminase 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 -20°C immediately after disruption. A solution of 11% wiv
polyethyleneimineg pH 7.2 was added to the lysate to a final concentration of 0.5% w/v. A solution of
1 M Na, SO, was added to the Iysate to a final concentration of 100 mM. The lysate was then stirred
for 30 minutes. The resulting suspension was clarified by centrifugation at 5000G in a Sorval
RC12BP centrifuge af 4°C for 30 minutes. The clear supernatant was decanted and concentrated ten-
fold using a celtulose ulirafiltration membrane with a molecular weight cut off of 30 k. The final
concentrate was dispensed inte shallow containers, frozen at -20°C and lyophilized to powder. The
transaminase powder was stored at -8§0°C.
Example 4: High-throughput screening for identification of variants of the

Arthrobacter sp. KNK 168 transaminase capable of stereoselectively
converting ketoamide substrate to sitagliptin.

{6306] Achiral HPLC method to determine conversion of ketoamide substrate to sitagliptin:

Enzymatic conversion of ketoamide substrate (prepared as described in United States Patent No,
7,326,708 to sitagliptin was determined using an Agilent 1200 HPLC equipped with an Agilent
Eclipse XDB-C8 column (4.6 x 150 mm, 5 um), .using 45:55 10 mM NH4Ac/MeCN as eluent at a
flow rate of 1.5 mV/min and a column temperature 40°C. Retention times: ketoamide substrate: 1.7
min; sitagliptin: 1.4 myin, The ketoamide substrate and product in the cluant were determined as the
peak area at 210 nm or 286 nm, with a path length of 1 em. Using these conditions, the limit of
detection for sitagliptin was 5 pg/mL. GeneraHy, an incident wavelength of 210 nm was used for

activity measurements for transaminases with activity similar or equal to SEQ ID NO:4.

[0301] Chiral HPLC method to determine stereopurity of sitagliptin: Stercoisomeric purity of

sitagliptin was determined using an Agilent 1200 HPLC equipped with a Daicel Chiralpak AD-H
column (4.6 x 150 mm, 5 wm) using 60:40:0.1:0.1 EtOH/Heptane/diethylamine/water as the eluent at

a flow rate of 0.8 mU/min and a cofumn temperature of 35°C. Retention times: ketoamide substrate:
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6.3 min; ($)-enantiomer: 8.4 min; sitagliptin: 10.8 min. The ketoamide substrate and product were

determined as the peak area at 210 nm or 268 nm with a path length of I cm.

10362) Liquid chromatography-mass spectroscopy {LC/MS) method for detecting low-level

conversion of ketoamide substrate to sitaglintin: Low-level enzymatic conversion of ketoamide

substrate to sitagliptin was determined using an LC/MS/MS method. Five microliters of sample was
foaded intc an Eciipse XDB-C8 HPLC column (4.6 x 150 mm) and eiuted isocratically with a 46:60
mobile phase of 0.2% ammoniom formate and methanol at 1.0 mL/min. The retention time of
sitagliptin was 1.5 minutes at 35°C. Mass spectrometry was used for detection on a Waters Quattro
triple quadruple. Q1 was set to pass the M+H fon at 408.1 AMU and Q3 was set to pass the 235.1
daughter ion. The collision cell (Q2) had a collision energy of 17.0 and Argon gas flow of 0.3
mL/min. Ionization was by APCI with a corona discharge of 5 pA, source temperature of 130°C and
probe temperature of 600°C. Desolvation gas flow was 100 I/minute and the cone gas was set to 50
L/minute. Using these conditions the limit of detection for sitagliptin was 71 pg/mL.

Example 5 High-throughput screening for identification of variants of the

Arthrobacter sp. KNK 168 transaminase capable of stereoselectively
converting ketoamide substrate to sitagliptin. '

[0303) The gene encoding transaminase, constructed as described in Example I, was mutagenized
using methods described above and the population of altered DNA molccules was used to transform a
suitable £. coli host strain. Antibiotic resistant fransformants were selected and processed to identify
those expressing a transaminase with an improved ability to transaminate the ketoamide substrate
stereoselectively to sitagliptin in the presence of a suitable amino groop donor (i.c., isopropylamine).
Cell selection, growth, induced expression of transaminase variant enzymes and collection of cell

pellets were as described below.

[0304] Recombinant £. coli colonies carrying a gene encoding transaminase were picked using a Q-
Bot” robotic colony picker (Genetix USA, Inc., Boston, MA) into 96-well shaflow well microtiter
plates containing in cach well 180 pL. LB Broth, 1% glucose and 30 pg/mL chioramphenicol (CAM).
Cells were grown overnight at 30°C with shaking at 200 rpm. A 10 uL aliquot of this culture was
then transferred into 96-deep well plates containing 390 pl. M9YE broth, 100 pM pyridoxine and 30
ug/mL CAM. After incubation of the deep-well plates at 30°C with shaking at 250 rpm for 2-3 hrs,
recombinant gene expression within the cultured cells was induced by addition of IPTG to a final

concentration of I mM. The plates were then incubated at 30°C with shaking at 250 rpm for 18 hrs.

[0305] Cells were pelleted by centrifugation (4000 RPM, 10 min, 4°C}, resuspended in 200 pL lysis
buffer and iysed by shaking at room temperatare for 2 hours, The lysis buffer contained 100 mM
trigthanolamine (chloride} buffer, pH 7.5 or 8.5, 1 mg/mL lysozyme, 500 pg/mb polymixin B sulfate

(PMBS) and 100 to 4000 uM PLP. After sealing the plates with alominum/polypropylene laminate
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heat seal tape (Velocity 11, Menlo Park, CA, Cat# 06643-0013, they were shaken vigorously for 2
hours at roont temperature. Cell debris was pelleted by centrifugation (4000 RPM, 10 min., 4°C) and

the clear supernatant assayed directly or stored at 4°C until use,

[0306] For screening in methanof or DMSO at pH 7.5, with early-stage engineercd transaminases
{i.e., early-stage “evolvants™, a 10 uL aliquot of a sotution of ketoamide substrate (40 mg/mL) in
methanol or DMSO was added to cach well of a Costar™ deep well plate, followed by addition of 50
pL of 1.1 M isopropylamine hydrochloride using & Biomek NXp mboﬁc instrument (Beckman
Coulter, Fullerton, CA). This was then followed by addition of 100 uL of the recovered lysate
supernatant, also performed using the Biomek NXp, to provide a reaction comprising of 2 mg/m!
ketosmide substrate, 500 mM isopropyi amine hydrochleride, 50 mM triethanclamine pH 7.5, and 5%
methanol or DMSO (v/v). The plates were heat-sealed with alaminany/polypropylenc laminate heat
scal tape (Velocity 11, Menlo Park, CA, Cat# 06643-001) at 175°C for 2.5 scconds and then shaken
overnight (at Jeast 16 hours) at 30°C. Reactions were quenched by the addition of 1 ml acetonitrile
using a Phoenix Liquid Handling System (Art Robbins [nstruments, Sunnyvale, CA). Plates were
resealed, shaken for 5 min; and then centrifuged at 4000 rpm for 10 min. A 200 ul. aliguot of the
cleared reaction mixture was transferred to a new shallow well polypropylene plate (Costar #3363),

scaled and analyzed as described in Example 4.

[6307] For screening in 25% DMSO at pH 8.5 with late-stage engincered transaminases (i.c., late-
stage “evobvants™), a 50 uL aliquot of a solution of ketoamide subsirate (400 mg/mL) in dimethyl
sulfoxide (DMSQ) was added to each well of a Costar® deep well plate, followed by addition of 50
1L of 4 M isopropylamine hydrochloride using a Biomek NX robotic instrument (Beckman Coulter,
Fullerton, CA). This was then followed by addition of 100 pl of the recovered lysate supematant,
also performed using the Biomek NX, to provide a reaction comprising of 100 mg/ml ketoamide
substrate, 1 M isopropy!t amine hydrochloride, 50 mM triethanolamine pH 8.5, and 23% DMSO (v/v).
The plates were heat-sealed with aluminumy/polypropylene laminate heat seal tape (Velocity 11,
Menlo Park, CA, Cat# 06643-001) at 175°C for 2.5 seconds and then shaken overnight (at least 16
hours) at 45°C. Reactions were quenched by the addition of 1 m! acetonitrile using a Phoenix Liguid
Handhing System (Art Robbins Instruments, Sunnyvale, CA). Plates were resealed, shaken for 5 min,
and then centrifuged at 4000 rpm for 10 min. A 10 pL aliquot of the cleared reaction mixture was
transferred to a new shallow well polypropylene plate (Costar #3365) containing 190 pl. acetonitrile,

sealed and analyzed ag described in Example 4.

[0308] For screening in 50% DMSO at pH 8.5 with late-stage engineered transaminases {i.e., late-
stage “evolvanis”), a 100 pL aliquot of a sclution of ketoamide substrate (100 mg/ml.) in dimethyl
sulfoxide (DMSO) was added to cach well of a Costar™ deep well plate, followed by addition of 50

ul of 4 M isopropylamine hydrochloride using a Biomek NX robotic instrument (Beckman Couifer,
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Fullerton, CA). This was then followed by addition of 50 pL of the recovered lysate supernatant, also
performed using the Biomek NX, to provide a reaction comprising of 50 mg/ml ketoamide substrate,
I M isopropyl amine hydrochloride, 50 mM triethanolamine pH 8.5, and 50% DMSO (v/v). The
plates were heat-sealed with aluminum/polypropylene laminate heat seal tape (Velocity 11, Menlo
Park, CA, Cat? (06643-001) at 175°C for 2.5 seconds and then shaken overnight (at least 16 hours) at
45°C. Reactions were quenched by the addition of 1l 3cet0ﬁitréle using a Phoenix Liquid Handfing
System (Art Robbins Instruments, Sunnyvale, CA). Plates were resealed, shaken for 5 min, and then
centrifaged at 4000 rpm for 10 min. A 10 pL aliquot of the cleared reaction mixture was transferred
10 a new shallow well polypropylenc plate (Costar #3365) containing 190 pL acetonitrile, sealed and

analyzed as described in Examiple 4.

[0309] The transaminase of SEQ ID NO:2, expressed as in Examples 1 and 2 exhibited no detectable
activity on the ketoamide substrate using the detection methods of Example 4. Variants of the
Arthrobacter sp. KNK168 transaminase capable of converting ketoamide substrate to sitaghiptin were
identified using the approaches and procederes disclosed above. Multiple iterations of thesc
processes, in which one or more improved isolates from one round were used as the starting material
for subsequent rounds of mutagenesis and screening, were used to develop or “evolve™ drthrobacter
sp. KNI 168 transaminase variants with an improved ability to reduce ketoamide substrate
stereoselectively to sitagliptin.

Example 4: Stereoselective transamination in methanol of ketoamide substrate by

engineered transaminases designated *“+” in Table 2 derived from
Arthrobacter sp. KNEK 168 transaminase.

{0310} Improved transaminases designated “+7 in Table 2 derived from Arihrobacter sp. KNK168
transaminase were evaluated at preparative scale in DMSO as follows. A 500 uL solution of .
transaminase variant (20 mg/mL} in 100 mM triethanolamine-chloride buffer pH 7.5 with 250 uM
pyridoxal 5'-phosphate was added to 5 mL reaction vial equipped with a magnetic stir bar.
Subsequently, 450 uL of 1.1 M isopropyiamine hydrochloride, followed by 50 uL of a sofution of
ketoamide substrate (40 mg/mL) in DMSO was added to the transaminase solution. The reaction was
stirred at 22°C and monitored by HPLC analysis of samples taken periodically from the reaction
mixture {see Example 4 for analytical conditions). Table 2 provides the SEQ ID NO. corresponding
to transaminase variants designated *“+7, the number of amino acid residue differences from the wild-
type transaminase, and activity of each toward ketoamide substrate relative to that of the enzyme

having the amino acid sequence of SEQ TD NO: 4.

[0311] For many engineered transaminases, conversion of ketoamide substrate to sitagliptin can also
be achieved using amino group denors such as D-alanine, 3-aminobutyric acid, or ¢-

methylbenzylamine at a suitable concentration.
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Example 7: Stereoselective transamination in methanol of ketoamide substrate by
engineered transaminases designated “++ in Table 2 derived from
Arthrobacter sp. KNKI168.

[0312] Improved transaminases designated “++" in Table 2 derived from Arthrobacter sp. KNK168
variants were evaluated at preparative scale in methano! as follows. A 500 uL solution of
transaminase variant (20 mg/mL) in 100 mM tricthanolamine-chloride buffer pH 7.5 with 250 nM
pyridoxal 5'-phosphate was added to 5 mL reaction vial equipped with a stir bar. Subsequently, 450
ul. of 1.1 M isopropylamine hydrochloride, followed by 50 uL of a solution of ketoamide substrate
(40 mg/mL) in methanol was added to the transaminase solation. The reaction was stirred at 22°C
and monitored by HPL.C analysis of samples taken periedically from the reaction mixture (see
Example 4 for anatytical conditions). Table 2 provides the SEQ 1D NO. corresponding to
transmniﬁase variants designated “++7, the number of amino acid residue differences from the wild-
type transaminase, and activity of each toward ketoamide substrate relative to that of the enzyme
having the ammo acid sequence of SEQ 1D NO: 4,

Example 8: Stereoselective transamination in methanol of ketoamide substrate by

engineered transaminases designated “+++” in Table 2 derived from
Arthrobacter sp. KINK168.

[0313] Tmproved transaminases designated “+++° in Table 2 derived from Arihrobacier sp. KNK168
variants were evaluated at preparative scale in methanol as follows. A 500 pL solution of
transaminase variant (20 mg/mlL) in 100 mM triethanolamine-chloride buffer pH 7.5 with 250 pM
pyridoxal 5'-phosphate was added to 5 mL reaction vial equipped with a stir bar. Subsequently, 450
uL of 2.2 M isopropylamine hydrochloride, followed by 50 pL of a solution of ketoamide substrate
(100 or 200 mg/mL) in methanol was added to the transaminase solution. The reaction was stirred at
30°C and monitored by HPLC analysis of samples taken periodically from the reaction mixture (see
Examplec 4 for analytical conditions). Table 2 provides the SEQ TD NO. corresponding t0
transaminase variants designated “+++7, the number of amino acid residue differences from the wild-
type transaminase, and activity of each toward ketoamide substrate relative to that of the enzyme
having the amino acid sequence of SEQ 1D NO: 22.

Example 9: Stereoselective transamination in methanol of ketoamide substrate by

engineered transaminases designated “++++7 in Table 2 derived from
Arthrobacter sp. KINK168.

[0314] Improved transaminases designated “++++" in Table 2 derived from Arthrobacter sp.

KNK 168 variants were evaluated at preparative scale in methanol as follows. A 500 pL solution of
transaminase variant (20 mg/mL) m 100 mM triethanolamine-chloride buffer pH 8.5 with 250 pM
pyridoxal 5%-phosphate was added to 5 mL reaction vial equipped with a stir bar. Subsequently, 400
il of 2.5 M isopropylamine hydrochloride, followed by 100 uL of a solution of ketoamide substrate

(200 mg/mL) in methanol was added to the transaminase solution. The reaction was stirred at 45°C
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and monitored by HPLC analysis of samples taken periodically from the reaction mixture (see
Example 4 for analytical conditions). Table 2 provides the SEQ ID NO. corresponding fo
transaminase variants designated “++++", the number of amino acid residue differences from the
wild-type transaminase, and activity of each toward ketoamide substrate relative to that of the enzyme
having the amino acid sequence of SEQ 1D NO: 48.

Hxample 10:  Stereoselective transamination in DMSO of ketoamide substrate by

engineered transaminases designated “+++++" in Table 2 derived
from Arthrobacter sp. KNK168

[0315] Improved transaminases designated “+++++" in Table 2 derived from Arthrobacter sp.
KNEK 168 variants were evaluated at preparative scale in DMSO as follows, A 250 pL solution of
transaminase variant (20 mg/mL) in 100 mM triethanolamine-chloride buffer pH 8.5 with 250 uM
pyridoxal 5'-phosphate was added to 5 mL reaction vial equipped with a stir bar. Subsequently, 500
uk. of 2 M isopropylamine hydrochloride, followed by 250 pL. of a solation of ketoamide substrate
(200 mg/mL) in DMSO was added to the transaminase solution. The reaction is stirred at 45°C and
monitored by HPLC analysis of samples taken periodically from the reaction mixture (see Example 4
for analytical conditions). Table 2 provides the SEQ ID NO. corresponding to transaminase variants
designated “+++++7, the number of amino acid residue differences from the wild-type transaminase,
and activity of each toward ketoamide substrate relative to that of the enzyme having the amino acid
sequence of SEQ ID NO: 58.

Example 11:  Stereoselective transamination in DMSO of ketoamide substrate by

engineered transaminases designated “+-++++ in Table 2 derived
from Arthrobacter sp. KNK 168

[0316] Improved transaminases designated “++++++" in Table 2 derived from Arthrobacter sp.

KNK 168 variants were evaluated at preparative scale in DMSO as follows. A 250 gL solution of
fransaminase variant (8 mg/ml) in 100 mM triethanolamine-chloride buffer pH 8.5 with 4000 M
pyridoxal 5'-phosphate was added to 5 mL reaction vial equipped with a stir bar. Subsequently, 250
ul. of 4 M isopropylamine hydrochioride, followed by 500 uL of a solution of ketoamide substrate
(100 mg/mL) in DMSO was added to the transaminase selution. The reaction is stirred at 45°C and
monitored by HPLC analysis of samples taken periodically from the reaction mixture (see Example 4
for analytical conditions). Table 2 provides the SEQ ID NO. corresponding to transaminase variants
designated “+++++", the number of amino acid residue differences from the wild-type transaminase,
and activity of each toward ketoamide substrate relative to that of the enzyme having the amino acid

sequence of SEQ 1D NO: 104,

Example 12:  Process I for Conversion of Ketoamide Substrate to Sitagliptin
[0317] The following example illustrates a large scale process used to increase conversion of
substrate 4-oxo-4-I3-(trifluoromethyD-5,6-dihydre] 1,2, 4 triazolof 4,3-a]pyrazin-7(8/)-yl]-1-(2,4.5-
triffuorophenyl)butan-2-one to product (2R)-4-oxo0-4-[3-(triflucromethyl)-5,6-dihydro[1,2,4] |
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triazolo[4,3-a]pyrazin-7(8H)-yi}-1-(2,4,5-trifluorophenyl)butan-2-amine. This process uses nitrogen
sparging to remove the acetone co-product and inerease the conversion of substrate to product. The
addition of isopropylamine in water helps keep the volume constant and maintain the pH of the

reaction.

[0318] The large scale process contains the following reaction components:

Substrate Ketoamide: ' 20 g {98%) (48.2 nmole)
Isopropylamine-HCl: 18.44 g (193 mmole)
Pyridoxal phosphate PLP: 200 mp 98%) (0.79 mmole)
Transaminase (SEQ IDNO: 86) |22 ¢

0.1M triethanolamine pH 8.5: 140 mL

DMSQ; 20 ml. +40-mL

4AM iPr amine (frec basc): 38.5 mL

[6319] Process. To a 500 ml three neck round bottom (RB) flask with 4-baffles and fitted with
stirrer, pH probe, temp. probe, needle for nitrogen sparge, and vacuum needle was added 18.25 g of
isopropylaming hydrochloride (4 equiv.) followed by 200 mg of pyridoxal 5'-phosphate hydrate
{(vitamin B6). This was dissolved in 140 mL of pH 8.5, 0.1 M n"iethanolaminé buffered water.
DMSO (20 mb) was added followed by 2 g of transaminasc enzyme (SEQ 1D NO: 86) powder. The
solution was brought to 45°C and the pH was again adjusted to 8.5 with 4 M aqueous isopropylamine.
After this stabifized (~5 min,), a solution of 20 g substrate dissotved in 40 mL of DMSQO was added
over 3 h. During the addition, and throughout the reaction, pH ﬁtcadily dropped. The pH was
controlled by continuous addition of 4 M agueous isopropylamine when pH decreased by more than
(.1 units. Tn addition, nitrogen was sparged through the reaction after 2 huntil 12 h. After 21 h, the
conversion was at 93%. A %étal of 38.5 mL of 4M isopropyl amine (3.056 equiv.) was added to the
reaction during the process. The pH control unit had a thermocouple, pH probe, and 4 M

isppropylamine in water to control pH.

[0328] A substrate-product eneamine adduct impurity present in the pmdﬁct mixture (retention time
of 4.1 min under the separation conditions described below) was destroyed by acidifying the mixture
to pH 2.0 with 10.5 mL 6 N HCI followed by stirring for 1 hat 45°C. Subsequently, 6 g Celite was
added, stimed another hour, and then filtered through a Celite pad (85 mm ID frit, 10 mm thick pad of
wetted Celite) with agitated washmgs (4 x 30 ml) of water/DMSO (90/10 with 1 drop 6 N HCI).

Assays show a yield of 91% sitagliptin and 7% substrate ketoamide,

[8321] The product was further processed by adding 200 mL isopropyl acetate (IPac} followed by 32
mL 3 N NaOH with stirring until the pH was ~11. Layers were separated (35 min. settling with
emulsion in organic layer) and extracted aqueous layer with another 200 mL isopropyl acetate. A
final extraction was carried cut with an additional 100 mL of isopropyl acetate. All three isopropyl

acctate layers were combined and allowed to scttle for 30 min and the residual water drained off, The
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product in the organic fayer was then washed with 15¢ mi. brinte (settles in <1h), separated and dried
with Na,SOQ,, and then filtered. The solvent was switched to isopropanoi (66.29 g isopropanol (IPA)

solution). Assay of the final product shows the following:
26.8wt.% sitagliptin (17.73g).
1.89wt. % ketoamide substrate (1.25g).
~60.3mL IPA

{8322] The HPLC conditions for separation of the product mixture were as follows:

Columm: Zorbax Eclipse Plus C18, 4.6x50 mm, 1.8 um

Gradient: min  HpO (0.1 % HaPO4q)/CH3CN
{ %0/10
5 : 5/95
6 ' 5/95
6.01 90/10
8 stop
Flow: 1.5 mL/min

Column Temperatare:  25°C
Sample volume:5 pl.
Detector: UV @ 210 nm
[0323] Samples for HPLC analysis were prepared in 0.2 mg/mL in /1 HpO (0.1 % HaPO4) /

CT13CN. The retention times under the chromatographic conditions above were as follows:

Sitagliptin: 2.2 min
Ketoamide substrate: 3.2 min
Ketoamide substrate (enol): 3.9 min

Substrate-product eneamine: 4.1 min.

[0324] The purging with nitro gén gas removes acetone, the product of the transamination reaction,
thereby shifting the equiiibﬁum of the transaminase catalyzed reaction towards product formation,
and hence a higher percentage conversion of substrate to product. In addition, the continnal additicn
of isopropylamine not only maintains the pH of the reaction condition, but also replenishes the amino
group donor lost in the transamination reaction. Although the transaminase polypeptide having SEQ
ID NO: 86 was used in this process, it is to be understood that this exemplary process can employ any
of the subsequent engineered transaminases disclosed herein.

Example 13:  Process I1 for Increasing Conversion of Ketoamide Substrate to
Sitagliptin
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[0325] The following example illustrates a second large scale process used to increase conversion of
substrate 4-oxo-4-[3-(trifluoromethyl}-5,6-dihydrof 1,2, 4 Mriazolol4,3-a|pyrazin-7(8 H)-v1]-1-(2,4,5-
trifluorophenylbutan-2-one to product (2R)-4-ox0-4-[3-(trifluoromethyl)-5,6-
dihydro{1,2.4]triazolo[4,3-apyrazin-7(8 H)-y1}-1-(2.4,5-trifluorophenyljbutan-2-amine. This process
uses a vacuwm to remove the acetone product and imcrease the colmversiéli of substrate to product. As
in the breceding example, addition of isopropylamine in water helps keep the volume constant and

maintain the pH of the reaction.

[0326] Materials,

Reaction component Amount Mole Equivalents
Ketoamide substrate: 1000 g (96%) (2.36 mole) 1.0
Isopropylamine-HCL.: 903 g (9.45 mole) 4.4
Pyridoxal phosphate PLP: 10 g (98%) (0.04 mole) 0.017
Transaminase (SEQ ID NO: 500¢g
102):

Tricthanolamine: 104 g
DMSO: 1.5+ 2L
4M aqueous isopropylamine 157 mL
{free base):

[6327] Equipment for the process has the following features: a pH control unit that has
thermocouple, a pH probe, and reservoir of 4M isopropylamine in water to control pH. The reaction
vessel is connected to a vacuum line and corresponding controller (set to 375 torr) and ReactIR probe

{(Metter Toledo, Maryland, USA) to measure acetone and product formation.

[0328] Process. A 22 L mechanically stirred round bottom (RB) flask was fitted with a ReactIR
probe, a base feed line connected to a reservoir of 4 M aqueous isopropylamine, a ketoamide feed line
connected 1o a reservoir of ketoamide substrate, a pH probe, and a vacuum line to a control box and a
trap. The flask was charged with 900 g of isopropylamine hydrochloride followed by addition of 6.4
L deionized water and 93 mL of triethanotamine (2 m/s tip speed) and 10 g pyridoxal 5'-phosphate
{pH 8.4) was added. This was followed by charging of the flask with 50 g of dissolved transaminase
polypeptide having SEQ ID NO: 162, After 10 min, of stirring at RT, 1.5 L of DMSO was added
over 30 min, and the reactor was warmed to 40°C. After the temperature stabilized, the pH probe was
exchanged for a temperature probe, and the pH maintained at pH 8.5 with a pH controller and 4 M
isopropylamine solution. Ketoamide substrate (1 Kg) was dissolved in 2 L of DMSO uand placed into
a 5 L addition funnel. Vacuum (~50¢ torr initially then 375 torr overnight after addition) was applied
10 the reaction vessel, and the ketoamide sohustion was added to the reactor over 4 hrs (667 mL/h). A
total of 1.45 equiv. of isopropylamine was added after 25 h. There was about 94% conversion of

substrate te product.
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[0329] Affer allowing the reaction to proceed for 1 day, 580 mL 5 N HC1 was added to the reaction
solution until pH 2 and the solution stirred for 2 hrs at 45°C. The solution was filtered through a wide
diame.ter Buchner funnel using two layers of cotton towel resulting in 12.3 kg of filtrate. The filtrate
residue was agitated in 3% DMSO in 0.01 N HCI and then rinsed with an additional 3x2 L of 5%
DMSO in 0.01 N HCI (6.6 kg total). The residue was placed in aquecus acidic solution, washed (~18
L total) into an extractor and then placed in 9 L of isopropyl acetate, The pH was adjusted to 10 with
SN NaOH (1.4 L), the solution agitated at 165 RPM in 50 L ChemGlass vessel #1, the layers allowed
to settle for about 10 min, and the isopropyl acetate separated out. The solution was extracted again
with 9 L of isopropyl acctate,.and the extracted isopropyl acetate layers were combined and allowed
to-settle for 20 h. The isopropy} acetate layers were washed with 6 L of brine (5.9 kg}. The IPAc
solution was assayed and contained 861 g sitagliptin." Solvent was switched from IPAc (861 gin 19 L.
IPAc, 90% assay yield) to IPA on rotary vacuum evaporator by feeding over L hat 30°C and
concentrating to 50% volume. At this point, the sitagliptin free base precipitated out of s.oluti()n. 2L
of 1% water in IPA was added to dissolve the precipitate. 8 L of 1% water in IPA over | h was added
at 35-40 °C bath temperature. Since additional precipitates form, additional 400 mL water was added
to dissolve the precipitate. The solution was allowed to sit on a rotary vacuum evaporator overnight,
and then transferred to another round bottom flask along with an additional 2 L of 1% water in [PA.

Concentration gave 2.5746 kg of an IPA/water solution of sitagiptin.

Example 14:  Preparation of Sitagliptin Phosphate Monohydrate

[0330] Preparation of sitagliptin phosphate monohydratc is iltustrated as follows :

4% HiPO;

/ \
IPA/H,0

k,N P _
’ \<CF3 ‘22804 CF3

(Sitagliptin Phosphate Monohydrate}

{0331] Materials for the preparation of the phosphate monohydrate salt of sitagliptin is as follows:

Reaction component Amount Mole Equivalents
Crude 3 757 2(1.86 mole) 1.0
45% wiw H3POy 411 g (1.89 mele) 1.02
water 347 + 491 -+ 100 mL .017
[sopropanol 163 +136+0.17+0.5+0.5+1.65L
Seed 5g 0.005
88/12 isopropanol/water | 1.4 L
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[0332] Process. To a solution containing 757 g Crude 3 in 1630 mL isopropanol and 347 mL water
was added 1.36 L isopropanol followed by 491 mL of deionized water. The solution was transferred
to 20 L stirred vessel, and then charged with 411 g of 45% w/w HaPQjs (Fisher 85%) and 172 mL
IPA. Solution was heated to 72-80°C to dissolve initial phosphate salt and charged with an additional
140 mi. of water and 500 mE isopropanol to completely dissolve the phosphate salt. Solution was
cooled to 62-66°C and seeded with 5 g of pure sitagliptin phosphate. Reaction was allowed to sit for
3 h at 60-65°C, and then cooled to 20-25°C over 5 h and then additionally overnight. The reaction
was charged with 2.65 L. isopropanol over 2 h (solution is ~6:1 isopropanol/water) and allowed to sit
for 1 hat RT and 2 h at 2°C. The material was passed through a filter that was prepared by wetting
with 88/12 isopropanol/water. The resulting cake was washed with a total of 1.4 L 88/12
isopropanol/water and dried under atmosphere for about 3 h, and then transferred to a tray to dry at
~40°C in vacuum oven with nitrogen sweep €200 torr) for 3 days providing 966 g sitagliptin
phosphate hvdrate. The material met {or exceeded) all purity specifications for manufactured
sitagliptin phosphate hydrate and showed no residual solvent, enzyme {<18&ppm), PLP co-factor (<0.1
ppm), or endotoxin (<0.05 ng).

Example 15:  Process IH for Increasing Conversion of Ketoamide Substrate o

Sitagliptin '

[0333] The following cxample illustrates a third large scale process used to increase conversion of
substrate 4-0xo0-4-[3-(trifluoromethyl)-5,6-dihydro[ 1,2,4]riazolo[4,3-a pyrazin-7 (8 H)-yl}-1-(2,4,5-
triftuorophenylibutan-2-one to product (2R)-4-oxo-4-[3-(trifluoromethyl)-5,6-
dihydro[1,2,4]triazolo(4,3-alpyrazin-7(§ H)-y1]-1-(2,4,5-triflucropheny)butan-2-amine. Generally,
the process uses the same equipment and conditions as described in Example 12 but with a higher

concentration of DMSO and substrate.

[0334] Process: The reaction was run in a vessel fitted with a mechanical stirrer, temperature probe,
pH probe, and a base addition line, The base addition line was used to control pH between 8.6 and 8.4
using a feed of 4 M isopropylamine free base in water. To the vessel was added 1.92 L water,
followed by 109 mL (0.82 mol, 0.33 equiv.) tricthanolamine and 1.64 1. {6.56 mol, 2.67 equiv.) of 4
M isopropylamine solution. The pH was then adiusted to 8.5 using 12 N HCI (424 mL). The reactor
was then charged with 6.7 g (0.027 mel, 0,011 equiv.) of PLP followed by 40 g of the transaminase
polypeptide having SEQ ID NO: 110 and the mixture was carcfully dissolved with gentle agitation.
The vessel was placed on the reactor block with the temperature probe, base addition line, pH probe,
and stirrer set to 400 RPM {(Note: pH control loop is off at this point). Next, 2.22 L of DMSQ was
added into the stirring solution and the reactor was heated te 45°C. When the temperature stabilized,
the pH contrel loop was tumed on and adjusted to pH fo 8.5 (pH controlled with 4 M isopropylamine
inwater). At this point, stirring was increased to 600 RPM, but tip sp.eed is kept below 2 m/s to avoid |

vortexing, Then, 1.0 kg (corrected weight is 1 kg as received ketoamide is typically 96-98 wi% as a
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hemi-hydrate; 2.46 mol, 1.00 equiv.) of ketoamide was dissolved into 1.11 L. of DMSO. This
DMSO/ketoamide solution was then added to the reactor over 2-3 h. The reactor was then stirred at
45°C und with the pH maintained between 8.6-8.4 for another ~13 h with acetone removal being
accomplished with 300 torr vacuunt and 2 fps nitrogen sweep. After ~15 h total reaction time (1.3-2.0
equiv. isopropylamine uptake), the reaction was at 90-95% conversion as judged by reverse phase

HPLC analysis.

{8335} As described below, either & filtration or a direct extraction work-up procedure can be used to

prepare the product for downstream processing,

[0336) Filiration work-up: The pH condrol loop was turned off and 13 g of solka-floc was added to
the vessel followed by 12 M HCEuntil pE 2-3. The reaction was then aged 1-2 h at 45°C and 1004

- RPM. The siuny was then passed through a filter (e.g., fritted plastic Buchner with filter paper on 1
kg scale, or sparkle filter with no recycle loop on pilot plant scale). The vessel and filter was rinsed
with T L of 0.01 N HCL To this aqueous acidic filtrate was then added 3 L of IPAc and the pH of the
aqueous phase was then adjusted to pH 11 with 19 N NaOH, The layers were agitated with stirring,
and then allowed to settle and separated (mild heat or vacuum accelerates phase scparation). This was
repeated twice more with 3 L of IPAc and the combined organics were then washed with 3 L of brize
(at pH 11). The resulting IPAc solution of the sitagliptin frec base was then assayed for yield
(typically 88-92% assay yield; 882-922 g) and solvent switched to IPA for downstrcam processing to

sitagliptin phosphate monohydrate.

(0337} Direct extraction work-up: The pH control loop was turned off and 12 M HC! was added until
pH 2-3. The rcaction was then aged 1-2 h at 45°C and 1000 RPM. The batch was cooled to RT and
then 3 L of TPA was added, followed by 3 L of TPA¢, The pH of the aqueous layer was then adjusted
to 11 with 19 N NaQH, The mixture was agitated at 20-45°C (heat may be used to break the
emulsion), and then allowed to settle and separate. The IPAC/IPA tayer was set aside and the aqueous
layer was extracted with 3 L of 80/20 (vol/vol) IPAC/IPA. The combined IPAc/IPA extracts were
then washed with 3 L of brine. The resulting IPAc/IPA solution of the sitagliptin free base was then
assayed for yield (typically 87-90% assay yield, 872-902 g) and solvent switched to 1IPA for
downstream: processing to sitagliptin phosphate monohydrate

Example 16:  Process IV for Increasing Conversion of Ketoamide Substrate to

Sitaghiptin

[0338] The following example llustrates a fourth large scale process used to increase conversion of
the ketoamide substrate to the sitagliptin freebase product and the subsequent preparation of the
sitagliptih phosphate. Generally, the process uses the same equipment conditions as described in

Examples 12, 14, and 15 but with alterations as detailed below.
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[0339] A buffer solution was prepared by combining 0.59 L 4M isopropyl amine solution, 0.67 L
water, and 39 mL triethanotamine at 0-35°C. The pH of the buffer was adjusted to 8.4-9.2 at 20-25°C
using 12N hydrochleric acid. To this mixture was charged 1.22 g PLP and 16.25 g of the
transaminase polypeptide of SEQ ID NO: 110 at 15-25°C. The PLP and enzyme were dissolved with
agitation. Next, 0.72 L. DMSO was charged to the baich at 15-46°C over a minimum of 30 minutes.
The enzyme mixture was then heated to 44-46°C and then adjusted to pH 8.4-8.7 with 4M isopropyl
amine solution. Until the enzyme mixture was quenched following reaction, the pH was monitored
and 4M isopropyl amine solution was charged as necessary to maintain the pH within the range of

§.4-8.7.

[0346] The ketoamide substrate, 4-0x0-4-[3-(trifluoromethy 1)-5,6-dihydrof 2, 41triazolof4,3-
alpyrazin-7(8H)-y1]-1-(2,4,5-trifluorophenylybutan-2-one (406.28 g, 1.00 mole) was dissolved mto .
0.48 L of DMSO, and this DMSO/ketoamide solution was added to the enzyme mixture over 2-8
hours. This enzyme mixture was then allowed to react at 44-46°C and pH 8.4-8.7 for another 7-22
hours. During both the DMSO/ketoamide solution addition and the subsequent reaction, the pressure
of tlﬁe reactor was varied as necessaty o evaporate acetone and thereby push the reaction to formation
of product sitagliptin free base. In addition, during the course of the reaction, 4M isopropyl amine
solution was charged (typicaily a minimum of 0.25 L, or 1.0 molar cquivalent) as necessary in order

to maintain the pH at 8.4-8.7.

[6341] The reaction mixture was quenched by charging 65 g solka floc at 44-46°C. Following the
solka floc charge, 12N hydrochloric acid was charged to the batch until pH 2-3 is reached. The
mixture was stirred at 44-46°C and pH 2-3 for at least 3 hours. The mixture was then filtered at 44-
46°C, and the waste cake washed with 0.01N hydrochloric acid (1.02 L —4.47 L). The combined
filtrate and 0.01N hydrochloric acid wash was cooled to 15-25°C, and then 2.44 L of isopropyl acetate
(IPAc) was added. The apparent pH was then adjusted o 10.5-11.5 with 19N sodium hydroxide. The
mixture was then agitated at 15-40°C, settled, and separated. The top, organic layer was set aside and
the lower, aqueous layer was then extracted with 1.22 L of IPAc at 15-25°C. The two organic extracts
were then combined and washed with water (0.20 L — 1.23 L) at 15-40°C. The final organic layer
yielded 4.07 L of a sitagliptin frecbase crude stream at 100 g/1. (407.31 g, 1.00 mole) that was used in

the preparation of the sitagliptin phosphate monohydrate.

[0342] The 4.07 L of sitagliptin freebase crude stroam was concentrated under vacuum to 1.68 1 at
20-35°C and then solvent switched to isopropancl using a minimum of 2.52 L of isopropanol. To this
solution was charged a minimum of 0.27 L water to dissolve all solids. The addition of water
enhances formation of the monohydrate at the start of the crystallization. Aqueous phosphoric acid

(1.02 mole) was added to this solution, then heated to dissolve.
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[0343) The solution then was cooled to 62-68°C, seeded with 2.62 g of milled sitagliptin phosphate
monohydrate (e.g., mean volume of 10-20 microns with 95" percentile between 25-45 microns as
determined by Microtrac analysis) and allowed to age for 3-6 hours at 62-68°C. The slurry was
cooled to 20-25°C over a minimum of 2 hours. To the slurry was charged 0.48 L of isopropanol over
a minimum of 2 hours, while maintaining temperature at 20-25°C. The shury was then cooled to -
15°C to 20°C over a minimum of 2 hours. The slurry was then filtered at -15°C to 20°C and the
wetcake washed with aqueous isopropanol (minimum water content of 8 wi%). The wetcake was
dried at a maximuim temperatare of 45°C in vacuo to yield sitagliptin phosphate monohydrate.

Example 17:  Process V for Increasing Conversion of Ketoamide Substrate to

Sitagliptin

[6344] The following example illustrates a fifth large scale process used 1o increase conversion of the
ketoamide substrate to the sitagliptin freebase product and the subsequent preparation of the
sitagliptin phosphate. Generally, this large scale process uses the same equipment and conditions as

described in Example 16 but with some alterations as detailed below.

[0345] Buffer solution was prepared by combining 50.68 L 4M isopropyl amine solution, 58.1 L.
water, and 3.36 L triethanolamine at 20-25°C. The pH of the buffer was then adjusted t 8.8-9.2 at
20-25°C using 12N hydrochloric acid. To the batch mixture was charged 0.11 kg of PLP, and then
1.40 kg of the transaminase enzyme of SEQ 1D NO: 110 at 20-25°C. The PLP and enzyme were
dissolved with agitation (confirmed after 30 min). Next, 61.76 L of DMSO was charged to the batch
at 20-46°C. The batch was then heated to 44-46°C and once at temperature, 4M isopropyl amine

solution was charged to adjust the pH to 8.4-8.7.

[0346] The ketoamide substrate (35.00 kg) was dissolved into 41.18 L of DMSO, and this _
DMSO/ketoamide solution added to the batch over 2-3 hours. The batch was then allowed to react at
44-46°C and pH 8.4-8.7 for another 12-22 howrs. During both the DMSO/ketoamide solation addition
and the subsequent aging, the pressure of the reactor was varied in order to remove acetone (typical
pressure conditions for acetone removal: ~325-350 mm Hg vacuum and ~3-6 scfm nitrogen

headspace sweep). In addition, during the course of the reaction, 4M isopropyl amine solution was
charged as necessary in order to maintain the pH at 8.4-8.7. Typical end of reaction conversion
results are 88-93% after 15-17 hours of total reaction time, which includes the DMSO/ketoamide

transfer Ame.

[8347] The reaction was quenched by charging 5.60 kg solka floc slurry in 42 L water. Following
the solka floc charge, 12N hydrochloric acid was charged to the batch wntil pH 2-3 was reached. The
reaction was stirred at 44-46°C and pH 2-3 for 3 hours. The batch was then filtered at 44-46°C, and

the waste cake washed with 154 L of 0.01N hydrochloric acid solution.
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[0348] The combined filtrate and wash solution was cooled to 15-25°C, and then 210 L of isopropyl
acetate (IPAc) added. The apparent pH of the batch was then adjusted to 10.5-11.5 with T9N bOdlL‘ll}’l
hydroxide. The mixture was then agitated at 15-25°C, settled, and separated (Extraction #1). The top,
organic layer was set aside and the lower, aqueous layer was then extracted with 105 L of IPAc at 15-
25°C (Extraction #2). The two organic extracts were then combined and washed with 17.50 L water
at 32-38°C (Extraction #3). The final organic layer yielded 29.44 assay kg of sitagliptin freebase

crude stream (~85.9% assay yield).

[0346] The freebase crude stream, 294.40 L at 100 g/L (29.44 kg, 72.28 mole), was concentrated
under vacuum (30-60 mmHg) to 121,59 L at 20-35°C. The batch was solvent switched to isepropanol
using 182.39 L of isopropanol. To the batch was charged 19.72 L of water 10 dissolve all solids.
Then, 15.87 kg of 45 wi% aqueous phospheri¢ acid was added to the batch, which was heated to 72-
30°C 1o dissolve. The batch solution was cooled to 62-66°C and seeded with 0.19 kg pin milled
sitaglipﬁn phosphate monohydrate. The batch was aged for 3 hours at 62-66°C and then cocled to 20-
25°C over 2 hours. To the batch was charged 34.40 L of isopropanol over 2 hours, while maintaining
baich temperaturc at 20-25°C. The batch was then cooled to a -15°C to 0°C over 2 hours. The slurry
was then filtered at -15°C to 0°C and the wetcake washed with 70.05 L aqueous isopropanol
{minimum of 8 wt% water). The wetcake was dried at 40°C in vacuo to yield sitagliptin phosphate
monohydrate (37.34 physical kg, ~98% S/ield).

[0350] All publications, patents, patent applications and other documents cited in this application are
hereby incorporated by teference in their entireties for all purposes to the same cxtent as it each
individual publication, patent, patent application or other document were individually indicated to be

incotporated by reference for all purposcs.

{0351] While various speeific 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 transaminase polypeptide capabie of converting 4-gx0-4-[3-(trifluoromethyl)-5,6-
dihydro[1,2,4itriazolo[4,3-a}pyrazin-7(8)-y1]-1 -(2,4,5-triﬂuorophenyl)butan~2_—one (“ketoamide
substrate™) to (2R)—4—ox0-4-[3-(triﬂuoromethyl)—S,ﬁ—dihydro[1,2,4}triazoi0{4,3—a]pyrazin— T(8H)-y1]-1-
(2,4,5-trifluorophenyljbutan-2-amine (“product”) under a defined reaction condition in the presence of
an amino group donor isopropylamine to levels of the product detectable by HPLC-UV at 210 nm,
where the feaction condition comprises about 2 g/L ketoamide substrate, about 0.5 M isopropylamine,
about 22°C, about pH 7.5, about 5% DMSO, about 160 uM pyriécxal phosphate, and abeut 20

mg/mL of transaminase polypeptide.

2. The transaminase polypeptide of claim 1, wherein the transaminase polypeptide is
capable of converting the ketoamide substrate to the product with an activity that is equal 1o or greater

than the activity of the polypeptide of SEQ ID NO: 4 under the defined reaction condition.

3. The transaminase polypeptide of claim I, wherein the transaminase is capable of

converting the ketoamide substrate to product in at least 90% enantiomeric excess.

4, The transaminase polypeptide of claim 1, wherein the transaminase is capable of

converting the ketoamide substrate to product in at least 99% enantiomeric excess.

3. The transaminase polypeptide of any one of claims 1 to 4, comprising an amino acid

sequence that is at least 80% identical to SEQ 1D NO:4.

6. The transaminase polypeptide of claim 5, wherein the amino acid sequence comprises
a residue difference as compared to SEQ ID NO:2 at one or more residue positions selected from:
X62, X69, X122, X136, X137, X195, X199, X208, X209, X223, X225, X282, and X284,

7. The transaminase polypeptide of claim 5, wherein the residue difference occurs at one
or more residue positions selected from: X62, X136, X137, X195, X199, X208, X209, X223, X225,
and X282 in combination with residue difference at one or more residue positions selected from X69,
X122, and X284,

8. The transaminase polypeptide of claims 6 or 7, wherein the amino acid sequence
includes at least one or more of the following features:

residue corresponding to X69 is cysteine (C) or a non-polar, polar, or aliphatic
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regidue,
residue corresponding to X122 is a constrained, non-polar or aliphatic residue;
residue corresponding to X223 is a constrained residue; and

residue corresponding to X284 is a non-polar residue.

9. The transaminase polypeptide of claim 8, wherein the amino acid sequence includes
at least the following features: (1) residue corresponding to X69 is C or a non-polar, polar, or
aliphatic residue, and/or residue corresponding to X284 is a non-polar residue; (2) residue
corresponding 1o X122 is a constrained, non-polar or aliphatic residue; and (3) residue corresponding

to X223 is a constrained residue.

10. The transaminase polypeptide of claim 9, wherein the amino acid sequence includes
the following features: X69 is C or a non-polar, pelar, or aliphatic residue; X122 is a constrained,

non-polar or aliphatic residue; and X223 is a constrained residue.

11.  The transaminase polypeptide of claim 10, wherein the amino acid sequence includes

the following features: X691is G, C, T, A, or §; X122is M, I, V, or H; and X223 is P.

12, The transaminase polypeptide of claim 9, wherein the amino acid sequence includes
the following features: X122 is a constrained, non-polar or aliphatic residue; X223 is a constrained

residue; and X284 is a non-polar residue.

13. The transaminase polypeptide of claim 12, wherein the amino acid sequence includes

the following features: X122 is M, I, V, or H; X223 is P; and X284 is G.

14. The transaminasc polypeptide of claim 8, wherein the amino acid sequence includes
the following featares: X69 is C or a non-polar, polar or aliphatic residue; X122 is a constrained,

non-polar or aliphatic residue; X223 is a constrained residue; and X284 is a non-polar residue.

15.  The transaminase polypeptide of claim 14, wherein the amino acid sequence includes

the following features: X69is G, C, T, A, or $; X122 is M, L, V, or H; X223 is P and X284 is G.
16.  The transaminase polypeptide of claim 9, wherein the amino acid sequence mcludes

the following features:
X69is Cor T; X122 is M or [; X223 is P; and X284 is G.
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17. The transaminase polypeptide of any one of claims 8 fo 16, wherein the amino acid
sequence additionally comprises a residue difference as compared to SEQ ID NO:2 at one or more of
the following residue positions: X4; X5; X8; X18; X23; X26; X27; X28; X30; X41; X42; X48: X49;
X50; X54; X55; X60; X61; X62; X65; X81; X94; X96; X102; X117; X120; X124; X126; X136;
X137, X138; X146; X148; X150; X152; X155; X156; X160; X163; X164; X169; X174; X178; X195;
X199, X204; X208, X209; X211; X215; X217; X225; X230; X252; X269; X273; X282, X292: X297:
X302; X306; X321; and X329.

18. The transaminase polypeptide of claim 17, wherein the amine acid residue differences

at the residue positions are selected from the following:

X4 is an aromatic residue;

X5 is a basic residue;

X8 is a constrained residue;

X18 is a cysteine (C) or an aliphatic residue;

X235 iz a polar residue;

X26 is an aromatic or constrained residue;

X27 is a polar residue;

X28 s a constrained residue;

X30 1s polar or non-polar residue;

X41 is a constrained or polar residue;

X42 i non-polar residue;

X48 is a polar, acidic, aliphatic or non-polar residue;

X49 is a polar residue;

X350 is an aliphatic residue;

X354 is a constrained residue;

X355 1s an aliphatic residue;

X60 is an aromatic residue;

X61 is an aromatic residue;

X62 is an aromatic or polar residue;

X65 is an aliphatic residue;

X81 is a non-polar or small residue;

X84 is an aliphatic residue;

X956 is an aliphatic residue;

X102 is an aliphatic or basic residue;

X117 is a non-polar residue;

X124 is an aromatic residue;
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X124 is a polar or constrained residue;
X124 is a polar residue;

X136 is an aromatic residue;

X137 is a polar or aliphatic residue;

X138 is a basic or constrained residue;

X 146 18 a basic residue;

X148 is an aliphatic or aromatic residue;
X150 is aromatic, constrained or polar residue;
X152 is C, or a non-polar, aliphatic, or polar residue;
X155 is non-polar or polar residue;

X154 is a polar residue;

K160 is an aliphatic residue;

X163 is an aliphatic or constrained residue;
X164 is an aliphatic or constrained residue;
X169 is an aliphatic residue;

X174 is an aliphatic residue;

X178 is a polar residue;

X195 is an aromatic or pelar residue;

X199 is an aliphatic or aromatic Tesidue;
X204 1s an ahiphatic residue;

X208 is cysteine (C) or constrained, non-polar, aromatic, polar, or basic residue;
X209 is an aliphatic residue;

X211 is an aliphatic residue;

X215 is cysteine (C);

X217 is a polar residue;

X225 is an aromatic residue;

X230 is an aliphatic residue;

X252 is an arcmatic residue;

X269 is a constrained residue;

X273-1s an aromatic residue;

X282 i3 a polar residue;

X292 is a polar residue;

X297 is a polar residue;

X302 is an aliphatic residue;

X306 is an aliphatic residue;
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X321 is a constrained residue, and

X329 is a constrained or aromatic residue.

19. The transaminase polypeptide of claim 18, wherein the amino acid residue differences

at the residue positions are selected from the following:

Xdis Y;

X5 K;

X8is P;

Xi8isCorl;

X255 Q;

X261s H;

X27is T;

X281is P

X301is Q or M;

X4lisHorS:

X4218 G;

X481 Q, D, V, G, or A;

X495 T

X301s L;

X5 isPorH,;

X551 V;

X601s F;

X6lisY,

X621sT, Y orF;

X653 A;

X_Sl is G

X% islorL;

X618 1,

X102 isL orK:

X117i8 G;

Xi120i8Y:

X124 13 T, H or N;

X126 18 T,

X136 Y orF;

X137isTorl;

X138 KorP;
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X146 1is R;
Xl48isAorF;
Xi50isF, H, or S;
Xi5218G, LI, Sor C;
Xis5isM, VorT;
X1561sQ;
Xi60is L;

X163 isHorV;
X164isVorP;
X1691is L;

X174 1s A;

X178 18 S;
X195isFor Q;
X199 is Wor [;
X204 is A;

X208 H,C, G IK,N, Y, Dor§;
X209is1;
X2111is1;

X215is C;

X217 is N
X2251sY;
X2301s V;

X252 1 F;

X269 15 P;
X2731i8 Y,

X282 15 5
X2921is T,
X2671s8 S;

X302 13 A;

X306 15 L;

X321 1is P; and
X329 15 H.

20, The transaminase polypeptide of claim 18, wherein the amine acid sequence includes

additionally one or more residue differences selected from the following:

X26 is an aromatic or constrained residue;
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X61 is an aromatic residue;

X62 is an aromatic or polar residue;
X635 is an aliphatic residue;

X94 is an aliphatic residue; ‘

X136 is an aromatic residue;

X137 i a polar or aliphatic residue;
X199 is an aliphatic or aromatic residue;
X209 is an aliphatic residue;

X215 C; and

X282 i3 a polar residue.

21. The transaminase polypeptide of claim 20, wherein the amino acid sequence includes

additionally one or more residue differences selected from the following:

X8 is a constrained residue;

X60 is an aromatic residue;

X8&1 s anon-polar or small residue;

X596 is an aliphatic residue;

X124 is a polar or constrained residue;

X169 1s an aliphatic residue;

X217 is a polar residue;

X269 is a constrained residue;

X273 is an aromatic residue;

X297 is a polar residue; and

X321 is a constrained residue.

22, The transaminase polypeptide of claim 20 or 21, wherein the amino acid sequence

additionally includes one or more residue differences selected from the following:

X4 is an aromatic residue,

X48& is a polar, acidic, aliphatic or non-polar residue;

X102 is an aliphatic or basic residue;

X150 18 aromatic, constrained or polar residue;

X152 is C or a non-polar, aliphatic or polar residue;

X160 is an aliphatic residue;

X163 is an aliphatic or constrained residue;

X174 is an aliphatic residue;

X178 is a polar residue;
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23,

X195 is an aromatic or polar residue;

X208 is cysteine {C) or constrained, non-polar, aromatic, polar, or basic residue;
X211 is an aliphatic residue;

X225 is an aromatic residue;

X230 is an aliphatic residue;

X252 is an aromatic residue;

X292 is a polar residue;

X306 is an aliphatic residue;

X329 is a constrained or aromatic residue.

The transaminase polypeptide of any one of claims 18 to 22, wherein the amino acid

sequence includes additionally at least the following features:

24,

X126 is an aromatic or constrained residue, and/or X62 is an aromatic or polar residue;
X635 is an aliphatic residue;

X136 is an aromatic residue;

K199 is an aliphatic or aromatic residue;

X209 is an aliphatic residue;

The transaminase polypeptide of any one of claims 18 to 22, wherein the amino acid

sequence includes additionally at least the following features:

25.

X61 is an aromatic residue;

X62 is an aromatic or polar residue;
X65 18 an aliphatic residue;

X94 is an aliphatic residue;

X136 iz an aromatic residue;

X199 iz an aliphatic or aromatic residue;
X209 is an aliphatic residue;

X215isa C.and

X282 is a polar residue

The transaminase polypeptide of any one of claims 18 to 22, wherein the amino acid

sequence includes additionally at Jeast the following features:

X8 is a constrained residue;
X61 1s an aromatic residue;
X62 is an aromatic or polar residue;

K65 is an aliphatic residue;
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X381 is a non-polar or small residue;
X94 is an aliphatic residue;

X134 is an aromatic residue;

X199 is an aliphatic or aromatic residue;
X209 1s an ahphatic residue;

X215is C.

X217 is a polar residue;

X269 18 a constrained residue;

X282 is a polar residue

X297 is a polar residue; and

X321 is a constrained residue.

26, The transaminase polypeptide of any one of claims 18 to 22, wherein the amino acid

sequence includes additionally at least the following features:

X8 is a constrained residue;

X640 is an aromatic residue;

X61 is an aromatic residue;

X62 is an aromatic or polar residue;

X65 is an aliphatic residug;

X&1 is a non-polar or small vesidue;

X94 is an aliphatic residue,

X96 is an atiphatic residue;

X124 15 a polar or constrained residue;

X136 1s an aromatic residue;

X169 is an aliphatic residue;

X199 is an aliphatic or aromatic residue;

X209 is an aliphatic residue;

X2151isa C;

X217 is a polar residue;

X269 is a constrained residue;

X273 is an aromatic residue.

X282 is a polar residue;

X297 is a polar residue; and

X321 is a constrained residue.
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27.

The transaminase polypeptide of any one of claims 18 to 22, wherein the amino acid

sequence inclades additionally at least the following featares:

28.

X8 is a constrained residue;

X60 is an aromatic residue;

X461 is an aromatic residue;

X462 is an aromatic or polar residue;

X635 is an aliphatic residue;

X81 is 2 non-polar residue;

X%4 is an aliphatic residue;

X96 is an aliphatic residue;

X124 is a polar or constrained residue;

X126 is a polar residue;

X136 1s an aromatic residue;

X150 is an aromatic, constrained or polar residue;
X152 i a cysteine {C), non-polar, aliphatic, or polar residue;
X169 is an aliphatic residue; X199 is an aliphatic or aromatic residue;
X209 is an aliphatic residue;

X2151sC;

X217 is a polar residue;

X269 is a constrained residue;

X273 is an aromatic residue.

X282 is a polar residue;

X297 1s 2 polar residue; and

X321 is a constrained residue.

The transaminase polypeptide of any one of claims 18 to 22, wherein the amino acid

sequence includes additionally at least the following features:

29.

X261is H, and/or X628 T or F;
X653 18 A

X136isY or F;

X199 1s W or I; and

X209 1s L.

The transaminase polypeptide of any one of claims 18 to 22, wherein the amine acid

sequence includes additional at least the following features:

X6iisY;
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X6ZigTorF
X651is A,
X%9isTorL,
X136isY or F;
X199 is Worl;
X200 is L;
X2151s C; and
X282 is 8.

30. The transaminase polypeptide of any one of claims 18 to 22, wherein the amino acid
sequence includes at least the following additional features:
X8is P,
X6iisY;
X62isTorF;
X651s A;
XB11s G;
X94islorl,
X136isY orF,
X199is Worl;
X209 s L.
X215is C;
X217 1is N;
X269 s P
X282 is 8.
X297 is 5; and
X32tis P

31, The transaminase polypeptide of any one of claims 18 to 22, wherein the amino acid
sequence includes additionaily at least the following features:

XBisP;

X60 is F;

X6lisY;

X62is TorF;

X655 A,

X81is G;

Xo94islorl;
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| XO6is L; ‘
Xi24is T, HorN;
X1361isY orF;
X169isL;
X199 1s Wor I
X200 is L.
X2151s C;
X21TisN;
X269 1s P;
X273isY
X282 is 8.
X297 i S; and
X321 is P,

32, The transaminase polypeptide of any one of claims 18 to 22, wherein the amino acid

sequence includes additionally at least the folowing features:

X&is P

X60is F;

X6lisY;

X62isTorF;

X651s A;

X81 is G;

X94slorl,

X965 L;

X124isT,Hor N;

X12618°T;

X136isY or F;

X1501sF, H, or S;

X15215G, L, L, Sor G

X1691s L;

X1994is Worl;

X2091s 1;

X215is G

X21718N;

X269 15 P,

X273isY;
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X282 1is §;
X297 18 S; and
X321isP.

33. The transaminase polypeptide of claim 1, wherein the amine acid sequence
corresponds to the sequence of SEQ IDNO: 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36,38, 40, 42, 44, 46, 48, 50, 52, 34, 36, 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, 156, 158, 160, 162, 164, 166, or 168.

34.  The transaminase polypeptide of claim I, wherein the transaminase is capable of
converting the ketoamide substrate 1o product with at least 50 to 100 times or greater activity than the
polypeptide of SEQ IDNO:4.

35. The transaminase polypeptide of claim 34, wherein the amino acid sequence
corresponds to the sequence of SEQ IDNG: 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, 60, 92, 94, 96, 98,
100, 102, 104, 106, 108, 110, 112, 1~I4, 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, or 168.

36, The transaminase polypeptide of claim 1, wherein the transaminase is capable of
gonverting the ketoamide subsirate to product with at least 1.1 t0 5 times or greater activity than the
polypeptide of SEQ ID NO:22Z.

37. The transaminase potypeptide of claim 36, wherein the amino acid sequence
corresponds to the sequence of SEQ ID NO: 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,
14R, 150, 152, 154, 156, 158, 160, 162, 164, 166, or 168,

38, The transaminase polypeptide of claim 1, wherein the transaminase is capable of
converting the ketoamide substrate to product with at feast 1.1 to 5 times or greater activity than the

pelypeptide of SEQ 1D NOG:48.

39, The transaminasc polypeptide of elaim 38, wherein the amino acid sequence

corresponds to the sequence of SEQ ID NO: 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70,72, 74, 76, 78,
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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, 156, 158, 1460, 162, 164,
166, or 168,

40. The transaminase polypeptide of claim 1, wherein the transaminase 1s capable of
converiing the ketoamide substrate to product with 1.1 fo 5 times or greater activity than the

polypeptide of SEQ ID NO:38.

41, The transaminase polypeptide of claim 40, wherein the amino acid sequence
corresponds to the sequence of SEQ ID NQO: 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 94, 92, 94, 96,
98, 100, 102,104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 26, 128, 130, 132, 134, 136, 138,
140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 164, 166, or 168.

42. A polynuclectide encoding a polypeptide of any one of claims 1-41.

43, The polynucleotide of claim 42, wherein the polynucleotide corresponds to the
sequence of 1,3,5,7,9, 11, 13, 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, 113, 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, or 167.

44, An expression vector comprising a polynucleotide of claim 42 or 43.
45. The expression vector of claim 44 further comprising a control sequence.
" 46. The expression vector of claim 45, wherein the control sequence comprises a
promoter.
47. The expression vector of claim 45, wherein the control sequence comprises a

secretion signal.
48. A host cell comprising the expression vector of any one of ¢laims 44 to 47.
49, The bost cell of claim 48 which is £. coli.

50. A process for preparing a compound of structural formmula (I):
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)
having the indicated stereochernical configuration at the stereogenic center marked with an *; in an
enantiomeric excess of at least 70% over the opposite enantimﬁer, wherein
Zis ORZ o7 NRZR3;
R1lis C1.g alkyl, aryl, heteroaryl, aryl-C1.72 alkyl, or heteroaryl-C) 7 alkyl,
R2 and R3 are each independently hydrogen, C1-§ alkyl, aryl, or aryl-Cy1.2 alkyl; or
R? and R3 together with the nitrogen atom to which they are attached form a 4- to 7-

membered heterocyelic ring system dptionally containing an additional heteroaton selected from O,

S, NH, and NC1.4 alkyl, the heterceyclic ring being unsubstituted or substituted with one to three
substituents independently selected from oxo, hydroxy, halogen, Ct_4 alkoxy, and C1.4 alkyl,

wherein alkyl and alkoxy are unsubstituted or substituted with one to five fluorines; and the
heterocyclic ring system being optionally fused with a 5- to 6-membered saturated or aromatic
carbocyclic ring system or a 5- to 6-membered saturated or aromatic heterocyclic ring system

contaming one 0 two heteroatoms selected from O, S, and NC(-4 alkyl, the fused ring system being
unsubstituted or substituted with one to two substituents selected from hydroxy, amino, fluorine, C1.4
alkyl, C1-4 alkoxy, and trifluoromethyl; the process comprising the step of contacting a prochiral

ketone of structural formula (I1};

O 0

R?MZ

0y

with a transaminase polypeptide of any one of claims 1-41 in the presence of an amino group donor in

a suitable organic solvent under suitabls reaction conditions.
51. The process of claim 50 wherein R1 is benzyl wherein the phenyl group of benzyl is
unsubstituted or substituted one to three substituents selected from the group consisting of fluorine,

trifluoromethyl, and triflucromethoxy.

52.  The process of claim 50 wherein Z is NRZR3,
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33, The process of claim 52 wherein NRZR3 is a heterocycle of the structural formula

{VIh:
s‘é \N/YN\
N
am RA

wherein R4 is hydrogen or C]_4 alkyl which is unsubstituted or substituted with one to five fluorines.

54, A process for preparing a compound of structural formula (1):
NH, O
e N/Y’N\N

(1) R4

having the (R)-configuration at the stereogenic center marked with an ***; in an enantiomeric excess
of at least 70% over the enantiomer having the opposite {S)-configuration; wherein ‘
Ar is phenyl which is unsubstituted or substituted with one to five substituents independently

selected from the group consisting of fluorine, riflucromethyi, and trifluoromethoxy; and.
R% is hydrogen or Cy.4 alkyl unsubstituted or substituted with one to five fluorines; the

process comprising the step of:

contacting a prochiral ketone of structural formula (2):

O 0
Ar\M[\II\/}i\%\ '
@ Rt

with 2 transaminase polypeptide of any one of claims 1-41 in the presence of an amino group donor in

a suitable organic solvent under suitable reaction conditions.

35, The process of claim 54 wherem Ar is 2,5-difluorophenyl or 2,4, 5-trifluorophenyl and

R4 is trifluoromethyl.

56. The process of claim 55 wherein Aris 2,4,5-triffuorophenyl.
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57. A process of preparing the compound of formula (1a):

N/YN\N
NGO
CF,

comprising a step of contacting a substrate of formula (2a):

F

(2a} CFy

with a transaminase polypeptide of any one of claims 1-41 in the presence of an amino group donor in

a suitable organic solvent under suitable reaction conditions.

58. The process of claim 50, 54, or 57, wherein the compound of formula (I), compound

of formula (1), or the compound of formula (1a) is produced in at least 90% enantiomeric excess.

59. The process of claim 50, 54, or 57, wherein the compound of formuia (I), compound

of formula (1), or the compound of formula (1a} is produced in at least 99% enantiomeric excess.

60.  The process of claim 50, 54, or 57, wherein the amino group donor is selected from

isopropylamine, alanine, 3-aminobutyric acid, or methylbenzylamine.

61, The process of claim 60, wherein the amino group donor is isopropylamine.

62. The process of claim 50, 54, or 57, further comprising the step of removing the

carbony! by-product of the reaction.

63. The process of claim 62, wherein the amino group denor is an amino acid and the

carbonyl by-product is a keto acid.
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64, The process of claim 63, wherein the carbonyl by-product has a vapor pressure higher
than water, and removal of the carbonyl byproduct is by sparging with a non-reactive gas or by

applying a vacaum.

65. The process of claim 64, wherein the non-reactive gas is nitrogen gas.
66. The process of claim 64, wherein the amino group donor is isopropylamine and the

earbony! by-product is acetone.

67. The process of claim 50, 54, or 57, wherein the reaction condition is between pH of
about 7.0 to a pH of about 9.0.

68. The process of claim 67, wherein the reaction condition is a pH of about 8.5.
69. The process of claim 67, wherein the pH is maintained by adding isopropylamine.
70. The process of ¢laim 50, 54, or 57, wherein the reaction condition is a temperature of

about 25°C to about 50°C,

71. The process of ¢laim 70, wherein the reaction condition is a temperature of about
45°C.

72, The process of claim 50, 54, or 57, wherein the solvent comprises dimethylsulfoxide.

73, The process of ¢laim 72, wherein the DMSO is between about 10% to about 50%
{viv),

74. The process of claim 73, wherein the DMSO is about 30% v/v.
75. The process of claim 50, 54, or 57 further comprising the step of isolating the
compound of structural formula (1), the compound of structural formula (1), or the compound of

structural formula (1a) from the reaction.

76. The process of claim 54 or 57 further comprising the step of converting the

compound of structural formula (1) or the compound of stractural formula {1a) info a
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pharmaceutically acceptable salt by contacting said compound with a pharmaceutically acceptable

acid in a suitable reaction solvent.

77. The process of claim 76 wherein the pharmaceutically acceptable acid is phosphoric

acid and the pharmaceutically acceptable salt is the dihydrogen phosphate salt.

78. The process of claim 76 further comprising the step of crystallizing the

pharmaceutically acceptable salt from the reaction solvent.

79. An improved process for the preparation of (2R)-4-0x0-4-[3-(trifluoromethyl)-3,6-
dihydro[1,2,4]triazolo[4,3-a}pyrazin-7(8H)-y1]-1-(2,4,5-trifluorophenyl)butan-2-amine phosphate
(1:1) monohydrate, the improvement in the process comprising a step of converting a compound of
formula (1a) to a product of formula (2a) with a transaminase polypeptide of any one of claims 1-41
in the presence of an amino group donor in a suitable organic solvent under suitable reaction

conditions, wherein the compound of formula (1a) is

F
F
NH, O
N/\]&N‘N
: P
(1a)
CF,
and the compound of formula (2a) is:
F
F
) G
N//\\ngN\N
F K/N\{
(2a) CF,
80. The method of claim 79 in which the amino group donor is isopropylamine.
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376247-035
SEQUENCE LISTING

<110> SAVILE, Christopher
MUNDOREE, Emily
MOORE, Jeffrey C.
DEVINE, Paul N.
JANEY, Jacob M.
<120> TRANSAMINASE BIOCATALYSTS
<130> 376247-035w0

<150> 61/155,902
<151> 2009-02-26

<160> 168

<170> PatentIn version 3.5

<210> 1

<211> 993

<212> DNA

<213> Artificial Sequence

<220>

<223> ATALl7

<400> 1

atggctttct ctgctgacac ctctgaaatc gtttacacce acgacaccgg tctggactat 60
atcacctact ctgactacga actggacccg getaacccge tggctggtgg tgctgettgg 120
atcgaaggtg ctttcgttce gecgtetgaa gctcgtatet ctatcttcga ccagggttac 180
ctgcactctg acgttaccta caccgttttc cacgtttgga acggtaacgc tttccgtcfg 240
gacgaccaca tcgaacgtct gttctctaac gctgaatcta tgegtatcat cccgecgety 300
acccaggacg aagrtaaaga aatcgctctg gaactggttg ctaaaaccga actgcgtgaa 360
gcattegttt ctgtttctat cacccgtggt tactcttcta ccccaggtga acgtgacatce 420
accaaacatc gtccgcaggt ttacatgtac gctgttccgt accagtggat cgtaccgttt 480
gaccgcatcc gtgacggtgt tcacgctatg gttgctcagt ctgttegteg tactccgogr 540
tcttctatcg acccgeaggt taaaaacttc cagtggggtg acctgatccy tgeagttcag 600
gaaacccacg accgtggttt cgaagcetcecg ctgctgetgg acggtgacgg tcetgetgget 660
gaaggttctyg gtttcaacgt tgttgttatc aaagacggtg ttgttcgttc tocgggtcgt 720
gctgetetge cgggtatcac ccgtaaaacce gttctggaaa tcgetgaatc totgggtcac 780
gaagctatcc tggctgacat caccctgget gaactgetgg acgctgacga agttetgggt 840
tgcactaccg ctggtggtgt ttggccgttc gtttetgttg acggtaaccc gatctctgac 900
ggtgttccgg gtccggttac ccagtctate atccgtegtt actgggaact gaacgttgaa 960
tcttettete tgctgaccee ggtacagtac taa 993
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

2
3

30

PRT‘ o
Aartificial Seguence

ATA117

2

Met Ala Phe

1

Gly

Pro

Ser

val

65

Asp

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Ala

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Arg

Thr

AsSp

Pro

Asp

Ala

35

Ala

TYr

His

Pro

Tyr

val

Ile

Pro

Leuy

195

Leu

Ser

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

ser

Tyr

Arg

Arg

Ile

Leu

Ala

Ile

Gly

Ile

val

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

ASD

Thr

Ala

Ser

Phe

70

Arg

GlIn

Leu

Thr

Tyr

150

Gly

Ser

Ala

Asp

Thr

TYFr

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

val

Gly

Ser

ser

Trp

40

Phe

val

Phe

Glu

alu

120

Gly

va'l

His

AsD

Gin

200

Asp

Glu

Asp

25

Ile

AsSp

Trp

ser

val

105

Ala

Glu

Pro

Ala

Pro

185

Glu

Gly

376247-035

Ile

10

Tyr

Glu

GIn

Asn

Asn

90

Lys

Phe

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Glu

Gly

Gly

Gly

75

Ala

Glu

val

Asp

Gln

155

val

val

His

Leu
Page

Tyr

Leu

Ala

Tyr

60

Asn

Glu

Ile

ser

Ile

140

Trp

Ala

Lys

Asp

Ala
2

Thr

Asp

Phe

45

Leu

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Asn

His

Pro

30

val

His

Phe

Met

Ley

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Asp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

GIn

Phe

Ser

Thr

Asn

Pro

ASp

l.eu

20

Ile

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly



376247-035

210 215 220
Phe asn val val val Ile Lys Asp Gly val val Arg Ser Pro
225 230 235
Ala Ala Leu Pro Gly Ile Thr Arg Lys Thr val Leu Glu Ile
245 250
Ser Leu Gly His Glu Ala Ile teu Ala Asp ITe Thr Leu Ala
260 265 270
Leu Asp Ala Asp Glu val Leu Gly Cys Thr Thr Ala Gly Gly
275 280 285
pro Phe val Ser val Asp Gly Asn Pro Ile Ser Asp Gly val
290 295 300
Pro val Thr Gln Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn
305 310 315
Ser Ser Ser Leu Leu Thr pro val Gln Tyr
325 330
<210> 3
<211> 990
<212> DNA
<213> Artificial Seguence
<220>
<223> variant of ATAll7
<400> 3
atggctttet ctgctgacac ctctgaaatc gtttacaccc acgacaccgg
atcacctact ctgactacga actggacccg gctaacccge tggetggtgg
atcgaaggtg ctttcgttcc gecgtctgaa getcgtatet ctatcttcga
ctgcactctg acgttaccta caccgggtic cacgtttgga acggtaacge
gacgaccaca tcgaacgtct gttctctaac getgaatcta tgogtatcat
acccaggacg aagttaaaga aatcgctctg gaactggtig ctaaaaccga
gcagtcgttt ctgtttctat cacccgtggt tactcttcta ccccaggtga
accaaacatc gtccgcaggt ttacatgtac getgttccgt accagtggat
gaccgcatcc gtgacggtgt tcacgctatg gttgctcagt ctgtregteg
tcttetateyg acccgeaggt taaaaacttc cagtggggtg acctgatccg
gaaacccacg accgtggttt cgaagctcecg ctgetgetgy acggtgacgg
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg ttgttegttre

Page 3

Gly

Ala

255

Glu

val

Pro

val

tctggactat
tgctgettgg
ccagggtrac
tttccegtctg
cecegeegetg
actgcgtgaa
acgtgacatc
cgtaccgttt
tactcegegt
tgcagttcag
tctgetgget
tccgggtcgt

Arg

240

Leu

Trp

Gly

Glu
320

60
120
180
240
300
360
420
480
540
600
660
720



gctgetctge cgggtatcac
gaagctatcc tggctgacat
tgcactaccg gtggtggrgt
ggtgttccgg gtccggttac
tcttcttcte tgctgaccec
<210>

4
<211> 330
<212> PRT

376247-035
ccgtaaaacc gttctggaaa tcgctgaatc teotgggtcac
caccctggcet gaactgetgyg acgetgacga agttctgggt
ttggcegttc gtttctgttg acggtaaccc gatctctgac
ccagtctatc atccgtcgtt actgggaact gaacgttgaa

ggtacagtrac

<213> Artificial sequence

<220>

<Z223> variant of ATAll7

<400> 4

Met Ala Phe ser Ala Asp Thr Ser Glu Ile val Tyr Thr His Asp Thr
1

5

10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pro Ala Asn

20

25 30

Pro Leu Ala Gly Gly Ala Ala Trp Ile Glu Gly Ala Phe val Pro Pro

35

40 45

Ser Glu Ala Arg Ile Ser Ile Phe Asp GIn Gly Tyr Leu His Ser Asp

50

55 60

val Thr Tyr Thr Gly pPhe His val Trp Asn Gly Asn Ala Phe Arg Leu

65 70

75 80

Asp Asp His Ile Glu Arg Leu Phe Ser Asn Ala Glu Ser Met Arg Ile

85

30 95

Ile Pro Pro Leu Thr G1n Asp GTu val Lys Glu Ile Ala Leu Glu Leu

100

105 110

val Ala Lys Thr Glu Leu Arg Glu Ala val val Ser val Ser Ile Thr

120 125

Arg Gly Tyr Ser Ser Thr Pro Gly Glu Arg Asp Ile Thr Lys His Arg

135 140

Pro Gln val Tyr Met Tyr Ala val Pro Tyr GlIn Trp Ile val Pro Phe
145 150 155 160

Asp Arg Ile Arg Asp Gly val His Ala Met val Ala GlIn Ser val Arg

Page 4
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Arg

Gly

Ala

Phe

225

Ala

Ser

L.eu

Pro

Pro

305

Ser

Thr

Asp

Pro

210

Asn

Ala

Leu

ASp

rPhe

290

val

Ser

<210>
<211
<212>

<213>

<220>
<223>

<400>

atggcittct ctgctgacac ctctgaaatc

5
9

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

Ser

90

DNA

variant of aATall?

5

atcacctact

atcgaaggtg

ctgcactcty

gacgaccaca

acccaggacg

Leu

val

Pro

His

260

ASp

Ser

Gin

Leu

165

Ser

Arg

Leu

val

Glu

val

Ser

Leu
325

Ser

Ala

AsD

Ile

230

Ala

val

Asp

Ile

310

Thr

Ile

val

Lys

Thr

Ile

l.eu

Gly

Ile

Pro

Artificial sequence

ASp

Gin

200

ASp

Asp

Arg

Leu

Arg

val

ctgactacga actggacccg
ctttcgttce gecgrctgaa
acgctaccta caccgggrtce
tcgaacgtct gttctetaac

aagttaaaga aatcgctctg

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

Pro

Arg

Gln

gtttacaccc
gctaacccge
gctegtatet
cacgtttgga
gctgaatcta

gaactggtty

376247-035
170

Gin val Lys

Thr His Asp

Leu Leu Ala
220

val val Arg
235

Thr val Leu
250

Asp Ile Thr

Thr Thr Gly

Ile Ser Asp
300

Tyr Trp Glu
315

TYyr
330

Page 5

Asn

Ser

Glu

Leu

Gly

Gly

Leuy

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

acgacaccgg
tggctggtgg
ctatcttcga
acggtaacgc
tgcgtatcat

Ctaaaaccga

175

Gin

Phe

Pro

Gly

Ala

255

Glu

vai

Pro

val

tctggactat
tgctgcttyy
ccagggttac
tttcegtetg
ccecgecgety

actgcgtgaa

Trp

Glu

Gly

Leu

Trp

Gly

Glu
320

60
120
180
240
300
360



376247-035

gcaatcgrtt ctgtttctat cacccgtggt tactettcta ccccaggtga acgtgacate 420
accaaacatc gtccgcaggt ttacatgtac gotgttccgt accagtggat cgraccgttt 480
gaccgcatcc gtgacggtgt tcacgctatg gttgctcagt ctgttegtcg tactccgegt 540
tcttctatcg acccgcaggt taaaaacttc cagtggggtg acctgatccg tgcagttcag 600
gaaacccacg accgtggttt cgaagctccg ctgctgetgg acggtgacgg tctgetggcet 660
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg ttgttcgtic tocgggtcgt 720
gctgctetge cgggtatcac ccgtaaaacc gttctggaaa tcgetgaatc tctgggtcac 780
gaagctatcc tggctgacat caccctggct gaactgetgg acgetgacga agttctgggt 840
tygcactaccg ctggtggigt ttggecgite gtttctgttg acggtaacce gatcictgac 900
ggtgttccgyg gtecggttac ccagtctatc atccgtcegtt actgggaact gaacgttgaa 960
Tcticttcte tgctgaccee ggtacagtac : 990
<210> 6

S ear

<213> Artificial Sequence

<220>

<223> variant of ATA1l7

<400> 6

Met Ala Phe Ser Ala Asp Thr Ser Glu ITe val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pgo Ala Asn
20 25 3

Pro Leu Ala Gly Gly Ala Ala Trp Ile Glu Gly Ala Phe val Pro Pro
35 40 45

Ser Glu Ala Arg Ile ser Ile Phe Asp GlIn Gly Tyr Leu His Ser Asp
50 55 50

Ala Thr Tyr Thr Gly Phe His val Trp Asn Gly Asn Ala Phe Arg Leu
65 70 75 80

Asp Asp His ITe Glu Arg Leu Phe Ser Asn Ala Glu Ser Met Arg Ile
85 90 95

Ite Pro Pro Leu Thr Gln Asp Glu val Lys Glu Ile Ala Leu Glu Leu
100 105 110

val Ala tys Thr Glu Leu Arg Glu Ala ITe val Ser val Ser 1le Thr
Page 6



ATg

Pro

145

ASp

Arg

Ala

Phe

225

Ala

Ser

Leu

Pro

Pro

305

Ser

Gly
1

Gln
Arg
Thr
Asp
Pro
210
ASh
Ala
Leu
Asp
Phe
290

val

Ser

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

<220>
<223>

115

Tyr
val
Ile
Pro
Leu
195
Leuy
val
Leu
Gly
Ala
275
val
Thr

ser

7
990
DNA

ser

Tyr

Arg

Aryg

Ile

Leu

val

Pro

His

260

Asp

Ser

Gin

Leu

ser

Met

Arg

Leu

val

Glu

val

Ser

Leu
325

Thr

TYr

150

Gly

Ser

Ala

ASD

Ile

230

Ile

Ala

val

Asp

Ile

310

Thr

Pro

135

Ala

val

Ile

va'l

Gly

Lys

Thr

Ile

Leuy

Gly

Ile

Pro

Artificial Sequence

variant of ATA1l7

120

Gly

val

His

ASp

Gln

200

ASp

Asp

Arg

Leu

Arg

val

Glu

Pro

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

Pro

Arg

Glin

37

Arg

Tyr

Met

170

GIn

Thr

Leu

val

Thr

250

Asp

Thr

Ile

Tyr

Tyr

6247-~035

Asp Ile
140

Gin Trp
155

val Ala

val Lys

His Asp

Leu Ala

220

val Arg

235

va'l Leu

Ite Thr

Thr Ala

Ser Asp
300

Trp Glu

Page 7

125

Thr

Ile

Gin

Asn

Arg

205

Glu

Ser

Glu

Leu

Gly

Gly

Leu

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

GTy

val

Asn

His

Pro

val

175

GIn

rhe

Pro

Gly

Ala

255

Glu

val

Pro

val

Arg
Phe
160
Arg
Trp
Glu
Gly
Arg
2

Glu
Leu
Trp

Gly

Glu
320



<400> 7

atggctttcet ctgctgacac ctctgaaatc

atcacctact ctgactacga actggacccg

atcgaaggtyg ctttcgttcc geccgtctgaa

ctgecactctg acgttaccta caccgtittce

gacgaccaca tcgaacgtct gttctctaac

acccaagacy aagttaaaga aatcgctctg

gcattagttt ctgtttctat cacccgtggt

accaaacatc gtccgcaggt ttacatgtac

gaccgcatec gtgacggtgt tcacgcetatg

tcttctrateg acccgcaggt taaaaactte

gaaacccacg accgtggttt cgaagctceg

gaaggtccgg gtttcaacgt tgttgttatc

gctgctctge cgggcatcac ccgtaaaacc

gaagctatcc tggctgacat caccctgget

tgcactaccg gtggtggtgt ttggccgttce

ggtgttccgg gtccggttac

tcttcttete tgctgaccee

ccagrctatc
ggtacagtac
<210> 8

<211> 330

<212> PBRT

<213> Artificial sequence

<220>
<223>

<400> 8

variant of ATA117

%et Ala phe Ser Ala Asp Thr Ser
5

Gly Leu Asp gyr Ile Thr Tyr
0

Pro Leu Ala Gly Gly Ala Ala Trp
35 : 40

Ser Glu Ala Arg Ile Ser Ile Phe

50 55

val Thr Tyr Thr val pPhe His val

376247~

gtttacaccc
gctaacccgce
gctegtatcet
cacgtttgga
gctgaatcta
gaactggrtg
tactcttcta
gctgtteegt
gttgctcagt
cagtggggtyg
ctgetgetygg
aaagacagtg
gttctggaaa
gaactgctgg
gtttctgttg

atccgtegtt

Glu Ile val

10

Ser Asp Tyr Glu
25

ITe Glu Gly

Asp Gin Gly

Trp Asn Gly

Page

035

acgacaccgg
tggctggtag
ctatcttcga
acggtaacgc
tgcgtatcat
Ctaaaaccga
ccccaggtga
accagtggat
ctgttcgteg
acctgatccg
acggrgacgg
ttgttcgttc
tcgctgaate
acgctgacga
acggtaaccce

actgggaact

Tyr Thr

Leu Asp
30

Ala
45

Tyr Leu

60

Asn Ala

8

His

Pro

Phe wval

His

Phe

tctggactat
tgctgettgg
ccagggttac
tttcegtctg
ccegeegetg
gctgcgtgaa
acgtgacatc
cgtaccgttt
tactccgegt
tgcagttcag
tetgetgget
tcegggtegt
tctgggteac
agttctgggt
gatctctgac

gaacgttgaa

Asp Thr
15

Ala Asn
Pro Pro
Ser Asp

Arg Leu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
00
960
990



65

ASD

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Ala

rPhe

225

Ala

ser

Leu

Pro

Pro
305

ASp

Pro

Ala

Gly

GIn

Arg

Thr

ASp

Pro

210

Asn

Ala

Leu

ASD

Phe

290

va'l

His

Pro

Lys

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

180

Ile

Leu

val

Pro

His

260

Asp

Ser

Gin

Glu

85

Thr

Glu

Setr

MeT

Arg

Leu

val

Gly

Glu

Glu

val

Ser

70

Arg

Glin

Leu

Thr

TYr

150

Gly

Ser

Ala

ASp

Ile

230

Ile

Ala

val

ASp

Tle
310

Leu

Asp

Arg

Pro

135

Ala

val

Ile

val

Gly

LyS

Thr

Ile

Leu

Gly

Ile

Phe

Glu

Glu

120

Gly

val

His

Asp

GIn

200

Asp

AsD

Arg

Leu

Gly

Asn

Arg

Ser

val

105

Ala

Glu

Pro

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

Pro

Arg

376247-035

75

Asn Ala Glu

Lys

Leu

Arg

Tyr

Met

170

Gin

Thr

Leu

val

Thr

250

Asp

Thr

Ile

Tvr

Glu

val

ASp

Gln

155

val

val

His

Leu

val

235

val

ile

Thr

Ser

315

page

Ile
Ser
Iie
140
Trp
Ala
Lys
ASD
Ala
220
Arg
Leu
Thr
Gly
Asp
300
Glu

9

Ser

Ala

val

125

Thr

Ile

Gln

AsSn

Ser

Glu

Leu

Gly

Gly

Leu

Met

Leu

110

ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

Arg

95

Glu

Ile

His

Pro

va'l

175

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

80

Ile
Leu
Thr
Arg
Phe
160
Arg
Trp

Glu

Gly

Leu
Trp
Gly

Glu
320



376247-035
Ser Ser Ser Leu Leu Thr Pro val GIn Tyr

325 330
<210> 9
<211> 990
<212> DNA
<213> Artificial Seguence
<220>
<223> variant of ATA11l7
<400> 9
atggctttct ctgetgacac ctctgaaatc gtttacaccc acgacaccgg tctggactat 60
atcacctact ctgactacga actggacccg gcetaaccege tggetggtgg tgetgettgg 120
atcgaaggtg ctttecgttec gecgtetgaa getcgtatct ctatcttocga ccagggttac 180
ctgcactctg acgttaccta caccgttitc cacgtttgga acggtaacge tttccgtctg 240
gacgaccaca tcgaacgtct gttctctaac getgaatcta tgcgtatcat cccgecgetg 300
acccaggacg aagttaaaga aatcgctctg gaactgygity ctaaaaccga actgcgtgaa 360
gcaatcgttt ctgtttctat cacccgtggt tactcttcta ccccaggtga acgtgacatce 420
accaaacatc gtccgcaggt ttacatgtac getgttecgt accagtggat cgtaccgttt 480
gaccgcatce gtgacggtgt tcacgctatg gttgctcagt ctgttcgtcg tactccgegt 540
tcttctatcg acccgcagygt taaaaacttc cagtgggotg acctgatccg tgcagttcag 600
gaaacccacg accgtggttt cgaagetccg ctgotgetgg acggtgacgg tctgetgget 660
gaaggtcegg gtttcaacgt tgttgttate aaagacggtg ttgttcgttc tccgggtogt 720
gcrgerctge cgggtatcac ccgtaaaacc gttctggaaa tcgetgaatc tctgggtcac 780
gaagctatcc tggcetgacat caccctggcet gaactgctgg acgcetgacga agttctgggr 840
tgcactaccyg gtggtggtgt ttggccgtte gtttctgttg acggtaacec gatctctgac 900
ggtgttccgg gtccggttac ccagtctatc atccgtegtt actgggaact gaacgttgaa 960
tctrcttcte tgotgaccee ggtacagtac 290
<210> 10
<211> 330
<212> PRT
<213> Artificial sequence
<220>
<223> variant of ATALlL7
<400> 10

Met Ala Phe Ser Ala Asp Thr Ser Glu Ile val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pro Ala Asn
Page 10



Pro

ser

val

65

ASD

Ile

val

Arg

Pro

145

ASp

Arg

Ala

Phe

225

Ala

ser

Leu

Glu

50

Thr

Asp

Pro

Ala

Arg

Thr

ASp

Pro

210

Asn

Ala

Leu

Ala
35

Ala

Tyr

Pro

Tyr

val

Ije

Pro

Leu

195

Lel

val

Leu

Gly

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

Leu

val

Pro

His
260

Gly

Ile

val

Glu

85

Thr

Giu

Ser

Met

Arg

Leu

va'l

Gly

Glu

Ala

Ser

Phe

70

Arg

GlIn

Leu

Thr

150

Gly

Ser

Ala

ASp

Ile

230

Ile

Ala

Ala

Tle

55

His

Leu

AsSp

Arg

Pro

135

Ala

val

Ile

val

Gly

Lys

Thr

Ile

Trp

40

Phe

val

Phe

Glu

Glu

120

Gly

val

His

Asp

Gln

200

ASp

ASp

Arg

Leu

25

Ile

Asp

Trp

Ser

val

105

Ala

Glu

Pro

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala
265

376247-035

Giu Gly Ala

Gln

AsSn

Ash

90

Lys

1le

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr

250

Asp

Gly

Gly

75

Ala

Glu

val

Asp

Gln

155

val

val

His

Leu

val

235

val

Ile

Tyr

60

Asn

Glu

Ile

ser

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Leu

Thr

Page 11

Phe

45

Leu

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Asn

Arg

Glu

Ser

Glu

Leu

30

val

His

Phe

Met

Leu

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Itle

Ala
270

Pro

ser

Arg

Arg

95

Glu

Ile

His

Pro

vai

175

Glin

Phe

Pro

Gly

Ala

255

Glu

Pro

Asp

l.eu

80

Ile

L.eu

Thr

Arg

Phe

160

Arg

rp

Leu



Leu

Pro
290

Pro
305

ser

<210> 11
<211> 990
<212> DNA
<213>

<220>
<223>

<400> 11

Asp Ala Asp Glu val Leu Gl
275

Phe val Ser val Asp G

280

295

310

325

Artificial Sequence

variant of aATall7

atggctitct ctgectgacac ctctgaaatc

atcacctact
atcgaaggtg
ctgcactcty
gacgaccaca
acccaggacy
gcattagttt
accaaacatc
gaccgeatec
fcttctateg
gaaacccacg
gaaggtccgg
gctgetetge
gaagctatcc
tgcactaccyg

ggtgttccgg
tctrettctc

<210> 12
<211> 330
<212> PRT

ctgactacga
ctttegttcee
acgttaccta
tcgaacgtcet
aagttaaaga
ctgtttctat
grccgeaggt
gtgacggtgt
acccgcaggt
accgtggtrtt
gtrtcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgaccec

actggacccg
gcegtctgaa
caccgtttte
gttctctaac
aatcgctctg
cacccgtggt
ttacatgtac
tcacgctatg
taaaaacttc
cgaagctceyg
tgttgtratc
ccgtaaaacc
caccetgget
ttggecgttce
ccagtctatc

ggtacagtac

376247 -
y Cys Thr Thr Gly g1y Gly val Trp
85

Ser Ser Leu Leu Thr Pro val Gln Tyr

330

gtttacaccc
gctaacccege
gctegtratet
cacgtttgga
gctgaatcta
gaactggttyg
tactcttcta
gctgttocgt
gttgctcagg
cagtggggtyg
ctgctgctyg
aaagacgatg
gttctggaaa
gaactgctgg
gtttctgtty

atccgtcgtt

035

val Thr GIn Ser Ile ITe Arg Arg Tyr ;rp Glu Leu Asn val Glu
15

acgacaccgg
tggctggtyg
ctatcttecga
acggtaacgc
tgcgtatcat
ctaaaaccga
ccccaggtga
accagtggat
ctgttcgteyg
acctgatccg
acggtgacgg
ttgttegtte
tcgctgaatce
acgctgacga
acggtaaccc

actgggaact

Page 12

ly Asn Pro Ile Ser Asp Gly val Pro Gly
9 300

320

tctggactat
tgctgettag
ccagggttac
titecgtety
cccgoegetry
actgcegtgaa
acgtgacatc
cgraccgtrtt
tactccgegt
tgcagttecag
tctgcotgyct
tcecgggtegt
tctgggtcac
agttctgggt
gatctctgac

gaacgttgaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800
960
950



<213>

<220>
<223>

<400>

artificial sequence

variant of ATAll7

12

Met Ala Phe

1

Gly

Pro

Ser

val

65

ASp

ITe

val

Arg

Pro

145

ASP

Arg

Gly

Ala

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Arg

Thr

Asp

Pro
210

ASp

Ala

35

Ala

Tyr

His

Pro

Tyr

val

Ile

Pro

Leu

195

Ley

Ser

TYP

20

Gly

Arg

Thr

Ile

Leu

100

Thr

ser

TYyr

ATy

Arg

ITe

Ley

Ala

5

Ile

Gly

Ile

val

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

Asp

Thr

Ala

Ser

Phe

70

Arg

Gin

Leu

Thr

Tyr

150

Gly

Ser

Ala

ASp

Thr

Tyr

Ala

Ile

55

His

Leuy

ASp

Arg

Pro

135

Ala

val

Ile

val

Gly
215

Ser

Ser

Trp

40

Phe

val

phe

Glu

Gly

120

Gly

val

His

Asp

Gin

200

Asp

Glu

ASp

25

Ite

ASp

Trp

Ser

val

105

Ala

Glu

Pro

Ala

Pro

185

Glu

Gly

376247-035

Itle

10

Tyr

Glu

Gin

Ash

Asn

90

Lys

t.eu

Arg

Tyr

Met

170

Gin

Thr

Leu

val

Glu

Gly

Gly

Gly

75

Ala

Glu

val

Asp

Glin

155

val

val

His

Leu

Tyr

Leu

Ala

Tyr

60

Asn

Glu

Ile

ser

Ile

140

Trp

Ala

Lys

Asp

Ala
220

Page 13

Thr

Asp

Phe

45

Leu

Ala

Ser

Ala

val

125

Thr

Ile

Gin

Asn

His

Pro

30

val

His

Phe

Met

Leu

110

Sear

LYyS

val

Ala

Phe

180

Gly

Asp

15

Ala

Pro

ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

rhe

Pro

Thr

Asn

Pro

Asp

Leu

80

Ile

Leu

Thr

Arg

Phe

160

Arg

Trp

Gly



376247-035

Phe Asn val val val Ile Lys Asp Gly val val
225 230 235
Ala Ala Leu Pro Gly Ile Thr Arg Lys Thr val
245 250
Ser Leu Gly His Gliu Ala ITe Leu Ala Asp Ile
260 265
Leu Asp Ala Asp Glu val Leu Gly Cys Thr Thr
275 280
Pro pPhe val ser val Asp Gly Ash Pro Ile Ser
290 295
Pro val Thr GIn Ser ITe Ile Arg Arg Tyr Trp
305 310 315
Ser Ser Ser Leu Leu Thr Pro val GIn Tyr
325 330
<210> 13
<211> 990
<212> DNA
<213> Artificial sequence
<220>
<223> Vvariant of ATA117
<400> 13
atggctttct ctgetgacac ctctgaaatc gtttacacec
atcacctact ctgaccacga actggacceg gcotaaccege
atcgaaggtg crttcgttcc gecgtcetgaa getcgtatct
ctgcactctyg acgctaccta caccgggttc cacgtttgga
gacgaccaca tcgaacgtct gttctctaac gctgaatcra
acccaggacg aagttaaaga aatcgctcty gaactggttyg
gcaatcgttt ctgtttctat cacccgtggt tactcttcta
accaaacatc gtccgecaggt ttacatgtac getgtteegt
gaccgcatcc gtgacggtgt tcacgctatg gttgotcagt
tcttctatcg acccgcaggt taaaaacttc cagtggggty
gaaacccacg accgtggtit cgaggctccg ctgetgetgg
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg
gctgctctge cgggtatcac ccgtaaaacc gttctggaaa

Arg ser Pro

Leu Glu TIle

Ala
270

Thr Leu

Gly Gly

Asp val

Glu Leu Asn

acgacaccgg
tggctggtyag
ctatcttcga
acggtaacge
tgcgtatcat
ctaaaaccga
ccccaggtga
accagtggat
ctgttegteg
acctgatccg
acggtgacgg
ttgttegttc

tcgetgaatc

Page 14

Gly Arg

240

Ala Glu

255

Glu Leu

val Trp
Gly

Pro

Glu
320

val

tctggactat
tgctgcttyg
ccagggttac
tttecgtety
cccgecgetyg
actgcgtgaa
acgtgacatc
cgtaccgttt
tactccgegt
tgcagttcag
tctgetgget
tcegggtegt

tctgggtcac

60
120
180
240
300
360
420
480
540
600
660
720
780



376247-035
gaagcratce tggetgacat caccctggcet gaactgetgg acgcotgacga agttctgggt 840

tgcactaccg gtggtggtgt ttggecgttc gtttctgttg acggtaaccc gatctctgac 900
ggtgttccgg gtccggttac ccagtctate atccgtegtt actgggaact gaacgttgaa 960
tcttcettete tgctgaccecc ggtacagtac 990
<210> 14

<211> 330

<212> PRT

<213> Artificial Seguence

<220>
<223> variant of ATA1l7

<400> 14

Met Ala phe Ser Ala Asp Thr Ser Glu Ile val Tyr Thr His Asp Thr
1

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp His Glu Leu Asp Pro Ala Asn
20 25 30

Pro Leu Ala Gly Gly Ala Ala Trp Ile Glu Gly Ala Phe val Pro Pro
35 40 45

Ser géu Ala Arg Tle ser %%e Phe Asp Gln Gly g%r Leu His Ser Asp

Ala Thr Tyr Thr Gly Phe His val Trp Asn Gly Asn Ala Phe Arg Leu
65 70 75 80

Asp Asp His Ile Glu Arg Leu Phe Ser Asn Ala Glu Ser Met Arg Ile
85 a0 95

I1e Pro Pro Leu Thr Gln Asp Glu val Lys Glu Ite Ala Leu Glu Leu
100 105 110

val Ala Lys Thr Glu Leu Arg Glu Ala ITe val ser val ser Ile Thr
115 120 125

Arg Gly Tyr Ser Ser Thr Pro Gly Glu Arg Asp Ile Thr Lys His Arg
130 135 140

Pro GIn val Tyr Met Tyr Ala val Pro Tyr Gln Trp Ile val Pro Phe
145 150 155 160

Asp Arg Ile Arg Asp Gly val His Ala Met val Ala GlIn ser val Arg
165 170 175

Page 15



Arg

Ala

Phe

225

Ala

ser

Leu

Pro

Pro

305

ser

Thr

ASp

Pro

210

Asn

Ala

Leu

Asp

Phe

280

val

ser

<210>
<Z211>
<212>
<213>

<220>
<223>

<400>

atggctttct ctgctgacac ctctgaaatc

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

ser

15
990
DNA

Arg

180

Ile

Leu

val

Pro

His

260

Asp

Ser

Gln

Leu

Sar

Arg

Leu

val

Gly

Glu

Glu

val

Ser

Leu
325

Ser

Ala

Asp

Ile

230

Ala

val

Asp

Ite

310

Thr

Ile

val

Gly

Lys

Thr

Ile

Leu

Gly

Ile

Pro

Artificial Segquence

variant of ATA11l7

15

atcacctact

atcgaaggtg

ctgacttctyg

gacgaccaca

acccaggacg

gcaatcgttt

ctgaccacga
ctttcgtice
acgctaccta
tcgaacgtet
aagtraaaga

ctgtttctat

AsSp

Glin

200

ASp

Asp

Arg

Leu

Gly

Asn

Arg

val

actggaceccyg
gccgtctgaa
caccgggttc
grtctetaac
aatcgctctg

cacccgtggt

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

Pro

Arg

Gln

376247-035
GIn val Lys

Thr

Leu

val

Thr

250

Asp

Thr

ITe

Tyr

Tyr
330

His

Leu

val

235

val

Ile

Thr

Ser

Trp
315

gtttacaccc

gctaaccege

gctcgtatct

cacgtttgga

gctgaatcta

gaactggttg

tactcttcta

Asp

Ala

220

Arg

Leu

Thr

Gly

300

Glu

Asn

Arg

205

Glu

Ser

Glu

Leu

Leu

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

ASn

acgacaccgg

tggctggtog
ctatcttega

acggtaacgc

tgcgtatcat

ctaaaaccga

cccecaggtga

Page 16

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

tectggactat
tgctgcttgy
ccagggttac
tticegtotg
ccogecgety
actgcgtgaa

acgtgacatc

Trp

Glu

Gly

Leu

Trp

Gly

Glu
320

60
120
180
240
300
360
420



376247-035

accaaacatc gtccgcaggt tracatgtac getgttccgt accagtggat

gaccgcatce gtgacggtgt tcacgctatg gttgetcagt ctgttegteg

tcttctatcg acccgeaggt taaaaactic cagtggggty acctgatccg

gaaacccacg accgtggttt cgaggctccg ctgctgetgg acggtgacgg

gaaggtccgg gttacaacgt tgttgttate aaagacggtg ttgttegtte

gctgetetyge cgggtatcac ccgtaaaace gttctggaaa tcgetgaatc

gaagctatcc tggcetgacat caccctgget gaactgetgg acgctgacga

tgctcaaccy gtggtggtgt ttggccgttc gttrctgrttg acggtaaccc

ggtgttccgg gtccggttac ccagtctatce atccgtcgtt actgggaact

tcttctictc tgctgaccee ggtacagtac

<210> 16

<211> 330

<212> PRT

<213»> Artificial Seguence

<220

<223> variant of ATA1L7

<400> 16

Met Ala Phe Ser Ala Asp Thr Ser Glu Ile val Tyr Thr His

1 5 10 :

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp His Glu Leu Asp Pro
20 25 30

Pro Leu Ala Gly Gly Ala Ala Trp Ile Glu Gly Ala Phe val

35 40 45
Ser Glu Ala Arg Ile Ser Ile Phe Asp Gln Gly Tyr Leu Thr
50 55 60

Ala Thr Tyr Thr Gly Phe His val Trp Asn Gly Asn Ala Phe

65 70 75

Asp Asp His Ile Glu Arg Leu Phe Ser Asn Ala Glu Ser Met

85 90

Ile Pro Pro Leu Thr GIn Asp Glu val Lys Glu Ile Ala teu
100 105 110

val Ala Lys Thr Glu Leu Arg Glu Ala ITe val Ser val ser

115 120 125

Page 17

cgtaccgttt
ttcteegegt
tgeatgygcag
rctgetggct
tcegggteogt
tctggyteac
agttctgggt
gatctctgac

gaacgttgaa

Asp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

Thr

Asn

Pro

ASp

Leu

80

Ile

Leu

Thr

480
540
600
660
720
780
840
900
960
990



: 376247-035 )
Arg Gly Tyr Ser Ser Thr Pro Gly Glu Arg Asp Ile Thr Lys His Arg
130 135 140

Pro GIn val Tyr Met Tyr Ala val Pro Tyr Gln Trp Ile val Pro Phe
145 150 155 160

Asp Arg Ile Arg Asp Gly val His Ala Met val Ala Gin Ser val Arg
165 170 175

Arg ser Pro Arg Ser Ser Ile Asp Pro Gln val Lys Asn Phe GIn Trp
180 185 190

Gly Asp Leu ITe Arg Ala Trp GIn Glu Thr His Asp Arg Gly Phe Glu
195 200 205

Ala Pro Leu Leu Leu Asp Gly Asp Gly Leu Leu Ala Glu Gly Pro Gly
210 215 220

Tyr Asn val val val Ile Lys Asp Gly val val Arg Ser Pro Gly Arg
225 230 235 240

Ala Ala Leu Pro Gly Ile Thr Arg Lys Thr val Leu Glu Ile Ala Glu
245 250 255

Ser Leu Gly His Glu Ala Ile teu Ala Asp Ile Thr Leu Ala Glu Leu
260 265 270

Leu Asp Ala Asp Glu val teu Gly Cys Ser Thr Gly Gly Gly val Trp
275 280 285

Pro Phe val Ser val Asp Gly Asn Pro Ile Ser Asp Gly val Pro Gly
290 295 300

Pro val Thr Gln Ser ITe Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
305 310 315 320

Ser Ser Ser Leu Leu Thr Pro val GlIn Tyr
325 330

<210> 17

<211> 990

<212> DNA

<213> Artificial sequence

<220>
<223> Vvariant of ATAL1l7

<400> 17
atggcttict ctgctgacac ctetgaaatc gtttacacce acgacaccgg tctggactat 60

Page 18



376247-035
atcacctact ctgaccacga actggacccg gctaacccge tggotggtgg tgcrgettgg 120
atcgaaggtg ctttegttcocc gocgictgaa getcgtatet ctatcttcga ccagggtrtac 180
ctgttctctg acgctaccta caccgggttc cacgtttgga acggtaacge tttccgtctg 240
gacgaccaca tcgaacgtct gttctctaac gcotgaatcta tgecgtatcat cecgecgety 300
acccaggacy aagtraaaga aatcgctctg gaactggttg ctaaaaccga actgcgtgaa 360
gcagtagttt ctgtttctat cacccgtggt tactctteta ccccatatga gegtgacatc 420
accaaacatc gtccgcaggt ttacatgtac getgttecgt accagtggat cgtaccgttt 480
gaccgcatcc gtgacggtgt tcacgctatg gttgotcagt ctgttcgteog tactcecgogt 540
tcttctateg acccgcaggt taaaaacttc cagtggggtg acctgatccg tgeaattcag 600
gaaacccacg accgtggrtt cgagetgecyg ctgetgcetgg acggtgacgg tctgetgget 660
gaaggtccgg gtracaacgt tgttgttatc aaagacggtg trgttegttc tccgggtogt 720
gctgcetetge cgggtatcac ccgtaaaacc gttctggaaa tcgctgaatc tetgggtcac 780
gaagctatcc tggctgacat caccctggct gaactgetgg acgctgacga agttctgggt 840
tgctcaaccg gtggtggtgt ttggecgtic gtttctgtty acggtaaccc gatctctgac 800
ggtgticcgg gtccggttac ccagtctatc atccgtcgtt actgggaact gaacgttgaa 960
tcttecttete tgctgaccce ggtacagtac 990
<210> 18
<231> 330
<212> PRT
<213> Artificial sequence
<220>
<223> Vvariant of ATAll7
<400> 18
Met Ala Phe Ser Ala Asp Thr Ser Glu Ile val Tyr Thr His Asp Thr
1 5 10 15
Gly Leu Asp Tyr Ile Thr Tyr Ser Asp His Glu Leu Asp Pro Ala Asn
20 25 30
Pro Leu Ala Gly Gly Ala Ala Trp I1e Glu Gly Ala Phe val Pro Pro
35 40 45
Ser Glu Ala Arg Ile Ser Ile phe Asp GIn Gly Tyr Leu Phe Ser Asp
50 33 60
Ala Thr Tyr Thr Gly Phe His val Trp Asn Gly Asn Ala Phe Arg Leu
65 70 75 80

Page 19



AsSp

Ile

val

Arg

Pro

145

Asp

Arg

Leu

Tyr

225

Ala

Ser

Leu

Pro

Pro

305

Ser

Asp

Pro

Ala

Gly

Gln

Arg

Thr

ASp

Pro

210

Asn

Ala

Leu

Asp

Phe

290

val

Ser

His

Pro

Tyr

val

ITe

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

Ser

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

l.eu

val

Pro

His

260

Asp

Ser

Gln

Leu

Glu

85

Thr

Glu

Ser

MetT

Asp

Ser

Arg

Leu

val

Gly

Glu

Glu

val

ser

Leu
325

Arg

GIn

Leu

Thr

Tyr

150

Gly

Ser

Ala

ASp

ITe

230

Ile

Ala

val

ASp

Tle

310

Thr

ifeu

ASD

Arg

Pro

135

Ala

val

Ile

Ile

LYS

Thr

ITe

Leu

Pro

Phe

GTu

Glu

120

Tyr

val

His

Asp

Gin

200

Asp

ASD

Arg

lLeu

Gly

280

Asn

Arg

val

val

165

Ala

Glu

Pro

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

Pro

Arg

Gin

376247-035
Ser Asn Ala Glu

90

Lys

val

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr

250

ASp

ser

Ile

Tyr

Tyr
330

Glu

val

AsSp

Gln

155

val

val

His

Leu

val

235

val

Ile

Thr

Ser

Ile

Ser

Ile

140

Trp

Ala

Lys

ASp

Ala
220

Arg

Leu

Thr

Gly

AsSp

300

Glu

page 20

Ser

Ala

val

125

Thr

Ile

GlIn

Ash

205

Glu

Ser

Glu

Leu

Gly

Gly

Leu

Met

Leu

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

Arg

95

Glu

Ile

His

Pro

val

175

Gin

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Ile

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg

240

Glu

Leu

Tep

Gly

Glu
320



<210> 19

<211> 990
<212> DNA
<213>

<220>
<223>

<400> 19
atggcrtrct

atcacctact
atcgaaggtg
ctgacctctg
gacgaccaca
acccaggacg
gcagtagttt
accaaacatc
gaccgeatcc
tcttctatcg
gaaacccacg
gaaggtccgg
gctgetetge
gaagctatcc
tgctcaaccy

ggtgttcecgg
tertcticte

<210> 20

<211> 330
<212> PRT
<213>

<220>
<223>

<400> 20

1

ctgctgacac
ctgaccacga
ctttegttree
acgctaccta
tcgaacgtct
aagttaaaga
ctgtttctat
gtccgecaggt
gtgacggtgt
acccgeaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggcrgacat
gtggtggtgt
gtceggttac

tgctgacccec

Artificial Seguence

variant of ATALL7

ctctgaaatc
actggacccg
gcegtctgaa
caccgggttc
gttctctaac
aatcgctctg
caccegtggt
ttacatgtac
tcacgctaty
taaaaacttc
cgagctgeeg
tgttgttate
ccgtaaaacc
caccctggct
ttggcegtte
ccagtctatc

ggtacagtac

Artificial Ssequence

variant of ATAll7

376247 -

gtttacaccc
gctaaccege
gctegtatct
cacgtttgga
gctgaatcta
gaactggttg
tactcticta
gctgriccgt
gttgctcagt
cagtgggytg
ctgctgctgg
daagacggtg
gttctggaaa
gaactgctgg
gtttctgttg

atccgtogtyt

035

acgacaccgg
tggctggtyg
ctatcttcga
acggtaacgc
tgcgtatcat
ctaaaaccga
cceecatatac
accagtggat
ctgttcgteg
acctgatccg
acggtgacgg
rTtgttegttc
tcgctgaatce
acgctgatga
acggtaaccc

actgggaact

tctggactat
tgctgettgg
ccagggttac
tttcegtety
ccecgeegetg
actgegtgaa
tcgtgacate
cgtaccgttt
tactccgegt
tycaattcag
tectgetgget
tccgggtegt
tctgggtcac
agttctygggt
gatctctgac

gaacgttgaa

Met Ala Phe Ser Ala Asp Thr Ser Glu Ile val Tyr Thr His Asp Thr
5 10

15

Gly Leu Asp Tyr Ile Thr Tyr Ser gsp His Glu Leu Asp Pro Ala Asn
20 3

30

Page 21

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
860
990



Pro

Ser

Ala

63

Asp

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

ser

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Gly

Gln

Arg

Thr

ASp

Pro

210

Asn

Ala

Leu

Asp

Ala

35

Ala

Tyr

His

Pro

Lys

115

Tyr

val

Ile

Pro

Leu

185

Ley

val

Leu

Gly

Ala
275

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Tle

Leu

val

Pro

His

260

Asp

Gly

Ile

Gly

Glu

85

Thr

Glu

ser

Met

ASp

ser

Arg

Leu

val

Glu

Ala

Ser

Phe

70

Arg

Gin

Leu

Thr

Tyr

150

Gly

Ser

Ala

ASp

Ile

230

Ile

Ala

val

Ala

1le

535

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

LysS

Thr

Ile

Leu

Trp

40

Phe

val

Phe

Glu

Glu

120

Tyr

val

His

Asp

GIn

200

Asp

AsSp

Arg

l.eu

Gly

Ile

Asp

Trp

ser

val

105

Ala

Thr

Pro

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

376247~035
Glu Gly Ala

GIn

Asn

Asn

20

Lys

val

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr

250

Asp

Gly

Gly

75

Ala

Glu

val

Asp

GlIn

155

val

val

His

Leu

val

235

val

Ile

Tyr

60

Asn

Glu

Ile

Ser

Tle

140

Trp

Ala

LYS

Asp

Ala

220

Arg

l.ey

Thr

Ser Thr Gly

Page 22

Phe

45

Leu

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Asn

Ser

Glu

Leu

Gly

val

Thr

Phe

Met

l.eu

110

Ser

Lys

val

Ser

Phe

190

Gly

Pro

Ile

Ala

270

Gly

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Glin

Phe

Pro

Gly

Ala

255

Glu

val

Pro

Asp

Leu

80

Ile

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg

240

Glu

Leu

Trp



376247-035

Pro Phe val Ser val Asp Gly Asn Pro Ile Ser Agg Gly val Pro Gly
3

290

305

295

310

Pro val Thr GlIn Ser Ile Ile Arg Arg Tyr g;g Glu Leu Asn val Glu

Ser Ser Ser Leu teu Thr Pro val GlIn Tyr

<210
<211>
<212>
<213>

<220>
<223>

<400>

atggcetttet ctgctgacac ctctgaaatc
atcacctact ctgaccacga actggacccyg
atcgaaggtg ctttcgttcc gccgtctgaa
ctgacctctyg acgctaccta caccgggttc
gacgaccaca tcgaacgtct gtictctaac
acccaggacg aagttaaaga aatcgctctg
gcaatcgttt ctgtttctat cacccgtggt
accaaacatc gtccgcaggt ttacatgtac
gaccgcatcce gtgacggtgt tcacgctatg
tcttctatey acccgcaggt taaaaacttc
gaaacccacg accgtggttt cgagctgccg
gaaggtccgg gtttcaacgt tgtrgttatc
gctgctctyge cgggtatcac ccgtaaaacc
gaagctatcc tggetgacat caccctgget
tgctcaaccy gtggtggtgt ttggeccgtic
ggtgrtccgg gtccggttac ccagtctate

tcttcttete tgctgaccec ggtacagrac

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

<220>

325
21
990
DNA
Artificial Seguence

variant of ATAl1l7
21

22

330

PRT

Artificial seguence

330

gtttacaccc acgacaccgg
gctaacccge tggctggtag
gctcgtatet ctatcttega
cacgrttgga acggtaacgc
gctgaatcta tgegtatcat
gaactggttg ctaaaaccga
tactcttcta ccccatatat
gctgttcecgt accagtggat
gttgctcagt ctgttegteg
cagtgggytg acctgatccg
ctgctgctgg acggtgacgg
aaagacggtg ttgttcgtte
gttctggaaa tcgctgaatc
gaactgctgg acgctgacga
gtrtctgttg acgygtaacce

atccgtegtt actgggaact

Page 23

320

tctggactat
tgctgettgg
ccagggttac
tttecgtetyg
cccgecgetg
actgcgtgaa
tcygtgacatc
cgtaccgrtt
tactccgegt
tgcaattcag
tctgetgget
tccgggtegt
tctgggtcac
agttctgggt
gatctctgac

gaacgttgaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
990



<223>
<400>

Met Ala Phe Ser Ala
1

Gly

Pro

Ser

Ala

65

Asp

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe
225

Leu

Leu

Glu

50

Th

Asp

Pro

Ala

Arg

Thr

ASp

Pro

210

Asn

ASpP

Ala

35

Ala

Tyr

His

Pro

Lys

Tyr

val

Ile

Pro

Leu

195

Leu

val

Tyr

20

Gly

Arg

Thr

Ile

Ley

100

Thr

Ser

Tyr

Arg

Arg

Ile

Leu

val

5

Ile

Gly

Ie

Gly

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

val

variant of ATAll7
22

Asp Thr

Thr Tyr

Ala Ala

Ser Ile

55

Phe His
70

Arg Leu
Gln Asp
Leu Arg
Thr Pro

135

Tyr Ala

150

Gly val

Ser Ile

Ala Ile

Asp Gly

Ile Lys
230

Ser

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Tyr

val

His

Asp

Gln

200

Asp

AsSp

Glu

Asp

25

1le

Asp

Trp

Ser

val

105

Ata

Ile

Pro

Ala

Pro

185

Glu

Gly

Gly

376247-035

ITe val

10

His Glu

Glu Gly

Gln Gly

Asn Gly

75

Asn Ala

90

Lys Glu

Ite val

Arg Asp

Tyr Glin

155

Met val
170

Gin val

Thr His

Leu teu

val

val
235

Tyr

l.eu

Ala

Tyr

60

Asn

Glu

Ile

Ser

Ile

140

Trp

Ala

Lys

ASp

Ala

220

Arg

Page 24

Thr

ASp

Phe

45

Leu

Ala

Ser

Ala

val

125

Thr

Ile

GlIn

Asn

Arg

205

Glu

ser

His

Pro

30

val

Thr

Phe

Met

Leu

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

AsSp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gin

Phe

Pro

Gly

Thr

AsSn

Pro

ASp

Leu

80

ITe

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly



Ala Ala Leu

ser Leu Gly

Ala
275

Leu Asp

Phe val

290

Pro

pro val Thr

305

ser Ser Ser

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

<220>
<223>

<400>

23
990
DNA

23

Pro

His
260

Asp Glu

val

Ser

GIn ser

Ile
Ala Ile
val
Asp Gly

5

Ile

Thr

Arg

L.ey

Leu

Ite Arg

310

Leu Leu

325

Thr

Pro val

Artificial Sequence

variant of ATAll7

atggcttict ctgctgacac ctctgaaatc

atcacctact
atcgaaggtg
ctgacctetg
gacgaccaca
acccaggacg
gcaatcgttt
accaaacate
gaccgcatcce
tcttctatceg
gaaacccacg
gaaggtccgg
gctgetetge
gaagctatcc

tgctcaaccg

ctgaccacga
ctrtcgttec
acgctaccta
tcgaacgtct
aagttaaaga
ctgtrtctat
gtccgeaggt
gtgacggtgt
accecgeaggt
accgtggrtt
gttacaacgt
cgggtatcac

tggctgacat
gtggtggtgt

actggacccg
geegtctgaa
caccgyggttce
gttctctaac
aatcgctctg
cacccgtggt
ttacatgtac
tcacgetatg
taaaaacttc
cgagcetgeceg
tgttgttatc
ccgtaaaacc
caccctgget

ttggecegttc

Ala Asp
265

Cys Ser

Pro Ile

376247-
Lys Thr val Leu

250

ITe

Thr

Ser

Arg Tyr Trp

315

Gln Tyr

330

gtttacaccc
gctaaccege
gctecgtatct
cacgtttgga
gctgaatcta
gaactggttg
tactcitcta
getgtteegt
gttgctecagt
cagrggggtg
ctgctgetgy
aaagacggtg
gttctggaaa
gaactgctgg

gtttctgtty

035

Glu Ile

Ala
270

Thr Leu

Gly Gly Gly
285

Gly val

Leu Ashn

acgacaccgg
tggctggtgg
ctatcttega
acggtaacgc
tgcgtatcat
ctaaaaccga
ccccatatac
accagtggat
ctgttcgteg
acctgatccg
acggtgacgg
ttgttegrtc
tcgcetgaate
acgctgacga

acggtaaccce

Page 25

Ala clu
255

Glu Leu

val Trp

Pro Gly

val Glu
320

tctggactat
tgctgettgy
ccagggttac
ttteegtctg
CCegeegety
actgcgtgaa
tcgtgacatc
cgtaccgttt
tactccgegt
tgcaattcag
tctgctgget
tcecgggtegt
tctgggtcac
agttctgggr

gatctctgac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
9500



ggtgttcegg gtccggttac ccagtctatc atccgtcogtt actgggaact gaacgttgaa

tcttcttcte tgctgacccc ggtacagtac

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

<220>
<Z223>

<400>
Met Ala
1

Gly Leu
Pro Leu
ser Glu

50

Ala Thr
65

AsSp Asp
Ile Pro
val Ala
Arg Gly
Pro Gln
145

Asp Arg

Arg Thr

24
330
PRT

Artificial Seguence

variant of ATA11l7

24
Phe

Asp

Ala

35

Ala

Tyr

His

Pro

LyS

115

Tyr

val

Ile

Pro

Ser Ala Asp Thr

Tyr

20

Gly

Arg

Thr

Ile

Ley

100

Thr

Ser

Tyr

Arg

Arg

5

Ile

Gly

Ile

Gly

Glu

85

Thr

Glu

Ser

Met

Asp

Ser

Thr

Ala

Ser

phe

70

Arg

Gin

Leu

Thr

Tyr

150

Gly

ser

Tyr

Ala

Ile

55

His

Leu

AsSp

Arg

Pro

135

Ala

val

Ile

Ser

Ser

Trp

40

Phe

va'l

Phe

Glu

Ghu

120

Tyr

val

His

Asp

ASp
25

‘Ile

ASpP

Trp

ser

val

105

Ala

Thr

Pro

Ala

Pro
185

376247-035

Ile

10

His

Glu

Gin

Asn

ASN

9G

Lys

Ile

Arg

Tyr

Met
i70

val

Glu

Gly

Gly

Gly

75

Ala

Glu

val

Asp

Tyr

Ley

Ala

Tyr

60

Asn

Glu

Ile

Ser

Ile

140

Trp

Ala

Gln val Lys

Page 26

Thr

Asp

Phe

45

Leuy

Ala

Ser

Ala

val

125

Thr

Ile

Glin

ASh

His

pro

30

val

Thr

Phe

Met

Leu

110

Ser

LysS

val

Ser

pPhe
130

Asp

15

Ala

Pro

ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gin

Thr

Asn

Pro

Asp

Leu

80

Ile

Leu

Thr

Arg

Phe

160

Arg

Trp

960
990



Gly

Leu

Tyr

Ala

Ser

Leu

Pro

Pro

305

Ser

AsSp

Pro

210

Asn

Ala

Leu

ASp

Phe

290

val

ser

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

<220>
<223>

<4G0>
atggctttct

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

ser

25
990
DNA

Ile

Leu

val

Pro

His

260

Asp

Ser

Glin

Leu

Arg

Leu

val

Gly

Glu

Glu

val

Ser

Leu
325

Ala

ASD

Ile

230

Ile

Ala

val

AsSp

Ile

310

Thr

Ite

Lys

Thr

Ile

Leu

Pro

Artificial Seguence

variant of ATAllL7

25

atcacctact

atcgaaggtg

ctgcactctg

gacgaccaca

acccaggacyg

gcagtagttt

accaaacatc

gaccgcatce

ctgaccacga
ctttegtece
acgctaccta
tcgaacgtet
aagttaaaga
ctgtttctat
gtccgcaggt
gtgacggtyt

Gln

200

ASp

Asp

Arg

Leu

Gly

Asn

Arg

val

ctgctgacac ctctgaaatc
actggacccyg
gcecgtctgaa
caccgggrtce
gttctctaac
aatcgetctg
cacccgtggt
ttacatgtrac

tcacgctatg

Glu

Gly

Gly

Lys

Ala

265

Cys

Pro

Arg

Gln

gtttacaccc
gctaacccge
gctcgtatct
cacgtttgga
gctgaatcta
gaactggttg
tactcttcta
gctgttecgt

gttgctcagg

376247-035

Thr His Asp

Leu Leu Ala
220

val val Arg
235

Thr val Leu
250

Asp Ile Thr

Ser Thr Gly

Ile Ser Asp
300

Tyr Trp Glu
315

TYyr
330

Page 27

Ser

Glu

lLeu

Leu

Gly

Gly

Pro

Ile

Ala

270

Gly

val

ASn

acgacaccgg
tggctggtgy
ctatcttcga
acggtaacgc
tgcgtatcat
ctaaaaccga
ccccatatat
accagtggat

ccgttegteg

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

tctggactat
tgctgettyg
ccagggttac
tttecegtotg
ccegecgety
actgcgtgaa
tegtgacatce
cgtaccgttt

tactcegegr

Glu

Gly

Leu

Trp

Gly

Glu
320

60
120
180
240
300
360
420
48Q
540



tcttetateg

gaaacccacy

gaaggtccgg
gctgctctge

gaagctatcce

tgcactaccyg

ggtgttccagg
tctecticte

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

<220>
<223>

<400>

1

Gly

Pro

Ser

Ala

65

Asp

Ife

val

Arg

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Gly

26
330
PRT

acccgecaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgaccce

Artificial Sequence

Variant of ATAll7

26

Asp
Ala
35

Ala
Tyr
His
Pro

Lys

Tyr

Tyr
20

Gly
Arg
Thr
Ile
l.eu
100

Thr

Ser

Met Ala Phe Ser Ala
5

ITe

Gly

Ile

Gly

Glu

85

Thr

Glu

Ser

Asp Thr Ser

Thr Tyr Ser

Ala Ala Trp

40

Ser Phe

Phe val

70

Arg Leu Phe

GIn Asp Glu

Glu
120

Leu Arg

Thr Pro

135

Tyr

taaaaacttc
cgagctgecyg
tgttgttgtc
ccgtaaaacc
caccctgget
ttggeegrtc
ccagtctatc

ggtacagtac

376247-035

cagtggggtg acctgatccg

ctgctgctygg acggtgacgg

aaagacggtg
gttctggaaa
gaactgctgg
gtttctgtty

atccgtegrt

Glu

ASp

25

Ile

ASp

Trp

ser

val

105

Ala

Ile

ITe val

10

Tyr

His Glu Leu

Glu Gly Ala

Gln Gly Tyr

60

Gly
75

Asn Asn

Asn Ala Glu

90

Lys Glu Ile

val val Ser

Arg Asp Ile
140

Page 28

Thr

ASp

Phe

45

Leu

Ala

Ser

Ala

val

125

Thr

ttgttegtte
tcgetgaatce
acgctgacga
acggtaaccc

actgggaact

His

Pro

30

val

His

Phe

Met

Leu

110

Ser

Lys

tgcaattcag
tctgetggct
tcegggtegt
tctgggtecac
agttctgggt
gatctctgac

gaacgttgaa

Asp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Thr

Asn

Pro

ASp

Leu

80

ITe

Leu

Thr

Arg

600
660
720
780
840
900
960
990



376247-035
Pro GIn val Tyr Met Tyr Ala val Pro Tyr GIn Trp Ile val Pro phe
145 150 155 160

Asp Arg Ile Arg Asp Gly val His Ala Met val Ala GIn Ala val Arg
165 170 175

Arg Thr Pro Arg Ser Ser Ile Asp Pro GIn val Lys Asn Phe Gln Trp
180 185 190

Gly Asp Leu Ile Arg Ala Ile GIn Glu Thr His Asp Arg Gly pPhe Glu
195 200 205

Leu Pro Leu Leu Leu Asp Gly Asp Gly Leu Leu Ala Glu Gly Pro Gly
210 215 220

phe Asn val val val val Lys Asp Gly val val Arg Ser Pro Gly Arg
225 230 235 240

Ala Ala Leu Pro Gly ITe Thr Arg Lys Thr val Leu Glu Ile Ala Glu
245 250 255

ser Leu Gly His Glu Ala Ile Leu Ala Asp Ile Thr Leu Ala Glu Leu
260 265 270

Leu Asp é?a Asp Glu val Leu G%y Cys Thr Thr Gly Gly Gly val Trp
75 P

o
N
o9
51

Pro Phe val Ser val Asp Gly Asn Pro Ile Ser Asp Gly val Pro Gly
290 295 300

Pro val Thr Gin Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
305 310 315 320

Ser Ser Ser Leu Leu Thr Pro val Gln Tyr
325 330

<210> 27

<211> 990

<212> DNA

<213> Artificial Sequence

<220>
<223> variant of ATAll7

<400> 27
atggctttct ctgctgacac ctctgaaatc gtttacacce acgacaccgg tctggactat 60

atcacctact ctgaccacga actggacccg gctaacccge tggetggtgg tgotgoitag 120

atcgaaggtg ctttcgttce gecgtetgaa getcgtatct ctatcttcga ccagggttac 180
Page 29



ctgacctctg
gacgaccaca
acccaggacy
gcacatgttt
accaaacatc
gaccgcatcc
tcttctatcg
gaaacccacg
gaaggtccgy
gctgetetge
gaagctatcc
tgctcaaccg

ggtgttccgg
tcttcttcte

<Z210>
<211>
<212>
<Z213>

<220>
<223>

<400>

28
330
PRT

28
Met Ala Phe
1

Gly

Leu Asp

Ala
35

Pro Leu

Gly Ala

50

Ser

Ala Thr

65

Tyr

Asp Asp His

acgctaccta
tcgaacgtct
aagttaaaga
ctgtttctat
gtccgeaggt
gtgacggtgt
acccgeaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgacccc

Ala As
5

Ser

Tyr Ile Th

20

Gly Gly Al

Arg Ile Se

Thr Gly Ph

70

Ile Glu Ar
85

caccgggttc
gttctctaac
aatcgctcty
caccecgtggt
ttacatgtac
tcacgetatg
taaaaacttc
cgagctgeceg
tgttgttatc
ccgtaaaacc
caccctggct
ttggcegttc
ccagtctatc

ggtacagtac

Artificial sequence

variant of ATAll7

p Thr Ser

r Tyr Ser

a Ala Trp

40

r Ile pPhe

55

e His val

g Leu Phe

376247~

cacgttrrgga
gctgaatcta
gaactggttyg
tactctteta
gctgttcegt
gttgctcagt
cagtggggtg
ctgctgetyg
aaagacggtg
gttctggaaa
gaactgetgy
gtrrctgttg

atccgregtt

rte val

10

Glu

Asp His Glu

25

Ile Glu Gly

Asp GIn Gly

Trp Asn Gly

75

Ser Asn Ala

90

035

acggtaacgc
tgcgtatcat
ctaaaaccga
ccccatatat
accagtggat
ctgttegteg
acctgatccg
acggtgacgg
ttgttogttc
tcgctgaate
acgctgacga
acggtaaccc

actgggaact

Tyr Thr His

Leu Pro

30

ASp

Phe val

45

Ala

Tyr Leu Thr

60

Ash Ala phe

Glu sSer Mmet

rPage 30

ttteecgtctg
cccgecgetg
actgegtgaa
tcgtgacate
cgtaccgttt
tactccgegt
tycaattcag
tctgetggct
tcegggtegt
tctgggtcac
agttctgggt
gatctctgac

gaacgttgaa

Asp Thr

15

Ala Asn

Pro Pro
ser

Asp

L.eu
80

Arg

Arg Ile

95

240
3060
360
420
480
540
600
660
720
780
840
900
960
990



Ile

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

Ser

Leu

Pro

Pro

305

Ser

Pro

Ala

Arg

Thr

Asp

Pro

210

Asn

Ala

Leu

Asp

Phe

290

val

sSer

<210>
<211>

Pro

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

Ser

29
990

Leu

100

Thr

Ser

Tyr

Arg

Arg

180

Ile

Leu

val

Pro

His

260

Asp

Ser

GIn

Leu

Thr

Glu

ser

Met

Arg

Leu

val

Gly

Glu

Glu

val

Ser

Leu
325

Gln

Leu

Thr

Tyr

Gly

Ser

Ala

Asp

Ile

230

Ile

Ala

val

AsSp

ITe

310

Thr

Asp

Arg

Pro

135

Ala

val

ITe

ITe

Gly

Lys

Thr

Ile

Leu

Pro

Glu

Glu

120

Tyr

val

His

Asp

Gln

200

ASp

Asp

Arg

Leuy

Gly

Asn

Arg

val

val

105

Ala

Ile

Pro

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

Pro

Arg

Gln

376247-035
Lys Glu Ile

His

Arg

Tyr

Met

170

GIn

Thr

Leu

val

Thr

250

ASp

Ser

ITe

Tyr

Tyr
330

val

ASp

Gln

155

val

val

His

Leu

val

235

val

Iie

Thr

Ser

Ser

Ile

140

Trp

Ala

Lys

ASD

Ala

220

Arg

Leu

Thr

Gly

Asp

300

Glu

Page 31

Ala

val

125

Thr

Ile

Gln

Asn

Ser

Glu

Leu

Gly

Gly

lLeu

Leu

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ata

270

val

Asn

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

val

Pro

val

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg

Glu

Leu

Trp

Gly

Glu
320



376247-035

<212> DNA

<213> Artificial sequence

<220>

<223> variant of ATAL11l7

<400> 29

atggcttict ctgetgacac ctctgaaatc gtttacaccc acgacaccgg tctggactat 60
atcacctact ctgaccacga actggacccg getaacccge tggcetggtgg tgetgcttgy 120
atcgaaggtyg ctttegttcc goccgtctgaa getcgtatet ctatcticga ccagggttac 180
ctgacclictg acgctaccta caccacgttc cacgtttgga acggtaacge titeegtetg 240
gacgaccaca tcgaacgtct gttctctaac getgaatcta tgegtatcat cccgecgetg 300
acccaggacg aagttaaaga aatcgetctg gaactggttg ctaaaaccga actgegtgaa 360
gcaatcgttt ctgtttctat cacccgtggt tactcttcta ccccatatat tcgtgacatce 420
accaaacatc gtccgcaggt ttacatgtac gctgttccgt accagtggat cgtaccgttt 480
gaccgcatce gtgacggtgt tcacgctatg gttgctcagt ctgttcgtcg tacrccgegt 540
tcttctateg acccgeaggt taaaaacttc cagtgggyty acctgatccg tgcaaticag 600
gaaacccacg accgtggttt cgagctgcecg ctgctgetgg acggtgacgg tetgotgget 660
gaaggtccgg gtticaacgt tgttgttatce aaagacggtg ttgttcgttc tccgggtegt 720
gctgctctgce cgggtatcac ccgtaaaacc gttctggaaa tcgctgaatc tctgggtcac 780
gaagctatcc tggctgacat caccctgget gaactgetgg acgctgacga agttctgggt 840
tgctcaaccg gtggtggtgt ttggccgttc gtttotgttg acggtaacce gatcictgac 800
ggtgttccgyg gtccggttac ccagtctate atcegtegtt actgggaact gaacgttgaa 960
tcttcttete tgoctgacccce ggtacagtac 990
<210> 30

<211> 330

<212> PRT

<213> Artvificial Sequence

<220>

<223> variant of Atall?7

<400> 30

Met Ala Phe Ser Ala Asp Thr Ser Glu Ile val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp His Glu Leu Asp Pro Ala Asn
20 25 30

Fro Lteu Ala Gly Gly Ala Ala Trp ITe Glu Gly Ala Phe val Pro Pro
35 40 45

Page 32



Ser

Ala

65

Asp

Ile

val

Arg

Pro

145

Asp

Arg

Leu

Phe

225

Ala

Ser

Leu

Pro

Glu

50

Thr

ASD

Pro

Ala

Gly

Glin

Arg

Thr

Asp

Pro

210

Asn

Ala

Leu

Asp

Phe
290

Ala

Tyr

His

Pro

Tyr

val

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Arg

Thr

Ite

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

Leu

val

Pro

His

260

AsSD

Ser

ITe

Thr

Glu

85

Thr

Glu

sSer

Met

Arg

Leu

val

Glu

val

ser

Phe

70

Arg

GlIn

Leuy

Thr

Tyr

150

Gly

Ser

Ala

ASp

Ile

230

Ile

Ala

val

Asp

Ile

55

His

Leu

AsSp

Arg

Pro

135

Ala

val

Ile

Ile

Lys

Thr

Iie

Leu

Phe

val

Phe

Glu

Glu

120

Tyr

val

His

Asp

Gln

200

ASp

ASp

Arg

Leu

Gly

Asn

ASD

Trp

Ser

val

105

Ala

Ile

Pro

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

Pro

376247035

Gin Gly Tyr
60

AsN

Asnh

90

Lys

Ile

Arg

Tyr

Met

170

Gln

Thr

L.eu

val

Thr

250

Asp

Ser

Ile

Gly

75

Ala

Glu

val

Asp

GlIn

155

val

val

His

Leu

val

235

val

Ile

Thr

Ser

Asn

Glu

Ile

Ser

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Leu

Thr

Gly

ASp
300

Page 33

Leu

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Asn

Arg

Glu

sSer

Glu

lLeu

Gly

Gly

Thr

Phe

Met

Ley

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

ITe

Ala

270

Gly

val

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

AsSp

Leu

80

Ile

l.eu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Leu

Trp

Gly



pro val Thr G1n Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
315

305 310

376247-

Ser Ser Ser Leu Leu Thr Pro val Gin Tyr

325

<210> 31
<211> 990
<212> DNA
<Z213> Artificial

<220>
<223>

<400> 31
atggctttct ctgctgacac ctctgaaatc

Sequence

variant of ATALll7

atcacctact ctgaccacga actggacccg

atcgaaggtg ctttcgttec gccgtctgaa

ctgacctctg acgctaccta cacctgtttc

gacgaccaca tcgaacgtct gttctetaac

acccaggacg aagttaaaga aatcgetctg

gcaatcgttt ctgtttctat cacccgtggt

accaaacatc gtccgcaggt ttacatgtac

gaccgcatcc gtgacggtgt tcacgetatg

tettctatcg acccgcaggt taaaaactic

gaaacccacg accgtggttt cgagctgecg

gtttcaacgt tgttgttatc

gaaggtccgg

gctgctctge cgggtatcac ccgtaaaacc

gaagctatcc tggetgacat caccctgget

tgctcaaccg grggtggtgt

gtccggttac

ttggeegttc

ggtgttcecgg ccagtctatce

tcttcttete tgctgacccc ggtacagrac

<210> 32

<211> 330

<212> PRT

<213> Artificial Sequence

<220>
<223>

<400> 32

variant of ATA117

330

gtttacaccc
gctaacecge
gctcgtatet
cacgtttgga
gctgaatcta
gaactyggtig
tactcttcta
gctgtteegt
gttgcteagt
cagtggogty
ctgetgetgg
aaagacggtg
gttctggaaa
gaactgctgg
gtttctgttg

atccgtcgte

035

acgacaccqgy
tggctgatyg
ctatcttcga
acggtaacge
tgcgratcat
Ctaaaaccga
ceecatatat
accagtggat
ctgttegtcg
acctgatecy
acggtgacgg
ttgttegrte
tcgctgaatce
acgetgacga
acggtaacce

actgggaact

Page 34

320

tctggactat
tgetgettgg
ccagggtrac
tttccgtetg
ccegecgetg
actgcgtgaa
tcgtgacatc
cgtaccgttt
tactcegegt
tgcaattcag
tctgetggct
tcegggtegt
tctgggtcac
agttctgggt
gatctctgac

gaacgttgaa

60
120
180
2490
300
360
420
480
540
600
660
720
780
840
900
960
990



Met

Gly

Pro

Ser

Ala

65

Asp

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

Ala

Leu

Leu

Glu

50

Thr

ASD

Pro

Ala

Arg

Thr

ASp

Pro

210

Asn

Ala

Phe

ASD

Ala

35

Ala

Tyr

His

Pro

Lys

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Ser

Tyr

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

TYyr

Arg

L.eu

val

Pro

Ala

Ile

Gly

Ile

Cys

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

va'l

Gly

Asp

Thr

Ala

Ser

phe

70

Arg

Glin

Leuy

Thr

Tyr

150

Gly

Ser

Ala

ASD

Ile

230

Ile

Thr

Tyr

Ala

Ile

55

Ley

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Gly

LYS

Thr

Ser

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Tyr

val

His

Asp

Glin

200

ASp

ASp

Arg

Glu

Asp

25

Ile

ASD

Trp

ser

val

105

Ala

Ile

Pro

Ala

Pro

185

Glu

Giy

Gly

Lys

376247-035
Ile val Tyr

10

His

Glu

Gin

Asn

ASn

90

Lys

Ile

Arg

Tyr

Met

170

Gin

Thr

Leu

va'l

Thr
250

Glu

Gly

Gly

Gly

75

Ala

Glu

val

Asp

Glin

155

val

val

His

Leu

val

235

val

Leu

Ala

Tyr

60

Asn

Glu

Ile

Ser

Ile

140

Trp

Ala

Lys

ASD

Ala

220

Arg

Leu

Page 35

Thr

ASD

Phe

45

Leu

Ala

ser

Ala

val

125

Thr

Ile

Gin

Asn

Ser

Glu

His

Pro

30

val

Thr

rhe

Met

Leuy

110

ser

Lys

val

Ser

Phe

120

Gly

Gly

Pro

Ile

ASD

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gin

Phe

Pro

Gly

Ala
255

Thr

Asn

Pro

ASp

ey

80

Ile

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly



Ser Leu Gly

lLeu Asp Ala
275

Pro Phe val
290

Pro val Thr
305

Ser Ser Ser

<210> 33

<211> 990
<212> DNA
<213>

<220>
<223>

<400> 33

atggctttct ctgctgacac ctctgaaatc

atcacctact
atcgaaggtg
ctgacctcty
gacgaccaca
acccaggacy
gcaatcgrtt
accaaacatc
gaccgeatce
tcttetateg
gaaacccacg
gaaggtccgy
getgetctge
gaagctatcc

tgctcaaccy

ggtgticcog

His

260

Asp

Ser

Glin

Leu

ctgaccacga
ctttegitce
acgctaccta
tcgaacgtct
aagttaaaga
ctgtttctat
gtccgcaggt
gtgacggigt
acecgeaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggetgacat
gtggtggtgt
gtccggttac

Glu ala

Giu val

val Asp

Ser Ile

310

Leu Thr
325

variant of ATall?

Ile

Leu

Gly

Ile

Pro

Artificial Seguence

actggacccg
gccgtctgaa
caccgettrtc
gttctctaac
aatcgetctg
cacccgtogt
ttacatgtac
tcacgctatg
taaaaacttc
cgagctgecy
tgttgttatce
ccgtaaaace
caccctgget
ttggcogtic

ccagtctatce

Leu Ala
265

Gly Cys
280
Asn Pro

Arg Arg

val GlIn

gtttacacce
gctaaccege
gctcgtatct
cacgtttgga
gctgaatcta
gaactggttyg
tactcttcta
gctgttccgt
gttgctcagt
cagtggggtg
ctgctgetog
aaagacggtg
gttctggaaa
gaactgctgg
gtttectgttg

atccgtcgtt

376247-035

Asp Ile Thr

Ley Ala Glu Leu

270

Ser Thr Gly Gly Gly val Trp
285

Ite Ser Asp
300

Tyr Trp Glu
315

Tyr
330

Page 36

acgacaccgg
tggctggtgg
ctatcttega
acggtaacgc
tgcgtatcat
ctaaaaccga
ccecatatat
accagtggat
ctgttcgteg
acctgatccg
acggtgacgg
ttgttcgttce
tcgetgaatce
acgctgacga
acggtaaccc

actgggaact

Gly val Pro Gly

Leu Asn val Glu

320

tctggactat
tgctgettgy
ccagggttac
tttecgtctg
ccecgeegetg
actgcgtgaa
tcgtgacate
cgtaccgttt
tactccgegt
tgcaattcag
tctgetgget
tcecgggtegt
tctgggtcac
agttctgogt
gatctctgac

gaacgttgaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



tcttettcte tgctgaccce ggtacagtac

<Z210>
<211>
<212>
<Z213>

<220>
<223>

<400>

34
330
PRT

Artificial Sequence

variant of ATAL117

34

Met Ala Phe

1

Gly

Pro

Ser

Ala

65

Asp

Ile

val

Arg

Pro

145

ASp

Arg

Gly

Leu

Leu

Glu

50

Thr

ASp

Pro

Ala

Gly

GlIn

Arg

Thr

Asp

AsSp

Ala

35

Ala

Tyr

His

Pro

LyS

115

Tyr

val

Ile

Pro

Leu
195

Ser Ala Asp Thr
5

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Ile

Gly

Ile

Ala

Glu

85

Thr

Glu

Ser

Met

Asp

Ser

Arg

Thr

Ala

Ser

Phe

70

Arg

Gln

Leu

Thr

Tyr

150

Gly

ser

Ala

TYr

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Ser

Ser

wp

40

Phe

val

Phe

Glu

Glu

120

Tyr

val

His

Asp

Gin
200

Glu

ASD

25

Ile

Asp

Trp

ser

val

105

Ala

Ile

Pro

Ala

Pro

185

Glu

376247-035

Ile

10

His

Glu

Gln

AsSn

Asn

80

Lys

Ile

Arg

Tyr

Met

170

Glin

val

Glu

Gly

Gly

Gly

75

Ala

Glu

val

Asp

Gln

155

val

val

TYyr

Leu

Ala

Tyr

60

Asn

Glu

ITe

Ser

Ile

140

Trp

Ala

Lys

Thr His Asp

Page 37

Thr

Asp

Phe

45

Leu

Ala

Ser

Ala

val

125

Thr

Ile

Glin

Asn

His

Pro

30

val

Thr

Phe

Met

Lau

110

Ser

Lys

val

Ser

Phe

190

Gly

ASD

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Glin

rhe

Thr

Asn

Pro

Asp

Leu

80

Ite

Leu

Thr

Arg

Phe

160

Arg

Trp

990



376247-035

Leu Pro Leu Leu Leu Asp Gly Asp Gly Leu Leu Ala Glu Gly
210 215 220
Phe Asn val val val Ile Lys Asp Gly val val Arg Ser Pro
225 230 235
Ala Ala Leu Pro Gly Ile Thr Arg Lys Thr val Leu Glu Ile
245 250
ser Leu Gly His Glu Ala Ile Leu Ala Asp Ile Thr Leu Ala
260 265 270
Leu Asp Ala Asp Glu val Leu Gly Cys Ser Thr Gly Gly Gly
275 280 285
Pro Phe val Ser val Asp Gly Asn Pro Ile Ser Asp Gly val
280 295 300
Pro val Thr Gln Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn
305 310 315
Ser Ser Ser Leu Leu Thr Pro val GIn Tyr
325 330
<210> 35
<211> 990
<Z212> DNA
<213> Artificial Sequence
<220>
<223> Vvariant of ATA11l7
<400> 35
atggctttct ctgctgacac cfctgaaatc gtttacaccce acgacaccgg
atcacctact ctgaccacga actggacccg gctaacccge tggetggtgg
atcgaaggtg cttrcgttce gecgtctgaa getcgtatct ctatcttega
tatacctctg acgctaccta caccgggtic cacgtttgga acggtaacge
gacgaccaca tcgaacgtct gttctctaac getgaatcta tgcgtatcat
acccaggacg aagttaaaga aatcgctctg gaactggttg ctaaaaccga
gcaatcgttt ctgtttctat caccegtggt tactettcta ccccatatat
accaaacatc gtccgecaggt ttacatgtac gctgttccgt accagiggat
gaccgcatcc gtgacggtgt tcacgcetatg gttgetcagt ctgttogteg
tcttctatcg acccgcaggt taaaaacttc cagtggggty acctgatccg

Page 38

Pro

Gly

Ala
255

Glu Leu

val Trp
Pro

Gly

Glu
320

val

tctggactat
tgctygettyg
ccagggttrac
tttcecgtctg
ceegeegetyg
actgcgtgaa
tcgtgacatc
cgtaccgtrtt
tactcegegt

tgcaattcag

60
120
180
240
300
360
420
480
540
600



gaaacccacg
gaaggtccgg
gctgetetge
gaagctatecc
tgcteaaccg

gagtgttccgg
TCrtctictc

<210> 36

<211> 330
<212> PRT
<213>

<220>
<223>

<400> 36

Met Ala Phe
1
Gly Leu Asp

Pro Leu Ala
35

Ser Glu Ala
50

Ala Thr Tyr
65

Asp Asp His
Ile Pro Pro
val Ala Lys

115

Arg Gly Tyr

pro GIn val
145

accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtceggttac

tgctgaccec

variant of ATAll7

Artificial sequence

Ser Ala asp Thr
5

TYr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

TYr

Ile

Gly

Ile

Gly

Glu

&5

Thr

Glu

Ser

Met

Thr

Ala

Ser

Phe

70

Arg

Gin

Leu

Thr

Tyr
150

Tyr

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

cgagctgecg
tgttgttatc
ccgtaaaacc
caccctgget
ttggcegttce

ccagtctatc

ser

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

TYr

val

376247~

035

ctgctgcetgy acggtgacgyg

aaagacggtg

gttctyggaaa

gaactgctgg

gtttctgttg

atccgtegtt

ggtacagtac

Glu

Asp

25

Ile

Asp

Trp

Ser

val

105

Ala

Ile

Pro

ITe val
10

His Glu

Glu Gly

Gin Gly

Asn Gly

75
Asn Ala
90
Lys Glu
Ile val

Arg Asp

Tyr Gln
155

ttgttcgttc

tcgetgaatce

acgctgacga

acggtaaccc

actgggaact

Tyr

Leu

Ala

Tyr

60

Ash

Glu

Ile

Ser

Ile

140

Trp

Page 39

Thr

Asp

Phe

45

Tyr

Ala

ser

Ala

val

125

Thr

His

Pro

30

val

Thr

Phe

Met

Leu

116

ser

Lys

val

tctgetgget
tccgggtegt
tctgggtcac
agttectgggt
gatctctgac

gaacgttgaa

Asp

15

Ala

Pro

s5er

Arg

Arg

95

Glu

Ile

His

Pro

Thr

Asn

Pro

Asp

Leu

80

Ile

Leu

Thr

Arg

Phe
160

660
720
780
840
900
960
950



Asp

Arg

Gly

Leu

Phe

225

Ala

Ser

Leu

Pro

Pro

305

Ser

Arg

Thr

Asp

Pro

210

Ash

Ala

iLeu

ASp

Phe

290

val

Ser

<210
<211>
<212>
<213>

<220>
<223>

<400>
atggctttct ctgctgacac ctctgaaatc gtttacacce

Ile

Pro

Leu

195

Leu

val

[Leu

Gly

Ala

275

val

Thr

Ser

37
990
DNA

variant of ATA117

37

Arg

Arg

180

Ile

Leu

val

Pro

His

260

Asp

Ser

GlIn

fLeuy

Arg

Leu

val

Gly

Giu

Glu

val

ser

Leu
325

Gly

Ser

Ala

Asp

Ile

230

Ile

Ala

val

ASp

Ile

310

Thr

val

ITe

Tle

Gly

Lys

Thr

Ile

lL.eu

Gly

Ile

Pro

Artificial sequence

His

Asp

Gln

200

ASp

Asp

Arg

Leu

Gly

Ash

Arg

val

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

Pro

Arg

Gln

376247-035

Met val Ala GlIn Ser val Arg

170

Gin

Thr

Leu

val

Thr

250

ASD

Ser

Ile

Tyr

Tyr
330

val

His

Leu

val

235

val

Ile

Thr

Ser

atcacctact ctgaccacga actggacccg gctaacccge

atcgaaggtg ctttcgttcc gecgtctgaa getcgtatct

ctgtattctg acgctaccta caccgggttc cacgtttgga

175

Lys Asn Phe GIn Trp
190

Asp Arg Gly Phe Glu
205

Ala GTu Gly Pro Gly
220

Arg Ser Pro Gly Arg

Leu Glu Ile ala Glu
255

Thr Leu Ala Glu Leu
270

Gly Gly Gly val Trp

Asp Gly val pro Gly
300

Glu teu Asn val Glu
320

acgacaccgg tctggactat
tggctggtgy tgctgettgg
ctatcttcga ccagggttac

acggtaacgc tticcgtctg

Page 40

60
120
180
240



gacgaccaca
acccaggacg
gcaategttt
accaaacatc
gaccgeatce
tcttctateg
gaaacccacg
gaaggtccygg
gctgectotge
gaagctatcc
tgctcaaceyg

ggtgtteccgg
tcttettcete

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

<220>
<223>

<400>

38
330
PRT

38
1
Gly

Leu Asp

Ala
35

Pro Leu

Glu Ala

50

Ser

Ala Thr

65

Tyr

AsSp ASP His

Ile Pro Pro

tcgaacgtct
aagttaaaga
ctgtttctat
gtccgeaggt
gtgacggtgt
acccgcaggrt
accgtggttt
gtttcaacgt
cgggtatcac
tggctyacatr
gtggtggtgt
gtccggttac

tgcrgacccec

Met Ala Phe Ser ?Ta Asp Thr

Tyr Ile

20

Gly Gly

Ile

Arg

Thr Gly

Thr

Ala

ser

Phe

gttctctaac
aatcgctetg
caccegtyggt
ttacatgtac
tcacgcetatg
taaaaactic
cgagctgcecg
tgttgttatc
ccgtaaaacc
caccctgget
ttggcegrtc
ccagtctatc

ggtacagtac

Artificial Sequence

variant of ATALl17

Ser

Tyr Ser

Ala Trp

40

Ile Phe

55

His val

70

Ile Gy

85

Leu Thr

100

Arg

Gin

Leu Phe

Asp Glu

376247~

gctgaatcta
gaactggtty
tactcticta
gcrgtteegt
gttgctcagr
cagtgggoty
ctgctgctgg
aaagacggtg
gttctggaaa
gaactgctgg
gtttctgttg

atccgtegtt

035
tgcgtatcat

ctaaaaccga
ccccatatat
accagtggat
ctgttegteg
accrgatccg
acggtgacgg
ttgttegttc
tcgctgaate
acgctgacga
acggtaaccc

actgggaact

ccecgecgetg
actgegtgaa
tecgtgacatce
cgtaccgttt
tactccgegt
tgcaattcag
tctgetgget
tccgggtegt
tctgggtcac
agttctgggt
gatcrctgac

gaacgttgaa

Glu

Asp

25

Ile

Asp

Trp

ser

val
105

Ile val

10

Tyr

His Glu Leu

Glu Gly Ala

GIn Gly Tyr

60

Asn Gly Asn

75

Asn Ala Glu

90

tys Glu Ile

Page 41

Thr

Asp

Phe

45

l.eu

Ala

Ser

Ala

His Asp Thr

15

Pro Ala

30

ASn

val Pro Pro

Tyr Ser Asp

Phe Arg Leu

80

Met Arg Ile

95

Leu Glu

110

Leu

300
360
420
480
540
600
660
720
780
840
900
960
990



val

Arg

Pro

145

Asp

Arg

Gly

teu

Phe

225

Ala

ser

Leu

Pro

Pro

305

Ser

Ala

Arg

Thr

Asp

Pro

210

Asn

Ala

Leu

ASD

Phe

290

vatl

ser

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

LYS

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

Ser

39
990
DNA

Thr

Ser

Tyr

Arg

Arg

Ile

Leu

val

Pro

His

260

AsSp

ser

Gin

Leu

Glu

Ser

Met

Arg

Leu

val

Gly

Glu

Glu

val

ser

Leu
325

Leu

Thr

Tyr

150

Gly

Ser

Ala

ASp

Ile

230

Ile

Ala

va'l

Asp

Ile

310

Thr

Arg

Pro

135

Ala

val

Ile

Ile

Lys

Thr

Ite

Leu

Pro

Artificial sequence

Glu

120

TVYr

val

His

Asp

Glin

200

ASp

Asp

Arg

Leu

Gly

Asn

Arg

val

Ala

Ile

Pro

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

Pro

Arg

Gin

376247-035

17e val ser val

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr

250

Asp

Ser

Ile

Tyr

Tyr
330

Asp

Gin

155

val

val

His

Leu

val

235

val

Ile

Thr

Ser

Trp
315

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Leu

Thr

Gly

300

Glu

page 42

125

Thr

Ile

Gln

Asn

Arg

Glu

Ser

Glu

Leu

Leu

Ser

Lys

val

ser

phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asnh

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg

240

Glu

Leu

Trp

Gly

Glu
320



376247-035

<220>

<223> variant of ATAll7

<400> 39

atggctttct ctgctgacac ctctgaaatc gtttacacce acgacaccgg tctggactat 60
atcacctact ctgaccacga actggacccg gctaacccge tggetggtgg tgotgettag 120
atcgaaggtg ctttcgttcc gccgtctgaa getegtatct ctatcttcga ccagggttac 180
ctgacctctg acgetaccta caccgggtic cacgtttgga acggtaacgce tttccgtctyg 240
gacgaccaca tcgaacgtct gttctctaac getgaatcta tgecgtatcat cccgecgetg 300
acccaggacg aagttaaaga aatcgctctg gaactggttg ctaaaaccga actgcgtgaa 360
gcaatcgttt ctgtttctat cacccgtggt tactcticta ccccatttat tcgtgacatce 420
accaaacatc gtccgcaggt ttacatgtac gctgtteegt accagtggat cgtaccgrtt 480
gaccgcatcc gtgacggtgt tcacgctatg gttgctcagt ctgttcgtcg tactcegegt 340
tcrtctatcg acccgcaggt taaaaacttc cagtggggtg acctgatccg tgcaattcag 600
gaaacccacg accgtggttt cgagctgccg ctgetgcetgg acggtgacgg totgctgget 660
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg ttgttcgttc tccgggtcgt 720
gctgctctgo cgggtatcac ccgtaaaacce gttctggaaa tcgetgaatc tctgggtcac 780
gaagctatcc tggctgacat caccctggcet gaactgetgg acgetgacga agitotgggt 840
tgctcaaccg gtggtggtgt ctggcegttc gtttetgttg acggtaacce gatctctgac 300
ggtgttccgg gtccggttac ccagtctate atccgtegtt actgggaact gaacgttgaa 560
tcttettete tgctgaccoe ggtacagtac 990
<210> 40

<211> 330

<212> PRT

<213> Artificial sequence

<220>

<223> variant of ATA11Y7

<400> 40

Met Ala Phe ser Ala Asp Thr ser Glu Ile val Tyr Thr His Asp Thr

1 5 10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp His Glu Leu Asp Pro Ala Asn
20 25 30

Pro teu Ala Gly Gly Ala Ala Trp Ile Glu Gly Ala rhe val Pro Pro
35 40 45

ser Glu Ala Arg Ile Ser Ile Phe Asp Gln Gly Tyr Leu Thr Ser Asp
50 55 60
Page 43



Ala

65

ASp

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

Ser

Leuy

Pro

Pro

Thr

AsSp

Pro

Ala

Arg

Thr

Asp

Pro

210

Asn

Ala

Leu

ASp

Phe

280

val

Tyr

His

Pro

Lys

115

Tyr

val

Ile

Pro

Leuy

195

Leu

‘val

Leu

Gly

Ala

275

val

Thr

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

i80

Ile

Leu

val

Pro

His

260

Asp

Ser

GIn

Gly

Glu

85

Thr

Glu

Ser

Met

165

Ser

Arg

Leu

val

Glu

val

Ser

Phe

70

Arg

Gln

Leu

Thr

Tyr

150

Gly

Ser

Ala

Asp

Ile

230

Ile

Ala

val

ASp

His

Leu

ASp

Arg

Pro

135

Ata

val

Ile

Ile

Lys

Thr

Ile

Leu

Gly

Ile

val

Phe

Glu

Glu

120

Phe

val

Asp

Gln

200

Asp

Asp

Arg

Leu

Gly

AsSh

Arg

Trp

Ser

val

105

Ala

Ile

Pro

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

Pro

Arg

376247-035

Asn Gly Asn
75

Asn

90

Lys

Ile

Arg

Tyr

Met

170

GIn

Thr

Leu

val

Thr

250

Asp

Ser

Ile

Ala

Glu

val

ASp

Gin

155

val

val

His

Leu

vatl

235

val

Ile

Thr

ser

Glu

Ile

Ser

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Ley

Thr

Gly

Asp
300

Tyr Trp Glu
Page 44

Ala

Ser

Ala

val

125

Thr

Ile

GIn

Asn

Ser

Glu

Leu

Gly

Gly

Leu

Phe

Met

ey

110

Ser

Lys

val

ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

AsSn

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Glin

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Leu

80

Ile

Leu

Thr

Arg

rhe

160

Arg

Trp

Glu

Gly

Arg

240

Glu

Leu

Trp

Gly

Glu



376247-

305 310 315
Ser Ser Ser Leu Leu Thr Pro val Gln Tyr

325 330
<210> 41
<211> 990
<212> DNA
<213> Artificial Seguence
<220>
<223> variant of ATA117
<400> 41
atggcattct atgctgacac ctctgaaatce gtttacaccc
atcacctact ctgaccacga actggacccg gctaacccge
atcgaaggtg ctttcgttcc goccgtetgaa gotcgtatct
ctgacctctg acgctaccta caccgggttc cacgtttgoa
gacgaccaca tcgaacgtct gttctctaac gcggaatcta
acccaggacg aagttaaaga aatcgcetctg gaactggtty
gcaatcgttt ctgtttctat cacccgtggt tactcttcta

accaaacatc gtccgeaggt ttacatgtac getgttcocgt

gaccgcatcc gtgacggtgt tcacgctatg gttgctcagt

tcttctatcg acccgcaggt taaaaacttc cagtggygty

gaaacccacy accgtyggttt cgagctgecg

ctgctgctgy

gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg

getgetetge cgggtatcac ccgtaaaacc grtctggaaa

gaagctatcc tggctgacat caccctgget gaactgctgg

tgctcaaccg grggrggrgt

ttggcegttc gtttctgttg

ggtgttccgg gtccggttac ccagtctate atccgtcgtt

tcttettete tgctgaccce ggtacagtac

<210>
<21il>
<212>
<213>

<220>
<223>

<400>

42

330

PRT

Artificial Seguence

variant of ATAl117
42

035

acgacaccgg
tggctggtyg
ctatcttega
acggtaacgce
tccgtatcat
ctaaaaccga
cceegtatac
accagtggat
ctgttecgteyg
acctgatccg
actgcgatgg
Trgrrcgttc
tcgetgaatce
acgctgacga
acggtaaccc

actgggaact

320

tctggactat
tgctgettgg
ccagggttac
ttteegtetg
cCcegeegety
actgcgtgaa
gcgtgacatc
cgtacegrtt
tacteegegt
tgcaattcag
tectgetggct
tceggygtegt
tctgggtcac
agttctgggt
gatctetgac

gaacgttgaa

Met Ala Phe Tyr QTa Asp Thr Ser Glu Ile val Tyr Thr His Agp Thr
1 10 1

Page 45

60
120
180
240

- 300

360
420
480
540
600
660
720
780
840
200
960
990



Gly

Pro

ser

Ala

65

Asp

Ile

val

Arg

Pro

145

ASp

Arg

Gly

Leu

Phe

225

Ala

ser

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Gly

Gln

Arg

Thr

ASD

Pro

210

Asn

Ala

Leu

ASD
Ala
35

Ala

Tyr

Pro

Lys

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

Leu

val

Pro

His

Ile

Gly

Ile

Gly

Glu

85

Thr

Glu

Ser

Met

165

Ser

Arg

Leu

val

Thr

Ala

Ser

Phe

70

Arg

Gln

Leu

Thr

Tyr

Gly

Ser

Ala

ASp

Tle

230

Tle

Ala

Tyr

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Tyr

val

His

Asp

Gln

200

Asp

Asp

Arg

Leu

Asp

25

ITe

Asp

Trp

Ser

val

105

Ala

Thr

Pro

Ala

Pro

185

Glu

Gly

Gly

LysS

Ala

376247-035

His Glu Leu

Glu

Glin

Asn

Asn

90

Lys

Ile

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr
250

Gly

Gly

Gly

75

Ala

Glu

val

Asp

GlIn

155

val

vai

His

Leu

val

235

val

Ala

Tyr

60

Ash

Ghu

Ile

ser

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Leu

Asp Ile Thr
Page 46

Asp

Phe

45

Leu

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Asn

205

Glu

Ser

Glu

Leu

Pro

30

val

Thr

Phe

Iie

Leuy

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

Asn

Pro

Asp

Leu

80

Ile

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg

240

Glu

Leu



376247035
260 265 270

Leu Asp Ala Asp Glu val Leu Gly Cys Ser Thr Gly Gly Gly val Trp
275 280 285

Pro Phe val ser val Asp Gly Asn Pro Ile Ser Asp Gly val Pro Gly
290 295 300

Pro val Thr GIn ser ITle Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
305 310 315 320

Ser Ser Ser iteu Leu Thr Pro val Glin Tyr

325 330
<210> 43
<211> 990
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of AtTall?
<400> 43
atggcattct ctgctgacac ctctgaaatc gtttacaccc acgacaccgg tetggactat 60
atcacctatt cggactacga actggatcceg gctaacccgc tggetggtgg tgcotgertgg 120
atcgaaggtg ctticgticc gocgtctgaa gotogtatet ctatcttcga ccagggttac 180
ctgacctctg acgctaccta caccgggttc cacgtttgga acggtaacgc tttccgtctg 240
gacgaccaca tcgaacgtct gttctctaac gcggaatcta tccgtattat cccgoegotyg 300
acccaggacg aagttaaaga aatcgctcty gaactggttyg ctaaaaccga actgcgtgaa 360
gcaatcgttt ctgtttctat cacccgtggt tactcttcta ccccatatat tcgtgacatc 420
accaaacatc gtccgcaggt ttacatgtac gctgttccgt accagtggat cgtaccgitt 480
gaccgcatcc gtgacggtgt tcacgctatg gttgetcagt ctgtitcgteg tactcegegt 540
tettetateg acccgcaggt taaaaacttc cagtggggtg acctaatccg tgcaattcag 600
gaaacccacy accgtggttt cgagctgocg ctgetgetgg actgegatgg totgetgget 660
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg ttgttcgttc tccgggtogt 720
gctgctetge cgggtatcac ccgtaaaacc gttctggaaa tcgctgaatc tctgggtcac 780
gaagctatcc tggotgacat caccctgget gaactgetgg acgetgacga agttotgogt 840
tgctcaaccy gtggtggtgt ttggecgttc gtttctgttg acggtaaccc gatcictgac 9060
gytgrtccgg gtccggttac ccagtctatc atccgtegtt actgggaact gaacgttgaa 960
tcticttclic tgctgaccee ggtacagtac 990

Page 47



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

<220>
<223>

<400>

44
330
PRT

Artificial sequence

variant of ATAl11l7

44

Met Ala Phe

1

Gly

Pro

Ser

Ala

65

Asp

Ile

val

Arg

Pro

145

ASp

Arg

Gly

Leu

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Gly

GlIn

Arg

Thr

ASp

Pro

ASp

Ala

35

Ala

Tyr

His

Pro

Lys

Tyr

val

Tle

Pro

Leu

195

Lau

Ser

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ite

Leu

gTa Asp Thr

Ite

Gly

Ile

Gly

Glu

85

Thr

Glu

ser

Met

Arg

l.eu

Thr

Ala

sSer

Phe

70

Arg

Gin

Leu

Thr

TYr

150

Gly

Ser

Ala

ASp

Tyr

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ite

Cys

Ser

Ser

Trp

40

pPhe

val

rhe

Glu

Glu

120

Tyr

val

His

ASp

GIn

200

ASp

Glu

Asp

25

Ile

Asp

Trp

ser

val

105

Ala

Ile

Pro

Ala

Pro

185

Glu

Gly

376247-035

Ile

10

Tyr

Glu

Gln

Asn

ASn

a0

Lys

Ile

Arg

Tyr

Met

170

Gin

Thr

val

Glu

Gly

Gly

Gly

75

Ala

Ghu

val

Asp

G1In

155

val

val

His

Tyr

Leu

Ala

TYrR

60

Asn

Glu

Ile

Ser

Ile

140

Trp

Ala

Lys

Asp

Leu Leu Ala
Page 48

Thr

Asp

Phe

45

Leu

Ala

Ser

Ala

val

125

Thr

Ile

GIn

Asn

205

Glu

His

Pro

30

val

Thr

Phe

Ite

Leu

110

Ser

Lys

vai

Ser

Phe

190

Gly

Gly

Asp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Thr

Asn

Pro

ASp

Leu

80

ITe

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly



Phe

225

Ala

ser

Leu

Pro

Pro

305

Ser

210

Asn

Ala

Leu

ASDp

Phe

290

val

Ser

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

<220>
<223>

<400>

atggetttct cagctgacac ctctgaaatc

val

Leu

Gly

Ala

275

val

Thr

Ser

45
990
DNA

val

Pro

His

260

Asp

Ser

Gin

L.eu

val

Gly

Glu

Glu

val

Ser

Leu
325

Ile

230

Ile

ala

val

Asp

Ile

310

Thr

215

Lys

Thr

Tle

Leu

Pro

Artificial sequence

variant of ATAll7

45

atcacctratt

atcgaaggtg

ctgacctetg

gacgaccaca

acccaggacg

gcaatcgttt

accaaacatc

gaccgeatcc

tcttctatcg

gaaacccacyg

gaaggtccgg

cggactacga
ctttegttec
acgctaccta
tcgaacgtet
aagttaaaga
ctgtttctat
gtcegeaggt
gtgacggtgt
acccgeaggt
accgtggtit
gtttcaacgt

ASD

Arg

Ley

Gly

Asn

Arg

val

actggatccyg
gccgtetgaa
caccgggtic
gttctctaac
gatcgctctyg
cacccgiggt
ttacatgtac
tcacgctatg
taaaaacttc
cgagetyeeg
tgttgtrtate

Gly

Lys

Ala

265

Cys

Pro

Arg

Gin

gtttacaccc
gctaaccege
gctcgtatct
cacgritgga
gcgygaatcta
gaactggttg
tactcttcta
gctgttoegt
gttgctcagt
cagtggggtg
ctgctgetgg

aaagacggtg

376247-035
220

val val

Arg
235

Thr val

250

Leu

Asp Ile Thr

ser Thr Gly

Ile Ser

Tyr

Tyr
330

Page 49

Ser

Glu

Leu

Gly

Gly

Leu

Pro

Ile

Ala

270

Gly

val

Asn

acgacaccgg
tggctggtag
ctatcttcga
acggtaacgc
tccgtattat
Cctaaaaccga
ceecgtatac
accagtggat
ctgttegtey
acctgatcceg
actgcgatgg
ttgttcgtte

Gly Arg
0

Ala Glu
255

Glu Leu

val Trp
Pro

Gly

Glu
320

val

tctggactat
tgctgettyg
ccagggttac
tttccgtetg
ccogeegetg
actgcgtgaa
gcgtgacatc
cgtaccgttt
tactccgegt
tgcaaticag
tctgetggct
tcegggtegt

60
120
180
240
300
360
420
480
540
600
660
720



gctgctctgo cgggtatcac
gaagctatcce tggetgacat
tgcteaacey gtggtggtgt
ggtgitccgg gtccggttac

tcttcttcte tgctgacccc

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

<220>
<223>

<400>

46
330
PRT

Aartificial Sequence

variant of ATALll7

46

mMet Ala Phe

1

Gly

Pro

Ser

Ala

65

ASp

Ile

val

Arg

Pro

145

Asp

Leu

Leu

Glu

50

Thr

ASp

Pro

ala

Gly

GIn

Arg

Asp

Ala

35

Ala

Tyr

His

Pro

LYyS

Tyr

val

Ile

Ser Ala Asp Thr

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

5

Ile

Gly

Ile

Gly

Glu

85

Thr

Glu

Ser

Met

Asp

Thr

Ala

ser

Phe

70

Arg

Gln

Leu

Thr

TyT

Gly

Tyr

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

ser

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

TYr

val

His

ggtacagtac

Glu

Asp

25

Ile

Asp

Trp

Ser

val

105

Ala

Thr

Pro

Ala

376247-035

Ile

10

Tyr

Glu

Gln

Asn

Asn

20

Lys

Ile

Arg

Tyr

caccetgget gaactgetgg
ttggcocgtte getrotgrtg

ccagtctatc atccgtcgtt

val

Glu

Gly

Gly

Gly

75

Ala

Glu

val

ASp

GIn
155

ccgtaaaacc gitctggaaa tcgctgaatce tctgggtcac

acgctgacga agttctgggt
acggtaaccc garctctgac

actgggaact gaacgttgaa

Tyr Thr His Asp Thr
15

Leu Asp Pro Ala Asn
30

Ala Phe val Pro Pro
45

Tyr Leu Thr Ser Asp
60

Asn Ala Phe Arg Leu
80

Glu ser Ile Arg Ile
95

ITe Ala Leu Glu Leu
110

Ser val Ser Ile Thr
125

ITe Thr Lys His Arg
140

Trp Ile val Pro Phe
160

Met val Ala Gln Ser val Arg
Page 50

780
840
900
960
990



Arg

Leu

Phe

225

Ala

Ser

Leu

Pro

Pro

305

Ser

Thr

ASp

Pro

210

AsSn

Ala

L.eu

Asp

Phe

290

val

Ser

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

<220>
<223>

<400>
atggetrtict

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

ser

47
990
DNA

Arg

Ile

Leu

val

Pro

His

260

Asp

Ser

Glin

Leu

165

ser

Arg

L.eu

val

Gly

Glu

Glu

val

Ser

Leu
325

ser

Ala

AsSp

Ile

230

Ile

Ala

val

Asp

Ile

310

Thr

Ile

1le

Cys

215

Lys

Thr

Ile

Leu

Pro

Artificial Sequence

variant of ATALll7

47

atcacctact

atcgaaggtg

ctgacctctg

gacgaccaca

acccaggacg

ASp

GIn

200

Asp

Asp

Arg

Leu

Gly

Asn

Arg

val

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

Pro

Arg

Gln

376247-035

170

GIn

Thr

Leu

val

Thr

250

Asp

Ser

Ile

Tyr

Tyr

val

His

Leu

val

235

va'l

Ile

Thr

Ser

Trp
315

cagctgacac ctctgaaatc grttacacce
ctgactacga actggacccg gctaaccege
ctttcgttce gecgtetgaa getcgtatet
acgctaccta cacctgrtttc cacgtttgga
tcgaacgtet gttctctaac geggaatcta

aagttaaaga gatcgctctg gaactggttg

Lys

ASp

Ala

220

Arg

Leu

Thr

Gly

Asp

300

Glu

Asn

Arg

205

Glu

Ser

Glu

Leuy

Gly

Gly

Leu

Phe

180

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

acgacaccgg

tggctggtyg
ctatcttcga

acggtaacgc

tccgtateat

ctaaaaccga
Page 51

175

Gin

Phe

Pro

Gly

Glu

val

Pro

val

tctggactat
tgcrgettgg
ccagggttac
tttcegtctg
cccgeogetg

actgcgtgaa

Trp

Glu

Gly

Ley

Trp

Gly

Glu
320

60
120
180
240
300
360



gcaatcegttt
accaaacatc
gaccgcatcc
tctictatcg
gaaacccacg
gaaggtccgg
gcrgcrctge
gaagctatcc
tygctcaaccy

ggtgttecegg
tcttcttcte

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

<220>
<223>

48
330
PRT

<400> 48
Met Ala Phe
1

Gly Leu Asp

Ala
35

Pro Leu

Glu Ala

50

Ser

Ala Thr

65

Tyr

Asp Asp His

Ile Pro Pro

val Ala Lys

ser Ala
5

TYyr

20

Gly

Arg

Thr

Ile

Ley

100

Thr

Ile

Gly

Iie

Cys

Glu

85

Thr

Glu

ctgtttctat
gtccgcaggt
gtgacggtgt
acccgeagot
accgtggtrt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtcecggttac

tgctgaccce

As

Th

Al

Se

Ph

70

Ar

G1

Le

caccegtogt
ttacatgtac
tcacgctaty
taaaaactitc
cgagctgeeg
tgttgttate
ccgtaaaacc
caccctggct
ttggcegtrc
ccagtctatc

ggtacagtac

Artificial Sequence

variant of ATA117

p Thr ser

r Tyr Ser

a Ala Trp

40

r ITe Phe

55

e His val

g Leu Phe
Glu

n Asp

U Arg Glu

376247-035

tactcttcta ccccatatac

gctgttccgt accagtggat

gttgctcagt
Cagtggagtg
ctgctgetgg
aaagacggty
gttctggaaa
gaactgctgg
gtttectgttg

atcecgtegtt

Glu

ASD

25

Ile

Asp

Trp

Ser

val

105

Ala

Ile
10

val Tyr

Tyr Glu Leu

Glu Gly Ala

Gin Gly Tyr

60

Asn Gly Asn

75

Asn Ala Glu

90

Lys Glu I'le

ITe val ser
Page 52

Thr

Asp

Phe

45

Leu

Ala

Ser

Ala

val

ctgttegteg
acctgatceg
actgcgacgg
ttgttegtic
tcgctgaatc
acgctgacga
acggtaaccc

actgggaact

His

Pro

30

val

Thr

Phe

Ile

Leu

110

Ser

gcgtgacatc
cgtaccgttt
tactcegegt
tgcaattcag
tctgetggct
tccgggtegt
tctgggtcac
agttctgggt
gatctctgac

gaacgttgaa

Asp Thr

15

Ala Asn

Pro pPro
ser

AsSp

Leu
80

Arg

Arg Ile

95

Glu Leu

Ile Thr

420
480
540
600
660
720
780
840
900
960
290



Arg

Pro

145

ASp

Arg

Leu

Phe

225

Ala

ser

Leu

Pro

Pro

305

Ser

Arg

Thr

AsD

Pro

210

Asn

Ala

lLeu

ASp

Phe

250

val

ser

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

<220>
<223>

115

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

Ser

49
990
DNA

Ser

Tyr

Arg

Arg

180

Ile

Leu

val

Pro

His

260

Asp

Ser

GIn

l.eu

Ser

Met

Arg

Leu

val

Gly

Glu

Glu

val

Ser

Leu
325

Thr

Tyr

150

Gly

ser

Ala

Asp

Ile

230

Ile

Ala

val

Asp

Ile

310

Thr

variant of ATAll7

Pro

135

Ala

val

Ile

Ile

215

Lys

Thr

Ile

Leu

Gly

Ile

Pro

Artificial Sequence

120

Tyr

val

His

Asp

G1n

200

AsSp

Asp

Arg

Leu

Gly

Asn

Arg

val

Thr

Pro

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala

265

cys

Pro

Arg

Gln

376247-035

Arg

Tyr

Met

170

Gln

Thr

Ley

val

The

250

Asp

Ser

Ile

Tyr

Tyr
330

ASD

Gln

155

val

val

His

Leu

val

235

val

Ite

Thr

Ser

Ile

140

Trp

Ala

Lys

ASp

Ala

220

Arg

Leu

Thr

Gly

300

Glu

Page 53

125

Thr

Ile

Glin

Asn

Ser

Glu

l.ey

Gly

Gly

Leu

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

His

Pro

val

175

GIn

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Arg
Phe
160

Arg

Trp

Leu

Trp

Gly

Glu
320



<400> 49
atggcrtect

atcacctact
atcgaaggtg
ctgacctcetg
gacgaccaca
acccaggacyg
gcaatcgttt
accaaacatc
gaccgeatcec
tctteecatey
gaaacccacg
gaaggtccgg
gcrgetetge
gaagctatcc
tgctcaaccy

ggtgttccgg
tertcttete

<210> 50
<211> 330
<212> PRT

<213> Artificial Sequence

<220>

<223> variant of ATAIl7

<400> 50
Met Ala Phe
1

Gly Leu Asp

Pro Leu Ala
35

ser Glu Ala
50

Ala Thr Tyr

cagctgacac ccctgaaatc

ctgactacga actggaccceg
ctttegttec gtcgtctgaa
acgctaccta cacctgtttc
tcgaacgtet gttctctaac
aagttaaaga gatcgetcety
ctgtttctat cacccgtggt
gtccgcaggt ttacatgtac
gtgacggtgt

acccgeaggt

tcacgctatg
taaaaacttc
accgtggttt cgagctgccg
gtttcaacgt tgttgttatc
cgggtatcac ccgtaaaacc
tggctgacat caccctgget
gtggtggtgt

gtecggttac

ttggecgttc
ccagtctatc

tgctgaccee ggtacagtac

Ser é1a Asp Thr
;yr Ile Thr Tyr
Gly Gly Ala Ala
Arg Ile ser Ile ¢

Thr Cys pPhe His

376247-035
gtttacaccc acgacaccgg
gctaacccge tggotagtgg
gctcgtatct ctatcttcga
cacgtttgga acggtaacgc
gcggaatcta tccgtatcat
gaactggttg ctaaaaccga
tactcticta ccccatatac
gctgttecgt accagtggat
gttgctcagt ctgttegteg
cagiggggtg acctgatccyg
ctgctgetgg actgcgacgg
aaagacggtg ttgttcgttc
gttctggaaa tcgctgaatc
gaactgctgg acgctgacga
gtttctgttg acggtaaccc

atccgtegtt actgggaact

Glu TT1e val Tyr Thr His

10

Asp Tyr Glu Leu Asp Pro
25

30

ITe Glu Gly Ala Phe val

45

Asp GlIn Gly Tyr Leu Thr

60

Trp Asn Gly Asn Ala Phe

page 54

tctggactat
tgctgettag
ccagggttac
tttccgtctg
ccecgeegetyg
actgcgtgaa
gcgtgacatc
cgtaccgttt
tactcegegt
tgcaattcag
tctgetgget
tcegggtegt
tctgggtcac
agttctgggt
gatctctgac

gaacgttgaa

Asp Thr
15

Ala Asn
Pro Pro
Ser Asp

Arg Leu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
990



65

Asp

Iie

val

Arg

Pro

145

ASD

Arg

Leu

Phe

225

Ala

Ser

Ley

Pro

Pro
305

ASp

Pro

Ala

Arg

Thr

ASp

Pro

210

Asn

Ala

Leu

AsSp

Phe

290

val

His

Pro

Tyr

val

Ile

Pro

Leu

195

L.eu

val

Leu

Gly

Ala

275

va]l

Thr

Ile

l.eu

100

Thr

ser

Tyr

Arg

Leu

val

Pro

His

260

ASpP

Ser

Gin

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

val

Gly

Glu

Glu

val

Ser

70

Arg

Gln

L.eu

Thr

Tyr

150

Gly

Ser

Ala

Asp

Ile

230

Ite

Ala

val

ASp

I'le
310

Leu

Asp

Arg

Pro

135

Ala

val

ITe

Ile

Cys

215

Lys

Thr

Ie

Leu

Gly

Ile

Phe

Glu

Glu

120

Tyr

va'l

His

AsSp

Gin

200

ASp

Asp

Arg

Leu

Gly

Asn

Arg

Ser

val

105

Ala

Thr

Pro

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala

265

cys

Pro

Arg

376247-035
75

Asn

90

Lys

Ile

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr

250

Asp

Ser

Ile

Ala

Glu

val

ASD

Gln

155

val

val

His

Leu

val

235

val

Ser

Glu

Ile

Ser

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Leu

Thr

Gly

ser

Ala

val

125

Thr

Ile

Gln

Asn

Arg

Glu

Ser

Glu

Leu

Gly

Gly

Leu

Ile

Leu

110

ser

Lys

val

Ser

Phe

150

Gly

Gly

Pro

1le

Ala

270

Gly

val

Asn

Arg

95

Glu

Ile

His

Pro

vali

175

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

80

Ile

Lev

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Lteu

Trp

Gly

Glu
320



376247-035
Ser Ser Ser Leu Leu Thr Pro val Gln Tyr

325 330
<210> 51
<211i> 990
<212> DNA_
<213> Artificial sequence
<220>
<223> variant of ATAl117
<400> 51
atggctttct cagctgacac ctctgaaatc gtttacaccc acgacaccgg tctggactat 60
atcacctact ctgactacga actggacccg gctaacccgce tggcetggtgg tgetgettgg 120
atcgaaggtg ctttcgttcc gocgtctgaa getcgtatct ctatcttcga ccagggttac 180
tatacttcty acgctaccta cacctectte cacgtttgga acggtaacgce tttccgtctg 240
gacgaccaca tcgaacgtct gttctctaac gcggaatcta teecgtatcat cccgocgetg 300
acccaggacg aagttaaaga gatcgctctg gaactggttg ctaaaaccga actgegtgaa 360
gcaatcgttt ctgtttctat cacccgtggt tactcttcta ccccattcac acgtgacatc 420
accaaacatc gtccgcaggt ttacatgtac getattccgt accagtggat cgtaccgtrt 480
gaccgratce gtgacggtgt tcacgcetatg gtitgetcagt ctgttegteg tactccgegt 540
tcttctatcg acccgcaggt taaaaactic cagtggggtg acctgatccg tgcaattcag 600
gaaacccacg accgtggttt cgagctgeccg ctgctgetgg actgcgacgg tcetgoetgget 660
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg ttgttcgttc tccgggicgt 720
gctgetctge cgggtatcac ccgtaaaacc gttctggaaa tcgotgaatc tctgggtcac 780
gaagctatcc tggctgacat caccctgget gaactgctgg acgetgacga agttcotggot 840
tgctcaaccyg gtggtggtgt ttggecgttc gtttctgttg acggtaaccc gatctctgac 500
ggtgttccgg gtecggttac ccagtctatc atccgtogit actgggaact gaacgttgaa 960
tcttcttcte tgctgacccce ggtacagtac 990
<210> 52
<211> 330
<212> PRT
<213> Artificial Sequence
<220>

<223> variant of ATALLY

<400> 52

Met Ala Phe Ser Ala Asp Thr Ser Glu Ile val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pro Ala Asnh
Page 56



Pro

ser

Ala

65

Asp

Ile

val

Arg

Pro

145

Asp

Arg

Gly

lLeu

Phe

225

Ala

sSer

Leu

Glu

50

Thr

Asp

Pro

Ala

Gly

Gin

Arg

Thr

Asp

Pro

210

Asn

Ala

Leu

Ala
35

Ala

Tyr

Pro

Tyr

va'l

Ile

Pro

Ley

195

Leu

val

Leu

Gly

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Leu

val

Pro

His
260

Gly

Ile

Ser

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

val

Ala

ser

Phe

70

Arg

Gln

Leu

Thr

ser

Ala

ASp

Ile

230

Ile

Ala

Ala

Ile

55

Leu

ASp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Trp

40

phe

val

Phe

Glu

Glu

1290

Phe

Ile

His

ASp

Glin

200

ASp

Asp

Arg

Ley

25

ITe

ASp

Trp

Ser

val

105

Ala

Thr

Pro

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala
265

376247-035

Glu Gly Ala

Gln

Asn

Asn

Q0

Lys

Ile

Arg

Tyr

Met

170

Glin

Thr

Leu

val

Thr

250

Asp

Gly
Gly
75

Ala
Glu
val
Asp
Gin
155
val
val
His
Leu
val
235

val

Ile

Page

Tyr

60

Asn

Glu

Ile

Ser

Ile

140

Trp

Ala

LYS

Asp

Ala

220

Arg

Leu

Thr

57

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Asn

Arg

Glu

Ser

Glu

Leu

30

val

Thr

Phe

Ile

Leuy

110

ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ite

Ala
270

Pro

Ser

Arg

Arg

@5

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

Pro

ASp

Ley

80

Ile

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Leu



376247 -

035

Leu Asp Ala Asp Glu val Leu Gly Cys Ser Thr Gly G?g Gly val Trp
28

275

Pro pPhe val
290

Pro val Thr
305

Ser Ser Ser

<210> 53

<211> 990
<212> DNA
<213>

<220>
<223>

<400> 53
atggctttct

atcacctact
atcgaaggty
tatactrctg
gacgaccaca
acccaggacg
gcagtggttt
accaaacatc
gaccgeatec
tcttctatcy
gaaacccacyg
gaaggtccgy
getgetctge
gaagctatce
tgctcaaccy

ggtgttccgg
tcttettcectc

<210> 54
<211> 330
<212> PRT

Ser val

Gln Ser

ASp G

280

295

310

Leu Leu
325

cagctgacac
ctgactacga
ctttecgttec
acgctaccta
tcgaacgtcet
aagttaaaga
ctgtttctat
gtccgeaggt
gtgacggtgt
acccgcaggt
accgtggttt
gtrtcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgaccce

artificial sequence

variant of ATAll7

ctctgaaatc
actggacccg
gccgtcetgaa
cacctgrtrtc
gttctctaac
gatcgctetg
cacccgtggt
ttacatgtac
tcacgctatg
taaaaacttc
cgagctgeeg
tgttgttatc
ccgtaaaacc
caccctgget
trggccgttc
ccagtctatce

ggtacagtac

Ty Asn Pro Ile Ser
9

Thr Pro val ¢In Tyr

330

gtttacaccc
gctaacccge
gctegtatct
cacgtttgga
gcggaatcta
gaactggttyg
tactcttcta
gctgtteegt
gttgctcagt
cagtggggtg
ctgctgetgg
aaagacggtg
gttctggaaa
gaactgctgg
gtttctgttg

atccgtegtt

30

Ile Ile Arg Arg Tyr Trg Glu Leu Asn val Glu
31

acgacaccgg
tggctggtygg
ctatcttega
acggtaacgc
tccgtatcat
ctaaaaccga
cceccatteac
accagtggat
ctgttcgteg
acctgatccg
actgcgacgg
ttgttcgttce
tcgectgaatc
acgctgacga
acggtaacce

actgggaact

Page 58

Asp Gly val Pro Gly
0

320

tctggactat
tgctgettyg
ccagggttac
tttccgicty
cecegeegetg
actgcgtgaa
acgtgacatc
cgtacegrtt
tactccgegt
tgcaattcag
tctgotgget
teegggtogt
tctgggteac
agttctgggt
gatctctgac

gaacgttgaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800
960
990



<213>

<220>
<223>

<400>

1

Gly

Pro

Ser

Ala

65

ASp

Ile

val

Arg

Pro

145

ASp

Arg

Gly

Leu

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Arg

Thr

Asp

Pro
210

Artificial sequence

variant of ATAll7

54

ASp

Ala

35

Ala

TYr

His

Pro

TYr

vatl

Ile

Pro

l.eu

195

Leu

TYr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

Leu

Ile

Gly

Ile

Cys

Glu

85

Thr

Glu

ser

Met

Asp

165

ser

Arg

Leu

Thr

Ala

Ser

Phe

70

Arrg

Gln

L.eu

Tht

Tyr

150

Gly

Ser

Ala

AsSp

Met Ala Phe Ser Ala Asp Thr
5

Tyr

Ala

Ile

55

His

Leu

ASp

Arg

Pro

135

Ala

val

ITe

Ile

Cys
215

ser

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

val

His

ASp

Gln

200

Asp

Glu

Asp

25

Ile

Asp

Trp

Ser

val

105

Ala

Thr

Pro

Ala

Pro

185

Glu

Gly

376247-035

Ile

10

Tyr

Glu

Glin

Asn

Asn

90

Lys

val

Arg

Tyr

Met

170

GIn

Thr

teu

val

Glu

Gly

Gly

Gly

75

Ala

Glu

val

ASp

Gln

155

val

val

His

Leu

Tyr

Leu

Ata

Tyr

60

Asn

Glu

Ile

ser

Ile

140

Trp

Ala

LYS

Asp

Ala
220

Page 59

Thr

Asp

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Asn

His

Pro

30

val

Thr

Phe

Ile

Leu

110

Ser

Lys

val

Sar

Phe

190

Gly

Gly

AsSp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

ITe

His

Pro

val

175

Gin

Phe

Pro

Thr

Asnh

Pro

Asp

Leu

80

Ile

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly



Phe

225

Ala

Ser

Leu

Pro

Pro

305

Ser

Asn

Ala

Leu

ASpP

Phe

290

val

Ser

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

<220>
<223>

<400>

atggcttict cagctgacac ctctgaaatc

val

Leu

Gly

Ala

275

val

Thr

Ser

55
990
DNA

val

Pro

His

260

Asp

Ser

Gln

Leuy

val

Glu
val
Ser

Leu
325

Ile

230

1Te

Ala

val

Asp

Ile

310

Thr

LysS

Thr

Ile

Leu

Pro

Artificial Segquence

variant of ATAI1LlY

55

atcacctract

atcgaaggty

tatactictg

gacgaccaca

actcaggacg

gcagtggttt

accaaacatc

gaccgcatcc

tcttetateg

gaaacccacy

gaaggtccgyg

gctoctotge

Ctgactacga
ctttegttee
acgctaccta
tcgaacgtct
aagttaaaga
crgtttctat
gtccgeaggt
gtgacggtgt
acccgcaggt
accgrtggrit
gtttcaacgt

cgggratcac

Asp

Arg

Leu

Gly

Asn

Arg

val

actggacccg
gccgtctgaa
caccacctte
gttctctaac
gatcgctctg
caccecgtggt
ttacatgtac
tcacgetatg
taaaaacttc
cgagctgecg
tgttgttatc

ccgtaaaacce

Gly

Lys

Ala

265

Cys

Pro

Arg

Gln

gtttacaccc
gctaacccge
gctegtatcet
cacgtttgga
gcggaatcta
gaactggttg
tactcttcta
gotgttecgt
gttgctcagt
cagtggagtg
ctgctgctgg
aaagacggtg

gttctggaaa

376247-035
val val Arg
235

Thr val Leu
250

Asp Ile Thr
Ser Thr Gly
ITe Ser Asp

300

Tyr Trp Glu

Tyr
330

Page 60

Ser

Glu

Leu

Gly

Leu

Pro

Ala
270
Gly

va'l

Asn

acgacaccgg
tggctggtgg
ctatcttcga
acggtaacgc
tcegtatceat
ctaaaaccga
ccccattcac
accagtggat
ctgttcgteg
acctgatccyg
actgcgacgg
ttgttcgttc

tcgotgaate

Gly

Ala

255

Glu

val

Pro

val

tctggactat
tgctgettgy
ccagggttac
ttteegtcty
ccegeegetyg
actgcgigaa
acgtgacatc
cgtaccgttt
tactcecgegt
tgcaattcag
tctgetgget
tccgggtegt

tctgggteac

Arg

240

Glu

l.eu

Trp

Gly

Glu
320

60
120
180
240
300
360
420
480
540
600
660
720
780



gaagctatcc tggctgacat caccctgget
tgctcaaccg gtggtggtgt ttggccgttce
ggtgttccgg gtccggttac ccagtctate
tcttettete tgctgaccce ggracagtac
<210> 56

<211> 330

<212> PRT

<213> Artificial sequence

<220>
<223> Variant of ATAll7

<400> 56

Met Ala Phe Ser Ala Asp Thr Ser
1 5

Gly Leu Asp Tyr Ile Thr Tyr ser
20

Proc Leu Ala Gly Gly Ala Ala Trp
35 40

Ser Glu Ala Arg Ile Ser Ile phe
50 55

Ala Thr Tyr Thr Thr Phe His val
65 70

Asp Asp His Ile Glu Arg Leu Phe
85

Ite Pro Pro Leu Thr GIn Asp Glu
100

val Ala Lys Thr Glu Leu Arg Glu
115 120

Arg Gly Tyr Ser Ser Thr Pro phe
130 135

Pro Gin val Tyr Met Tyr Ala val
145 150

Asp Arg Ile Arg asp Gly val His

gaactgctgg acgctgacga agttetgggt
gtttctgtty acggtaaccc gatctctgac

atccgtcgtt actgggaact gaacgttgaa

Glu

ASp

25

Ile

ASp

Trp

ser

val

105

Ala

Thr

Pro

Ala

376247-035

Ite

10

Tyr

Glu

Gln

AsSh

Asn

90

Lys

val

Arg

Tyr

Met
170

val

Glu

Gly

Gly

Gly

75

Ala

Glu

val

Asp

Glin

155

val

Tyr

Leu

Ala

Tyr

60

Asn

Glu

Ile

Ser

Ile

140

Trp

Ala

Page 61

Thr

Asp

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

Gln

His

Pro

30

val

Thr

Phe

Ile

Leu

110

Ser

LyS

val

Ser

Asp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val
175

Thr

Asn

PIro

AsSp

Leu

80

Ile

Leu

Thr

Arg

Phe

160

Arg

840
900
960
990



Arg Thr Pro

Gly Leu

185

AsSp

lLey Pro Leu

210

Phe val

225

AST

Ala Ala Leu

Ser Leu Gly

Ala
275

Leu Asp

Phe val

290

Pro

Pro val Thr

305

Ser Ser Ser

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

<220>
<223>

<400> 57
atggctttct

57
990
DNA

atcacctact
atcgaaggtg
tatacttctg
gacgaccaca
acccaggacg

gcaatcgrtt

Ser

Arg

Leu

Leu

val val

ser

Ala

Asp

Ile

Ite Asp

Gin
200

ile

cys
215

Asp

LYS ASp

230

Pro Gly

His Glu

260

ASp Glu

val

Ser

GIn Ser

Ile

Ala

val

Asp

Ile

Thr Arg

Ile Leu
Leu Gly
Gly

Asn

Ile Arg

310

Leu Leu

325

cagctgacac
ctgactacga
ctttcgttcee
acgctaccta
tcgaacgtct
aagttaaaga

ctgtttctat

Thr

Pro val

Artificial Sseguence

variant of ATAll7

ctctgaaatc
actggacccyg
geegtetgaa
caccacctte
gttctctaac
gatcgctctg

cacccgtggt

376247~

Pro Gln val

185

GTu Thr His

Gly Leu Leu

val val

235

Gly

Thr val

250

Lys

Ala Ile

265

ASp

Cys Ser Thr

Pro Ile ser

Arg Tyr

315

Gln Tyr

330

gtttacaccc
gctaacccge
gctecgtatct
cacgtttgga
gcggaatcta
gaactggttg

tactcttcta

035
Lys Phe

190

Asn
Asp

Gly

Ala
220

Gly

Arg Ser Pro

Leu Glu Ile

Ala
270

Thr Leuy

Gly Gly Gly

Gly val

300

Glu Leu Asn

acgacaccgg
tggctggtyg
ctatcttcga
acggtaacgc
tcegtatcat
ctaaaaccga

ccccattcga

Page 62

GIln Trp

pPhe Glu

Pro Gly

Gly Arg
2

Ala Glu

255

Glu Ley

val Trp
Gly

Pro

Glu
320

val

tctggactat
tgcrgettgag
ccagggttac
tttccgtetyg
cccgecgety
actgcgtgaa

gcgtgacatce

60
120
180
240
300
360
420



accaaacatg
gaccgeatcc
tcrtctatceg
gaaacccacyg
gaaggtccgg
gctgetetge
gaagctatcc
tgctcaaccy

ggtgttccgy
tCticttctc

<210>
<Z211>
<212>
<213>

<220>
<223>

<400>

58
330
PRT

58
Met Ala phe
1

Gly

Leu Asp

Ala
35

Pro Leu

Glu Ala

50

ser

Ala Thr

65

Tyr

Asp Asp His

Ite Pro pPro

val Ala Lys

gtcecgeaggt
gtgacggtgt
accegeaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtceggttac

tgctgacccc

Ser Ala As
5

Tvr 1le Th

20

Gly Gly Al

Arg Ile

Se

Ph
70

Thr Thr

Glu
85

Ile Ar

Leu Thr G1

100

Thr Glu Le

ttacatgtac
tcacgctatg
taaaaacttce
cgagctgeceg
tgttgttatc
ccgtaaaacc
caccctgget
ttggecgrtc
ccagtctatc

ggtacagtac

Artificial sequence

varijant of ATAl1l7

p Thr ser

r Tyr Ser

a Ala Trp

490

r Ile pPhe

55

e His val

g Leu Phe
Glu

n Asp

Glu
120

u Arg

Glu

Asp

25

Ile

Asp

Trp

ser

val

105

Ala

376247 -

gctgtteogt
gtrtgctcagt
cagtggggtyg
ctgetgetyg
aaagacggty
gttctggaaa
gaactgctgg
gtttctgttg

atccgtegtt

ITe val

10

Tyr Glu

Glu Gly

GIn Gly

Asn Gly

75

Asn Ala

90

Lys Glu

Ile val

035
accagtggat

ctgttegteg
acctgatceg
actgcgacgg
ttgttegttc
tcgetgaatc
acgctgacga
acggtaaccc

actgggaact

Tyr Thr His

Pro
30

Leu Asp

Phe
45

Ala val

Tyr Thr

60

Tyr

Asn Ala phe

Gly ser Ile

Ile Ala Leu

110

val
125

Ser ser

Page 63

cgraccgttt
tactccgegt
tgcaattcag
tctgetgget
tccgggtegt
tcigggtcac
agttctggot
gatctetgac

gaacgttgaa

Asp Thr

15

Ala Asn

Pro Pro
ser

ASp

Leu
80

Arg

Arg Ile

95

Glu Leu

Ile Thr

480
540
600
660
720
780
840
900
960
990



376247-035
Arg Gly Tyr Ser Ser Thr Pro Phe Glu Arg Asp 1ie Thr Lys His Arg
130 135 140

Pro Gln val Tyr Met Tyr Ala val Pro Tyr Gin Trp Ile val Pro pPhe
145 150 155 160

Asp Arg Ile Arg Asp Gly val His Ala Met val Ala GIn Ser val Arg
165 170 175

Arg Thr Pro Arg Ser Ser Ile Asp Pro GIn val Lys Asn Phe Glin Trp
180 185 190

Gly Asp Leu Ile Arg Ala Ile GIn Glu Thr His Asp Arg Gly Phe Glu
195 200 205

Leu Pro Leu Leu Leu Asp Cys Asp Gly Leu Leu Ala Glu Gly Pro Gly
210 215 220

Phe Asn val val val ITe Lys Asp Gly val val Arg Ser Pro Gly Arg
225 230 235 240

Ala Ala Leu Pro Gly I'le Thr Arg Lys Thr val Leu Glu Ile Ala Glu
245 250 255

Ser Leu Gly His Glu Ala Ile Leu Ala Asp Ile Thr Leu Ala Glu Leu
260 265 270

Leu Asp Ala Asp Glu val Leu Gly Cys ser Thr Gly Gly Gly val Trp
275 280 285

Pro Phe val Ser val Asp Gly Asn Pro Ile Ser Asp Gly val Pro Gly
290 295 300

pro val Thr GlIn Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
305 310 315 320

Ser Ser Ser Leu Leu Thr Pro val Gln Tyr

325 330
<210> 59
<211> 990
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of ATALl?7
<400> 59
atggettict cagctgacac ctetgaaate gtttacaccc acgacaccgg tctggactat 60

Page 64



atcacctact ctgactacga

atcgaaggtg ctttcgttcc

tatacttctg acgctaccta

gacgaccaca tcgaacgtct

acccaggacg aagttaaaga
gcacatgttt ctgtttctat
accaaacatc gtccgeaggt
gaccgcatce gtgacggtgt
tcttctateyg acccgeaggt
gaaacccacg accgtggttt
gaaggtccgg gtttcaacgt
gctgetetge cgggtatcac
gaagctatce tggctgacat
tgctcaaccy gtggtggtgt
ggtgttccgyg gtccggttac

tettettcte tggtgacccc

<210> 60

<213i> 330
<212> PRT
<213>

<220>
<223>

<400> 60

Met Ala phe
1
Gly Leu Asp

Pro Leu Ala
35

Ser Glu Ala
50

Ala Thr Tyr
65

Ser Ala Asp Thr
5

Tyr Ite Thr Tyr

20

Gly Gly Ala Ala

Arg Ile Ser Ile

Thr Thr Phe His
70

actggaccecg
gccgtctgaa
caccaccttc
gttctctaac
gatcgctcty
caccecgtggt
ttacatgtac
tcacgctatg
taaaaacttc
cgagctgecg
tgttgttatc
ccgtaaaacc
caccctggct
ttggecgttc
ccagtctate

ggtacagtac

artificial Sequence

variant of ATAll7

Ser

ser

Tre
40

Phe
55

val

376247~

gctaacccge
gctegtatet
cacgtttgga
gcggaatcta
gaactggttg
tactcttcta
gctgttcegt
gttgctcagt
cagtggggtyg
ctgctgctyg
aaagacggrg
gttctggaaa
gaactgctgg
gtrtctgtty

atccgtegrt

Glu T1e val
Asp Tyr Glu
25

Ile Glu Gly
Asp Gln Gly

Trp Asn Gly

75

035
tggctggtgy

ctatcttcga
acggtaacgc
tccgtatcat
ctaaaaccga
ccccattcga
accagtggat
ctgttegteg
acctgatccyg
actgcgacgg
ttgttegtte
tcgctgaate
acgctgacga
acggtaacce

actgggaact

Tyr Thr

Leu Asp

30

Phe
45

Ala

Tyr
60

Tyr

Asn Ala

Page 65

His

Pro

val

Thr

Phe

tgctgettgg
ccagggttac
tttccgtcety
cccgeegetyg
actgcgtgaa
gcgtgacatc
cgtaccgrtt
tactcecgegt
tgcaattcag
tctgctgget
tccgggtegt
tctgggtcac
agttctgggt
gatctctgac

gaacgttgaa

Asp Thr
15

Ala Asn
Pro Pro
Ser Asp

Arg Leu
80

120
180
240
360
360
420
4806
540
600
660
720
780
840
900
960
930



Asp

Ile

val

Arg

Pro

145

ASD

Arg

Leu

Phe

225

Ala

Ser

Leu

Pro

Pro

305

Ser

ASp

Pro

Ala

Arg

Thr

AsSp

Pro

210

Asn

Ala

Leu

Asp

Phe

290

val

Ser

His

Pro

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

ser

Tle

Leu

100

Thr

ser

Tyr

Arg

Leu

val

Pro

His

260

Asp

ser

Gin

Leu

Glu

85

Thr

Glu

ser

Met

Asp

Ser

Arg

Leu

val

Gly

Glu

Glu

val

Ser

L.eu
325

Arg

GIn

Leu

Thr

Tyr

150

Gly

Ser

Ala

ASD

Ite

230

Ile

Ala

va'l

ASD

Ile

310

Thr

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Leu

Gly

Ile

Pro

Phe

Glu

Giu

120

Phe

val

His

ASp

Gln

200

AsD

ASp

Arg

Leu

Gly

Asn

Arg

val

Ser

val

105

Ala

Glu

Pro

Ala

Pro

185

Glu

Gly

Gly

LYS

Ala

265

Cys

Pro

Arg

Gln

376247-035
Asn Ala Glu

90

Lys

His

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr

250

Asp

Ser

Ile

Tyr

Tyr
330

Glu

val

Asp

GlIn

155

val

val

His

Leu

val

235

val

Ile

Thr

Ser

315

Ile

ser

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

l.eu

Thr

Gly

ASp

300

Glu

Page 66

Ser

Ala

val

125

Thr

Ile

GIn

Asn

Arg

Glu

Ser

Glu

Leu

Leu

Ile

l.eu

110

Ser

Lys

val

sear

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Leu

Thr

Arg

Phe

160

Arg

Trp

Gly

Arg

240

Glu

Leu

Trp

Gly

Glu
320



376247-035

<210> 61

<21l> 990

<212> DNA

<213> Artificial Sequence

<220>

<223> variant of ATA117

<400> 61

atggctttct cagctgacac ctctgaaatc gtttacaccc acgacaccgg tctggactat 60
atcacctact ctgactacga actggacccg gctaacccgc tggetggtgg tgetgottgg 120
atcgaaggtyg ctttcgttcc gccgtctgaa getcgtatct ctatcttecga ccagggttac 180
tatacctctg acgctaccta cacctgtttc cacgtttgga acggtaacgc tttecgtctg 240
gacgaccaca tcgaacgtct gttctctaac geggaatcta tccgtatcat ccecgecgetg 300
acccaggacg aagttaaaga gatcgctctg gaactggttg ctaaaaccga actgogtgaa 360
gcaatcgttt ctgtttctat cacccgtggt tactcttota ccccatatac gegtgacatce 420
accaaacatc gtccgcaggt ttacatgtac getgttcocgt accagtggat cgtaccgtta 480
gaccgcatcec gtgacggtgt tcacttaatg gttgctcagt ctgttcgtcg tactccgegt 540
tCrtctatcg acccgcaggt taaaaacttc cagtggggtg acctgatccg tgcaatticag 600
gaaacccacg accgtggitt cgagetgeeg ctgetgetgyg actgcgacgg totgetggcet 660
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg trtgttcgttc tccgggtcgt 720
gctgetetge cgggtatcac ccgtaaaacc gttctggaaa tcgotgaate totgggtcac 780
gaagctatcc tggctgacat caccccggcet gaactgetgg acgcetgacga agttctggot 840
tgctcaaccqg gtggtggtgt titggcegitc gittctgttg acggtaacce gatctetgac 900
ggtgttccgg gtccggtaac ccagtctatc atccgtcgtt actgggaact gaacgttgaa 960
tcttcttctc tgetgaccce ggtacagtac 950
<210> 62

<211> 330

<212> PRT

<213> Artificial Sequence

<220>

<223> variant of ATAL1l7
<400> 62

Met Ala Phe Ser Ala Asp Thr Ser Glu Ite val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pro Ala Asn
20 25 30

Page 67



Pro

Ser

Ala

65

Asp

Ile

val

Arg

Pro

145

ASD

Arg

Leu

Phe

225

Ala

ser

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Arg

Thr

Asp

Pro

210

Asn

Ala

Leu

Asp

Ala

35

Ala

Tyr

His

Pro

LYyS

i15

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Ala
275

Gly

Arg

Thr

Tle

Leu

100

Thr

Ser

Tyr

Arg

Arg

ITle

Leu

val

Pro

His

260

Asp

Gly

Ile

Cys

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

val

Gly

Glu

Glu

Ala

ser

Phe

70

Arg

Gln

Leu

Thr

Tyr

150

Gly

ser

Ala

Asp

ITe

230

Ile

Ala

val

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

L.eu

Trp

40

Phe

val

Phe

Glu

Glu

120

Tyr

val

His

AsSp

Gln

200

Asp

Asp

Arg

Leu

Gly

Ile

Asp

Trp

Ser

val

105

Ala

Thr

Pro

Leu

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

376247-035
Glu Gly Ala phe

Gin

AsSn

Asn

90

Lys

Ile

Arg

Tyr

Met

170

Glin

Thr

Leu

val

Thr

250

Asp

Ser

Gly

Gly

75

Ala

Glu

val

ASp

Gln

155

val

val

His

Leu

val

235

val

Ile

Thr

Tyr

60

Asn

Glu

Ile

Ser

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Leu

Thr

Gly

Page 68

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

GIn

Asn

Ser

Glu

Pro

Gly

val

Thr

Phe

Ile

Leu

110

sSer

Lys

val

Ser

Phe

190

Gly

Gty

Pro

Ile

Ala
270

Pro

ser

Arg

Arg

85

Glu

Ile

His

Pro

val

175

Giln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

ASp

Leu

80

Ile

Leu

Thr

Arg

Leu

160

Arg

Trp

Leu

Trp



376247-035

pro Phe val Ser val Asp Gly Asn Pro Ile Ser Asp Gly val Pro Gly
290 285 300

pro val Thr Gln Ser Ile Ile Arg Arg Tyr Trp Glu Ley Asn val Glu
305 310 315 320

Ser Ser Ser Leu Leu Thr Pro val GIn Tyr

323 330
<210> 63
<211> 990
<212> BDNA _
<213> Artificial Sequence
<220>
<223> variant of ATALL7
<400> 63
atggctitct cagctgacac ctctgaaate gtttacaccc acgacaccgg tctggactat 60
atcacctact ctgactacga actggacccg gctaaccege tggctggtgg tgctgottag 120
atcgaaggtg ctttcgttcc gccgtectgaa getegtatet ctatcticga ccagggttac 180
tatacctctg acgctaccta cacctgtrte cacgtttgga acggtaacgc tttccgtetg 240
gacgaccaca tcgaacgtct gttctctaac geggaatctce tgcgtatcat cccgeegetg 300
actcaggacg aagttaaaga gatcgctctg gaactggttg ctaaaaccga actgcgtgaa 360
gcaatcgttt crtgtttctat cacccgtggt tactcttcta ccccatatac gogtgacatc 420
accaaacatc greccgcaggt ttacatgtac getgttccgt accagtggat cgtaccgttt 480
gaccgcatcc gtgacggtgt tcacttaatg gttgctcagt ctgttegtcg tacgocgogt 540
agctctateyg acccgeaggt taaaaactic cagtggggtyg acctgatccg tgcaattcag 600
gaaacccacg accgtggttt cgagetgecg ctgetgetgg actgcgacgg totgotgget 660
gaaggtccgg gtitcaacgt tgttgttatc aaagacggtyg ttgttcgtic tocgggtogt 720
gctgctctge cgggtatcac ccgtaaaacc gttctggaaa tcgctgaatc tctgggtcac 780
gaagctatcee tggctgacat caccitgget gaactgetgg acgctgacga agttctgogr 840
tgctcaaccy gtggtggtgt ttggecgttc gtttctgttg acggtaacce gatctctgac 900
ggtgitccgg gtccgttaac ccagtctate atcegtegtt actgggaact gaacgttgaa 560
tcttettcte tgetgaccoe ggtacagtac 990
<210> 64
<211> 330
<212> PRT

<213> Aartificial sequence

<220>
Page 69



376247-

<223> variant of ATA117

<400> 64

mMet Ala Phe Ser Ala Asp Thr Ser Glu Ile val
1 5 10

Gly Leu Asp ggr Ile Thr Tyr Ser Asp Tyr Glu
25

Pro Leu gga Gly Gly Ala Ala zgp Ile Glu Gly

Ser Géu Ala Arg Ile Ser Ile phe Asp GIn Gly
5 55

Ala Thr Tyr Thr Cys Phe His val Trp Asn Gly
65 70 75

Asp Asp His Ile Glu Arg Leu Phe Ser Asn Ala
85 90

Ile Pro Pro teu Thr GIn Asp Glu val Lys Glu
100 105

val Ala Lys Thr Glu Leu Arg Glu Ala Ile val
115 120

Arg Gly Tyr Ser Ser Thr Pro Tyr Thr Arg Asp
130 135

Pro GIn val Tyr Met Tyr Ala val Pro Tyr Gln
145 150 155

Asp Arg Ile Arg Asp Gly val His teu Met val
165 170

Arg Thr Pro Arg Ser Ser Ile Asp Pro Gln val
180 185

Gly Asp Leu Ite Arg Ala 1le Gln Glu Thr His
195 200

Leu Pro Leu Leu Leu Asp Cys Asp Gly Leu Leu
210 215

phe Asn val val val Ile Lys Asp Gly val val
225 230 235

035

Tyr

Leu

Ala

Tyr

60

Asn

Glu

Ile

Ser

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Page 70

Thr

Asp

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Asn

Arg

Glu

Ser

His

Pro

30

val

Thr

Phe

Leu

Leu

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Asp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ite

His

Pro

val

175

Gln

Phe

Pro

Gly

Thr

Asn

Pro

Asp

Leu

80

Ite

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg



Ala

Ser

Leu

Pro

Pro

305

Ser

Ala

Leu

AsSp

Phe

290

Leu

ser

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

<220>
<223>

<400>
atggctttct

Leu

Gly

Ala

275

val

Thr

ser

65
990
DNA

65

atcacctact

atcgaaggtg

tatacttctg

gacgaccaca

accctggacy

gcaatcgttt

accaaacatc

gaccgcatcce

Tcttctateg

gaaacccacg

gaaggtccgy
gctgcetctge

gaagctatcc

tgctcaaccy

Pro

His

260

AsSp

ser

GlIn

Leu

Glu

val

Ser

Leu
325

cagctgacac
ctgactacga
ctttcgttce
acgctaccta
tcgaacgtct
aagttaaaga
ctgtttctat
gtccgeaggt
gtgacggtgt
acccgcaggt
accgtggttt
gtttcaacgt
cgggtatcac

tggctgacat

gtggtggtgt

Ile

Ala

val

ASD

Ile

310

Thr

variant of ATAll7

Thr

Ile

Leu

Pro

Artificial Sequence

Arg

Leu

Gly

Asn

Arg

val

ctctgaaate
actggacceyg
gccgtctgaa
cacctgttte
gttctctaac
gatcgcictyg
cacccgtggt
ttacatgtte
tcacgctatg
taaaaacttc
cgagctgecyg
tgttgttate
ccgtaaaacc
caccctgget

ttggccgttc

376247~

Thr val
250

Lys

Ala Ile

265

Asp

Cys Ser Thr

Pro Ile Ser

Arg Tyr Trp

Gln

gtttacaccc
gctaaccegce
gctcgtatet
cacgtttgga
gcggaatcta
gaactggttg
tactcttcta
gctattccgt
gttgctcagt
cagtggggty
ctgctygctgy
aaagacggtg
gttctggaaa
gaactgctgg
gtttctgttyg

035

Ley Glu Ile

Ala
270

Thr Leu

Gly Gly Gly
285

Asp Gly val
300

Glu Leu Asn

acgacaccgg
tggctggtgg
ctatcttcga
acggtaacgc
tecegtatcat
ctaaaaccga
cceccattega
accagtggat
ctgttegtcg
acctgatccg
actgcgacgg
Ttgttegttc
tcgetgaatc
acgctgacga

acggtaaccc

Page 71

Ala Glu

255

Glu Leu

val Trp
Pro

Gly

Glu
320

val

tctggactat
tgctgcttgg
ccagggttac
ttteccgtety
ccecgeegetyg
actgcgtgaa
gcgtgacatce
cgtaccgttt
tactccgegt
tgcaattecag
tctgetggct
tccgggregt
tctgggtcac
agttctgggt

gatctctgac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900



ggtgticcgg gtccggttac ccagtctatc atccgtegtt actgggaact gaacgtigaa

fcttcttcte tgctgaccce ggtacagtac

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

<220>
<223>

<400>

66
330
PRT

Artificial Sequence

variant of ATA117

66

Met Ala Phe

1

Gly

Pro

Ser

Ala

65

ASD

Ile

val

Arg

Pro

145

Asp

Arg

Leu

Leu

Glu

50

Thr

AsSp

Pro

Ala

Arg

Thr

Asp

Ala

35

Ala

Tyr

Pro

Lys

115

Tyr

val

Ile

Pro

Ser

Tyr

20

Gly

Arg

Thr

Leu

100

Thr

ser

Tyr

Arg

Ala

5

Ile

Gly

Ile

Cys

Glu

85

Thr

Glu

sSer

Met

ASD

Ser

ASp

Thr

Ala

Ser

Phe

70

Arg

l.eu

Leu

Thr

Phe

150

Gly

Ser

Thr

Tyr

Ala

Ile

55

His

Leu

ASD

Arg

Pro

135

Ala

val

Ile

Ser

Ser

Tep

40

Phe

val

Phe

Glu

Glu

120

Phe

Ile

His

Asp

Glu

Asp

25

Ile

ASp

Trp

Ser

val

105

Ala

Glu

Pro

Ala

Pro
185

376247035

Ile

10

Tyr

Glu

GIn

Asn

Asn

90

Lys

Arg

Tyr

Met
170

va'l

Glu

Gly

Gly

Gly

75

Ala

Glu

val

ASp

Gln

155

val

Tyr

Leu

Ala

Tyr

60

Asnh

Glu

Ile

sSer

Ile

140

Trp

Ala

Gin val Lys

Page 72

Thr

Asp

Phe

45

Tyr

Ala

ser

Ala

va'l

125

Thr

Ile

GIn

Asn

His

Pro

30

val

Thr

Phe

Ile

Leu

110

Ser

Lys

val

Ser

Phe
190

AsSp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Thr

Asn

Pro

Asp

l.eu

20

Ile

Ley

Thr

Arg

Phe

160

Arg

Trp

960
950



Leu
195

Gly Asp

Pro Leu

210

Leu

Phe val

225

Asn

Ala Ala Leu

Ser Leu Gly

Ala
275

Leu Asp

Phe val

290

Pro

Pro val Thr

305

Ser Ser Ser

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

<220>
<223>

<400>

67
320
DNA.

67

Ile Arg

Leu

Leu

val val

Ala

ASp

Ile

Gin
200

ITe

Cys
215

Asp

LYS ASp

230

Pro

His
260

Asp Glu

val

Ser

Gln ser

Ile

Ala

val

ASp

Ile

Thr Arg

Ile Leu
Leu Gly
Gly

Asn

Ile Arg

310

Leu
325

Leu

Thr

Pro val

Artificial sequence

variant of ATA11l7

atggcttict cagctgacac cccggaaatc

atcacctact
atcgaaggtg
tatacttctg
ggggaccaca
accaaagacg
gcaatcgttt
accaaacatc

gaccgegtec

ctgactacga
ctttcgttce
acgctaccta
tcgaacgtet
aagttaaaga
ctgtttctat
grccgeaggt
gtgacggtyt

actggacccg
ggcgtctgaa
caccacctte
gttctctaac
gatcgctetg
cacccgtggt
ttacatgtat

tcacgctatg

376247~

Glu Thr His

Gly Leu Leu

val
235

Gly val

Thr val

250

Lys

Ala Ile

265

ASD

Cys Ser Thr

Pro Ile ser

Arg Tyr

Glin Tyr

gtttacaccc
gcraacccgce
gctegtatct
cacgtttgga
gcggaatcta
gaactggttg
tactcticta
gctgttcegt

gttgctecagt

035

Asp Arg

205

Gly

Ala Glu

220

Gly

Arg Ser Pro

Leu Glu Ile

Ala
270

Thr Leu

Gly Gly Gly

Gly val

l.eu Asn

acgacaccgg
tggctggtgg
ctatcttcga
acggtaacgc
ttegtttgat
ctaaaaccga
ccccatrtega
accagtggat

ctgttcgtcg

Page 73

Phe
Pro Gly
Gly Arg
2

Ala Glu
Glu Leu
val Trp
Pro

Gly

Glu
320

val

tctggactat
tgctgcttgg
ccagggttac
tttecgtetg
cccgeegety
actgcgtgaa
gcgtgacatce
cgtaccgtrt

tactccgegt

60
120
180
2490
300
360
420
480
540



agctctateg
gaaacccacyg
gaaggtccgg
gctgctctge
gaagctatcc
tgctcaaccy

ggtgticcegg
ccttcttetrc

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

68
330
PRT

<220>
<223>
<400> 68

Met Ala Phe
1

Gly Leu Asp

Ala
35

Pro Leu

Glu Ala

56

Ser

Ala Thr

65

Tyr

Asp His

ITe Pro Pro

val Ala Lys

Arg Gly Tyr

ser
Tyr
20

Gly
Arg
Thr
Ile
Leuy
100

Thr

Ser

acccgeaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtyt
gtccggttac

tgctgacccc

Ala

5

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

sSer

ASD

Thr

Ala

ser

Phe

70

Arg

LYs

Leu

Thr

Artiticial Sequence

variant of ATAll7

Thr

Tyr

Ala

Ile

55

His

Leu

ASp

Arg

Pro
135

taaaaacttc
cgagetgecg
rgttgttatc
ccgtaaaacc
caccctggcet
ttggecgttce
ccagtctatce

ggtacagtac

Pro

Ser

Trp

40

Phe

val

pPhe

Glu

Glu

120

Phe

376247~

cagtggggtg
attctgetgg
aaagacggtg
gtitttgaaa
gaactgtatg
gtttctgttg

atcecgtegtt

ITe val

10

Glu

AsSp Glu

25

Tyr

Ile Glu Gly

Asp Gln Gly

Trp Asn Gly

75

Asn Ala

90

Ser

val Glu

105

Lys

Ala 1le val

Glu Arg Asp

035

acctgatccyg
actgcgacaa
ttgttcgttc
tcgetgaatce
acgctgacga
acggtaaccc

actgggaact

Tyr Thr His

Leu Pro

30

ASp

Phe val

45

Ala

Tyr Thr

60

Tyr

Asn Ala Phe

Giu Ser Ile

ITe Ala Leu

110

val
125

Ser ser

Ile Thr

140

Lys

pPage 74

tgcaattcag
cctgctgget
tccgggtegt
tetgggtcac
agttctgggt
gatctctgac

gaacgttgaa

Asp Thr

15

Ala Asn

pro Ala
Ser

Asp

Leu
80

Arg

Arg Leu

95

Glu Leu

Thr

Ile

His Arg

600
660
720
780
840
900
960
9380



376247-035

Pro GIn val Tyr Met Tyr Ala val Pro Tyr Gln Trp ITe val Pro phe
145 150 155 160

Asp Arg val Arg Asp GTy val His Ala met val Ala GIn ser val Arg
165 170 175

Arg Thr Pro Arg Ser Ser Ile Asp Pro Gln val Lys Asn Phe Gln Trp
180 185 190

Gly Asp Leu Iie Arg Ala Ile GIn Glu Thr His Asp Arg Gly Phe Glu
195 200 205

Leu Pro Ile Leu Leu Asp Cys Asp Asn Leu Leu Ala Glu Gly Pro Gly
210 215 220

Phe Asn val val val Ile Lys Asp Gly val val Arg Ser Pro Gly Arg
225 230 235 240

Ala Ala Leu Pro Gly ITe Thr Arg Lys Thr val phe Glu Ile Ala Glu
245 250 255

Ser Leu Gly His Glu Ala Ile Leu Ala Asp Ile Thr Leu Ala Glu Leu
260 265 270

Tyr Asp Ala Asp Glu val Leu Gly Cys Ser Thr Gly Gly Gly val Trp
275 280 285

Pro Phe val Ser val Asp Gly Asn Pro Ile Ser Asp Gly val Pro Gly
290 295 300

Pro val Thr Gin ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
305 310 315 320

Pro Ser Ser Leu Leu Thr Pro val Gln Tyr
325 330

<210> 69

<211> 990

<212> DNA

<213> Artificial seqguence

<220>
<223> Vvariant of ATAll7

<400> 69
atggctttct cagctgacac cccggaaatc gtttacaccc acgacaccgg tctggactat 60

atcacctact ctgactacga actggacccg gcetaaccege tggetggtgg tgotgottgg 120

atcgaaggtg ctttcgttce ggcgtctgaa gectcgtatct ctatcttcga ccagggttac 180
Page 75



tatacttctg
ggggaccaca
acccaggacyg
gcaatcgttt
accaaacatc
gaccgeateco
agcictateg
gaaacccacyg
gaaggtccgg
getgetctge
gaagctatcc
tgctcaaccyg

ggtgttccgg
cettcttcte

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

<220>
<223>

<400>

70
330
PRT

70
Met Ala Phe
1

Gly

Leu Asp

Ala
35

Pro Leu

Glu Ala

50

Ser

Ala Thr

65

Tyr

ASp His

acgctaccta
tcgaacgtet
aagttaaaga
ctgtttetat
gtccgcagot
gtgacggtgt
acccgeaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgaccece

ser Ala
5

Tyr Ile

20

Gly Gly

Ile

Arg

Thr Thr

Asp Thr

Thr

Ala

Ser

Phe

caccaccttc
gttctctaac
gatcgetctg
caccegtggt
ttacatgtat
tcacctgatg
taaaaacttc
cgagctgecg
tgttgttatc
ccgtaaaacc
cacccegget
ttggcegtic
ccagtctatc

ggtacagtac

Artificial Sequence

variant of ATAl17

Pro

Tyr ser

Ala Trp

40

Iie phe

55

His val

70

Glu
85

Ile

Arg

Leu Phe

376247~

cacgtttgga
gcggaatcta
gaactggttg
tactcttcta
gctgtteegt
gttgctcagt
cagtggggty
ctgctgcigy
aaagacggtyg
gttctggaaa
gaactgctgg
gtttctgttg

atccgtegtt

I'le val

10

Glu

ASD Glu

25

Tyr

Ile Glu Gly

Asp GIn Gly

Trp Asn Gly

75

Asn Ala
80

ser

035

acggtaacgc
ttcgtattat
ctaaaaccga
ccceattega
accagtggat
ctgttcgtcg
acctgatcceg
actgcgacaa
ttgttcgttc
tcgctgaatce
acgctgacga
acggtaactc

actgggaact

Tyr Thr His

Pro
30

l.eu Asp

pPhe val

45

Ala

TYr Thr

60

Tyt

Asn Ala phe

Glu ser Ile

Page 76

tttccgtctg
cccgecegetg
actgcgtgaa
gcgtgacatc
cgtaccgttt
tactccgegt
tgcaattcag
cctgctgget
tccgggtegt
tctgggtcac
agttctgggt
tatctctgac

gaacgttgaa

Asp Thr

15

Ala Asn
Pro
Ser

ASp

Leu
80

Arg

Arg Ile

95

240
300
360
420
480
540
600
660
720
780
840
900
960
930



Ile

val

Arg

Pro

145

ASp

Arg

Gly

Leu

Phe

225

Ala

Ser

Leu

Pro

Pro

305

Pro

Pro

Ala

Arg

Thr

AsSp

Pro

210

Asn

Ala

Leu

Asp

Phe

290

va'l

seyr

<210>
<211>

Pro

LyS

Tyr

val

Ile

Pro

Leu

195

L.eu

val

Leu

Gly

Ala

275

val

Thr

Ser

71
990

Leu

100

Thr

Ser

Tyr

Arg

Arg

180

Ile

Leu

val

Pro

His

260

Asp

Ser

Gln

Leu

Thr

Glu

Ser

Met

Arg

Leu

val

Glu

val

Ser

Leu
325

Gin

Leu

Thr

Tyr

150

Gly

Ser

Ala

AsSp

Ile

230

Ile

Ala

val

Asp

Ile

310

Thr

ASp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Leu

Gly

Ile

Pro

Glu

Glu

120

Phe

val

His

Asp

Gln

200

Asp

Asp

Arg

Leu

Gly

Asn

Arg

val

val

165

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

Lys

Ala

265

Cys

Ser

Arg

Gln

376247-035

Lys Glu Ile

Ile

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr

250

Asp

Ser

Tle

Tyr

Tyr
330

val

ASp

Gin

155

val

val

His

Leu

val

235

val

Ile

Thr

Ser

315

Ser

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Leu

Thr

Gly

300

Glu

Page 77

Ala

va'l

125

Thr

Ile

GlIn

ASn

sSer

Glu

Pro

Leu

Leu

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

Glu

Ile

His

Pro

val

175

Gin

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg

240

Glu

Leu

Trp

Gly

Glu
320



376247-035
<212> DNA
<213> Artificial Seguence

<220>
<223> variant of ATAll7

<400> 71
atggctitct cagctgacac ccctgaaatc gtttacacce acgacaccgg tctggactat

atcacctact ctgactacga actggacccyg gctaacccge tggetggtgg tgetgetigg
atcgaagytg ctttcgttec gccgtctgaa getcgtatct ctatcttcga ccagggttac
tatactictyg acgctaccta caccacctte cacgtttgga acggtaacge tttccgrctg
gacgaccaca tcgaacgtct gttctctaac gcggaatcta tccgtatcat cgcgecgcetg
acccaggacg aagttaaaga gatcgetcty gaactggttg ctaaaaccga actgegtgaa
gcaatcgttt ctgtttctat cacccgtggt tactcticta ccccatrtcga gegtgacatce
accaaacatc gtccgcaggt ttacatgtac gctgttccegt accagtggat cgtaccgttt
gaccgcatcc gtgacggtgt tcacgctatg gttgctcagt ctgttecgteg tactccgegt
tcttctatcg acccgcaggt taaaaacttc cagtggggtg acctgatccg tgcaattcag
gaaacccacg accgtggttt cgagctgccg ctgctgcetgg actgcgacgg tctgotgget
gadggtccgg gtttcaacgt tgttgttate aaagacggtg ttgttcgttc tccgggtegt
gctgctctyge cgggtatcac ccgtaaaacc gttctggaaa tcgetgaatc tctgggtcac
gaagctatce tggctgacat caccctgget gaactgetgg acgotgacga agttctgggt
tgctcaaccy gtggtggtgt ttggecgtte grtttctgttg acggtaacce gatctctgac
ggtgttccgg gtecggttac ccagtctatc atccgtcegtt actgggaact gaacgttgaa

tettettcote tgetgaccee ggracagtac

<210> 72

<211> 330

<212> PRT

<213> Artificial Sequence
<220>

<223> variant of ATA1ll7
<400> 72

Met Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp Tyr Ile thr Tyr Ser gsp Tyr Glu Leu Asp ggo Ala Asn
20 5

Pro teu Ala Gly Gly Ala Ala Trp Ile Glu Gly Ala phe val Pro Pro
35 40 45

Page 78

60
120
180
240
300
360
420G
480
540
600
660
720
780
840
900
960
990



Ser

Ala

65

ASp

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

Ser

Leu

Pro

Glu

50

Thr

ASp

Pro

Ala

Arg

Thr

Asp

Pro

210

Asn

Ala

Leu

ASp

Phe
290

Ala

Tyr

His

Pro

Tyr

val

ITe

Pro

Leu

195

Leu

val

l.eu

Gly

Ala

275

val

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

l.eu

val

Pro

His

260

ASP

Ser

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

ASp

165

Ser

Arg

Leu

val

Gly

Glu

Glu

val

ser

Phe

70

Arg

Gln

Leu

Thr

Tyr

150

Gly

Ser

Ala

ASD

Ile

230

Ile

Ala

val

ASp

Ile

55

His

Leu

ASp

Arg

Pro

135

Ala

val

Ile

1le

Cys

215

Lys

Thr

Ile

Leu

Phe

val

Phe

Glu

Glu

120

Phe

val

His

Asp

Gin

200

AsSp

ASp

Arg

Leu

Gly

Asnh

Asp

Trp

Ser

val

105

Ala

Glu

Pro

Ala

Pro

185

Glu

Gly

Gly

Lys

Ala

265

Cys

Pro

376247-035

Gln Gly Tyr
60

Asn

Asn

90

LYysS

Ile

Arg

Tyr

Met

170

GlIn

Thr

Leu

val

Thr

250

Asp

Ser

Ile

Gly

75

Ala

Glu

val

Asp

GIn

155

val

val

His

Leu

val

235

val

Ile

Thr

Ser

Asn

Glu

Ile

Ser

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Leu

Thr

Gly

Asp
300

Page 79

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Ash

Ser

Glu

Leu

Gly

Gly

Thr

Phe

Ile

Leu

1106

Ser

Lys

va'l

Ser

Phe

180

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

Asp

Leu

80

Ite

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg

240

Glu

L.eu

Trp

Gly



305

376247-

Ser Ser Ser Leu Leu Thr pro val GIn Tyr

<210> 73

<211> 990
<212> DNA
<213>

<220>
<223>

<400> 73

325

Artificial Sequence

variant of ATA11l7

atggctttct cagctgacac ccctgaaatc

atcacctact
atcgaaggtg
tatacttctg
ggggaccaca
acccaggacyg
gcaatcgttt
accaaacatc
gaccgeatcc
agctctatcg
gaaacccacyg
gaaggrccgy
getgctetge
gaagctatcec
tgctcaaccy

ggtattccgg

CCLTCTLCEC

<210> 74

<211> 330
<212> PRT
<213>

<220>
<223>

<400> 74

ctgactacga
ctrtcgttcce
acgcetraccta
tcgaacgtcet
aagttraaaga
ctgtttctat
gtcegeaggt
gtgacggtgt
acccgeaggrt
accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggigt
gtcecggttac

tgctgaccce

actggaccey
gccgrctgaa
caccacctte
gttctctaac
gatcgetetg
cacccgtggt
ttacatgtat
teacgetatg
taaaaacttc
cgagctgeceg
tgttgttatc
ccgtaaaacc
caccccgget
ttggeegtte
ccagtctatc

ggtacagtac

Artificial sequence

variant of ATA117

330

gtttacaccc
gctaacccge
gctegtatcet
cacgtrtgga
gcggaatctt
gaactggttyg
tactcticta
gcrgrrecgt
gttgctcagt
cagtygggty
ctgetgetgg
aaagacggtg
gttctggaaa
gaactgctyg
gtttctgttg

atccgteglt

035

Pro val Thr GIn Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
310 315

acgacaccgyg
tggctyggtyg
ctatcttcga
acggtaacgce
tgcgtttgat
Ctaaaaccga
ccecaticga
accagtggat
ctgttegteg
acctgatceg
actgcgacgg
ttgttegtte
tcgetgaate
acgctgacga
acggtaactc

actgggaact

Page 80

320

tctggactat
tgctgcttgg
ccagggtrac
tttccgtcty
ceegeegetyg
actgegtgaa
gcgrgacate
cgtaccgttt
ttcececgegt
tgcaattcag
tctgotggct
Tecggotogt
tctgggtcac
agttectgggt
tatctctgac

gaacgttgaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
990



Met

Gly

Pro

Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

Ala

Leu

Leu

Glu

50

Thr

ASp

Pro

Ala

Arg

Ser

AsSp

Pro

210

Asn

Ala

Phe

ASp

Ala

35

Ala

TyYr

His

Pro

Lys

115

Tyr

val

Ile

Pro

Leu

185

Leu

val

Leu

Ser

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

lL.eu

val

Pro

Ala

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

MetT

Arg

Leu

val

ASD

Thr“

Ala

ser

phe

70

Arg

Glin

LeLs

Thr

Tyr

150

Gly

ser

Ala

ASp

Ile

230

Ile

Thr

TYHP

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Pro

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

val

His

ASp

Gin

200

Asp

Asp

Arg

Glu

ASp

25

Ile

Asp

Trp

Ser

val

105

Ala

Glu

Pro

Ala

Pro

185

Glu

Gly

Gly

LYS

376247-035

Ile val Tyr

10

Tyr

Glu

Gln

Ash

Asn

S0

LYS

Ile

Arg

Tyr

Met

170

Gin

Thr

Leu

val

Thr
250

Glu

Gly

Gly

Gly

75

Ala

Glu

val

Asp

Gin

155

val

val

His

Leu

val

235

val

Leu

Ala

Tyr

60

Asn

Glu

Ile

Ser

Ile

140

Trp

Ala

LYyS

Asp

Ala

220

Arg

Leu

pPage 81

Thr

Asp

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Asn

Ser

Glu

His

Pro

30

val

Thr

Phe

Leu

Leu

110

Ser

Lys

val

ser

Phe

190

Gly

Gly

Pro

Ile

Asp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala
255

Thr

Asn

Pro

ASp

Leu

80

Leu

Leu

Thr

Arg

rhe

160

Arg

Trp

Gly

Arg
240

Glu



376247-035

Ser Leu Gly His Glu Ala ITe Leu Ala Asp Ile Thr Pro Ala Glu Leu
260 265 270

Leu Asp Ala Asp Glu val Leu Gly Cys Ser Thr Gly Gly Gly val Trp
275 280 285

Pro Phe val Ser val Asp Gly Asn Ser Ile Ser As

p Gly val pro Gly
290 295 300

Pro val Thr Gln Ser Ile Ile Arg Arg Tyr Trp Giu Leu Asn val Glu
305 310 315 320

Pro Ser Ser Leu Leu Thr Pro val Gin Tyr

325 330
<210> 75
<211> 990
<212> DNA
<213> Artificial sequence
<220>
<223> variant of ATAll7
<400> 75
atggetttct cagctgacac ccoctgaaatc gtttacaccc acgacaccgg tctggactat 60
atcacctact ctgactacga actggacccg gctaacccge tggcetggtgg tgotgottog 120
atcgaaggtg ctttcgttcc gccgtctgaa getegtatct ctatcttega ccagggtttt 180
tatacttctyg acgctaccta caccaccttc cacgtttgga acggtaacgc tttecgtctg 240
ggggaccaca tcgaacgtct gttctctaac gcggaatcta ttegttigat cccgoocgetg 300
acccaggacyg aagttaaaga gatcgctctg gaactggttg ctaaaaccga actgcgtgaa 360
gcaatcgttt ctgtttctat cacccgtggt tactcttcta ccccattcga gegtgacatce 420
accaaacatc gtccgeaggt ttacatgtat getctgecgt accagtggat cgtaccgttt 480
gaccgeatco gtgacggtgt tcacgetatg gttgctcagt ctgttegtcg ttccccgcgt 540
agctctatcg acccgcaggt taaaaacttc cagtggggtg acctgatccg tgcaattcag 600
gaaacccacg accgtggttt cgagctgecg ctgetgctgg actgcgacaa cetgetgget 660
gaaggiccgg gtttcaacgt tgttgttatc aaagacggtg tirgttcgttc tecgggtogt 720
getgetetge cgggtatcac ccgtaaaacc gttttigaaa tegetgaatc tctgggtcac 780
gaagctatcce tggetgacat caccccggcet gaactgtacg acgctgacga agttctgggt 840
tgctcaaccyg gtggtggtgt ttggeccgtic gtttctgttg acggtaactc tatctctgac 200
ggtgttcogg gtcocggttac ccagtctate atccegtegtt actgggaact gaacgttgaa 960

Page 82



ccttettete tgctgaccce ggtacagtac

<210>
<211>
<212>
<Z213>

<220>
<223>

<400>

76
330
PRT

Artificial Seguence

variant of ATAl11l7

76

Met Ala Phe Ser

1

Gly Leu

Pro leu

ser Glu
50

Ala Thr

65

Gly Asp

ITe Pro

val Ala

Arg Gly

Pro Gln

145

Asp Arg

Arg ser

Gly Asp

ASp

Ala

35

Ala

Tyr

His

Pro

Tyr

val

Ile

Pro

Leu
195

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

?Ta Asp Thr

Ile

Gly

ITe

Thr

Glu

85

Thr

Glu

Ser

Met

Arg

Thr

Ala

Ser

Phe

70

Arg

GIn

Leuy

Thr

Tyr

150

Gly

Ser

Ala

Tyr

Ala

ITe

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Pro

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

Leu

His

Asp

Gln
200

Glu

Asp

25

Ile

Asp

Trp

Ser

val

105

Ala

Glu

Pro

Ala

Pro

185

Glu

376247-035

Ile val Tyr
10

Tyr Glu Leu

Glu Gly Ala

Gin Gly Phe
60

Asn Gly Asn
75

Asn Ala Glu
90

Lys Glu Ile

ITe val ser

Arg Asp Ile
140

Tyr GIn Trp
155

Met val Ala
170

Gln val Lys

Thr His Asp

Page 83

Thr

Asp

phe

45

Tyr

Ala

ser

Ala

val

125

Thr

Ile

Gln

Asn

Arg

His

Pro

30

val

Thr

Phe

Ile

Leu

110

Ser

Lys

val

Ser

Phe

190

Gly

ASp

15

Ala

Pro

ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Thr

Asn

Pro

Asp

Leu

8C

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

980



376247-035

Leu Pro Leu Leu Leu Asp Cys Asp Asn Leu Leu Ala Glu Gly
210 215 220
Phe Asn val val val Ile Lys Asp Gly val val Arg Ser Pro
225 230 235
Ala Ala reu Pro Gly ITe Thr Arg Lys Thr val Phe Glu Ile
245 250
Ser Leu Gly His Glu Ala ITe Leu Ala Asp Ile Thr Pro Ala
260 265 270
Tyr Asp Ala Asp Glu val Leu Gly Cys Ser Thr Gly Gly Gly
275 280 285
Pro Phe val Ser val Asp Gly Asn Ser Ile Ser Asp Gly val
290 295 300
pro val Thr Gln Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn
305 310 315
Pro Ser Ser Leu Leu Thr Pro val Gin Tyr
325 330
<21i0> 77
<211> 990
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of ATAl11l7
<400> 77
atggctttct cagctgacac cectgaaatc gtitacacce acgacaccgg
atcacctact ctgactacga actggaccog getaacccge tggetggtog
atcgaaggtg ctitcgttcc gecgtctgaa getcgtatet ctatcttcga
tatacttctg acgctaccta caccaccttc cacgtttgga acggtaacge
ggggaccaca tcgaacgtct gttctctaac geggaatctrt tgegtttgatr
acccaggacg aagttaaaga gatcgctctg gaactggttg ctaaaaccga
gcaatcgttt ctgtttctat cacccgtggt tactcttcta ccccatrcga
accaaacatc gtccgcaggt ttacatgtat gctgttccgt accagtggat
gaccgcatcce gtgacggtgt tcacctgatg gttgetcagt ctgttcgteg
agctctatcg acccgcaggt taaaaacttc cagtggggtg acctgatccg

page 84

Pro

Gly

Ala
255

Glu Leu

val Trp
Pro

Gly

Glu
320

val

tctggactat
tgctacttygg
ccagggtttt
tTttcecgtetyg
cccgeegetg
actgcgtgaa
gcgtgacatc
cgtaccgttt
ttceeecgegt

tgcaattcag

60
120
180
240
300
360
420
480
540
600



gaaacccacg

gaaggtccgg

gctgetce

tgc

gaagctatcc

tgctcaa
ggtgttc

cctretrt

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

<220>
<223>

<400>
Met Ala
1
Giy'aeu
Pro Leu
Ser Glu
50

Ala Thr
a5

Gly Asp
Ile Pro
val Ala

Arg Gly

Pro Gin
145

cecg
cgg
ctc
78

330
PRT

accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtceggttac

tgctgaccec

Artificial Sequence

variant of ATALLl?7

78
Phe

Asp

Ala

35

Ala

Tyr

His

Pro

TYyr

val

Ser Ala Asp Thr
5

Tyr

20

Gly

Arg

Thr

1le

Leu

100

Thr

Ser

Tyr

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

Thr

Ala

Ser

Phe

70

Arg

Gin

Leu

Thr

TYyr
150

Tyr

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

cgagctgecg
tgttgttatce
ccgtaaaacc
caccccgget
ttggeegttc

ccagtctatce

Pro

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

val

376247-035
ctgctgctgg actgcgacaa

aaagacggtg trgttcgttc

gttctggaaa

gaactgctgg

gttactgttg

atccgtegtt

ggtacagtac

Glu

ASp

25

Ile

Asp

Trp

Ser

val

105

Ala

Glu

Pro

Ile

10

Tyr

Glu

Gln

Asn

Asn

90

Lys

Ile

Arg

Tyr

val

Glu

Gly

Gly

Gly

75

Ala

Glu

val

AsSp

Gln
155

tcgetgaatce

acgctgacga

acggtaactc

actgggaact

Tyr

Leu

Ala

Phe

60

Asn

Glu

Ile

Ser

Ile

140

Trp

Page 85

Thr

Asp

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

ITe

His

Pro

30

val

Thr

Phe

Leu

Leu

110

sSer

Lys

vai

cctgctgget
tccgggtegt
tctgggteac
agttctgggt
tatctctgac

gaacgttgaa

Asp

15

Ala

Pro

Ser

Arg

Arg

a5

Glu

Ile

His

Pro

Thr

Asn

Pro

Asp

Leu

80

l.eu

Leu

Thr

Arg

Phe
160

660
720
780
840
900
960
990



Asp

Arg

Gly

Leu

Phe

225

Ala

Ser

Leu

Pro

Pro

305

Pro

Arg

Ser

ASp

Pro

210

Asin

Ala

l.eu

Asp

Phe

290

val

Ser

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

<220>
<223>

<400>
atggctttct cagcetgacac ccctgaaatc gtttacacce

Ile

Pro

l.eu

185

Leu

val

Leu

Gly

Ala

275

val

Thr

Ser

79
990
PNA

79

Arg

Arg

ITe

Leu

val

Pro

His

260

Asp

Thr

Gin

Leu

Asp

ser

Arg

Leu

val

Gly

Glu

Glu

val

Ser

Leuy
325

Gly

ser

Ala

Asp

ITe

230

Ile

Ala

val

Asp

Ile

310

Thr

variant of ATA1ll7

val

Ile

Ile

Cys

215

Lys

Thr

Ile

l.eu

Gly

Ile

Pro

Artificial Sequence

His

ASD

Gln

200

ASD

Asp

Arg

Leu

Gly

Asn

Arg

val

Leu

Pro

185

Glu

Asn

Gly

Lys

Ala

265

Cys

Ser

Arg

Gin

376247-035

Met val Ala G1n Ser val Arg

1790

Gin

Thr

Leu

vai

Thr

250

Asp

s5er

Ile

Tyr

Tyr
330

val

His

Leu

val

235

val

Ile

Thr

Ser

Trp

atcacctact ctgactacga actggacccg gctaacccgce

atcgaaggty ctrtcgticc gocgtctgaa getcgtatet

tatacttctg acgctaccta caccacctic cacgtitgga

175

Lys Asn Phe Gin Trp
190

Asp Arg Gly Phe Glu

Ala Glu Gly Pro Gly
220

Arg Ser Pro Gly Arg
2
teu Glu Tle Ala Glu

Thr Pro Ala Glu Leu
270

Gly Gly Gly val Trp

Asp Gly val Pro Gly
300

Glu Leu Asn val Glu
320

acgacaccgg tctggactat
tggctggtgy tgctgcttyy
ctatcttcga ccagggttrt

acggtaacgc tttccgtctg

Page 86

60
120
180
240



376247-035

ggggaccaca tcgaacgtct grttctctaat geggaatcta ttcgtttgat

acccaggacg aagttaaaga gatcgetctg gaactggttg ctaaaaccga

gcgatcgttt ctgtitctat cacccgtggt tactcttcta ccccattcga

accaaacatc gtccgcaggt ttacatgtat getgttccgt accagtggat

gaccgcatcc gtgacggtgt tcacctgatg gttgctcagt cagttegteg

agctctatcg acccgcaggt taaaaacttc cagtggggtyg accrgatccg

gaaacccacg accgtggttt cgagctgecg cigotgetgg actgcgacaa

gaaggtccgg gtttcaacgt tgttgttatc aaagacggrtg ttgttogttc

gctgctctge cgggtatcac ccgtaaaacc gttctggaaa tcgotgaatce

gaagctatce tggctgacat caccccgget gaactgtacg acgcetgacga

tgctcaaccyg gtggtggtgt ttggccgtic grtictgttg acggtaactc

ggtgttccgg gtccggttac ccagtctatc atccgtegtt actgggaact

ccttettcte tgctgaccee ggtacagtac

<210> 80

<211> 330

<212> PRT

<213> Artificial Seqguence

<220>

<223> variant of ATAlL7

<400> 80

Met Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tyr His

1 5 10

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Pro
20 25 30

Pro Leu Ala Gly Gly Ala Ala Trp Ile Glu Gly Ala val

35 40
Ser Glu Ala Arg 1le Ser Ile Phe Asp GIn Gly Phe Thr
50 55 60

Ala Thr Tyr Thr Thr phe His val Trp Asn Gly Asn Phe

65 70 75

Gly Asp His Ile Glu Arg Leu Phe Ser Asn Ala Glu Ile

85 90

ITe Pro Pro Leu Thr Gin Asp Glu val Lys Glu Ile Leu

100 105 110

Page 87

cccgeegety
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacaccgcgt
tgcaattcag
cctgctgget
tccgggtegt
tctgggtcac
agttctgggt
tatctctgac

gaacgttgaa

Asp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Thr

Asn

Pro

Asp

Leu

80

Leu

Leu

300
360
420
480
540
600
660
720
780
840
900
960
990



val

Arg

Pro

145

ASp

Arg

Gly

Leu

Phe

225

Ala

Ser

Tyr

Pro

Pro

305

Pro

Ala

Arg

Thr

Asp

Pro

210

Asn

Ala

Leuy

Asp

Phe

290

val

Ser

<210>
<211>
<212>

<213>

Lys

115

Tyr

val

Ile

Pro

Laeu

195

Leu

val

Leu

Gly

Ala

275

vall

Thr

Ser

81
990
DNA

Thr

Ser

Tyr

Arg

Arg

180

Ile

Leu

val

Pro

His

260

Asp

Ser

Gin

Leu

Glu

ser

Met

Arg

Leu

val

Gly

Glu

Glu

val

Ser

Leu
325

Leu

Thr

Tyr

150

Gly

ser

Ala

ASp

Ile

230

Ile

Ala

val

Asp

Ile

310

Thr

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Leu

Pro

Artificial Sequence

Glu

120

Phe

val

His

Asp

Gin

200

Asp

ASD

Arg

Leu

Gly

Asn

Arg

val

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

Lys

Ala

265

Cys

Ser

Arg

Gin

376247-0335

Ile val Ser

Arg
Tyr
Met
170
GIn
Thr
L.eu
val
Thr
250
Asp
Ser
Ile

Tyr

TYr
330

Asp

val

val

His

Leu

val

235

val

Ile

Thr

Ser

Ile

140

Trp

Ala

Lys

ASD

Ala

220

Arg

Leu

Thr

Gly

ASD

300

Glu

page 88

val

125

The

Ile

Gln

Asn

Ser

Glu

Pro

Leu

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

vall

Thr
Arg
Phe
160
Arg
Trp
Glu
Gly
Arg
240
Glu
Leu
Trp

Gly

Glu
320



376247-035

<220>

<223> Vvariant of arall?

<400> 81

atggctttct cagctgacac ccctgaaate gtttacaccc acgacaccgg tctggactat 60
atcacctact ctgactacga actggacccg gctaacccge tggetggtgg tgetgcttog 120
atcgaaggtg ctitcgticc gecgtotgaa getcgrtatct ctatcttcga ccagggtttit 180
tatacttctg acgctaccta caccaccttc cacgtttgga acggtaacge tttccgtcetyg 240
ggggaccaca tcgaacgtct gttctctaac goggaatctt tgcgtttgat cocgocgety 300
acccaggacg aagtraaaga gatcgcetctg gaactggttg ctaaaaccga actgogtgaa 360
gcaatcgttt ctgrttetat cacccgtggt tactcttcta ccccattcga gegtgacatce 420
accaaacatc gtccgcaggt ttacatgtat gctgttccgt accagtggat cgtaccgttt 480
gaccgcatcc gtgacggtgt tcacctgatg gttgctcagt ctgttegtcog ttocccgogt 540
agetctatcg acccgeaggt taaaaacttc cagtggggtg acctgatccg tgcaattcag 600
gaaacccacg accgtggitt cgagctgecg ctgetgetgg actgcgacgg tetgetgget 660
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg ttgttcgtic tccgggtegt 720
gctgctetge cgggtatcac ccgtaaaace gttctggaaa tcgetgaate tctgggtcac 780A
gaagctatce tggcetgacat caccccgget gaactgtacyg acgctgacga agttctgggt 840
tgctcaaccg gtggtggtgt ttggecgtte gtttctgttg acggtaactc tatctctgac 900
ggtgttccgg gtoecggttac ccagtctatc atccgtegtt actgggaact gaacgttgaa 960
cctTcttcte tgctgaccee ggtacagtac 290
<210> 82

<211> 330

<212> PRT

<213> Artificial Sequence

<220>

<223> variant of ATAll7

<400> 82

Met Ala Phe Ser Ala Asp Thr Pro Glu iée val Tyr Thr His Asp Thr
1 5 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr GTu Leu Asp ggo Ala Asn
20 25

Pro Leu §1a Gly Gly Ala Ala Trp Ile Glu Gly Ala phe val Pro Pro
5 40 45

ser Glu Ala Arg Ile Ser ye Phe Asp GIn Gly Phe Tyr Thr Ser Asp
50 5 60

Page 89



Ala

65

Iie

val

Arg

Pro

145

AsSp

Arg

Gly

Leu

Phe

225

Ala

Ser

Tyr

Pro

Pro

Thr

ASD

Pro

Ala

Arg

Ser

Asp

Pro

210

Asn

Ala

Leu

Asp

Fhe

290

val

Tyr

His

Pro

Lys

Tyr

val

Ile

Pro

Leu

195

L.eu

val

Leu

Gly

Ala

275

val

Thr

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

l.ey

val

Pro

His

260

Asp

Ser

Gin

Thr

Glu

85

Thr

Glu

Ser

Met

Arg

l.ey

val

Glu

val

ser

Phe

70

Arg

Glin

Leu

Thr

Tyr

150

Gly

ser

Ala

ASD

Ile

230

Ile

Ala

val

Asp

Ile

His

Leu

ASp

Arg

Pro

135

Ala

val

ITe

Cys

Lys

Thr

1le

Leu

Gly

Ile

val

Phe

Glu

Glu

120

Phe

val

His

Asp

Gln

200

Asp

Asp

Arg

Leu

Arg

Trp

Ser

val

105

Ala

Glu

Pro

leu

Pro

185

Glu

Gly

Gly

LysS

Ala

265

Cys

Ser

Arg

376247-035

Asn Gly Asn

ASh

90

Lys

Ile

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr

250

ASp

Ser

Ile

75

Ala

Glu

val

Asp

Gln

155

val

val

His

Leu

val

235

val

Ile

Thr

ser

Glu

Ile

Ser

Ile

140

Trp

Ala

Lys

ASp

Ala

220

Arg

Leu

Thr

Gly

ASp
300

Tyr Trp Glu
Page 80

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Asn

Arg

Glu

Ser

Glu

Pro

Gly

Gly

Leu

Phe

Leu

Leu

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Itle

Ala

270

val

Asn

Arg

Arg

95

Gglu

Ile

His

Pro

val

175

Gin

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Leu

80

Leuy

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Leu

Trp

Gly

Glu



376247-035
- 305 310 315 320

Pro Ser Ser Leu Leu Thr pro val GIn Tyr

325 330
<210> 83
<211> 9390
<212> DNA
<213> artificial seguence
<220>
<223> variant of ATA117
<400> 83
atggctttct cagctgacac ccctgaaatc gtttacaccc acgacaccgg tctggactat 60
atcacctact ctgactacga actggacccg gctaacccge tggctggigg tgctgottag 120
atcgaaggtyg ctrtcgttce gecgtctgaa getegtatct ctatcttega ccagggttter 180
tatacttctg acgctaccta caccaccttc cacgtttgga acggtaacge tttccgtctyg 240
ggggaccaca tcgaacgtct gtrctctaat gcggaatcta ttcgttigat cccgecgetg 300
acccaggacg aagttaaaga gatcgctctg gaactggttyg ctaaaaccga actgcgtgaa 360
gcgatcgtta ctgtttctat cacccgtggt tactcttecta ccccaticga gogtgacartc 420
daccaaacatc grtccgcaggt ttacatgtat gctgttccgt accagtggat cgtaccgttt 480
gaccgcatcc gtgacggtgt tcacctgatg gttgctcagt cagttcgtcg tacaccgegt 540
agctctatcg acccgeaggt taaaaacttc cagtggggtg acctgatccg tgcaattcag 600
gaaacccacg accgtggttt cgagctgocg ctgctgetgg actgegacaa cctgotggcet 660
gaaggtccgg gtttcaacgt tgrtgttatc aaagacggtg ttgttcgttc tccgggtegt 720
gctgctctge cgggtatcac ccgtaaaacc gttctggaaa tcgctgaate tctgggtcac 780
gaagctatcc tggcetgacat caccccggcet gaactgracg acgctgacga agttotgggt 840
tgctcaaccg gtggtggtgt ttggeegttc gtttctgttg acggtaactc tatctctgac 900
ggtgttccgg gtccggttac ccagtctate atccgtegtt actgggaact gaacgttgaa 960
ccttettcte tgetgaccce ggtacagtac 990
<210> B84
<211> 330
<212> PRT
«213> Artificial Seguence
<220>
<223> Vvartiant of ATA117
<400> 84

Met Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tyr Thr His Asp Thr
1 5 10 15
Page 91



Gly

Pro

Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Ley

Phe

225

Ala

Ser

Leu

Ley

Glu

50

Thr

ASp

Pro

Ala

Gly

Gln

Arg

Thr

Asp

Pro

210

Asn

Ala

Leu

Asp

Ala

Ala

Tyr

His

Pro

Lys

TYF

val

Ile

Pro

L.eu

195

Leu

val

Lau

Gly

TYF

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

Leu

vai

Pro

His

Ile

Gly

Ile

Thr

Glu

&5

Thr

Glu

Ser

Met

Arg

Leu

val

Gly

Glu

Thr

Ala

Ser

Phe

70

Arg

Gln

Leu

Thr

Tyr

150

Gly

Ser

Ala

AsSp

Ile

230

Ile

Ala

Tyr

Ala

Ile

55

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Iie

Cys

215

Lys

Thr

Iie

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

val

His

Asp

Gin

200

ASp

Asp

Arg

Leu

Asp

25

Ile

Asp

Trp

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Ash

Gly

Lys

Ala

376247-035

Tyr Glu Leuy

Giu

Gin

Asn

Asn

90

Lys

ITe

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr
250

Gly

Gly

Gly

75

Ala

Glu

val

Asp

Glin

155

val

val

His

Leu

val

235

val

Ala

Phe

60

Asn

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Leu

Asp Ile Thr
Page 92

ASp

rhe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Tle

Gin

Asn

205

Glu

Ser

Glu

Pro

Pro

30

val

Thr

Phe

ITe

Leu

110

Ser

LYS

val

Ser

Phe

190

Gly

Pro

Ile

Ala

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

Asn

Pro

Asp

Leu

80

Leu

Leu

Thr

Arg

rhe

160

Arg

Trp

Glu

Gly

Arg

240

Glu

L.ey



Tyr Asp Ala Asp Glu val Leu Gly Cys Ser Thr
275 280

Pro Phe val

290

Pro val Thr

305

Pro Ser Ser

<210> B85
<211> 990
<212> DNA
<213>
<220>
<223>

<400> 85

376247-035

260 265 270

285

Gly Gly Gly val Trp

Ser val Asp Gly Asn Ser ITe Ser Asp Gly val pro Gly

295 300

GIn Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
1

310 315

teu Leu Thr Pro val GIn Tyr
325 330

Artificial Sequence

varijant of ATAL11l7

atggctttct cagctgacac ccctgaaatc gtttacaccc acgacaccgg

atcacctact
atcgaaggtg
tatacttctg
ggggaccaca
acccaggacg
gcgatcgttc
accaaacatc
gaccgeatcc
agctctateg
gaaacccacg
gaaggiccgy
gctgctectgc
gaagctatce
tgctcaaccy

ggtgticcgg
ccttcttctc

ctgactacga actggacccy getaaccege tggetggtgg
ctttegttece gocgtctgaa gotcgtatot ctatcttcga
acgctaccta caccaccttc cacgtttgga acggtaacgc
tCgaacgtct grtctctaat geggaatceta ticgtttgat
aagttaaaga gatcgctctg gaactggttg ctaaaaccga
atgtttetat cacccgtggt tactoticta ccccattcga
gtccgcaggt ttacatgtat getgttccygt accagtggat
gtgacggtgt tcacctgatg gttgctcagt cagttcgtcg
accegeaggt taaaaacttc cagtgogatg acctgatcecy
accgtggttt cgagcetgecg ctgetgctgy actgcgacaa
gtttcaacgt tgttgttatc asagacggtg ttgttcgttc
cgggtatcac ccgtaaaacc gttctggaaa tegetgaatc
tggctgacat caccccgget gaactgtacg acgctgacga
gtggtggtgt ttggccgttc gttictgttg acggtaactc
gtccggttac ccagtctatc atccgtegtt actgggaact

tgctgaccce ggtacagrac

Page 93

320

tctggactat
tgctgcttag
ccagggtttt
ttteegtetyg
ccecgecgety
actgcgtgaa
gcgtgacate
cgtaccgttt
tacaccgegt
tgcaattcag
cctgetgget
tccgggtegt
tctgggteac
agttctgggt
tatctctgac

gaacgtrtgaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
990



<Z210>
<211>
<212>
<213>

<220>
<223>

<400>

86
330
PRT

Artificial Sequence

variant of ATAll7

86

Met Ala Phe
1

Gly
Pro
Ser
Ala
65

Gly
ITe
val
Arg
Pro
145
Asp
Arg

Gly

Ley

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Gly

Gln

Arg

Thr

ASp

Pro

ASp

Ala

35

Ala

Tyr

His

Pro

Lys

Tyr

val

Ile

Pro

Leu

195

Leu

Ser

Tyr

Gly

Arg

Thr

Ile

Leu

100

Thyr

Ser

Tyr

Arg

Arg

Ile

Leu

éTa Asp Thr

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

ser

Met

Arg

l.ey

Thr

Ala

Ser

Phe

70

Arg

GTn

Leu

Thr

Ser

Ala

ASp

Tyr

Ala

Ile

55

His

Leu

ASp

Arg

Pro

135

Ala

val

Iie

Ile

Cys

Pro

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

val

His

Asp

Gin

200

Asp

Glu

Asp

25

ITe

AsSp

Trp

sSer

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

376247-035

ITe val Tyr
10

Tyr Glu Leu

Glu Gly Ala

Gin Gly Phe
60

Asn Gly Asn
75

Asn Ala Glu
a0

tys Glu Ile

Ile val His

Arg Asp Ile
140

Tyr GIn Trp
155

Met val Ala
170

GIn val Lys

Thr His Asp

Leu Leu Ala
Page 94

Thr

Asp

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

Glin

Asn

Arg

Glu

His

Pro

30

val

Thr

Phe

Ile

Ley

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Asp

15

Ala

Pro

ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gin

Phe

Pro

Thr

AsSn

Pro

Asp

Leu

80

l.eu

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly



376247-
210 215
Phe Asn val val val Ile Lys Asp Gly val val
225 230 235
Ala Ala Leu Pro Gly Ile Thr Arg Lys Thr val
245 250
Ser Leu Gly His Glu Ala Ile Leu Ala Asp Ile
260 265
Tyr Asp Ala Asp Glu val Leu GTy Cys Ser Thr
275 280
Pro Phe val Ser val Asp Gly Asn Ser 1le Ser
290 295
Pro val Thr Gln Ser Ile Ile Arg Arg Tyr Trp
305 310 315
Pro ser Ser Leu Leu Thr Pro val Gin Tyr
325 330
<210> 87
<211> 990
<212> DNA
<213> Artificial Seguence
<220>
<223> variant of ATA117
<400> 87
atggctttct cagctgacac cccigaaatc gtitacaccce
atcacctact ctgactacga actggacccg getaacccge
atcgaaggtg ctttcgttce gccgtctgaa getcgtatet
tatacttctg acgctaccta caccaccttc cacgrttgga
ggggaccaca tcgaacgtct gttctctaat gcggaatcta
acccaggacg aagttaaaga gatcgctctg gaactggttg
gcgatcgtta atgtttctat cacccgtggr tactcttcta
accaaacatc gtccgcaggt ttacatgtat getgttecgt
gaccgcatcc gtgacggtgt tcacctgatg gttgctcagt
agctctatcyg acccgcaggt taaaaacttc cagtggggtg
gaaacccacg accgtggttt cgagctgccg ctgetgetgg
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg

035
220

Arg Ser Pro

Leu Glu Ile

Ala
270

Thr Pro

Gly Gly

val
300

Glu Leu Asn

acgacaccgg
tggctggtag
ctatcttcga
acggtaacgc
ttcgtttgat
ctaaaaccga
ccccattega
accagtggat
cagttcgteg
accrgatccg
actgcgacaa

ttgttcgttc

Page 95

Gly Arg

240

Ala
255

Glu Leu

val Trp
Pro

Gly

Glu
320

val

tctggactat
tgctgettgg
ccagggtrttt
trtecgrcty
cccgecgetg
actgcgtgaa
gcgtgacatc
cgtaccgtrt
tacaccgcgrt
tgcaattcag
cctgctgget
tcegggiegt

60
120
180
240
300
360
420
480
540
600
660
720



376247-035

gctgetetge cgggtatcac ccgtaaaacc gttctggaaa tcgctgaatc tctgggtcac

gaagctatcc tggctgacat caccccgget gaactgtacyg acgctgacga agttetgggt

tgctcaaccg gtggtggtgt ttggccgttc gtttctgttg acggtaactc tatctctgac

ggtgtteegg gtccggttac ccagtctatc atccgtegtt actgggaact gaacgttgaa

ccttettetc tgctgaccee ggtacagtac

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

<220>
<223>

<400>

88
330
PRT

Artificial Seguence

variant of ATA1l7

&8

Met Ala pPhe Ser Ala
1 5

Gly

Pro

Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

ASp

l.eu

Leu

Glu

50

Thr

ASD

Pro

Ala

Arg

AsSp

Ala

35

Ala

Tyr

His

Pro

Lys

Tyr

val

Ile

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

ASp

Asp Thr Pro Glu Ile val Tyr Thr His Asp Thr
10 15

Thr Tyr Ser Asp Tyr Glu Leu Asp Pro Ala Asn
25 30

Ala Ala Trp Ile Glu Gly Ala Phe val Pro Pro
40 45

Ser Ile Phe Asp GIn Gly phe Tyr Thr Ser Asp
55 60

Phe His val Trp Asn Gly Asn Ala Phe Arg Leu
70 75 80

Arg Leu Phe Ser Asn Ala Glu Ser Ile Arg Leu
90 95

Gln Asp GTu val Lys Glu Ile Ala Leu Glu Leu
105 110

Leu Arg Glu Ala Ile val Asn val Ser Ile Thr
120 125

Thr Pro Phe Glu Arg Asp Ile Thr Lys His Arg
135 140

Tyr Ala val Pro Tyr Gin Trp Ile val Pro Phe
150 155 160

Gly val His Leu Met val Ala Gin Ser val Arg
Page 96

780
840
906
960
990



Arg

Gly

Leu

Phe

225

Ala

Ser

Tyr

Pro

Pro

305

Pro

Thr

Asp

Pro

210

Asn

Ala

Leu

Asp

Phe

290

va'l

ser

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

<220>
<223>

<400>
atggctttct cagctgacac ccctgaaatc gtttacaccce

Pro

Lewy

195

Leu

val

Leu

Gly

Ala

275

val

Thr

ser

89
5390
DNA

Arg

Ile

Leu

val

Pro

His

260

Asp

Ser

G1n

Leu

165

ser

Arg

Leu

val

Glu

val

ser

Leu
325

Ser

Ala

ASD

Ile

230

Ile

Ala

val

Asp

Ile

310

Thr

Ite

Ile

Cys

215

Lys

Thr

Ile

Leu

Gly

Ile

Pro

Artificial Sequence

variant of ATA1l7

89

atcacctact

atcgaaggty

tatacttctg

ggggaccaca

acccaggacg

ASp

Gln

200

Asp

Asp

Arg

Leu

Gly

Asn

Arg

val

Pro

185

Glu

Asn

Gly

Lys

Ala

265

Cys

Ser

Arg

Gin

376247-035
170

Gln

Thr

Leu

val

Thr

250

ASp

Ser

Ile

Tyr

Tyr
330

val

His

Leu

val

235

val

Ile

Thr

ser

ctgactacga actggacccg gctaacccge
ctttcgttcc gocgtctgaa getegtatcet
acgctaccta caccaccttc cacgtttgga
tcgaacgtct gttctctaat gcggaatcta

aagttaaaga gatcgctctg gaactggttg

Lys

ASp

Ala

220

Arg

Leu

Thr

Gly

ASp

300

Glu

Asn

Arg

Glu

Ser

Glu

Pro

Gly

Gly

Leu

Phe

190

Gly

Gly

Pro

1le

Ala

270

Gly

val

Asn

acgacaccgyg

tggctggtgg
ctatcttcga

acggtaacgce

ttcgtttgat

ctaaaaccga
Page 97

175

Gin Trp

Phe Glu

Pro Gly

Gly Arg

Ala Glu

255

Glu Leu

val Trp

Pro Gly

val Glu
320

tctggactat
tgctgettyg
ccagggtett
tttecgtetg
ccegecgetg

actgcgtgaa

60
120
180
240
300
360



gcgatcgttt
accaaacatc
gaccgcatcee
agctctratcg
gaaacccacyg
gaaggtccgg
gcrgetetge
gaagctatcc
tgctcaaccg

ggtgticcgg
cctteticte

<210
<211>
<212>
<213>

<220>
<223>

<400>

90
330
PRT

a0
et Ala phe
1

Gly

Leu Asp

Ala
35

Pro Leu

Glu Ala

50

Ser

Ala Thr

65

Tyr

Gly Asp His

Ile Pro Pro

val Ala Lys

ctgtttctat
gtccgcaggt
gtgacggtgt
acccgeaggt
accgtggrtt
gtttcaacot
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgaccce

Ser Ala Asp Thr

5

Tyr Ile

20

Gly Gly

Ile

Arg

Thr Thr

Thr

Ala

Ser

Phe

caccegtggt
ttacatgcat
tcacctgatg
taaaaacttc
cgagetgecg
tgrtgttatce
ccgtaaaacc
caccccgget
ttggeegtic
ccagtctatc

ggtacagtac

Artificial sequence

variant of ATAl17

Pro

Tyr Ser

Ala Trp

40

Ile phe

55

His val

70

Glu
85

Ile

Leu Thr

100

Thr Glu

Arg

Gin

Leu

Leu Phe

Glu

ASp

Arg Glu

376247~

035

tactcttcta ccccattcga gegtgacatce

gctgttecegt
gttgcteagt
cagtggggty
ctgctgcetgg
aaagacggtg
gttctggaaa
gaactgtacg
gtttctgtty

atccgtcgtt

Tle val

10

Glu

Asp Glu

25

Tyr

Ile Glu Gly

Asp GIn Gly

Trp Asn Gly

75

Ser Asn Ala

a0

val Glu

105

Lys

Ala Tle val

accagtggat
cagttcgtcg
acctgatccg
actgcgacaa
Ttgttcgtte
tcgctgaatc
acgctgacga
acggtaactc

actgggaact

Tyr Thr His

Leu Pro

30

Asp

Phe val

45

Ala

Phe Thr

60

Tyr

Asn Ala Phe

Glu Ser Ile

TTe Ala Leu

110

Ser val Ser

Page 98

cgtaccgttt
tacaccgegt
tgcaattcag
cctgetgget
tcegggtegt
tctgggteac
agttctoggt
tatctetygac

gaacgttgaa

Asp Thr

15

Ala Asn

Pro Pro

ser Asp

Arg Leu

80

Arg
95

Leu
Glu

Leu

Ile Thr

420
480
540
600
660
720
780
840
200
560
930



Arg

Pro

145

Asp

Arg

Leu

Phe

225

Ala

ser

Tyr

Pro

Pro

305

Pro

Gly

Gln

Arg

Thr

ASp

Pro

210

Asn

Ala

l.eu

ASp

Phe

290

val

Ser

<210
<211>
<212>
<213>

<220>
<223>

115

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

ser

91
990
DNA

ser

Tyr

Arg

Leu

val

Pro

His

260

Asp

Ser

Gln

Leu

Ser

MetT

AsSp

ser

Arg

Leu

val

Glu

val

Ser

Leu
325

Thr

His

150

Gly

Ser

Ala

ASp

Ile

230

Ile

Ala

val

Asp

Ile

310

Thr

Pro

135

Ala

val

Ile

Ile

215

Lys

Thr

Ile

Leu

Pro

Artificial Sequence

variant of ATAL1lY

120

Phe

val

His

ASp

Gln

200

AsSp

Asp

Arg

Leu

Arg

val

Glu

Pro

Ley

Pro

185

Glu

Asn

Gly

Lys

Ala

265

Cys

Ser

Arg

Gln

376247035

Arg Asp Ile

Tyr

Met

170

Gln

Thr

Leu

val

Thr

250

Asp

Ser

Ile

Tyr

Tyr
330

Gin

155

val

val

His

Leu

val

235

val

Ile

Thr

Ser

Trp

140

Trp

Ala

Lys

ASp

Ala

220

Arg

Leu

Thr

Gly

Page 99

125

Thr

1le

Gln

Asn

Ser

Glu

Pro

Ley

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

His

Pro

val

175

Gin

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Arg
rhe
160
Arg
Trp
Glu
Gly
Arg
2

Glu
Leu
Trp

Gly

Glu
320



400> 91 376247-035
atggctrtct cagetgacac ccctgaaatc gtttacaccc acgacaccgg
ataacctact ctgactacga actggacccg gctaacccge tggetggtgg
atcgaaggtg ctttegttce gecgtctgaa getegtatet ctatcettega
tatacttctg acgctaccta caccaccttc cacgtttgga acggtaacgce
ggggaccaca tcgaacgict gttctctaat gcggaatcta ticgtitgat
acccaggacg aagttaaaga gatcgetctg gaactggttg ctaaaaccga
gcgatggttc atgtttectat cacccgtggt tactcttcta ccccatticga
accaaacatc gtccgcaggt ttacatgcac gctagcccgt accagtggat
gaccgcatce gtgacggtgt tcacctgatg gttgctcagt cagttcgteg
agctctatcg acccgcaggt taaaaacttc cagtggggtg acctgatccg
gaaacccacg accgtggtit cgagctgecg ctgetgetgg actgegacaa
gaaggtccegg gtttcaacgt tgttgttatc aaagacggtg trgttegttc
gctgctetyge cgggtatcac ccgtaaaacc gttctggaaa tcgctgaatc
gaagctatcc tggcrgacat caccccgget gaactgtacg acgctgacga
tgctcaaccg gtggtggtgt ttggecgttc gttictgttg acggtaactc
ggtgttcegg gtccggttac ccagtctatc atccgtegtt actgggaact
ccttcttcte tgetgaccee ggtacagtac

<210> 92

<211> 330

<212> PRT

<213> Artificial Sequence

<220>
<223> Vvariant of ATA11l7

<400> 92
Met Ala Phe Ser Ala Asp Thr Pro Glu ITe val Tyr Thr His
1 5 10

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pro
20 25 30

Pro Leu Ala Gly Gly Ala Ala Trp T1e Glu Gly Ala Phe val
35 40 45

Ser Glu Ala Arg Ile Ser Ile pPhe Asp Gin Gly Phe Tyr Thr
50 55 60

Ala Thr Tyr Thr Thr phe His val Trp Asn Gly Asn Ala phe
page 100

tcrggactat
tgctgettyg
ccagggtttt
tttecegtetg
cccgeegety
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacaccgegt
tgcaattcag
cctgctgget
tcegggtegt
tctgggtcac
agtrctgggt
tatctctgac

gaacgttgaa

Asp Thr

15

Ala Asn

Pro Pro

Ser Asp

Arg Leu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
990



65

Gly

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

Sep

Tyr

Pro

Pro
305

Asp

Pro

Ala

Gly

Glin

Arg

Thr

ASp

Pro

210

Asn

Ala

Leu

Asp

Phe

290

val

His

Pro

LYS

115

Tyr

val

Ite

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

Ile

l.eu

160

Thr

ser

Tyr

Arg

Arg

Ile

Leu

vai

Pro

His

260

Asp

Ser

Gin

Glu
85

Thr
Glu

ser

Met

Arg

Leu

val

Gly

Glu

Glu

val

ser

70

Arg

GIn

Leu

Thr

His

150

Gly

Ser

Ala

Asp

Ile

230

Ile

Ala

val

Asp

Ite
310

Leu

ASD

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Leu

Phe

Glu

Glu

120

Phe

Ser

His

Asp

Gin

200

Asp

ASp

Arg

l.eu

Gly

Asn

Arg

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

Lys

Ala

265

cys

Ser

Arg

376247-035

Asn

90

Lys

Met

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr

250

ASp

Ser

Ile

Tyr

75

Ala

Glu

val

Asp

GlIn

155

val

val

His

Leu

val

235

val

Ile

Thr

Ser

Trp
315

Glu

Ile

Ile

140

Trp

Ala

LysS

Asp

Ala

220

Arg

Leu

Thr

Gly

ASp

300

Glu

Page 101

Ser

Ala

val

125

Thr

Ile

G'ln

Asn

Ser

Glu

Pro

Gly

Gly

Leu

Ile

Leu

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

val

Asn

Arg

95

Glu

Ile

Mis

Pro

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

80

Leu

leu

Thr

Arg

Pha

160

Arg

Trp

Glu

Gly

Leu

Trp

Gly

Glu
320



<210> 93

<211> 990
<212> DNA
<213>

<220>
<223>

<400> 93
atggettict

atcacctact
atcgaaggtg
tatacttctg
ggggaccaca
acccaggacg
gcgattgtta
accaaacatc
gaccgeatec
agctctateg
gaaacccacg
gaaggiccgg
gctgetctge
gaagctatec
tgctcaaccg

ggtgttccgg
ccttetrtcte

<210> 94

<211> 330
<212> PRT
<213>

<220>
<223>

<400> 94

325

cagctgacac
ctgactacga
ctttegttce
acgcraccta
tcgaacgtct
aagttaaaga
ccgtttctat
gtccgeaggt
gtgacggtgt
acccgeaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgaccee

Artificial Sequence

variant of ATAll7

ccctgaaatc
actggacccyg
gccgtetgaa
caccaccttc
gttctctaat
gatcgetctg
cacccgtggt
ttacatgagt
tcacctgatg
taaaaacttc
cgagctgecg
tgttgttatc
ccgtaaaacc
cacccecgget
ttggecgtic
ccagtctatce

ggtacagtac

artificial sequence

variant of ATAll7

376247-035
Pro Ser Ser Leu Leu Thr Pro val Glin Tyr

330

gtttacacce
gctaacccge
gctegtatcet
cacgtttgga
gcggaatcta
gaactggttg
tactcttcta
gcttgcecgt
gttgctcagt
cagtggggtg
ctgctgetgg
aaagacggtg
gttctggaaa
gaactgtacg
grrtetgttg

atcecgtegtt

acgacaccgg
tggctggtgg
ctatcttcga
acggraacgc
ttcgtttgat
ctaaaaccga
ccccattega
accagtyggat
cagttcgteg
acctgatccy
actgcgacaa
ttgttegttc
tcgctgaatc
acgctgacga
acggtaactc

actgggaact

tctggactat
tgctgcttgg
ccagggrttt
rttcegtctg
cccgeogetg
actgcgtgaa
gcgtgacate
cgtaccgttt
tacaccgegt
tgcaattcag
cctgetggct
tccgyggtegt
tctgggtcac
agttctogggt
tatctctgac

gaacgttgaa

Met Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tyr Thr His Asp Thr

1

5

10

15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pro Ala Asn
Page 102

60
120
180
240
300
360
420
480
540
600
660
720
780
840
9006
960
990



Pro

ser

Ala

65

Gly

Ile

val

Arg

Pro

145

ASp

Arg

Gly

Leu

Phe

225

Ala

Ser

Ley

Giu

30

Thr

ASD

Pro

Ala

Arg

Thr

ASD

Pro

210

Asn

Ala

Leu

Ala

35

Ala

Tyr

His

Pro

LYS

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

Leu

val

Pro

His
260

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

165

ser

Arg

Leu

val

Gly

Glu

Ala

Ser

Phe

70

Arg

Glin

Leu

Thr

ser

150

Gly

Ser

Ala

ASD

Ile

230

Ile

Ala

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

Cys

His

Asp

Gin

200

Asp

ASp

Arg

Leu

Itle

Asp

Trp

Ser

val

105

Ala

Glu

Pro

L.eu

Pro

185

Glu

ASn

Gly

Lys

Ala
265

376247-035

Glu Gly Ala phe

Gin

Asn

Asn

90

Lys

Ile

Arg

Tyr

Met

170

GlIn

Thr

Leu

val

Thr

250

Asp

Gly

Gly

75

Ala

Glu

val

ASp

Gin

155

val

val

His

Leu

val

235

val

Ite

Phe

60

Asn

Glu

Ile

Thr

ITe

140

Trp

Ala

Lys

AsD

Ala

220

Arg

Leu

Thr

Page 103

45

TYr

Ala

ser

Ala

val

125

Thr

Ile

Gln

Asnh

ser

Glu

Pro

30

val

Thr

Phe

Ile

Leu

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala
270

Pro

Ser

Arg

Arg

a5

Glu

Ile

His

Pro

val

175

Gin

Phe

Pro

Gly

Ala

255

Glu

Pro

ASD

Leu

80

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg

240

Glu

Leu



376247~

035

Tyr Asp Ala Asp Glu val Leu Gly Cys Ser Thr Gly Gly Giy val Trp
280

275

Pro Phe val

290 295

Pro val Thr
305

Pro ser ser
325

<210> 95

<211> 990

<212> DNA

<213> Artificial Sequence

<220>
<223>

<400> 95
atggctttct cagctgacac ccctgaaatce

variant of ATA117

atcacctact crgactacga actggacccg

atcgaaggtg ctttcgttec gocgtctgaa

tatacttcty acgctaccta caccacctic

ggggaccaca tcgaacgtct gttctctaat

acccaggacg aagttaaaga gatcgctctg

gcgatggtta acgtttctat cacccgtggt

accaaacatc gtccgcaggt ttacatgtat

gaccgeatcc tcacctgatyg

gtgacggtgt

agctctatcg acccgeaggt taaaaacttce

gaaacccacg accgtggttt cgagttgecg

gtttcaacgt tgttgttatc

gaaggtccgg

gctgctctge cgggtatcac ccgtaaaacc

gaagctatcc tggctgacat caccccgget

tgctcaaccy gtggtggtgt ttggecgtic

gtcecggttac ccagtctate

ggtgtrccgg

CCttcttcte tgctgaccce ggtacagtac

<210> 96
<211> 330
<212> PRT

3135

Leu Leu Thr Pro val Gln Tyr

330

gtttacaccc
gctaaccegce
gctcgtatct
cacgtttgga
gcggaatcta
gaactggttg
tactcrtcra
gctgrtcegt
gttgctcagt
Cagtggggtg
ctgctgctag
aaagacggtg
gttctggaaa
gaactgtacg
gtttctgttyg

atccgtogtt

285

Gin Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
310

acgacaccgg
tggctggtog
ctatcttecga
acggtaacge
ttcgtttgat
ctaaaaccga
ccccattega
accagtggat
cagttcgtcg
acctgatcceg
actgcgacaa
ttgttegtte
tcgctgaatc
acgctgacga
acggtaactc

actgggaact

Page 104

Ser val Asp Gly Asn Ser Ile Ser Asp Gly val Pro Gly
300

320

tctggactat
tgctgettgy
ccagggtitt
tttecgtctg
ccecgecgety
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacaccgegt
tgcaattcag
cctgetgget
tcegggtegt
tctgggtcac
agttctgggt
tatctctgac

gaacgttgaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
860
990



<213>

<220
<223>

<400>

Artificial sequence

variant of ATA1l7

S6

¥et Ala pPhe

Gly

Pro

Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

ASp

Arg

Gly

Leu

Leu

Leu

Glu

50

Thr

ASD

Pro

Ala

Gly

Gin

Arg

Thr

ASp

Pro
210

Asp

Ala

35

Ala

Tyr

His

Pro

Tyr

val

Ile

Pro

l.eu

195

Leu

Ser Ala Asp Thr
5

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

ser

Tyr

Arg

Leu

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

Thr

Ala

ser

Phe

70

Arg

GlIn

ey

Thr

Tyr

150

Gly

ser

Ala

ASp

Tyr

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

cys
215

Pro

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

val

His

ASD

Gln

200

ASp

Glu

AsSp

25

Ile

ASP

Trp

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Gltu

Asn

376247~

I7e val
10

Tyr Glu

Glu Gly

Gin Gly

Asn Gly

75

Asn Ala
90

Lys Glu

Met val

Arg Asp

Tyr Gln

155

Met Vval
170
GlIn val

Thr His

Leu Leu

035

Tyr

Leu

Ala

Phe

60

Asn

Glu

Ile

Asn

ITe

140

Trp

Ala

Lys

Asp

Ala
220

rPage 105

Thr

Asp

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

GIn

Asn

Arg

Glu

His

Pro

30

val

Thr

Phe

ITe

Leu

110

Ser

LYs

val

Ser

Phe

180

Gly

Gly

Asp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Thr

ASn

Pro

AsSp

Leu

80

L.eu

Leu

Thr

Arg

phe

160

Arg

Trp

Glu

Gly



Phe val

225

Asn

Ala Ala Leu

Ser Leu Gly

Ala
275

Tyr Asp

rPhe vai

250

Pro

Pro val Thr

305

Pro sSer ser

<210>
<211>
<Z212>
<213>

<220>
<223>

<400

97
990
DNA

97

atggcgttct cagcggacac ccctgaaatc

atcacctact
atcgaaggtg
tatacttctg
ggggaccaca
acccaggacg
gcgatcgttc
accaaacatc
gaccgcatcc
agctctatcyg
gaaacccacg

gaaggtccgg
gctgetetge

val

Pro

His

260

Asp

Ser

Gln

Leu

val

Gly

GTu

Glu

val

ser

Leu
325

ctgactacga
ctttegttece
acgctaccta
tcgaacgtcet
aagttaaaga
atgtttctat
gtccgcaggt
gtgacggtgt
acccgcaggt
accgtggrtt
gtttcaacgt

cgggtatcac

Ile

Ala

val

ASp

Ile

310

Thr

variant of ATALLl7

Lys

Thr

Ile

Leu

Gly

Ile

Pro

Artificial Sequence

Asp

Arg

Leu

Gly

Asn

Arg

val

actggacccg
gcegtctgaa
caccaccttc
gttctctaat
gatcgctctg
cacccgtggt
ttacatgtat
tcacctgatg
taaaaacttc
cgagctgeceg
tgttgttatc

ccgtaaaacc

Gly

Lys

Ala

265

Cys

Ser

Arg

Gln

376247-035

val val Arg

Thr

250

Asp

Ser

ITe

Tyr

Tyr
330

235

val

Ile

Thr

ser

Trp

gtttacaccc

gctaaccege

gctegtatet

cacgtttgga

gcggaatcta

gaactggttg

tactcticta

gctgttccgt

gttgctcagt

cagtggggtg
ctgctgetgg

aaagacggtg

gttctggaaa

Ser Pro

Leu Glu Ile

Ala
270

Thr Pro

Gly Gly Gly
285

AsSp
300

Gly val

Glu Leu Asn

acgacaccgg
tggctggtygg
ctatcticga
acggtaacgc
ttcgtttgat
ctaaaaccga
ccccattcga
accagtggat
cagttegtceg
acctgatccy
actgcgacaa
ttgttegttc

tcgctgaatce

Page 106

Gly

Ala

Glu

val

Pro

val

tctggactat
tgctgcttgg
ccagggtttt
tttccgtcty
cecegecgetyg
actgcgtgaa
gcgtgacatc
cgtaccgitt
tacaccgegt
tgcaattcag
ccrgergget
tccgggtegt
tctgggtcac

Leu

Trp

Gly

Glu
320

60
120
180
240
300
360
420
480
540
600
660
720
780



376247-035
gaagctatcc tggctgacat caccccggcet gaactgtacg acgetgacga agttetgggt 840

tgctcaaccyg gtggtggtgt ttggecgtte gtttctgttg acggtaactc tatctctgac 900
ggtgttccgg gtccggttac ccagtctatc atccgtegtt actgggaact gaacgttgaa 960
ccttettete tgetgaccoo ggtacagtac 990
<210> 98

<211> 330

<212> PRT

<213> Artificial sequence

<220>
<223> variant of ATA1l7

<400> 98

Met Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp g%r Ile Thr Tyr Ser %sp Tyr Glu Leu Asp ggo Ala Asn
5

Pro Leu Ala Gly Gly Ala Ala Trp Ile Glu Gly Ala Phe val Pro Pro
35 40 45

Ser Glu Ala Arg Ile Ser Ile phe Asp GIn Gly phe Tyr Thr Ser Asp
50 55 60

Ala Thr Tyr Thr Thr Phe His val Trp Asn Gly Asn Ala Phe Arg Leu
65 70 75 80

Gly Asp His Ile Glu Arg Leu Phe Ser Asn Ala Glu Ser Ile Arg Leu
85 90 95

Iie Pro Pro Leu Thr GIn Asp GTu val Lys Glu Ile Ala Leu Glu Leu
100 105 110

val Ala Lys Thr Glu Leu Arg Glu Ala Ile val His val Ser Ile Thr
115 120 125

Arg Gly Tyr Ser Ser Thr Pro Phe Glu Arg Asp Ile Thr Lys His Arg
130 135 140

Pro GIn val Tyr Mmet Tyr Ala val Pro Tyr Gln Trp ITe val Pro Phe
145 150 155 160

Asp Arg Ile Arg Asp Gly val His Leu Met val Ala GlIn Ser val Arg
165 170 175

Page 107



Arg

Gly

Leu

phe

225

Ala

Ser

Tyr

Pro

Pro

305

Pro

Thr

Asp

Pro

210

Asn

Ala

Leu

ASp

phe

290

val

Ser

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

<220>
<223>

<400>
atggegttct

Pro

l.eu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

Ser

99
990
DNA

99

atcacctact

atcgaaggtg

tatacttctg

ggggaccaca

acccaggacg

gcoatggtta

Leu

val

Pro

His

260

Asp

Ser

Gin

Leu

Ser

Arg

Leu

val

Gly

Gliu

Glu

val

Ser

Leu
325

ctgactacga
ctttcgttcc
acgctaccta
tcgaacgtct
aagttaaaga

acgtttctat

Ser

Ala

Asp

Ile

230

Ile

Ala

val

Asp

1le

310

Thr

variant of ATALll7

Ile

Ile

Cys

215

Lys

Thr

Ile

Leu

Pro

Artificial Sequence

ASD

Gln

200

ASp

Asp

Arg

Leu

Arg

val

cagcggacac ccctgaaatc
actggaccceyg
gcegtctgaa
caccaccttc
gttctctaat
gatcgctety

cacccgrggr

Pro

185

Glu

Asn

Gly

Lys

Ala

265

Cys

Ser

Arg

GIn

gtttacaccc
gctaaccege
gctegtatet
cacgtttgga
gcggaatcta
gaactggttg

tactcticta

376247-035
Gin val Lys

Thr His Asp
Leu Leu Ala
220

val val Arg
235

Thr val Leu

250

Asp Ile Thr

ser Thr Gly

Ile Ser Asp

Tyr Trp Glu

Tyr
330

Page 108

Asn

Arg

Glu

ser

Glu

Pro

Gly

Gly

Leu

Phe

190

Gly

Gly

Pro

Ile

Ala

270

val

AsSn

acgacaccgg
tggctggtag
ctatcttcga
acggtaacgce
ttegtttgat
ctaaaaccga

ccccattega

Gin

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

tctggactat
tgctgettgg
ccagggtttt
Tttccgtety
cccgecgety
actgegtgaa

gcgtgacatc

Trp

Glu

Gly

Arg

240

Glu

Leu

Trp

Gly

Glu
320

60
120
180
240
300
360
420



376247-035

accaaacatc gtccgcaggt ttacatgtat getgticcgt accagtggat cgtaccgttt 480
gaccgcatcc gtgacggtgt tcacctgatg gttgctcagt cagttcgtcg tacaccgogt 540
agctctatcg acccgcaggt taaaaactic cagtggggtg acctgatccg tgcaattcag 600
gaaacccacg accgtggttt cgagttgccg ctgotgetgg actgcgacaa cctgotgget 660
gaaggtccgg gtttcaacgt tgttgttatce aaagacggtg ttgttcgttc tccgggtogt 720
gctgetctyge cgggtatcac ccgtaaaacc gttctggaaa tegetgaatc tctgggtcac 780
gaagctatcc tggctgacat caccccgget gaactgtacg acgcotgacga agttctgggr 840
tgctcaaccy gtggtggtgt ttggccgttc gtttctgttg acggtaactc tatctctgac 800
ggtgttccgy gtccggttac ccagtctatce atcegtegtt actgggaact gaacgttgaa 560
cCcttcttcte tgctgacccc ggtacagtac 980
<210> 100

<211> 330

<212> PRT

<213> Artificial Seguence

<220>

<223> variant of ATALL7

<400> 1060

met Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pro Ala Asn
20 25 30

Pro Leu Ala Gly Gly Ala Ala Trp I7e Glu Gly Ala Phe val Pro Pro
35 40 45

ser Ggu Ala Arg Ile Ser Ile pPhe Asp Gin Gly gge Tyr Thr Ser Asp
5 55

Ala Thr Tyr Thr Thr Phe His val Trp Asn Gly Asn Ala Phe Arg Leu
65 70 75 80

Gly Asp His Ile Glu Arg Leu Phe Ser Asn Ala Glu Ser Ile Arg Leu
&5 90 a5

Ile Pro Pro Leu Thr GIn Asp Glu val Lys Glu Ile Ala Leu Glu Leu
100 105 110

val Ala Lys Thr Glu Leu Arg Glu Ala Met val Asn val Ser Ile Thr
115 120 125

rPage 109



376247-035
Arg Gly Tyr Ser Ser Thr Pro Phe Glu Arg Asp Ile Thr Lys His Arg
130 135 140

Pro Gln val Tyr Met Tyr Ala val Pro Tyr GIn Trp Ile val pro Phe
145 150 155 160

Asp Arg Ile Arg Asp Gly val His Leu Met val Ala Gln Ser val Arg
165 170 175

Arg Thr Pro Arg Ser Ser Ile Asp Pro GIn val Lys Asn Phe Gln Trp
180 185 180

Gly Asp Leu Ile Arg Ala Ile GIn Glu Thr His Asp Arg Gly Phe Glu
195 200 205

Leu Pro Leu Leu Leu AsSp Cys Asp Asn Leu Leu Ala Glu Gly Pro Gly
210 215 220

Phe Asn val val val Ile Lys Asp Gly val val Arg Ser Pro Gly Arg
225 230 235 240

Ala Ala Leu pPro Gly Ile Thr Arg Lys Thr val Leu Glu Ile Ala Glu
245 250 255

Ser Leu Gly His Glu Ala Ile reu Ala Asp Ile Thr Pro Ala Glu Leu
260 265 270

Tyr Asp Ala Asp Glu val Leu Gly Cys Ser Thr Gly Gly Gly val Trp
275 280 285

Pro Phe val Ser val Asp Gly Asn Ser Ile Ser Asp Gly val Pro Gly
290 295 300

Pro val Thr GIn ser Ile ITe Arg Arg Tyr Trp Glu Leu Asn val Glu
305 310 315 320

Pro Ser Ser Leu Leu Thr Pro val Gln Tyr

325 330
<210> 101
<211> 990
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of ATAll7
<400> 101
atggcgitct cagcggacac ccctgaaatc gtttacacce acgacaccgg tctggactat 60

Page 110



376247-035

atcacctact ctgactacga actggacccg gctaacccge tggetggtgyg tgctgettgg 120
atcgaaggtg ctttcgttece geegtetgaa getcgtatct ctatcttcga ccagggtttt 180
tatactictg acgctaccta caccacctic cacgtttgga acggtaacgce tttecgtctyg 240
ggggaccaca tcgaacgtct gttctctaat gcggaatcta ttcgtttgat cccgecgety 300
acccaggacy aagttaaaga gatcgetctyg gaactggrtg ctaaaaccga actgcgtgaa 360
gcgatggtta acgtttctat cacccgtggt tactcttcta ccccattcga gegtgacatc 420
accaaacate gtccgcaggt ttacatgtat getgticcgt accagtggat cgtaccgttt 480
gaccgcatcc gtgacggtgt tcacctgatg gttgctcagt cagttcgtcg tacaccgegt 540
agctctateg acccgcaggt taaaaactic cagtggggtg acctgatccg tgcaaticag 600
gaaacccacg accgtggttt cgagttgecg ctgotgetgy actgcgacaa cctgotgget 660
gaaggtccgg gtttcaacgt tgttgttate aaagacggtg ttgttcgttc tccgggtogt 720
gctgcetctge cgggtatcac ccgtaaaacce gttctggaaa tcgetgaatc totgggtcac 780
gaagctatce tggetgacat caccccggcet gaactgtacg acgctgacga agttetgggt 840
tgctcaaccy gtggtggtgt ttggecgrtce gtttctgttg acggtaactc tatctetgac 900
ggtgticcgg gtccggttac ccagtetatc atcegtegtt actgggaact gaacgttgaa 960
ccttettetc tgoctgaccce ggtacactac 990
<210> 102

<211> 330

<212> PRT

<213> Artificial Seguence

<220>

<223> variant of ATALLY

<400> 102

Met Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp ;gr Ile Thr Tyr Ser %ép Tyr Glu Leu Asp ggo Ala Asn

pPro Leu Ala Gly Gly Ala Ala Trp ITe Glu Gly Ala phe val Pro Pro
35 40 45

Ser Glu Ala Arg Ile ser Ile phe Asp GIn Gly gge Tyr Thr Ser Asp
50 55

Ala Thr Tyr Thr Thr Phe His val Trp Asn Gly Asn Ala Phe Arg Leu
65 70 75 80

Page 111



Gly

val

Arg

Pro

145

Asp

Arg

Gly

l.eu

Phe

225

Ser

Tyr

Pro

PIro

305

Pro

ASp

Pro

Ala

Arg

Thr

Asp

Pro

210

Asn

Ala

Leu

ASp

Phe

290

val

ser

His

Pro

Tyr

val

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

ser

Ile

Leu

100

Thr

Ser

Tyr

Arg

Leu

va'l

Pro

His

260

ASp

Ser

Gin

Leu

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

val

Glu

val

Ser

Leu
325

Arg

GIn

Leu

Thr

Tyr

150

Gly

Ser

Ala

ASp

Ile

230

Ile

Ala

val

Asp

Ile

310

Thr

Leu

ASp

Arg

Pro

135

Ala

val

Ile

Ile

215

Lys

Thr

Ile

Leu

Gly

Ile

Pro

Phe

Glu

Glu

120

Phe

val

His

Asp

Gln

200

Asp

Asp

Arg

Leu

Gly

Asn

Arg

val

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asnh

Gly

Lys

Ala

265

Cys

ser

Arg

HMis

376247-035
Asn Ala Glu

90

Lys

Met

Arg

TYr

Met

170

Gln

Thr

Leu

val

Thr

250

ASp

Ser

Ile

Tyr

Tyr
330

Glu

val

Asp

Gin

155

val

vai

His

Leu

val

235

val

Ie

Thr

Ser

Trp
315

Ile

Asn

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Leu

Thr

Gly

Asp

300

Glu

pPage 112

Ser

Ala

val

125

Thr

Ile

Gln

Asnh

Ser

Glu

Pro

Gly

Gly

Leu

Ile

Leu

110

ser

Lys

val

ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Ley

Leu

Thr

Arg

rphe

160

Arg

Trp

Glu

Gly

Arg

240

Glu

Leu

Trp

Gly

Glu
320



<210> 103
<211> 990
<212> DNA

<213> Artificial sequence

<220>

<223> Vvariant of ATA117

<400> 103

atggcgttct cagcggacac ccctgaaatc

atcacctact
atcgaaggty
tatacttcty
ggggaccaca
acccaggacg
gcgatggtia
accaaacatc
gaccgcatec
agctctatecg
gaaacccacg
gaaggtccgy
gctgetetge
gaagctatcc
tgctcaaccy

ggtgttccgg
ccttcecttcte

<210> 104

<211> 330
<212> PRT

ctgactacga
ctttcgtice
acgctaccta
tcgaacgtct
aagttaaaga
ccgtttetat
gteegeaggt
gtgacggtot
acccgcaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtceggttac

tgctgaccec

actggacccg
gccgtctgaa
caccaccttce
gttctctaat
gatcgctcetg
cacccgtggt
ttacatgage
tcacctgatg
taaaaacttc
cgagttgccg
tgttgttatc
ccgtaaaacc
caccccgget
Ttggccgttc
ccagtctatc

ggtacagtac

<213> Artificial Sequence

<220>

<223> Vvariant of ATALL7

<400> 104

1

gtttacaccc
gctaacccge
gctegtatet
cacgtttgga
gcggaatcta
gaactggttg
tactecttcta
gcttgeeegt
gttgctcagt
cagtggggtg
ctgctgetyy
aaagacggtg
gttctggaaa
gaactgtacg
gtttctgetg

atccgteogtt

376247-035

acgacaccgg
tggctggtag
ctatcttcga
acggtaacgc
ttcgtttgat
ctaaaaccga
ccccattega
accagtggat
cagttegteg
acctgatccg
actgcgacaa
ttgtregtte
tcgctgaatc
acgctgacga
acggtaactc

actgggaact

tctggactat
tgctgettyg
ccagggtttt
tttccgtcty
ccecgeegetg
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacaccgegt
tgcaattcag
cctgctgget
tccgggtegt
tctgggtcac
agrrctgggt
tatctctgac

gaacgttgaa

Met Ala Phe Ser ?1a Asp Thr Pro Glu zge val Tyr Thr His Asp Thr
15

Gly Leu Asp T%r Ile Thr Tyr Ser ggp Tyr Glu Leu Asp Pro Ala Asn
2 30

Page 113

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
940



Pro

Ser

Ala

65

Gly

Ile

va'l

Arg

Pro

145

ASp

Arg

Gly

Leu

Phe

225

Ala

Ser

Tyr

Leu

Glu

50

Thr

Asp

Pro

Ala

Arg

Thr

AsSp

Pro

210

Asn

Ala

Leu

Asp

Ala

35

Ala

Tyr

His

Pro

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Ala
275

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

Leu

val

Pro

His

260

ASp

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

val

Glu

Ala

ser

Phe

70

Arg

GlIn

teu

Thr

ser

150

Gly

ser

Ala

ASp

Ile

230

Ile

Ala

val

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ite

Ile

Cys

215

Lys

Thr

ITe

Leu

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

Cys

His

Asp

Gln

200

ASp

Asp

Arg

Leu

Gly

Ile

Asp

Trp

Ser

val

165

Ala

Glu

Pro

Leu

Pro

185

Glu

Ash

Gly

Lys

Ala

265

Cys

376247-035
Glu Gly Ala

G1n

AsSn

Asn

90

Lys

Met

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr

250

Asp

Gly

Ggly

75

Ala

Glu

val

ASp

Glin

155

val

val

His

Ley

val

235

val

Ile

Phe

60

Asn

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

Asp

Ala

220

ATrg

Leu

Thr

Ser Thr Gly

Page 114

Phe

45

TYyr

Ata

Ser

Ala

val

125

Thr

Ile

Gln

AsSN

Arg

Glu

ser

Glu

Pro

val

Thr

phe

Ile

Leu

110

Ser

Lys

val

Ser

rPhe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

Pro

ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

Asp

l.eu

80

Leu

l.eu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

240

Glu

Leu

Trp



376247-035

Pro Phe val Ser val Asp Gly Asn Ser Ile Ser Asp Gly val Pro Gly
290 295 300

pro val Thr GIn Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
305 310 315 320

Pro Ser Ser Leu Leu Thr Pro val GIn Tyr

325 330
<210> 105
<211> 990
<212> DNA
<213> Artificial segquence
<220>
<223> variant of ATA117
<400> 105
atggcgttct cagcggacac ccctgaaatc gtttacaccc acgacaccgg tctggactat 60
atcacctact ctgactacga actggacccg gctaacccge tggetggtgg tgetgottgg 120
atcgaaggtyg ctttcgttce gecgtctgaa gctcgtatet ctatcttcga ccagggtttt 180
tatacttctg acgctaccta caccaccttc cacgtttgga acggtaacge tttccgtctg 240
ggggaccaca tcgaacgtct grtctctaat gcggaatcta ttcgtttgat cccgecgetg 300
acccaggacg -aagttaaaga datcgctctg gaactggttg ctaaaaccga actgcgtgaa 360
gcgatggtta ccgttacgat cacccgtggt tactcttcta ccccattcga gaaagacatc 420
accaaacatc gtccgcaagt ttacatgage getggeccgt acatgtggat cgtaccgttt 480
gaccgcatce gtgacggtgt tcacctgatg gttgetcagt ctgttcgtcg tacaccgegt 540
agctctatcg acccgcaggt taaaaacttc cagtggggrg acctgatccg tgcaattcaa 600
gaaacccacg accgtggtit cgagttgecg ctgetgetgg actgcgacaa cctgetygget 660
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg ttgttcgitc tccgggtegt 720
gorgotctge cgggtatcac ccgtaaaacc gttctggaaa tegetgaatc tctgggtcac 780
gaagctatcc tggctgacat caccccggct gaactgtacg acgctgacga agttctgggt 840
tgctcaaccyg gtggtggrgt ttggecgtic gtttctgttg acggtaactc tatctctgac 900
ggtgttccgg gtccggttac ccagtctatc atcegtegtt actgggaact gaacgttgaa 960
ccticttcete tgctgaccco ggtacagtac 250
<210> 106
<211> 330
<212> PRT
<213> Artificial Sequence
<220>

page 115



<223> variant of ATALlLY
<400>

106

Met Ala Phe Ser
1

Gly

Pro

ser

Ala

65

Gly

Ile

val

Arg

Pro

145

ASp

Arg

Gly

Leu

Phe
225

Leu

Leu

Glu

50

Thr

ASp

Pro

Ala

Arg

Thr

ASD

Pro

210

AsSn

Asp

Ala

35

Ala

Tyr

His

Pro

TYr

va'l

Ile

Pro

Leu

195

Leuy

val

Arg

Thr

Ile

Leu

100

Thr

ser

Tyr

Arg

Leu

val

Ala Asp Thr
5

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

val

Thr

Ala

ser

Phe

70

Arg

Gln

L.eu

Thr

Ser

150

Gly

Ser

Ala

Asp

Ile
230

Tyr

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Pro

ser

Trp

40

Phe

va'

Phe

Glu

Glu

120

Phe

Gly

His

ASp

Gln

200

ASp

Asp

Glu

ASD

25

Ile

Asp

Trp

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

376247-035
Ile val Tyr
10

Tyr Glu Leu

Glu Gly Ala

Gin Gly pPhe
60

Asn Gly Asn
75

Asn Ala Glu
90

Lys Glu Ile

Met val Thr

Lys Asp Ile
140

Tyr Met Trp
155

Met val Ala
170

Gin val Lys

Thr His Asp

Leu Leu Ala
220

val val Arg
235

Page 116

Thr

Asp

Phe

45

Tyr

Ala

ser

Ala

val

125

Thr

Ile

Gln

ASN

Ser

His

Pro

30

val

Thr

Phe

Ile

L.eu

110

Thr

Lys

val

Ser

Phe

190

Gly

Gly

Pro

AsSp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Thr

Ash

Pro

Asp

Leu

80

beu

l.eu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg



Ala Ala Leuy

Ser Leu Gly

Ala
275

Tyr Asp

Phe val

290

Pro

pro val Thr

305

Pro Ser Ser

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

<220>
<223>

<400> 107
atggegrtct

107
990
DNA

atcacctact
atcgaaggtg
tatacttctg
ggggaccaca
acccaggacg
gcgatggtta
accaaacatc
gaccgcatcce
agctctatcg
gaaacccacg
gaaggtccgg
getgetetge
gaagctatcc

tgctcaaccg

Pro

His

260

Asp

Ser

GlIn

Ley

Gly

Glu

Glu

vai

Ser

Leu
325

ctgactacga
ctrregttcc
acgctaccta
tcgaacgtct
aagttaaaga
ccgtrrcgat
gtccgogegt
gtgacggtgt
acccgeaggt
accgtggttt
gtttcaacgt
cgggtatcac

tggctgacat
gtggtggtgt

Ile

Ala

val

Asp

‘Ile

310

Thr

variant of ATA11l7

Thr

Iie

Leu

Pro

Artificial Sequence

Arg

Leu

Gly

Asn

Arg

val

cagcggacac ccctgaaatc
actggacccg
gecgtctygaa
caccaccttc
gttctctaat
gatcgcetctg
cacccgtygt
ttacatgagc
tcacctgatyg
taaaaacttc
cgagttgeegd
tgttgttatc
ccgtaaaacc
caccecgget

ttggcegttc

LYysS

Ala

265

Cys

ser

Arg

GIn

376247-035

Thr val Leu

250

ASp

Ser

Ile

Tyr

TYT
330

Ile

Thr

ser

gtttacaccc

gctaaccege

gctcgtatct

cacgtttgga

gcggaatcta

gaactggttg

tactcttcta

gettcceegt

gttgctcagt

cagtgggglg
ctgetgetgg

aaagacggtg

gttctggaaa

gaactgtacg

Ile

Ala
270

Thr Pro

Gly G1g Gly

Asp Gly val
300

Glu Leu Asn

acgacaccgg
tggctggtyg
ctatcttcga
acggtaacgc
ttcgtttgat
ctaaaaccga
ccccattcga
accagtggat
cagttcgteg
acctgatccg
actgcgacaa
ttgttegttc
tcgctgaatce

acgctgacga

gtttctgttg acggtaactc
Page 117

Ala Glu
255

Glu Leu

val Trp

Pro Gly

val Glu
320

tctggactat
tgctgettgg
ccagggtttt
tttccgtcty
ccegecgetyg
actgcgtgaa
gcctgacatc
cgtaccgttt
tacaccgegt
tgcaattcaa
cctgetgget
tccgggtegt
tctgggteac
agttctgggt

tatctctgac

60
120
180
240
3c0
360
420
480
540
600
660
720
780
840
00



ggtgtrccgg gtceggttac ccagtctatc atccgtegtt actgggaact gaacgttgaa

ccttcticte tgctgaccce ggtacagtac

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

<220>
<223>

<400>

108
330
PRT

Artificial sequence

variant of ATAl17

108

Met Ala Phe
1

Gly

Pro

Ser

Ala

65

Gly

Ite

val

Arg

Pro

145

ASD

Arg

Ley

Leu

Glu

50

Thr

Asp

Pro

Ala

Arg

Arg

Thr

AsSp

Ala

35

Ala

Tyr

His

Pro

Lys

Tyr

val

Ile

Pro

Ser

Tyr

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

e?a Asp Thr

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

Asp

ser

Thr

Ala

Ser

Phe

70

Arg

Gln

Leu

Thr

Ser

150

Gly

Ser

Tyr

Ala

Ile

55

His

Leu

ASp

Arg

Pro

i35

Ala

val

Ile

Pro

Ser

Trp

40

rhe

val

Phe

Glu

Glu

120

Phe

ser

Asp

Glu

ASp

25

Ile

ASD

Trp

Ser

val

105

Ala

Glu

Pro

Leu

Pro
185

376247-035

TIle
10

Tyr

Glu

GIn

Asn

Asn

80

Lys

Met

Pro

TYr

Met
170

va'l

Giu

Gly

Gly

Gly

75

Ala

Glu

val

AsSp

Gin

155

val

Tyr

Leu

Ala

Phe

60

Asn

Glu

Ile

Thr

Ile

140

Trp

Ala

GIn val Lys

Page 118

Thr

Asp

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

Gln

ASn

His

Pro

30

val

Thr

Phe

Ile

Leu

110

Ser

LYS

val

Ser

Phe
190

ASp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

Pro

val
175

GIn

Thr

Asn

Pro

Asp

Leu

80

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

960
990



Gly

Leu

Phe

225

Ser

Tyr

Pro

Pro

305

Pro

Asp

Pro

210

Asn

Ala

Leu

Asp

Phe

290

va'l

Ser

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

<220>
<223>

<400>
atggegttet

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

ser

109
990
DNA

Ile

Leu

val

Pro

His

260

Asp

ser

Gln

Leu

Arg

Leu

val

Gly

Glu

Glu

val

sSer

Leu
325

Ala

Asp

Ile

230

Ile

Ala

val

ASp

1le

310

Thr

Ile

Cys

215

Lys

Thr

Ile

Leu

Pro

artificial Sequence

variant of ATAL1lY

109

atcaccract

atcgaaggtg

tatacttctg

ggggaccaca

acccaggacy

gcgatggtta

accaaacatc

gaccgcatcc

cagcggacac
ctgactacga
critcgttec
acgctaccta
tcgaacgtcet
aagttaaaga
ccgttacgat
gtccgeaggt

gtgacggtgt

Gln

200

AsSp

ASp

Arg

lL.eu

Gly

AsSn

Arg

val

ccectgaaate
actggacccg
gccgtetgaa
caccacctic
gttctctaat
gatcgctctg
cacccgtggt
ttacatgagc

tcacctgatg

376247 -

Glu Thr His

Asn Leu Leu

val
235

Gly val

Thr val

250

Lys

Ala Ile

265

ASD

Cys Ser Thr

Sar Ile Ser

Arg Tyr Trp

313

Gln Tyr

gtttacaccc
gctaaccege
gctcgtatct
cacgtttgga
gcggaatcta
gaactggttyg
tactcttcta
gcttgccegt

gttgctcagt
Page

035
Asp Gly

Ala
220

Gly

Arg Ser Pro

teu Glu Ile

Ala
270

Thr Pro

Gly Gly

Asp val

300

Glu Leu Asn

acgacaccgg
tggctggtgg
ctatcttcga
acggtaacgc
ttcgtitgat
ctaaaaccga
ccccattcga
accagtggat

cagttcgteg

119

Phe Glu

Pro Gly
Gly Arg
Ala Glu
Glu Leu
val Trp
Gly

Pro

Glu
320

val

tctggactat
tgctgettgg
ccagggtitt
tttcecgtcty
ccegoegety
actgcgtgaa
gcgtgacatc
cgtaccgtrtt

tacaccgegt

60
120
180
240
300
360
420
480
540



agctctateg
gaaacccacg
gaaggtccgg
gctgctctge
gaagctatcec
tgctcaaccy

ggtgticcygg
ccttcttctc

<210> 110
<211> 330
<212> PRT

acccgeaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggrrac

tgctgaccce

<213> Artificial sequence

<220>

<223> Vvariant of ATA11l7

<400> 110
Met Ala Phe
1

Gly Leu Asp

Pro Leu Ala
35

Ser Glu Ala
50

Ala Thr Tyr
65

Gly Asp His
Ite Pro Pro

val Ala Lys

Arg Gly Tyr

Ser

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Ata

5

1le

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Asp Thr

Thr Tyr

Ala Ala

Ser Ile

55
Phe His
70
Arg Leu
GIn Asp

Leu Arg

Thr Pro
135

Pro

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

376247-035

taaaaacttc cagtggggtg acctgatccg
cgagttgeceg ctgetgetgg actgcgacaa
tgttgttatc aaagacggtyg ttgttcgtic
ccgtaaaacc grtctggaaa tcgctgaatc
caccccggcet gaactgtacg acgctgacga
ttggecgtte gtttctgttg acggtaacte
ccagtctatc atccgtegtt actgggaact

ggtacagtac

Glu Ile val Tyr Thr His
10

Asp Tyr Glu Leu Asp Pro
25 30

ITe Glu Gly Ala Phe val
45

Asp Gln Gly pPhe Tyr Thr
60

Trp Asn g;y Asn Ala Phe

Ser Asnh Ala Gliu Ser Ile
90

val Lys Glu ITe Ala Leu
105 110

Ala Met val Thr val Thr
125

Glu Arg asp Ile Thr Lys
140

Page 120

tgcaattcag
cctgetgget
tccgggtcgt
tetgggteac
agttctgggt
tatctctgac

gaacgttgaa

Asp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

Thr

Asn

Pro

ASD

Leu

80

Leu

Leu

Thr

Arg

600
660
720
780
840
900
960
990



376247 -035

Pro GIn val Tyr Met Ser Ala Cys Pro Tyr GIn Trp Ile val Pro Phe
145 150 155 160

Asp Arg Ile Arg Asp Gly val His Leu Met val Ala Gln Ser val Arg
165 170 175

Arg Thr Pro Arg Ser Ser Ile Asp Pro GIn val Lys Asn Phe GIn Trp
180 185 190

Gly Asp Leu Ile Arg Ala Ile GIn Glu Thr His Asp Arg Gly Phe Glu
195 200 205

Leu Pro Leu Leu Leu Asp Cys Asp Asn Leu Leu Ala Glu Gly Pro Gly
210 215 220

Phe Asn val val val Ile rLys Asp Gly val val Arg Ser Pro Gly Arg
225 230 235 240

Ala Ala Leu Pro Gly Ile Thr Arg Lys Thr val Leu Glu IT7e Ala ¢lu
245 250 255

Ser Leu Gly His Glu Ala Ile Leu Ala Asp Ile Thr Pro Ala Glu Leu
260 265 270

Tyr Asp Ala Asp Glu val Leu Gly Cys ser Thr Gly Gly Gly val Trp
275 280 285

Pro Phe val Ser val Asp Gly Asn Ser Ile Ser Asp Gly val Pro Gly
290 295 300

Pro val Thr GlIn Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
305 310 315 320

Pro Ser Ser Leu Leu Thr Pro val Gln Tyr
325 330

<210> 111
<211> 990
<212> DNA
<213> Artificial sequence

<220>
<223> variant of ATAll7

<400> 111
atggcgttct cagcggacac ccctgaaatc gtttacacce acgacaccgg tctggactat 60

atcacctact ctgactacga actggacccg gctaacccge tggctggtgg tgetgettgg 120

atcgaaggtg ctttcgtice gecgtetgaa getcgtatet ctatcttcga ccagggitit 180
Page 121



tatacttctyg
ggggaccaca
acccaggacy
gcgatggtta
accaaacatc
gaccgccatc
agctctatcyg
gaaacccacg
gaaggtccgy
gctgorerge
gaagctatcc
tgctcaaccg

ggtgttcegy
ccttcrtcte

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

<220>
<223>

<400>

112
330
PRT

112
Met Ala Phe
1

Gly

Leu Asp

Leu Ala
35

Pro

Glu Ala
50

Ser

Ala
65

Thr Tyr

Gly Asp His

acgctaccta
tcgaacgtct
aagttaaaga
ccgttictat
gteegeagyt
gtgacggtgt
accecgceaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtceggttac

tgctgaccec

ser Ala As
5

Tyr ITe Th

20

Gly Gly Al

Arg Ile Se

Thr Thr Ph

70

Ile GTu Ar
85

caccacctte
gttctetaat
gatcgctctyg
cacccgtggt
ttacatgagc
tcacctgatyg
taaaaacttc
cgagttgeceg
tgttgttatc
ccgtaaaace
caccccgget
ttggccgtic
ccagtctatc

ggtacagtac

Artificial Sequence

variant of ATAll7

p Thr Pro

r Tyr Ser

a Ala Trp

40

r Ile Phe

55

g His val

g t.eu Phe

376247 -

cacgtttgga
gcggaatcta
gaactggttg
tactcttcta
gcrtgeoogt
gttgctecagt
cagtggggtyg
ctgctgetag
aaagacggtg
gttctggaaa
gaactgtacg
gttrctgtty

atccgtegtt

Ile val

10

Glu

Asp Glu

25

Tyr

Ile ¢lu Gly

Asp G1In Gly

Asn Gly

75

Trp

Asn Ala

a0

Ser

035

acggtaacgc
ttcgtttgat
Ctaaaaccga
ccccattega
accagtggat
cagttcgteg
acctgatccg
actgcgacaa
ttgttegttc
tcgetgaatce
acgctgacga
acggtaactc

actgggaact

Tyr Thr His

Leu Pro

30

ASp

Phe val

45

Ala

Phe Thr

60

TV

Asn Ala pPhe

Glu Ser Ile

Page 122

tttcecgtcetg
cccgeegetg
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacaccgegt
tgcaattcag
cctgetgget
tccgggtegt
tctgggteac
agttctgggt
tatctctgac

gaacgttgaa

Asp Thr

15

Ala Asn

Pro Pro

Ser Asp

Ley

Arg
80

Arg Leu

95

240
300
360
420
480
540
600
660
720
780
840
900
560
990



Ile

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

Ser

TYr

Pro

Pro
305

Pro

Ala

Gly

Gln

Arg

Thr

ASp

Pro

210

Asn

Ala

Leu

ASp

vhe

290

val

Pro

Lys

115

Tyr

val

His

Pro

Leu

193

Leu

val

Leu

Gly

Ala

275

val

Thr

Pro Ser Ser

<210>
<211>

113
990

l.eu

100

Thr

Ser

Tyr

Arg

Leu

va]l

Pro

His

260

AsSp

Ser

Gin

Leu

Thr

Glu

Ser

Met

Arg

Leu

val

Glu

val

Ser

Leu
325

Gin

Leu

Thr

Ser

150

Gly

Ser

Ala

Asp

Ile

230

Ile

Ala

val

Asp

Ile

310

Thr

Asp

Arg

Pro

135

Ala

val

Ile

Ile

cys

215

Lys

Thr

Ile

Leu

Gly

Ile

Pro

Glu

Glu

120

Phe

Cys

His

Asp

Gln

200

Asp

ASp

Arg

Leu

Gly

Asn

Arg

val

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

Lys

Ala

265

cys

Ser

Arg

Gln

376247-035
tys Glu Ile

Met

Arg

Tyr

Met

170

GIn

Thr

L.eu

val

Thr

250

ASp

Ser

Ile

TYr

Tyr
330

val

Asp

GIn

155

val

val

His

Leu

val

235

val

Tle

Thr

Ser

Thr

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Leu

Thr

Gly

Asp

300

Glu

Page 123

Ala

val

125

Thr

Ile

Gln

Asn

Ser

Glu

Pro

Gly

Gly

Leu

Leu

110

ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

Glu

Ile

His

Pro

val

175

GlIn

phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Leu
Thr
Arg
Phe
160
Arg
Trp
Glu
Gly
Arg
2

Glu
Leu
Trp

Gly

Glu
320



376247-035
<212> DNA
<213> Artificial sequence

<220>
<223> variant of aATall?

<400> 113
atggcgttct cagcggacac ccctgaaatc gtttacacce acgacaccgg tctggactat

atcacctact ctgactacga actggacccg getaaccege tggetggtgg tgotgettgg
atcgaaggtg ctttcgttcc gocgtctgaa gcetcgtatct ctatcttcga ccagggtrtt
tatacttctyg acgctaccta caccaccttc cacgtttgga acggtaacge tttcogicty
ggggaccaca tcgaacgtct gttctctaat gcggaatcta ttcgtttgat cccgeegetg
acccaggacyg aagttaaaga gatcgctctg gaactggtty ctaaaaccga actgecgtgaa
gcgatggtta ccgtttctat cacccgtggt tactcttcta ccccattega gegtgacatc
accaaacatc gtccgcaggt tgctatgage gottgoccgt accagtggat cgtacogttt
gaccgcatcc gtgacggtgt tcacctgatg gttgctcagt cagttcgtcg tacaccgegt
agctctatcg acccgcaggt taaaaacttc cagtggggtyg acctgatccg tgcaattcag
gaaacccacg accgtggttt cgagttgcecg ctgctgetgg actgcgacaa cctgetgget
gaaggtccgyg gtttcaacgt tgttgttatc aaagacggtg ttgttcgttc tocgggrtegt
gctgctctge cgggtatcac ccgtaaaacc gtictggaaa tcgctgaatc tctgggtcac
gaagctatcc tggctgacat caccccggct gaactgtacg acgetgacga agttctgggt
tgcteaaccy gtggtggtgt ttggocgttc gtttctgttg acggtaactc tatctctgac
ggtgttccgy gtccggttac ccagtctate atccgtcgtt actgggaact gaacgttgaa

ccttctictc tgctgaccce ggtacagtac

<210> 114

<211> 330

<212> PRT

<213> Artificial Seguence
<220>

<223> variant of ATAl1lY
<400> 114

Met Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp ggo Ala Asn
20 25

Pro Leu Ala Gly Gly Ala Ala Trp Ile Glu Gly Ala Phe val Pro Pro
35 40 45

Page 124

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
990



Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

Ser

Tyr

Pro

Glu

50

Thr

AsSp

Pro

Ala

Arg

Thr

ASp

Pro

210

Asn

Ala

Leu

Asp

Phe
290

Ala

TYr

His

Pro

Lys

115

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Arg

Thr

Ile

Leu

100

Thr

Ser

Ala

Arg

Arg

Ile

Leu

val

Pro

His

260

ASp

Ser

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

val

Glu

val

Ser

Phe

70

Arg

Glin

Leu

Thr

ser

150

Gly

Ser

Ala

Asp

Ile

230

Ile

Ala

val

ASp

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Leu

Gly

Phe

val

Phe

Glu

Glu

120

Phe

Cys

His

Asp

Gln

200

Asp

Asp

Arg

Leu

Gly

Asn

Asp

Trp

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

AsSh

Gly

Lys

Ala

265

Cys

Ser

376247-035
Gln Gly Phe
60

Asn

Asn

90

LYyS

Met

Arg

Tyr

Met

170

Gin

Thr

Leu

val

Thr

250

Asp

Ser

Gly

75

Ala

Glu

val

ASp

Gin

155

val

val

His

Leu

val

235

val

Ile

Thr

Asn

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

leu

Thr

Gly

I'le ser Asp

300

Page 125

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Asn

ATg

Glu

sSer

Glu

Pro

Gly

Gly

Thr

Phe

Ile

Leu

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gin

Phe

Pro

Gly

Ala

255

Glu

val

Pro

ASp

Leu

80

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Leu

Trp

Gly



376247-035

Pro val Thr Gln Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
305 310 315 320

Pro Ser Ser Leu Leu Thr Pro val Gln Tyr
325 330

<210> 115

<211> 990

<212> DNA

<213> Artificial Sequence

<220>

<223> variant of ATAll7

<400> 115

atggcgttct cagcggacac ccctgaaate gtttacaccc acgacaccgg tctggactat 60
atcacctact ctgactacga actggacccg gctaacccgc tggetggtgg tgotgcettgg 120
atcgaaggtg ctrtcgttce gecgictgaa getcgtatct ctatcticga ccagggttte 180
tatacttctg acgctaccta caccaccttc cacgtttgga acggtaacge tttecgtctg 240
ggggaccaca tcgaacgtct gttctctaat goggaatcta ttcgttitgat cocgeocgetg 300
acccaggacg aagttaaaga gatcgctctg gaactggttg ctaaaaccga actgegtgaa 360
gcgatggtta ccgtttctat cacccgtyggt tactctteta ccccattcga gegtgacatc 420
accaaacatc gtccgcaggt ttacatgagce gettgoccgt accagcagat cgtaccgttt 480
gaccgcatce gtgacgotgt tcacctgatg gttgctcagt cagttcgtcg tacaccgegt 540
agctetatcg accegeaggt taaaaacttce cagtggggtg acctgatccg tgcaattcag 600
gaaacccacg accgtggttt cgagttgecg ctgctactgg actgcgacaa cctgetggcet 660
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg ttgttcgtte tocgggtegt 720
gctgetetge cgggtatcac ccgtaaaacce gtrctggaaa tcgetgaate tetgggtcac 780
gaagctatcc tggctgacat cacccegget gaactgtacg acgctgacga agttctggot 840
tgctcaaccg gtggtggtgt ttggocgtic gtttctgttg acggtaacte tatctctgac 900
ggtgttccgg gtccggttac ccagtctatc atccgtcgtt actgggaact gaacgttgaa 960
ccttettete tgetgaccee ggtacagtac 990
<210> 116

<211> 330

<212> PRT

<213> Artificial sequence

<220>

<223> variant of ATAllY7

<400> 116

Page 126



Met

Gly

Pro

Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

ASD

Arg

Gly

ey

Phe

225

Ala

Ala

Leu

Leu

Glu

50

Thr

ASD

Pro

Ala

Gly

Glin

Arg

Thr

ASp

Pro

210

Asn

Ala

Phe
ASp
Ala
35

Ala
Tyr
His
Pro
Lys
115
Tyr
val
Ile
Pro
Leu
195
Leu

val

Leu

Ser

TYr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

Leu

val

Pro

Ala

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

165

ser

Arg

Leu

val

Asp

Thr

Ala

Ser

pPhe

70

Arg

Glin

Leu

Thr

ser

150

Gly

Ser

Ala

ASp

Ile

230

Ile

Thr

TVYr

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Pro

ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

Cys

His

AsSp

Gln

200

Asp

Asp

Arg

Glu

Asp

25

Ile

Asp

Trp

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

Lys

376247-035

Ile val Tyr
10

Tyr

Glu

GIn

Asnh

Asn

90

Lys

Met

Arg

TYr

Met

170

GIn

Thr

Leu

val

Thr
250

Glu

Gly

Gly

Gly

75

Ala

GHu

val

Asp

val

His

Leu

va'l

235

val

Ley

Ala

phe

60

Asn

Glu

Ile

Thr

Ile

140

Gin

Ala

Lys

Asp

Ala

220

Arg

Leu

Page 127

Thr

Asp

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

Gin

Asn

Arg

Glu

Ser

Glu

His

Pro

30

val

Thr

Phe

Ile

L.eu

110

Ser

LYS

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Asp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Thr

Asn

Pro

Asp

Leu

80

Leu

L.eu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

240

Glu



Ser Leu Gly

Asp Ala
275

Tyr

Phe val
290

Pro

Pro val Thr

305

Pro Ser Ser

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

<220>
<223>

<400> 117
atggcgttct

117
990
DNA

atcacctact
atcgaaggtyg
tatacttctg
ggggaccaca
acccaggacg
gcgatggtta
accaaacatc
gaccgcatceg
agctcratcg
gaaacccacg
gaaggtccgg
gctgetetge
gaagctatcc

tgctcaaccg

ggtgttccgg

His

260

Asp

Ser

Gln

Leu

Glu

Glu

val

ser

Leu
325

cagcggacac
ctgactacga
ctttcgttce
acgctaccta
tcgaacgict
aagttaaaga
ccgtttetat
gtccgcaggrt
tggacggtgt
acccgcaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

Ala

val

Asp

Ile

310

Thr

variant of ATAll7

Ile

Leu

Gly

Ile

Pro

Artificial Sequence

Leu

Gly

Asn

Arg

val

ccctgaaatce
actggacccg
gccgtctgaa
caccaccttce
gttctctaat
gatcgetcty
cacccgtggt
ttacatgagc
tcacctgatg
taaaaacttc
cgagttgeeg
tgttgttatc
ccgtaaaacc
cacccegget
ttggccgtte

ccagtctatc

376247 -

Ala
265

Asp Ile

Cys Ser Thr

Ser Ile Ser

Arg Tyr Trp

315

Gln Tyr
330

gtttacaccc
gctaacccgce
gctegtatet
cacgtttgga
gcggaatcta
gaactggtty
tactcttcta
gcttgeecegt
gttgctcagt
cagtggggtg
ctgctgctag
aaagacggtyg
gttctggaaa
gaactgtacyg
gttrctgttg

atccgtegtt

035

Thr
270

Gly Gly Gly
285

ASD
300

Gly val

Glu Leu Asn

acgacaccgg
tggctgdtgg
ctatcttcga
acggtaacgc
ttcgtttgat
ctaaaaccga
ccccattcga
accagtggat
cagttcgtcg
acctgatccg
actgcgacaa
ttgttegttc
tcgetgaatc
acgctgacga
acggtaactc

actgggaact

Page 128

Pro Ala Glu

Leu

val

Trp

Pro

Glu
320

val

tctggactat
tgctgettgg
ccagggtttt
tttcegtety
ccegeegetg

actgcgtgaa

gcgtgacatc

cgtacegttt
tacaccgegt
tgcaattcag
cctgetggcet
tccgagtegt
tctgggteac
agttctgggt
tatctctgac

gaacgttgaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



ccttcttecte tgctgaccce ggtacagtac

<210>
<Z211>
<212>
<213>

<220>
<223>

<400>

118
330
PRT

Aartificial Sequence

variant of ATAll7

118

Met Ala Phe Ser

1

Gly

Pro

Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

ASp

Arg

Gly

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Arg

Thr

ASp

Asp

Ala

35

Ala

TYr

His

Pro

TYr

val

ITe

Pro

Leu
195

Tvyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

val

é]a Asp Thr

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

ASp

Ser

Arg

Thr

Ala

Ser

Phe

70

Arg

Gln

Leu

Thr

Ser

150

Gly

Ser

Ala

Tyr

Ala

Ile

55

His

Leu

ASp

Arg

Pro

135

Ala

val

Ile

Ile

Pro

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

Cys

His

Asp

Gin
200

Glu

Asp

25

Ile

ASp

Trp

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

376247-035

Ile

10

Tyr

Glu

GIn

Asn

Asn

90

Lys

Met

Arg

Tyr

Met

176

Gin

val

Glu

Gly

Gly

Gly

75

Ala

Glu

val

ASp

Gln

155

val

val

Tyr

Leu

Ala

Phe

60

Asn

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

Thr His Asp

Page 129

Thr
Asp
Phe
45

TY"r
Ala
Ser
Ala
val
125
Thr
Ile

Glin

Asn

His

Pro

30

val

Thr

Phe

Ile

Leu

110

ser

Lys

val

Ser

Phe

190

Gly

Asp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ite

His

Pro

val

175

Gln

Phe

Thr

Asn

Pro

Asp

Leu

80

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

990



Leu Pro Leu Leu Leu Asp Cys Asp
210 215

Phe Asn val val val Ile Lys Asp

225 230

Ala Ala Leu Pro Gly Ile Thr Arg

245
Ser Leu Gly His Glu Ala Ile Leu
260
Tyr Asp Ala Asp Glu val Leu Gly
275 280

pro Phe val ser val Asp Gly Asn
290 295

pro val Thr Gln Ser 1le Ile Arg

305 310

Pro Ser Ser Leu Leu Thr Pro val

325

<210> 119

<211> 990

<212> DNA

<213> Artificial Sequence

<220>

<223> variant of ATAll7

<400> 119

atggcgttct cagcggacac ccctgaaatc

atcacctact ctgactacga actggacccg

atcgaaggtg ctttcgttcc gccgictgaa

tatacttctyg acgctaccta caccaccttc

ggggaccaca tcgaacgtct gttctctaat

acccaggacg aagttaaaga gatcgctctg

gcgatggtta ccgtttctat cacccgtggt

accaaacatc gtccgcaggt trttatgage

gaccgcatcc gtgacggtgt tcacctgatg

agctctatcg acccgeaggt taaaaacttc

376247 -

Asn Ley Leu

val
235

Gly val

Thr val

250

LYS

Ala Ile

265

ASp

Cys Ser Thr

Ser Ile ser

Arg Tyr

Gin
330

gtttacaccc
gctaacccge
gctegtatct
cacgtttgga
gcggaatcta
gaactggttg
tactcticta
gcttgeecgt
gttgctcagt

cagtggggty

035

Ala Glu

220

Gly

Arg Ser Pro

Leu Glu Ile

Ala
270

Thr Pro

Gly

val
300

Glu Leu Asn

acgacaccgg
tggctggtyg
ctatcttcga
acggtaacgc
ttcgtttgat
ctaaaaccga
cceeattcga
accagtggat
cagttcgtcg

acctgatccy

rPage 130

Pro Gly

Gly Arg

240

Ala Glu

255

Glu Leu

val Trp
Pro

Gly

Glu
320

val

tctggactat
tgctgcettygg
ccagagtttt
tttcegtety
ccecgeegetg
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacaccgegt

tgcaattcag

60
120
180
240
300
360
420
480
540
600



gaaacCCccC

gaaggtc
gctgcte

acg

<gg
tgc

gaagctatcc

tgctcaaccqy

ggtgttc

ccttctt

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

<220>
<223>

<400>

Met Ala
1

Gly Leu
Pro Leu
ser Glu

50

Ala Thr

65

Gly Asp

Ile Pro

val Ala

Arg Gly

Pro Gln
145

cgg
ctc
120

330
PRT

accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgaccee

Artificial Sequence

variant of ATALl7

120

Phe

ASp

Ala

35

Ala

TYr

His

Pro

Lys

Tyr

val

ser Ala Asp Thr
5

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Phe

Ile

Gly

1le

Thr

Glu

85

Thr

Glu

Ser

Met

Thr

Ala

Ser

Phe

70

Arg

Glin

Leu

Thr

Ser
150

Tyr

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

ggtacagtac

Pro

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

Cys

Glu

ASP

25

Tle

Asp

Trp

ser

val

105

Ala

Glu

Pro

376247-035

Ile

10

Tyr

Glu

Gin

Asn

Asn

90

Lys

Met

Arg

cgagttgccg ctgctgctgg
tgttgttatc aaagacggtg
ccgtaaaace gttectggaaa
cacccegget gaactgtacg
ttggccgttc gtttctgttg

ccagtctatc atccgtegtt

val

Glu

Gly

Gly

Gly

75

Ala

Glu

val

Asp

actgcgacaa cctgctggcet

ttgttcgttc

tcgetgaatc

acgctgacga agttctgggt

acggtaactc

actgggaact

Tyr

Leu

Ala

Phe

60

Asn

Glu

Tle

Thr

Ile
140

Tyr Gin Trp

155

Page 131

Thr

Asp

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

His

Pro

30

val

Thr

Phe

Ile

Leu

110

Ser

Lys

val

tccgggtegt

tctgggtcac

tatctctgac

gaacgttgaa

ASp

15

Ala

Pro

ser

Arg

Arg

95

Glu

Ile

His

Pro

Thr

Asn

Pro

Asp

l.eu

80

Leu

Leu

Thr

Arg

Phe
160

660
720
780
840
900
960
990



AsSp

Arg

Gly

Leu

Phe

225

Ala

Ser

Tyr

Pro

Pro

305

Pro

Arg

Thr

Asp

Pro

210

Asn

Ala

Leu

ASp

Phe

290

val

Ser

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

<220>
<223>

<400>
atggcgttct

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

Ser

121
990
DNA
Artificial sequence

atcacctact

atcgaaggtg

tatacttctg

Arg

Arg

Ile

Leu

val

Pro

His

260

AsSp

Ser

Glin

Leu

cagcggacac ccctgaaatc gtttacaccc acgacaccgg tctggactat
ctgactacga actggacccg getaaccege tggetggtgg tgotgeottgg
ctttcgttcc goccgtotgaa getcgtatct ctatcttega ccagggtttt

acgctaccta caccaccrte cacgtttgga acggtaacgc tttccgtctg

Arg

Leu

val

Gly

Glu

Glu

val

ser

Leu
325

Gly

Ser

Ala

ASD

Ile

230

Ile

Ala

val

AsSp

Ile

310

Thr

variant of ATAll7
121

val

Ile

Cys

215

Lys

Thr

Ile

Leu

Pro

His

ASp

Gln

200

Asp

Asp

Arg

Leu

Gly

Asn

Arg

val

Leu

Pro

185

Glu

Asn

Gly

Lys

Ala

265

Cys

Ser

Arg

GlIn

376247-035

met val Ala

170

Gln

Thr

Leu

val

Thr

250

Asp

Ser

Ile

TYr

Tyr
330

val

His

Leu

val

235

val

Ile

Thr

Ser

Trp
315

Lys

Asp

Ala

220

Arg

Leu

Thr

Gly

Asp

300

Glu

Page 132

Gln

Ash

Arg

Glu

Ser

Pro

Leu

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asnh

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Arg

Trp

Glu

Gly

Arg

240

Glu

Leu

Trp

Gly

Glu
320

60
120
180
240



ggggaccaca
acccaggacg
gcgatggtta
accaaacatc
gaccgceatec
agctctateg
gaaacccacy
gaaggtccgg
gctgctetge
gaagctatcc
tgctcaaccy

ggtgttccgg
cettettete

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

<220>
<223>

<400>

122
330
PRT

122
Met Ala phe
1

Gly

Leu Asp

Ala
35

Pro Leu

Glu Ala

50

ser

Ala Thr

65

Tyr

Gly Asp His

Tle Pro Pro

Ser

Arg

Thr

Ile

Leu
100

Ala
5

Ile
Gly
Ile
Thr
Glu

85

Thr

tcgaacgtcet
aagttaaaga
ccgtrtctat
gtccgeaggt
gtgacggtgt
acccgeaggt
accgtggtrt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgaccee

As

Th

Al

Se

Ph

70

Ar

G1

gttctctaat
gatcgetcty
caccecgtggt
ttacatgagce
tcacctgatg
taaaaacttc
cgagttgecg
tgttgttatc
ccgtaaaacc
caccccggcet
ttggeegtte
ccagtctate

ggtacagtac

artificial Seguence

variant of ATA11l7

p Thr Pro

r Tyr Ser

a Ala Trp

40

r Ile pPhe

35

e His val

pPhe

g Leu

n Asp Glu

gcggaatcta
gaactggttyg
tactcttcta
gctigeccgt
gttgctcagt
cagtggggtyg
ctgctgetgg
aaagacggtg
gttctggaaa
gaactgtacg
gtttctgtty

atccgtcgtt

Glu

Asp

25

Ile

Asp

Trp

Ser

val
105

376247-035

Ile val

10

Tyr

Tyr Glu Leu

Glu Gly Ala

Phe
60

Gln Gly

Asn Gly Asn

75

asn Ala Glu

90

Lys Gtu Ile

Page 133

Thr

Asp

Phe

45

Tyr

Ala

Ser

Ala

ttegtttgat
ctaaaaccga
cccecattega
accagtggat
cagttcgicg
acctgatcceg
actgcgacaa
ttgttcgttc
tcgotgaatc
acgctgacga
acggtaactc

actgggaact

His

Pro

30

val

Thr

Phe

Ile

Leu
110

cececgecgetyg
actgegttat
gcgtgacatc
cgtaccgrtt
tacaccgegt
tgcaattcag
cctgetgget
tccgggtegt
tctgggtcac
agttctgggr
tatctctgac

gaacgttgaa

Asp

15

Ala

Pro

ser

Arg

Arg

95

Glu

Thr

Asn

Pro

ASp

Leu

80

Leu

Leu

300
360
420
480
540
600
660
720
780
840
900
960
990



val

Arg

Pro

145

ASp

Arg

Gly

Leu

Phe

225

Ala

Ser

Tyr

Pro

Pro

305

Pro

Ala
Gly
i

GIn
Arg
Thr
Asp
Pro
210
Asn
Ala
Leu
AsSp
Phe
290

va'l

Ser

<210>
<211>
<2172>

<213>

Tyr

val

Ile

Pro

Leu

195

l.euy

val

Leu

Gly

Ala

275

val

Thr

Ser

123
990
DNA

Thr

Ser

Tyr

Arg

Arg

180

Ile

Leu

val'l

Pro

His

260

ASD

Ser

Gln

Leu

Glu

Ser

Met

Asp

Ser

Arg

Leu

va'l

Gly

Glu

Glu

val

Ser

Leu
325

Leu

Thr

ser

150

Gly

Ser

Ala

ASp

Ife

230

Ile

Ata

val

Asp

Ile

310

Thr

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Leu

Gly

Ile

Pro

Artificial Sequence

Tyr

120

Phe

Cys

His

ASp

GIn

200

ASp

Asp

Arg

Leu

Gly

Asn

Arg

val

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

Lys

Ala

265

Cys

Ser

Arg

Glin

376247-035

Met val Thr

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr

250

ASp

ser

Ile

Tyr

TVYF

Asp

Gln

155

val

val

His

Leu

val

235

val

Ile

Thr

Ser

315

Ile

1406

Trp

Ala

LYysS

Asp

Ala

220

Arg

Leu

Thr

Gly

ASp

300

Giu

Page 134

val

125

Thr

Ile

Gln

Asn

Arg

Glu

ser

Glu

Pro

Gly

Gly

Leu

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

val

Pro

val

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg

240

Glu

Leu

Trp

Gly

Glu
320



376247-035

<220>

<223> variant of ATAllY

<400> 123

atggcgtict cagcggacac ccctgaaatc gtttacaccc acgacaccgg totggactat 60
atcacctact ctgactacga actggacccg gcetaacccge tggetggigg tgctgettgg 120
atcgaaggtg ctttegticc gecgtctgaa gotcgtatct ctatcttcga ccagggtttt 180
tatacttctyg acgctaccta caccaccttc cacgtttgga acggtaacge triccgictg 240
ggggaccaca tcgaacgtct gttctctaat gcggaatcta ttcgtttgat cccgecgetg 300
acccaggacyg aagttaaaga gatcgctctg gaactggttg ctaaaaccga actgcegtgaa 360
gcgatggtta ccgtttctat cacccgtggt tactcttcta ccccattcga gogtgacate 420
accaaacatc gtccgcaggt ttacatgagce gettgeccgt acgtgtggat cgtaccgttt 480
gaccgcatce gtgacggtgt tcacctgatg gttgctcagt cagttcgtcg tacaccgegt 540
agctctatcg acccgcaggt taaaaacttc cagtggggtg acctgatccyg tgcaattcag 600
gaaacccacyg accgtggttt cgagttgeccg ctgetgcetgg actgcgacaa cctgotgget 660
gaaggtccgyg gtttcaacgt tgttgttatc aaagacggtg ttgttogtic tccgggtogt 720
gctgetotge cgggtatcac ccgtaaaacce gttctggaaa tcgetgaatc totgggtcac 780
gaagctatce tggctgacat caccccgget gaactgtacg acgctgacga agttctgggt 840
tgctcaaccg gtggtggtgt ttggccgtto gtttctgitg acggtaactc tatctcetgac 900
ggtgttccgg gtcecggttac ccagtctate atccgtegit actgggaact gaacgttgaa 960
cettettcote tgoctgacccC ggtacagtac 990
<210> 124

<211> 330

<212> PRT

<213> aArtificial sequence

<220>

<223> variant of ATA117

<400> 124

Met Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pro Ala Asn
20 25 30
Pro Leu %%a Gly Gly Ala Ala Tgp Ile Glu Gly Ala phe val Pro Pro
4 45

Ser Glu Ala Arg Ile Ser Ile phe Asp GIn Gly Phe Tyr Thr Ser Asp
50 55 60
Page 135



Ala
65

Gly

val

Arg

Pro

145

ASp

Arg

Gly

Leu

Phe

225

Ala

Ser

Tyr

Pro

Pro

Thr

Asp

Pro

Ala

Arg

Thr

ASp

Pro

210

Asn

Ala

Leu

Asp

Phe

290

va'l

Tyr

Pro

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

Thr

Ile

Lau

100

Thr

Ser

Tyr

Arg

Arg

Ite

Leu

val

Pro

His

260

ASD

Ser

Gin

Thr

Glu

85

Thr

Glu

ser

Met

Arg

Leu

val

Glu

val

Seyp

Phe

70

Arg

Gin

L.eu

Thr

Ser

150

Gly

ser

Ala

Asp

ITe

230

Tle

Ala

val

ASp

1le

His

Leu

ASpP

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Leu

Gly

Tle

val

Phe

Glu

Glu

120

Phe

Cys

His

Asp

Gln

200

ASp

Asp

Arg

Leu

Gly

Asn

Arg

Trp

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

Lys

Ala

265

Cys

sSer

Arg

376247-035

Asn Gly Asn
75

Asn

90

Lys

Met

Arg

Tyr

Met

170

GIn

Thr

Leu

val

Thr

250

AsSp

Ser

Ile

Ala

Glu

val

ASp

val

1535

val

val

iLeu

val

235

val

Ile

Thr

Ser

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

ASp

Ala

220

Arg

Leu

Thr

Gly

ASp
300

Tyr Trp Glu
Page 136

Ala

Ser

Ala

val

125

Thr

Ile

Gln

AsSh

Arg

Glu

Ser

Glu

Pro

Gly

Gly

Leu

Phe

Ile

Leu

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Iie

Ala

270

Gly

vai

Asn

Arg

Arg

95

Glu

Ile

His

Pro

va'l

175

GIn

Phe

Pro

Gly

Ala

255

Glu

val

Pro

va'l

Leu

80

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

Leu

Trp

Gly

Glu



376247-035
305 310 315

Pro Ser Ser Leu Leu Thr Pro val Glin Tyr

325 330
<210> 125
<211> 990
<212> DNA
<213> Artificial Sequence
<220>

<223> variant of ATA1l7

<400> 125
atggcgttct cagcggacac ccctgaaatc gtttacacce acgacaccgg

atcacctact ctgactacga actggacccg getaacccge tggetggtgg
atcgaaggtg ctttcgtitcc gecgtctgaa getcgtatct ctatcttcga
tatacttctg acgctaccta caccaccttc cacgtttgga acggtaacgc
ggggaccaca tcgaacgtct gttctctaat geggaatcta ttcgtttgat
acccaggacg aagttaaaga gatcgotctg gaactggttg ctaaaaccga
gcgatggtita ccgtttctat cacccgtggt tactcticta ccccattcga
accaaacatc gtccgeaggt ttacatgage gettgccegt accagtggat
gaccgcatce ctgacggigt tcacctgatg gttgotcagt cagttegteg
agctctatcg acccgcaggt taaaaacttc cagtggggtg acctgatccg
gaaacccacg accgtggttt cgagttgceg ctgetgetgg actgcgacaa
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg ttgttcgtic
gctgctotge cgggtatcac ccgtaaaacc gttctggaaa tcgotgaatce
gaagctatcc tggetgacat caccccgget gaactgtacg acgeotgacga
tgctcaaccyg gtggtagtgt ttggecgttc gtttctgttg acggtaactc
ggtgtrteccgy gtccggrtac ccagtctatc atccgtcgtt actgggaact

CCttcttctc tgctgaccce ggtacagtac

<210> 126

<211> 330

<212> PRT

<213> Artificial Sequence
<220>

<223> variant of ATA1l7
<400> 126

1
Page 137

320

tctggactat
tgctgettgg
ccagggtrtt
tttccgtetg
ccegeegetg
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacaccgegt
tgcaattcag
cctgetgget
tccgggtegt
tctgggtceac
agttctgggt
tatctctgac

gaacgttgaa

Met Ala Phe Ser gia Asp Thr Pro Glu Ile val Tyr Thr His Asp Thr
i0 15

60
120
180
240
300
360
420
480
540
600
660
720
780
840
300
960
990



Gly

Pro

Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

AsSp

Arg

Gly

Leu

Phe

225

Ala

ser

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Arg

Thr

ASp

Pro

210

Asn

Ala

Leu

Asp

Ala

35

Ala

Tyr

His

Pro

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

TYr

20

Gly

Arg

Thr

ITe

Leu

100

Thr

Ser

TYr

Pro

Leu

val

Pro

His

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

val

Gly

Glu

Thr

Ala

Ser

Phe

70

Arg

Gln

Leu

Thr

ser

150

Gly

ser

ala

Asp

Ile

230

Ile

Ala

Tyr

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

ITe

Ile

215

LysS

Thr

Ile

ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

Ccys

His

ASp

GIn

200

Asp

Asp

Arg

Leu

ASp

25

Ile

AsSp

Trp

ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

Lys

Ala

376247-035

Tyr Glu Leu

Glu

Gln

Asn

Asn

90

Lys

Met

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr
250

Gly

Gly

Gly

75

Ala

Glu

val

ASp

val

val

His

Leu

val

235

val

Ala

Phe

60

Asn

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Leu

Asp Ile Thr
Page 138

Asp

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

GlIn

Asnh

Arg

Glu

Ser

Glu

Pro

Pro

30

val

Thr

Phe

Ile

Leu

110

Ser

LyS

val

ser

Phe

190

Gly

Gly

Pro

Ile

Ala

Ala

Pro

Ser

Arg

Arg

95

Glu

ile

His

Pro

val

175

Gin

Phe

Pro

Gly

Ala

255

Glu

Asn

Pro

ASp

Leu

80

lLeu

Lau

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Leu



Tyr Asp Ala Asp Glu val Leu G1
28

275

Pro Phe val
290

Pro val Thr
305

Pro Ser S5er

<210> 127
<211> 990
<212> DNA

<213> Artificial sequence

«220>

<223> variant of ATAll7

<400> 127
atggegttct

atcacctact
atcgaaggtg
tatacttcty
ggggaccaca
acccaggacg
gcgatggtta
accaaacatc
gaccgcatcc
agctctateg
gaaacccacg
gaaggtccgg
gctgetetge
gaagctatcc
tgctcaaccy

ggtgttccgg
ccttettcte

260

376247-035

265

270

y Cys Ser Thr Gly Gly Gly val Trp
0 285

Ser val Asp Gly Asn Ser Ile Ser Asp Gly val pPro Gly

GIn

Leu

Ser Ile Ite Arg Arg Tyr Trp Glu Leu Asn val Glu
315

310

295

teu Thr Pro val GIn Tyr

325

ctgactacga
ctttcgttee
acgctaccta
tcgaacgtcet
aagttaaaga
ccgttictat
gtcegeaggt
gtgacggtgt
acccgeaggt
accgtggtrtt
gtttcaacgt
cgggtatcac
tggcetgacat
grggrggtgt
gtccggttac

tgctgacccc

cagcggacac ccctgaaatc
actggacccy
gccgtctgaa
caccacctte
gttctctaat
gatcgctctg
caccegtggt
ttacatgagc
tcacctgatg
taaaaacttc
cgagttgecy
tgttgttatc
ccgtaaaacc
caccccggct
ttggeegtte

ccagrctatc

330

ggtacagtac

gtttacaccc
gctaacccegce
gctcgtatct
cacgtttgga
gcggaatcta
gaactggttg
tactcrtcta
gcttgocogt
gttgctcagr
cagtggggtg
ctgctgetgg
aaagacggtyg
gttctggaaa
gaactgtacg
gtttetgtty

atccgtegtt

300

320

acgacaccgg tctggactat
tggctggtgg tgctgcttgg
ctatcttcga ccagggrttt
acggtaacgc tttccgtctg
ttegtttgat cccgoegetg
ctaaaaccga actgcgtgaa
ccccattcga gegtgacatc
acacttggat cgtaccgttt
cagttegtcg tacaccgegt
acctgatccg tgcaattcag
actgcgacaa cctgcetgget
ttgttegttc tccgggtegt
tcgetgaate tetgggteac
acgctgacga agttctgggt
acggtaactc tatctctgac

actgggaact gaacgttgaa
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60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
990



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

<220>
<223>

<400>

128
330
PRT

Artificial Sequence

variant of ATA117

128

met Ala phe

1

Gly

Pro

Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

ASp

Arg

Gly

Leu

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Gly

GIn

Arg

Thr

Asp

Pro

Asp

Tyr

His

Pro

Lys

Tyr

val

Ile

Pro

Leu

195

Leu

Ser Ala Asp Thr
5

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

180

Ile

Leu

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

Thr

Ala

Ser

Phe

70

Arg

GIn

Leu

Thr

Ser

150

Gly

Ser

Ala

AsSp

TYyr

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

Pro

ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

Cys

His

Asp

Gln

200

ASp

Glu
ASp
25

ITe
Asp
Trp
Ser
val
105
Ala
Glu
Pro
Leu
Pro
185

Glu

Ash

376247-035

Ile

10

Tyr

Glu

Gln

Asn

Asn

90

LysS

Met

Arg

Tyr

Met

170

Gin

Thr

val

Glu

Gly

Gly

Gly

75

Ala

Glu

val

Asp

Thr

155

val

val

His

Tyr

Leu

Ala

Phe

60

AsSn

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

ASp

teu Leu Ala
Page 140

Thr

Asp

Phe

45

Tyr

Ala

ser

Ala

val

125

Thr

Gin

Asn

His

Pro

30

val

Thr

Phe

Ite

Leu

110

Ser

Lys

val

ser

Phe

190

Gly

Gly

ASD

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

va'l

175

GIn

Phe

Pro

Thy

Asn

Pro

Asp

Leu

80

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

Gly



210 215 220
phe Asn val val val Ile Lys Asp Gly val val Arg Ser Pro Gly Arg
225 230 235 240
Ala Ala Leu Pro Gly Ite Thr Arg Lys Thr val Leu Glu Ile Ala Glu

245 250 255
Ser Leu Gly His Glu Ala ITe Leu Ala Asp Ile Thr Pro Ala Glu Leu
260 265 270
Tyr Asp Ala Asp Glu val Leu Gly Cys Ser Thr Gly Gly Gly val Trp
275 280 285

Pro Phe val Ser val Asp Gly Asn Ser Ile Ser Asp Gly val pro Gly

290 295 300
Pro val Thr Gln Ser rle Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
305 310 315 320
Pro Ser Ser Leu Leu Thr Pro val GlIn Tyr

325 330
<210> 129
<211> 990
<212> DNA
<213> artificial Seqguence
<220>
<223> Vvariant of ATA117
<400> 129
atggcegttct cagcggacac ccctgaaate gtttacaccc acgacaccgg tctggactat
atcacctact ctgactacga actggacccg gctaacccge tggctggtgg tgetgettgg
atcgaaggtg ctitcgttcc gocgtetetg gotcgtatct ctatcttcga ccagggtttt
tatacttctyg acgctaccta caccaccttc cacgtttgga acggtaacge trtccgretg
ggggaccaca tcgaacgtct gttctctaat geggaatcta ttegtttgat cccgoogoty
acccaggacg aagttaaaga gatcgctctg gaactggttg ctaaaaccga actgegtgaa
gcgatggtta ccgtttctat cacccgtggt tactcttcta ccccattcga geogtgacatc
accaaacatc gtccgcaggt ttacatgagc gcttgcccgt accagtggat cgtaccgrtt
gaccgcatce gtgacggtgt tcacctgatg gttgctcagt cagttcgtcg tacaccgogt
agctctatcg acccgcaggt taaaaacttc cagtggggtg acctgatecy tgcaattcag
gaaacccacg accgtggttt cgagttgecg ctgctgctgg actgcgacaa cctgetgget
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg ttgticgttc tccgggregt
Page 141

376247-035

60
120
180
240
300
360
420
480
540
600
660
720



gctgctetge cgagtatcac
gaagctatce tggotgacat
tgctcaaccg gtggtggtagt
ggtgttccgg gteegyttac
ccrtettete tgetgaccec
<210> 130

<211> 330
<212> PRT

376247-035
ccgtaaaacc gttctggaaa tcgetgaate tctgggteac
caccccgget gaactgtacg acgcetgacga agttotggot
ttggccgttc gtttctgttg acggtaactc tatctctgac
ccagtctate atccgtegtt actgggaact gaacgttgaa

ggtacagtac

<213> Artificial Seguence

<220>

<223> Vvariant of ATALl7

<400> 130

Met Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tyr Thr His Asp Thr
1 5

10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pro Ala Asn

20

25 30

Pro Leu Ala Gly Gly Ala Ala Trp Ile Glu Gly Ala phe val Pro Pro

35

40 45

Ser Leu Ala Arg Ile Ser Ile Phe Asp GIn Gly Phe Tyr Thr Ser Asp

50

55 60

Ala Thr Tyr Thr Thr Phe His val Trp Asn Gly Asn Ala Phe Arg Leu

65 70

75 80

Gly Asp His Ile Glu Arg Leu Phe Ser Asn Ala Glu Ser Ile Arg Leu

85

90 95

Ile Pro Pro Leu Thr GIn Asp Glu val Lys Glu Ile Ala Leu Glu Leu

100

105 110

val Ala Lys Thr Glu Leu Arg Glu Ala Met val Thr val ser Ile Thr

115

120 125

Arg Gly Tyr Ser Ser Thr Pro Phe Glu Arg Asp Ile Thr Lys His Arg

135 140

Pro Gln val Tyr Met Ser Ala Cys Pro Tyr Gln Trp Ile val Pro Phe
145 150 155 160

Asp Arg IlTe Arg Asp Gly val His Leu Met val Ala GIn Ser val Arg

Page 142

780
840
900
60
990



Arg

Gly

Leu

Phe

225

Ala

Ser

Tyr

Pro

Pro

305

Pro

Thr
ASp
Pro
210
ASN
Ala
Ley
ASp
Phe
290

vatl

Ser

<210>
<211>
<212>
<Z213>

<220>
<223>

<400>
atggegttct

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

Ser

131
990
DNA

Arg

Ile

leu

val

Pro

His

260

ASp

ser

Gin

Leu

165

ser

Arg

Leu

val

Gly

Glu

Glu

val

ser

Leu
325

Ser

Ala

Asp

Ile

230

Ile

Ala

val

Asp

Ile

310

Thr

Ile

Ite

215

Lys

Thr

1le

Leu

Gly

Ile

Pro

Artificial sequence

variant of ATAL17

131

atcacctact

atcgaaggtg

tatacttctg

ggggaccaca

acccaggacg

ASp

Gln

200

ASp

Asp

Arg

Leu

Arg

val

cagcggacac ccctgaaatc
ctgactacga actggacccg
ctrtegrtce geegtctgaa
acgctaccta caccaccttc
tcgaacgtct gttctctaat

aagttaaaga gatcgctctg

Pro

185

Glu

Asn

Gly

Lys

Ala

265

Cys

sSer

Arg

Gln

grrracacce
gctaacccyge
gctegtatet
cacgtttgga
gcggaatcta

gaactggttg

376247-035
170

Gln val Lys

Thr His Asp

Leu Leu Ala
220

val val Arg
235

Thr val Leu

250

Asp Ile Thr

Ser Thr Gly

Ile sSer Asp

Tyr Trp Glu
315

Tyr

pPage 143

Ash

Arg

205

Glu

Ser

Glu

Pro

Gly

Gly

Leu

Phe

180

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

acgacaccgg
tggctggtgy
ctatcttcga
acggtaacgc
ttcgtttgat

ctaaaaccga

175

GlIn

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

tattgactat
tgctgottgg
ccagggtttt
tttccgtcety
ccegecgetg

actgcgtgaa

Trp

Glu

Gly

Arg

Glu

Leu

Trp

Gly

Glu
320

60
120
180
240
300
360



gcgatggtta
accaaacatc
gaccgcatcce
agctctatcyg
gaaacccacg
gaaggtccgy
gctgctctge
gaagctatcc
tgctcaaccyg

ggtgttccgg
ccrrettcte

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

<220>
<223>

<400

132
330
PRT

132

Met Ala Phe
1

Gly Ile Asp

Ala
35

Pro Leu

Glu Ala

50

Ser

Ala Thr

65

Tyr

Gly Asp His

ITle Pro Pro

val Ala Lys

ccgtttctat
gtccgcaggt
gtgacggtgt
acccgcaggt
accgtggrtt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgaccee

Ser Ala As
5

Tyr Ile Th

20

Gly Gly Al

Arg Ile Sse

Ph
70

Thr Thr

Glu
85

Ile Ar

Leu Thr G1

100

Thr Glu Le

cacccgtggt
ttacatgage
tcacctgatg
taaaaacttc
cgagttgccy
tgttgttatce
ccgtaaaacc
cacceegget
ttggccgttce
ccagtctatc

ggtacagtac

Artificial Sequence

variant of ATA1l7

p Thr Pro

r Tyr Ser

a Ala Trp

40

r Ile Phe

>5

e His val

g Leu Phe
n Asp Glu

u Arg Glu

376247 -

tactcttcta
gcttgecegt
gttgctcagt
cagtggggtg
ctgctgetgg
aaagacggtg
gttctggaaa
gaactgtacg
gtttctgtty

atccgtegtt

Ile val

10

Glu

Asp Glu

25

Tyr

Ile Glu Gly

Asp GIn Gly

Trp Asn Gly

75

ser Asn Ala

90

val Glu

105

LYS

Ala Met val

035

ccecattcga
accagtggat
cégttcgtcg
acctgatccyg
actgcgacaa
ttgttegtte
tcgctgaate
acgctgacga
acggtaactc

actgggaact

Tyr Thr His

Leu Asp Pro

30

Phe
45

Ala val

Phe
60

Tyr Thr

Asn Ala Phe

Glu Ser Ile

Ile Ala Leu

110

Thr val ser

Page 144

gcgtgacatc
cgtaccgttt
tacacegegt
tgcaattcag
cctgetggct
tccgggtegt
tctyggteac
agttctgggt
tatctctgac

gaacgttgaa

Asp Thr

15

Ala Asn

Pro Pro
ser

AsSp

L.eu
80

Arg

Arg Leu

95

Glu Leu

Ile Thr

420
480
540
600
660
720
780
840
900
360
990



Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

Ser

Tyr

Pro

Pro

305

Pro

Arg

The

Asp

Pro

210

Asn

Ala

Leu

Asp

Phe

290

val

Ser

115

Tyr
val
Ile
Pro
Leu
195
Ley
val
lLeu
Gly
Ala
275
val

Thr

Ser

Ser

Tyr

Arg

Leu

val

Pro

His

260

ASp

Ser

GIn

Leu

Ser

Met

Arg

Leu

val

Gly

Glu

Glu

val

ser

Leu
325

Thr

ser

150

Gly

Ser

Ala

Asp

Ile

230

Ile

Ala

val

Asp

Ile

310

Thr

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Leu

Gly

Ile

Pro

120

Phe

Cys

His

Asp

Gln

200

Asp

Asp

Arg

l.eu

Gly

Asn

Arg

val

Giu

Pro

Leu

Pro

185

Glu

Asn

Gly

Lys

Ala

265

Cys

ser

Arg

Gin

376247-035

Arg Asp Ile

Tyr

Met

170

GIn

Thr

Leu

val

Thr

250

ASp

Ser

Ile

Tyr

Tyr
330

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

<220>
<223>

133
990
DNA
Artificial Sequence

variant of ATAl1lY

GIn

155

val

val

His

Leu

val

235

val

Ile

Thr

Ser

140

Trp

Ala

LYS

Asp

Ala

220

Arg

lLeu

Thr

Gly

Page 145

125

Thr

ITe

Gn

ASn

Arg

Glu

Ser

Glu

Pro

L.eu

Lys

val

Ser

Phe

180

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

His

Pro

val

175

GlIn

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Arg
Phe
160

Arg

Trp

Gly

Arg

240

Glu

Leu

Trp

Gly

Glu
320



376247-035

<400> 133

atggcgttct cagcggacac ccctgaaatc gtttacaccc acgacaccgg tetggactat 60
atcacctact ctcagtacga actggacccg gotaacccge tggoetggtgg tgetgcttog 120
atcgaaggtyg ctttcgttcce geecgtctgaa getegtatct ctatcttcga ccagggtttt 180
tatacttctg acgctaccta caccaccttc cacgtttgga acggtaacgce tttcecgtetg 240
ggggaccaca tcgaacgtct gttctctaat geggaatcta ttcgtttgat cocgeegetg 300
acccaggacg aagttaaaga gatcgctctg gaactggttg ctaaaaccga actgcgtgaa 360
gcgatggtta ccgtttctat caccecgtggt tactctteta ccccattega gegtgacatc 420
accaaacatc gtccgcaggt ttacatgagc gottgeccgt accagtggat cgtaccgttt 480
gaccgcatcce gtgacggtgt tcacctgatg gttgctcagt cagttcgteg tacaccgogt 540
agctctatcg acccgcaggt taaaaacttc cagtggggtg acctgatccg tgcaattcag 600
gaaacccacg accgtggttt cgagttgccg ctgetgetgg actgegacaa cctgetgget 660
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg trtgttcgttc tecgggtegt 720
gctgetctge cgggtatcac ccgtaaaacc gitctggaaa tcgctgaatc tctgggtcac 780
gaagctatcc tggctgacat caccccggct gaactgtacg acgctgacga agttotgggt 840
tgctcaaccy gtggtggtgt ttggecgtte gtttctgttg acggtaacte tatctctgac 900
ggtgttccgg gtccggtrac ccagtctatc atccgtogtt actgggaact gaacgttgaa 960
CCcttcticic tgctgacccc ggtacagtac 990
<210> 134

<211> 330

<212> PRT

<213> Artificial sequence

<220>

<223> variant of ATALl7

<400> 134

Met Ala Phe Ser Ala Asp Thr pPro Glu Ite val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Gln Tyr Glu Leu Asp Pro Ala Ash
20 25 30

Pro Leu Ala Gly Gly Ala Ala Trp Ile Glu Gly Ala Phe val Pro Pro
35 40 45

Ser Glu Ala Arg Ile Ser Ile phe Asp GIn Gly Phe Tyr Thr Ser Asp
50 5 60

Ala Thr Tyr Thr Thr Phe His val Trp Asn Gly Asn Ala Phe Arg Leu
Page 146



65

Gly

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

Ser

Tyr

Pro

Pro
305

AsSp

Pro

Ala

Arg

Thr

ASp

Pro

210

ASh

Ala

Leu

Asp

Phe

290

va'l

His

Pro

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

1le

Leu

100

Thr

Ser

Tyr

Arg

Leu

val

Pro

His

260

Asp

ser

Gln

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

val

Glu

val

Ser

70

Arg

Glin

Leu

Thr

ser

150

Gly

Sar

Ala

Asp

Ile

230

Ile

Ala

val

ASp

Ile
310

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Leu

Phe

Glu

Glu

120

Phe

Cys

His

Asp

Glin

200

Asp

ASp

Arg

Leu

Arg

ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

Lys

Ala

265

Cys

ser

Arg

376247-035

Asn

90

Lys

Met

Arg

Tyr

Met

170

Gin

Thr

Leu

val

Thr

250

ASD

Ser

Ile

Tyr

75

Ala

Glu

val

AsSp

Gln

155

val

val

His

Leu

val

235

val

Ile

Thr

ser

Trp
315

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

ASD

Ala

220

Arg

Leu

Thr

Gly

ASp

300

Glu

Page 147

Ser

Ala

val

125

Thr

Ile

Gin

Asn

ser

Glu

Pro

Gly

Gly

Leu

ITe

Leu

110

sSer

Lys

val

ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

80

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg

Glu

l.eu

Trp

Gly

Glu
320



376247-035
Pro Ser Ser Leu Leu Thr Pro val GIn Tyr

325 330
<210> 135
<211> 990
<212> DNA
<213> Artificial Sequence
<220>
<223> Variant of ATA11l7
<400> 135
atggcgttct cagcggacac ccctgaaatc gtttacaccc acgacaccgg tetggactat 60
atcacctact ctgactacga actggacccg gctaacccge tggetggrgg tgétgcttgg 120
atcggtggtg ctttcgttcc goccgtctgaa getcgtatct ctatcttcga ccagggtttt 180
tatacttctg acgetaccta caccacctic cacgttigga acggtaacge tttcogtctg 240
ggggaccaca tcgaacgtct gttctctaat gcggaatcta ttegttigat cccgecgetyg 300
acccaggacg aagttaaaga gatcgctctg gaactggitg ctaaaaccga actgcgtgaa 360
gcgatggtta ccgittctat cacccgtggt tactcticta ccccattcga gcgtgacatc 420
accaaacatc gtcecgcaggt ttacatgage getigecegt accagtggat cgtaccgttt 480
gaccgcatcec gtgacggtgt tcacctgatg gttgctcagt cagttcgtcg tacaccgegt 540
agctctatcg acccgcaggt taaaaactic cagtggggtg acctgatccg tgcaattcag 600
gaaacccacg accgtggttt cgagttgccg ctgctgetgg actgcgacaa cctgotggot 660
gaaggtcegg grttcaacgt tgttgttatc aaagacggtg ttgttegttce tecgggtegt 720
gctgctetge cgggtatcac ccgtaaaacc gttctggaaa tcgctgaatc tctgggtcac 780
gaagctatcc tggctgacat caccccggct gaactgtacg acgctgacga agttctgggt 340
tgctcaaccyg gtggtggtgt tiggecgttc gittetgityg acggtaactce tatctctgac 800
ggtgttccgg gtccggttac ccagtctatc atccgtcgtt actgggaact gaacgttgaa 560
ccTitCctiCtc tgctgaccce ggtacagtac 990
<210> 136
<211> 330
<212> PRT
<213> Artificial Seqguience
<220>
<223> variant of ATAll7
<400> 136

Met Ala Phe Ser Ala Asp Thr Pro Glu ITe val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pro Ala Asn
rPage 148



Pro

Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

ASp

Arg

Leu
Phe
225

Ala

ser

Leu

Glu

50

Thr

Asp

Pro

Ala

Gly

Gln

Arg

Thr

ASp

Pro

210

Asn

Ala

Leu

Tyr

His

Pro

Lys

115

Tyr

val

Ile

Pro

Leu

195

Leu

val

Lau

Gly

20

Gly

Arg

Thr

Iie

Leu

100

Thr

ser

Tyr

Arg

Arg

Ile

Leu

val

Pro

His
260

Gly

Tle

Thr

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

val

Gly

Glu

Ala

Ser

Phe

70

Arg

GIn

Leu

Thr

ser

150

Gly

Ser

Ala

Asp

Ile

230

Ile

Ala

Ala

Ile

55

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

Cys

His

Asp

Gin

200

Asp

Asp

Arg

Leu

25

Ile

Asp

Trp

ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

Lys

Ala
265

376247-035

Gly Gly Ala

Gin

Asn

Asn

90

Lys

Met

Arg

Tyr

Met

170

Gln

Thr

Leu

va'l

Thr

250

AsSD

Gly

Gly

75

Ala

Glu

val

Asp

Glin

155

val

val

His

Leu

val

235

val

Ile

Phe

60

Asn

Glu

Ile

Thr

Ile

140

Trp

ala

Lys

AsSp

Ala

220

Arg

Leu

Thr

Page 149

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

GIn

Asn

205

Glu

Ser

Glu

Pro

30

val

Thr

Phe

Ile

Leu

110

Ser

LYS

va'l

ser

Phe

190

Gly

Gly

Pro

Ile

Ala
270

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gin

Phe

Pro

Gly

Ala

255

Glu

Pro

Asp

Leu

80

ey

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Leu



Tyr
275

Pro Phe val

290 295

Pro val Thr
305 310

Pro Ser Ser

325

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

<220>
<223> variant of ATAll?

<400> 137
atggcgtict cagcggacac ccctgaaatce

137
930
DNA
Artificial Sequence

atcaccrtact ctgactacga actggacccy

atcgaaggtyg ctttcgttcc ggattctgaa

tatacttcitg acgctaccta caccaccttc

ggggaccaca tcgaacgtct gttctctaat

acccaggacg aagttaaaga gatcgetctg

gcgatggtta ccgtttctat cacccgtggt

accaaacatc gtccgcaggt ttacatgage

gaccgcatcc gtgacggtgt tcacctgatg

agctctatcg acccgcaggt taaaaactte

gaaacccacyg accgtggttt cgagttgecg

gtttcaacgt tgttgttate

gaaggtccgg

gctgetetge cgggtatcac ccgtaaaacce

gaagctatce tggctgacat caccccgget

tgctcaaccyg gtggtggtot

gtccggttac

ttggcegttc

ggtgttccgg ccagtctatce

ccttettctc tgctgaccce ggtacagtac

<210>
<211>
<212>

138
330
PRT

Asp Ala Asp Glu val Leu Gly ¢C
280

376247 -

035

ys Ser Thr Gly géy Gly val Trp
5

315

Leu Ley Thr Pro val Gln Tyr

330

gtttacaccc
gctaacccge
gctcgtatet
cacgtttgga
gcggaatcta
gaactggttyg
tactcttcta
gcttgecogt
gttgctcagt
cagtggggtg
ctgctgctog
aaagacggtg
gttctggaaa
gaactgtacg
gtttctgttyg

atccgtcgtt

acgacaccgg
tggctggtgg
ctatcttcga
acggtaacge
ttegtrtgat
ctaaaaccga
cceecattega
accagtggat
cagttcgteg
acctgatceg
actgcgacaa
Ttgttegtte
tcgctgaatc
acgctgacga
acggtaactc

actgggaact

Page 150

Ser val Asp Gly Asn Ser Ile Ser Asp Gly val Pro Gly
300

Gln Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn val Glu

320

tctyggactat
tgctgettgy
ccagggrttt
tttcegtcty
ceegeegetg
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacacegegt
tgcaattcag
cctgctggcet
tecegggtegt
tctgggteac
agttctgggt
tatctctgac

gaacgttgaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
990



<213>

<220>
<223>

<400>

Artificial Sequence

variant of ATALLY

138

Met Ala Phe

1

Gly

Pro

Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Leuy

Leu

L.eu

Glu

50

Thr

Asp

Pro

Ala

Arg

Thr

Asp

Pro
210

Asp

Ala

35

Ala

Tyr

His

Pro

Lys

115

Tyr

val

Ile

Pro

Ley

195

L.euy

Ser

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

TYr

Arg

Arg

Ile

Leu

Ala
5
Ile
Gly
Ile
Thr
Glu
85
Thr
Glu

ser

Met

Arg

Letl

Asp

Thr

Ala

ser

Phe

70

Arg

Glin

l.eu

Thr

Ser

150

Gly

Ser

Ala

Asp

Thr

Tyr

Ala

Ile

55

His

l.eu

ASp

Arg

Pro

135

Ala

val

1le

Ile

cys
215

Pro

ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

cys

ASp

GIn
200

AsSp

Glu

Asp

25

Ite

ASP

Trp

Ser

val

105

Ala

Glu

Pro

l.eu

PO

185

Glu

Asn

376247-035

Ile

10

Tyr

Glu

Gin

ASn

Ash

90

Lys

Met

Arg

Tyr

Met

170

Glin

Thr

Leu

val

Glu

Gly

Gly

Gly

75

Ala

Glu

val

ASp

Gln

155

val

val

His

Leu

Tyr

Leu

Ala

Phe

60

Asn

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

Asp

Ala
220

page 151

Thr

Asp

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Asn

Arg

Glu

His

Pro

30

val

The

Phe

Ile

Leu

110

Ser

Lys

val

Ser

Phe

190

Gly

Gly

ASp

15

Ala

Pro

ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gin

Phe

Pro

Thr

Asn

ASp

Asp

Leu

80

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly



Phe val

225

Asn

Ala Ala Leu

Ser Leu Gly

Ala
275

Tyr Asp

Phe val

290

Pro

pro val Thr

305

Pro Ser Ser

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

<220>
<223>

<400>

139
990
DNA

139

atggegttct cagceggacac ccctgaaatc

atcacctact
atcgaaggtg
tatacttctg
ggggaccaca
acccaggacy
gcgatggtta
accaaacatc
gaccgeatcec
agctctatcg
gaaacccacg

gaaggtccgg
getgetetge

val

Pro

His

260

Asp

ser

Gln

Leu

Glu

val

Ser

Leu
325

ctgactacga
ctttegttce
acgctaccta
tcgaacgtet
aagttaaaga
ccgtttctat
gtcecgeaggt
gtgacggtgt
accecgcaggt
accgtggttt
gtttcaacgt

cgggtatcac

Ile

230

Tle

Ala

val

ASD

Ile

310

Thr

variant of ATAL1l7

Lys

Thr

ITe

lLeu

Pro

Artificial Sequence

Asp

Arg

Leu

Gly

Asn

Arg

val

actggaccag
gccgtctgaa
caccaccttc
gttctectaat
gatcgetetg
cacccgtggt
ttacatgagc
tcacctgatg
taaaaacttc
cgagttgccg
tgttgttatc

ccgtaaaacc

Gly

LyS

Ala

265

Cys

Ser

Arg

Glin

gtttacaccc
gctaaccege
gctcgtatct
cacgtttgga
gcggaatcta
gaactggttg
tactcttcta
gcttgeecgt
gttgctcagt
cagtggggty
ctgctgotyg
aaagacggtyg

gttctggaaa

376247-035
val val Arg
235

Thr val

250

Leu

Asp Iie Thr

Ser Thr Gly

Ile ser Asp

300

Tyr Trp Glu

315

TYyr
330

Page 152

Ser

Glu

Pro

Gly

Gly

Leu

Pro

Ile

Ala

270

Gly

val

Asn

acgacaccgg
tggctggtgg
ctatcttega
acggtaacgc
ttcgtttgat
ctaaaaccga
ccccattega
accagtggat
cagtrcgteg
acctgatcceg
actgcgacaa
ttgttcgtic

tcgotgaatc

Gly Arg
2

Ala Glu

255

Glu teu

val Trp
Pro

Gly

Glu
320

val

tctggactat
tgctgcttgg
ccagggtttt
tttcegtctg
cccgecgety
actgcgtgaa
gcgtgacate
cgtaccgttt
tacaccgegt
tgcaattcag
cctgetgget
tcegggtegt

Tctgggtcac

60
120
180
240G
300
360
420
480
540
600
660
720
780



376247035
gaagctatce tggetgacat caccccgget gaactgtacg acgctgacga agttctggot 840

tgctcaaccy gtggtggtyt ttggccgtte gtttctgttyg acggtaactce tatctctgac 900
ggtgttccgg gtccggttac ccagtctatc atccgtogtt actgggaact gaacgttgaa 960
ccttcrtctc tgctgaccee ggtacagtac 980
<210> 140

<211> 330

<212> PRT

<213> Artificial Sequence

<220>
<223> variant of ATAll7

<400> 140
Met Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tyr Thr His Asp Thr
1 5 10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp GIn Ala Asn
20 25 30

Pro Leu Aga Gly Gly Ala ala zgp Ile Glu Gly Ala Phe val Pro Pro
3 45

Ser Glu Ala Arg Ile Ser Ile Phe Asp Gin Gly Phe Tyr Thr Ser Asp
50 55 60

Ala Thr Tyr Thr Thr Phe His val Trp Asn Gly Asn Ala Phe Arg Leu
65 70 75 80

Gly Asp His Ile Glu Arg Leu Phe Ser Asn Ala Glu Ser Ile Arg Leu
85 90 95

Ile Pro Pro Leu Thr Gln Asp Glu val Lys Glu Ile Ala Leu Glu Leu
100 105 110

val Ala Lys Thr Glu Leu Arg Glu Ala Met val Thr val Ser Ile Thr
115 120 125

Arg Gly Tyr Ser Ser Thr Pro Phe Glu Arg Asp Ile Thr Lys His Arg
130 135 140

Pro Gln val Tyr Met Ser Ala Cys Pro Tyr GIn Trp ITe val Pro Phe
145 150 155 160

Asp Arg Tle Arg Asp Gly val His Leu Met val Ala Gln Ser val Arg
165 170 175

Page 153



Arg Thr Pro

Leu
195

Gly Asp

Pro Leu

210

Leu

Phe val

225

Asn

Ala Ala Leu

ser Leu Gly

Ala
275

TYr Asp

Phe val

290

Pro

Pro val Thr

305

Pro Ser Ser

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

<220
<223>

<400> 141
atggcgtrtct

141
990
DNA

atcacctact
atcgaagytyg
tatacttctg
ggggaccaca
acccaggacg

gcgatggtta

Ser

Arg

Leu

Leu

val val

Ser

Ala

Asp Cys

Ile

ile Asp

Gln
200

Ile

ASp
215

Lys AsSp

230

Pro Gly

His Glu

260

Asp Glu

val

ser

GIn Ser

Ile

Ala

val

Asp

Ile

Thr Arg

Ile Leu
Leu Gly
Asn

Gly

Ile Arg

3190

Leu Leu

325

cagcggacac
ctgactacga
ctttegttce
acgctaccta
tcgaacgtct
aagttaaaga

ccgtttctat

Thr

Pro val

Artificial Sequence

variant of ATAll7

ccctgaaatce
accrgacccg
gccgtctgaa
caccaccttc
gttctctaat
gatcgctctg

cacccgtggt

376247~

pPro GlIn val

185

Glu Thr His

Asn Leu Leu

val
235

Gly val

Thr val

250

Lys

Ala Ile

265

Asp

Cys Ser Thr

Ser Ile ser

Arg Tyr

Glin

gtttacaccc
gctaacccge
gcrcgtatet
cacgtttgga
gcggaatcta
gaactggttg

tactcttcta

035
Lys fhe

190

Asn
Gly

Asp

Ala
220

Gly

Arg Ser Pro

Leu Glu Ile

Ala
270

Thr Pro

Gly Gly

Asp val

300

Glu Leu Asn

acgacaccgg
tggctggtagg
ctatcttcga
acggtaacgc
ttcgtttgat
ctaaaaccga

ccccattcga

Page 154

Gln Trp

Phe Glu

Pro Gly

Gly

Ala
255

Glu Leu

val Trp
Pro

Gly

Glu
320

vai

tctggactat
tgctgcttgg
ccagggtttt
ttteegtcty
cccgeegety
actgcgtgaa

gcgtgacatce

60
120
180
240
300
360
420



376247-035

accaaacatc gtccgecaggt ttacatgage gettgecccgt accagtggat

gaccgcatee gtgacggtgt tcacctgatg gttgctcagt cagrtegteg

agctctatcg acccgcaggt taaaaacttc cagtggggtg acctgatccg

gaaacccacg accgtggttt cgagttgecg ctgctgetgg actgcgacaa

gaaggtccgy gtttcaacgt tgttgttatc aaagacggtg ttgttcgttc

gctgctetge cgggtatcac ccgtaaaacc gttctggaaa tcgotgaatc

gaagctatcc tggctgacat caccccgget gaactgtacg acgetgacga

tgctcaaccg gtggtggtgt ttggccgttc gttictgttg acggtaactce

ggtgttcegy gtccggttac ccagtctatc atccgtegtt actgggaact

cCcttcttcte tgoctgaccce ggtacagtac

<210> 142

<211> 330

<212> PRT

<213> aArtificial sequence

<220>

<223> variant of ATA117

<400> 142

Met Ala Phe Ser Ala Asp Thr Pro Glu ITe val Tyr Thr His

1 5 10

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Pro Asp Pro
20 25 30

Pro Leu Ala Gly Gly Ala Ala Trp ITe Glu Gly Ala Phe val

35 40 43
ser Glu Ala Arg Ile Ser Ile Phe Asp Gin Gly Phe Tyr Thr
50 55 60

Ala Thr Tyr Thr Thr Phe His val Trp Asn Gly Asn Ala Phe

65 70 75

Gly Asp His Ile Glu Arg teu Phe Ser Asn Ala Glu Ser Ile

85 90

ITe Pro Pro Leu Thr Gln Asp Glu val Lys Glu Ile Ala Leu
100 105 110

val Ala Lys Thr Glu Leu Arg Glu Ala Met val Thr val Sser

115 120 125

Page 155

cgtaccgttt
tacaccgegt
tgcaattcag
cctgetgget
tccgggtegt
tctgggtcac
agttctgggt
tatctectgac

gaacgttgaa

AsSp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

Thr

Asn

Pro

Asp

Leu

80

Leu

Leu

Thr

480
540
600
660
720
780
840
900
960
980



376247-035
Arg Gly Tyr Ser Ser Thr Pro Phe Glu Arg Asp Ile Thr Lys His Arg
130 135 140

Pro GIn val Tyr Met Ser Ala Cys Pro Tyr Gin Trp Ile val Pro Phe
145 150 155 160

Asp Arg Ile Arg Asp Gly val His Leu Met val Ala GIn Ser val Arg
165 170 175

Arg Thr Pro Arg Ser Ser Ile Asp Pro Gin val Lys Asn Phe GIn Trp
180 185 190

Gly Asp Leu ITe Arg Ala Ile G1n Glu Thr His Asp Arg Gly Phe Glu
195 200 205

Leu Pro Leu Leu Leu Asp Cys Asp Asn Leu Leu Ala Glu Gly Pro Gly
210 215 220

Phe Asn val val val Ile Lys Asp Gly val val Arg Ser Pro Gly Arg
225 230 235 240

Ala Ala Leu Pro Gly Ile Thr Arg Lys Thr val Leu Glu Ile Ala Glu
245 250 255

ser Leu Gly His Glu Ala Ile Leu Ala Asp Ile Thr Pro Ala Glu Leu
260 265 270

TYr Asp g;% Asp Glu val Leu Gly Cys ser Thr Gly Gly Gly val Trp
28

O
N
o
ot

Pro Phe val Ser val Asp Gly Asn Ser Ile Ser Asp Gly val Pro Gly
290 295 300

Pro val Thr G1n Ser 1le 1le Arg Arg Tyr Trp Glu Leu Asn val GTu
305 310 315 320

Pro Ser Ser iLeu Leu Thr Pro val GlIn Tyr

325 330
<210> 143
<211> 990
<212> DNA
<213> Artificial Sequence
<220>
<223> variant of ATALL7
<400> 143
atggegttct cagcggacac ccctgaaatc gtttacaccc acgacaccgg tetggactat 60

Page 156



376247-035

atcacctact ctgactacga actggacccg gctaacccge tggetggtgg tgergettgg 120
catgaaggtg ctttcgttcc gccgtctgaa getcgtatct ctatcttcga ccagggtttt 180
tatacttctg acgctaccta caccacctic cacgtttgga acggtaacge ttteccgtctg 240
ggggaccaca tcgaacgtct gttctctaat geggaatcta ttegtitgat cccgecgety 300
acccaggacd aagttaaaga gatcgetotg gaactggttyg ctaaaaccga actgogrgaa 360
gcgatggtta ccgtttctat cacccgtggt tactcttcia ccccaticga gcgtgacatt 420
accaaacatc gtccgeaggt ttacatgage gettgccegt accagtggat cgtaccgtit 480
gaccgcatcc gtgacggtgt tcacctgatg gttgctcagt cagttcgteg tacaccegegt 540
agctctatcg acccgcaggt taaaaactic cagtggggtg acctgatccg tgcaattcag 600
gaaacccacg accgtggttt cgagttgcecg ctgctgctgg actgcgacaa cctgetgget 660
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg ttgttcgttc tccgggtogt 720
gcrgetctge cgggtatcac ccgtaaaacc gttctggaaa tcgctgaatc totgggicac 780
gaagctatcc tggctgacat caccccgget gaactgtacg acgctgacga agttctgogt 840
tgctcaaccg gtggtggtgt ttggeccgttc gtttctgttg acggtaactc tatctctgac 900
ggtgttcecgg gtccggttac ccagtctatc atccgtegtt actgggaact gaacgttgaa 960
cctrcttete tgctgaccee ggtacagtac 980
<210> 144

<211> 330

<212> PRT

<213> Artvificial Sequence

<220>

<223> variant of ATAll7

<400> 144

Met ATa Phe Ser Ala Asp Thr Pro Glu Ige val Tyr Thr His Asp Thr
1 5 1 15

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pro Ala Ashn
20 25 30

Pro Leu Ala Gly Gly Ala Ala Trp His Glu Gly Ala Phe val Pro Pro
35 40 45

Ser Ggu Ala Arg Ile Ser Ile pPhe Asp Gin Gly gge Tyr Thr Ser Asp
5 55

Ala Thr Tyr Thr Thr pPhe His val Trp Asn Gly Asn Ala Phe Arg lLeu
65 70 75 80

page 157



Gly

ITe

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

ser

Tyr

Pro

Pro

305

Pro

Asp

Pro

Ala

Gly

Gln

Arg

Thr

Asp

Pro

210

ASn

Ala

Leu

AsSp

Phe

280

val

ser

His

Pro

Tyr

val

ITe

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

ser

Ile

Leu

100

Thr

ser

Tyr

Arg

Arg

Ile

Leu

val

Pro

His

260

Asp

Ser

Glin

Leu

Glu

85

Thr

Glu

ser

Met

Arg

Leu

val

Gly

Glu

Glu

val

Ser

Leu
325

Arg

Gln

L.eu

Thr

ser

150

Gly

ser

Ala

Asp

ITe

230

Ile

Ala

val

ASD

Ile

310

Thr

Leu

Asp

Arg

Pro

135

Ala

val

Iie

Ile

Cys

215

Lys

Thr

Ile

Leu

Pro

Phe

Glu

Glu

120

Phe

Cys

His

ASp

Gin

200

Asp

Asp

Arg

Leu

Gly

Asn

Arg

val

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

AsSn

Gly

I.ys

Ala

265

Cys

Ser

Arg

Gln

376247-035
Asn Ala Glu

80

Lys

Met

Arg

TYr

Met

170

Gin

Thr

Leu

val

Thr

250

AsSp

ser

Ile

Tyr

Tyr
330

Glu

val

ASp

GIn

155

val

val

His

Leu

val

235

val

Ile

Thr

Ser

315

Ile

Thr

Ile

140

Trp

Ala

LYS

Asp

Ala

220

Arg

Leu

Thr

Gly

Asp

300

Glu

Page 158

Ser

Ala

val

125

Thr

Ile

Gln

Asn

205

GTu

Ser

Glu

Pro

Gly

Gly

Leu

Ile

l.eu

110

Ser

LysS

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

Arg

85

Glu

Ile

His

Pro

val

175

Gin

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

ey

Trp

Gly

Glu
320



376247-035

<210> 145

<211> 990

<212> DNA

<213> Artificial sSequence

<220>

<223> variant of ATAll7

<400> 145

atggcgitct cagcggacac cccigaaatc gtttacaccce acgacaccgg tctggactat 60
atcacctact ctgactacga actggacatg gctaacccgce tggctggtgg tgctgetitgg 120
atcgaaggtg ctttcgttcc gcocgtctgaa gotcgtatct ctatcttcga ccagggtrtt 180
tatacttctg acgctaccta caccacctte cacgtttgga acggtaacgc tttccgtctg 240
ggggaccaca tcgaacgtct gttctctaat gcggaatcta ttecgtttgat cccgecgcetyg 300
acccaggacg aagttaaaga gatcgctctg gaactggttg ctaaaaccga actgcgtgaa 360
gcgatggtta ccgrttctat cacccgtggt tactcttcta ccccattcga gegtgacatc 420
accaaacatc gtcogeaggt ttacatgagce goettgeccgt accagtggat cgtaccgitt 480
gaccgecatcec gtgacggtglt tcacctgatg gttgectcagt cagttcgtcg tacaccgegt 540
agctctatcg acccgcaggt taaaaacttc cagtggggtg acctgatccy tgcaattcag 600
gaaacccacg accgtggttt cgagttgccg ctoctactgg actgcgacaa cctgotggact 660
gaaggtccgg gtitcaacgt tgttgttate aaagacggtg ttgttcgttc tccgggtcgt 720
gctgetctge cgggtatcac ccgtaaaacc gtictggaaa tcgctgaatce tctgggtcac 780
gaagctatcc tggctgacat caccccgget gaactgtacg acgctgacga agttetgggt 840
tgctcaaccy gtggtggtgt ttggecgttc gtttctgitg acggtaacte tatctcrgac 900
ggtgttccgg gteccggttac ccagtctatc atccgtcygtt actgggaact gaacgttgaa 960
ccttcttcic tgotgacceo ggtacagtac 990
<210> 146

<211> 330

<212> PRT

<213> Artificial Sequence

<220>

<223> variant of ATAl17
<400> 146

mMet Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tvr Thr His Asp Thr
1 5 10 15

Gly Leu Asp Tyr Ile Thr Tyr Ser ésp Tyr Glu Leu Asp ggt Ala Asn
20 5

Page 159



Pro
Ser
Ala
65

Gly
Ile
va'l
Arg
Pro
145
ASp
Arg
Gly
Leu
Phe
225
Ala

Ser

Tyr

Leu

Glu

50

Thr

Asp

Pro

Ala

Arg

Thr

ASp

Pro

210

Asn

Ala

Leu

Asp

Ala

35

Ala

Tvr

His

Pro

Tyr

val

Ile

Pro

l.eu

195

Leu

val

Leu

Gly

Ala
275

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

Leu

val

Pro

His

260

Asp

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

val

Glu

Ala

ser

Phe

70

Arg

Gln

Leu

Thr

Ser

150

Gly

Ser

Ala

Asp

Ile

230

Ile

Ala

val

Ala

Ile

55

His

.eu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Leu

Trp

40

Phe

val

Phe

Glu

Glu

120

phe

Cys

His

Asp

Gin

200

Asp

ASD

Arg

Leu

Gly

Ile

Asp

Trp

ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asnh

Gly

Lys

Ala

265

Cys

376247-035
Glu Gly Ala

GIn

Ash

Asn

90

Lys

Met

Arg

Tyr

Met

170

Gln

Thr

Leu

val

Thr

250

Asp

Gly

Gly

75

Ala

Glu

val

Asp

GIn

155

val

val

His

Leu

val

235

val

Iie

Phe

60

Asn

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

ASp

Ala

220

Arg

Leu

Thr

Ser Thr Gly

Page 160

Phe
45

Tyr

Ser

val

125

Thr

ITe

GIn

Asn

Ser

Glu

Pro

Gly

val

Thr

Phe

Ile

L.eu

110

Ser

Lys

val

ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

GlIn

rhe

Pro

Gly

Ala

255

Glu

val

Pro

Asp

Leu

80

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg

Glu

Leu

Trp



376247-035

pro Phe val Ser val Asp Gly Asn Ser Ile Ser Asp Gly val Pro Gly
300

290

305

295

Pro val Thr GIn Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
310

315

Pro Ser Ser Leu Leu Thr Pro val GIn Tyr

<210>
<Z211>
<212>
<213>

<220>
<223>

<430>

atggcgttct cagcggacac ccctgaaatce
atcacctact ctgactacga actggacccyg
atcgaaggtg ctticgttcc gocgtctgaa
tatacttctyg acgctaccta caccaccttc
ggggaccaca tcgaacgtct gttctctaat
acccaggacg aagttaaaga gatcgeictyg
gcgatggtta ccgtttctat cacccgtggrt
accaaacatc gtccgcaggt ttacatgagce
gaccgcatcc gtgacggtgt tcacctgatg
agctctatcg acccgcaggt taaaaacttc
gaaacccacg accgtggttt cgagttgecg
gaaggtccgg gtttcaacgt tgttgttatc
gctgetetge cgyggtatecac ccgtaaaacce
gaagctatcc tggctgacat caccccgget
tgctcaacceyg gtggtggtgt ttggccgtic
ggtgttccgg gtccggttac ccagtctatc

ccttcttcte tgctgaccce ggtacagtac

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

<220>

325
147
990
DNA
Artificial Segquence

variant of ATA117
147

148
330
PRT
artificial sequence

330

gtttacaccc acgacaccgg
gctaacccgc tggctggtgg
gctcgtatce atatcttega
cacgtttgga acggtraacgce
gcggaatcta ttcgtttgat
gaactggttg ctaaaaccga
tactcttcta ccccattega
gctigeccgt accagtggat
gttgctcagt cagttcgtcg
cagtggagty acctgatccg
ctgctgetgg actgcgacaa
daagacggtg trtgttcgric
gttctggaaa tcgctgaatc
gaactgtacg acgctgacga
gtttctgttyg acggtaactc
atccgtegtt actgggaact

Page 161

320

tctggactat
tgctgoettgy
ccagggtttt
tttecegtety
cccgeegety
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacaccgegt
tgcaattcag
cctgetgget
tcegggtegt
tctgggtcac
agrtctgggt
tatctetgac

gaacgttgaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
990



376247~

<223> Vvariant of ATA1ll17

<400> 148

Met Ala pPhe Ser Ala Asp Thr Pro Glu Ile val
1 5 10

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu
20 25

Pro Leu Ala Gly Gly Ala Ala Trp Ile Glu Gly
35 40

ser Glu Ala Arg 1le His Ile Phe Asp GIn Gly
50 55

Ala Thr Tyr Thr Thr phe His val Trp Asn Gly
65 70 75

Gly Asp His 1le Glu Arg Leu Phe Ser Asn Ala
85 90

ITe Pro Pro Leu Thr GIn Asp Glu val Lys Glu
100 105

val Ala Lys Thr Glu Leu Arg Glu Ala Met val
115 120

Arg Gly Tyr Ser Ser Thr Pro Phe Glu Arg Asp
130 135

Pro GIn val Tyr Met Ser Ala Cys Pro Tyr Gln
145 150 155

Asp Arg Ile Arg Asp Gly val His Leu Met val
165 170

Arg Thr Pro Arg Ser Ser Ile Asp Pro Gln val
180 185

Gly Asp Leu Ile Arg Ala Ile GIn Glu Thr His
195 200

Leu Pro Leu Leu Leu Asp Cys Asp Asn Leu Leu
210 215

Phe Asn val val val Ile Lys Asp Gly val val
225 230 235

033

Tyr

Leu

Ala

Phe

60

Asn

Gy

Ile

Thr

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Page 162

Thr

ASp

Phe

435

Tyr

Ala

ser

Ala

val

125

Thr

Ile

Gln

Asn

Arg

Glu

Ser

His

Pro

30

val

Thr

Phe

Ile

Leu

110

ser

Lys

val

Ser

rhe

190

Gly

Gly

Pro

Asp

15

Ala

Pro

ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Thr

ASN

Pra

ASp

Leu

80

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly



Ala Ala Leu

Ser Leu Gly

Ala
275

TYr Asp

Phe val

290

Pro

Pro val Thr

305

Pro Ser Ser

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

149
930
DNA

<220>
<223>

<400> 149
atggcgttct

atcacctact
atcgaaggty
tatacttctg
ggggaccaca
acccaggacg
gcgatggtta
accaaacatc
gaccgcatcc
agctctatcg
gaaacccacy
gaaggtccgg
gctgetetge
gaagctatcc

tgcicaaccy

Pro

His
260

Asp Glu

val

ser

GIn Ser

Ile

Ala

val

ASp

Ite

Thr Arg

Ile Leu
Leu Gly
Asn

Gly

Ile Arg

310

Leu Leu

325

cagcggacac
ctgactacga
ctrtecgttec
acgctaccta
tcgaacgtct
aagttaaaga
ccgtttctat
gtccgcaggt
gtgacggtgt
acccgceaggtr
accgtgottt
gtttcaacgt
cgggtatcac

tggctgacat

gtggtggtgt

Thr

Pro val

Artificial Sequence

variant of ATALL7

ccctgaaatce
actggacccyg
gccgtctgaa
caccacctte
gtictctaat
gatcgctcty
cacccgtggt
ttacatgagc
tcacctgatg
taaaaacttc
cgagttgceg
tgttgttatc
ccgtaaaacc
cacceegget

ttggcegtc

Lys

Ala

265

Cys

ser

Arg

Gin

3706247~

Thr val
250

Asp Ile

ser Thr

Ile Ser

Tyr

TYT
330

gtttacaccc
gctaacccgce
gctcgtatet
cacgtttgga
gcggaatcta
gaactggtig
tactcttcta
gcttgeccegt
gttgctcagt
cagtggggtg
ctgctgctgg
aaagacggtyg
gttctggaaa
gaactgtacyg
gtttctgttyg

035

Leu Glu Ile

Ala
270

Thr Pro

Gly Gly Gly

Asp Gly val

300

Glu Leu Asn

acgacaccgg
tggctggtgyg
ctgtcticga
acggtaacgc
ttcgtttgat
ctaaaaccga
ccccattcga
accagtggat
cagttcgtceg
acctgatecg
actgcgacaa
ttgttegtte
tcgctgaatc
acgctgacga

acggtaactc

page 163

Ala Glu

255

Giu Leu

val Trp
Pro

Gly

Glu
320

val

ttgtgactat
tgctgettgg
ccagggtttt
ttteegtetg
ccegeegety
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacaccgegt
tgcaattcag
cctgctgget
tccgggtegt
tctgggteac
agttctgagt

tatctctgac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900



ggtgttccgg gtccggttac ccagtctatc atccgtcgtt actgggaact gaacgttgaa

ccttettete tgetgaccce ggtacagtac

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

<220>
<223>

<400>

150
330
PRT
Artificial Sequence

variant of ATAll7
150

Met Ala Phe

1

Gly

Pro

Ser

Ala

65

ile

val

Arg

Pro

145

Asp

Arg

Cys

Leu

Glu

50

Thr

ASp

Pro

Ala

Arg

Thr

Asp

Ala

35

Ala

Tyr

His

Pro

Lys

Tyr

val

Ile

Pro

Ser

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

ser

TY"r

Arg

Arg

Ala

5

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

ser

Met

AsSp

Ser

Asp The

Thr Tyr

Ala Ala

Ser val
55

Phe His
70

Arg Leu

Gin Asp

Leu Arg

Thr Pro

135

Ser Ala
150

Gly val

Ser Ile

Pro

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

Cys

His

Asp

Glu

ASp

25

ITe

ASp

Trp

Ser

val

105

Ala

Glu

Pro

Leu

Pro
185

376247~

Tle val
10

Tyr Glu

Glu Gly

GIn Gly

Asn Gly
75

Asn Ala
90

Lys Glu

Met val

Arg Asp

Tyr Gin
155

Met val
170

Gin val

035

Tyr

Leu

Ala

Phe

60

Ash

Glu

Ile

Thr

ITe

140

Trp

Ala

Lys

Page 164

Thr

ASp

Phe

45

TYr

Ala

ser

Ala

val

125

Thr

Ile

Glin

Asn

His

Pro

30

val

Thr

Phe

Ite

Leu

110

Ser

Lys

vai

Ser

Phe
190

ASp

15

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Thr

Asn

Pro

Asp

Leu

80

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

960
9%0



Gly Leu

195

Asp

Leu Pro

210

t.eu

Phe val

225

Asn

Ala Ala Leu

Ser Leu Gly

Ala
275

Tyr Asp

Phe val

290

Pyro

Pro val Thr

305

Pro 5er Sser

<210
<211
<217>
<213>

<220>
<223>

<400> 151
atggegttet

151
990
DNA

atcacctact
atcgaaggtyg
tatacttctg
ggggaccaca
acccaggacg
gcgatggtta
accaaacatc

gaccgcatcce

Ile

l.eu

val

Pro

His

260

ASp

Ser

GlIn

Leu

Arg

Leu

val

Glu

val

ser

Leu
325

ctgactacga
ctttegttce
acgctaccta
tcgaacgtct
aagttaaaga
ccgttrctat
gtccgcaggt
gtgacggtgt

Ala

ASD

Ite

230

Ile

Ala

val

Asp

Ile

310

Thr

variant of ATAll7

Ile

Cys

215

Lys

Thr

Ile

leu

Gly

Ile

Pro

Artificial Sequence

Gln

200

ASp

Asp

Arg

Leu

Gly

Asn

Arg

val

cagcggacac ccctgaaatc
actggacccg
gggttctgaa
caccaccrtc
gttctctaat
gatcgctcetg
caccegtggt
ttacatgagc

tcacctgatg

Glu

Asn

Gly

Lys

Ala

265

Cys

Ser

Arg

Gln

gtttacaccc
gctaacccge
gctegtatcet
cacgtttgga
gcggaatcta
gaactggttg
tactcticta

gcttgeccgt

376247-035

Thr His Asp

Ala
220

Leu Leu

val
235

val Arg

Thr val

250

Leu

Asp Ile Thr

Ser Thr Gly

ITe Ser

300

Tyr Glu

315

Tyr

Arg
205
Glu
Ser
Glu
Pro
Gly
Gly

Leu

Gly

Gly

Pro

Ile

Ala

270

val

Asn

acgacaccgg
tggctggtgy
ctatcttcga
acggtaacge
ttcgtttgat
ctaaaaccga
ccccattega

accagtggat

gttgctcagt cagttegtceg

page 165

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

tctggactat
tgctgettyg
ccagggttrtt
tttecgtetg
ccegecgetg
actgcgtgaa
gcgtgacatc
cgtaccgttt

tacaccgegt

Glu

Gly

Leu

Trp

Gly

Glu
320

60
120
180
240
300
360
420
480
540



376247-035
agctctatcg acccgeaggt taaaaactic cagtgggytg acctgatccg
gaaacccacg accgtggttt cgagttgcecg ctgctgctgg actgcgacaa
gaaggtecgg gtttcaacgt tgttgttate aaagacggtg ttgttcgtte
gctgetetge cgggtatcac ccgtaaaace gttctggaaa tcgetgaate
gaagctatcc tggctgacat caccccgget gaactgtacg acgcetgacga
tgctcaaccg gtggtggtgt ttggecgtte gtttctgtty acggtaacic
ggtgttccgg gtccggttac ccagtetate atccgtegtt actgggaact

ccttcttete tgotgaccoe ggtacagtac

<210> 152

<211> 330

<212> PRT

<213> Artificial Sequence
<220>

<223> variant of ATAll7
<400> 152

Met Ala Phe Ser Ala Asp Thr pPro Glu Ile val Tyr Thr His
1

Gly Leu Asp Tyr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pro
20 25 30

Pro Leu Ala Gly Gly Ala Ala Trp Ile Glu Gly Ala phe val
35 40 45

ser Glu Ala Arg Ite Ser Ile Phe Asp GIn Gly Phe Tyr Thr
50 55 60

Ala Thr Tyr Thr Thr phe His val Trp Asn Gly Asn Ala Phe
65 70 75

Gly Asp His Ile g1u Arg Leu Phe Ser Asn Ala Glu Ser Ile
5 a0

ITe Pro Pro Leu Thr GIn Asp Glu val Lys Gliu Ile Ala Leu
100 105 110

val Ala Lys Thr Glu Leu Arg Glu Ala Met val Thr val ser
115 120 125

Arg Gly Tyr Ser Ser Thr Pro Phe Glu Arg Asp Ile Thr Lys
130 135 140

Page 166

tgcaattcag
ccrgetgget
tccgggtegt
tetgggteac
agttctggagt
tatctctgac

gaacgttgaa

Asp

15

Ala

Pro

sSer

Arg

Arg

a5

Glu

Ile

His

Thr

Asn

Gly

ASp

Leu

80

L.eu

Leu

Thr

Arg

600
660
720
780
840
900
260
990



376247-035

Pro GIn val Tyr met Ser Ala Cys Pro Tyr Gln Trp Ile val Pro phe
145 150 155 160

Asp Arg Ile Arg Asp Gly val His Leu Met val Ala Gln Ser val Arg
165 170 175

Arg Thr Pro Arg Ser Ser Ile Asp Pro Gin val Lys Asn Phe GIn Trp
180 185 190

Gly Asp Leu Ite Arg Ala Ile GIn Glu Thr His Asp Arg Gly Phe Glu
195 200 205

Leu Pro Leu Leu Leu Asp Cys Asp Asn Leu Leu Ala Glu Gly Pro Gly
210 215 220

Phe Asn val val val Ile Lys Asp Gly val val Arg Ser Pro Gly Arg
225 230 235 240

Ala Ala Leu Pro Gly Ile Thr Arg Lys Thr val teu Glu Ile Ala Glu
245 250 255

Ser Leu Gly His Glu Ala Ile Leu Ala Asp Ile Thr Pro Ala Glu Leu
260 265 270

Tyr Asp Ala Asp Glu val Leu Gly Cys Ser Thr Gly Gly Gly val Trp
275 280 285

Pro Phe val Ser val Asp Gly Asn Ser Ile Ser Asp Gly val Pro Gly
290 295 300

pro val Thr Gln Ser Ile Ile Arg Arg Tyr Trp Giu Leu Asn val Glu
305 310 315 320

Pro Ser Ser Leu lLeu Thr Pro val Gln Tyr
325 330

<210> 153
<Z211> 890
<212> DNA
<213> Artificial Sequence

<220>
<223> variant of aTAll7

<400> 153
atggcgttct cagcggacac ccctgaaatc gtttacaccc acgacaccgg tctggactat 60

atcacctact ctgactacga actggacccg getaacccge tggctggtgg tgctgettgg 120

atcgaaggtg ctttcgttcc ggtttetgaa getcgtatet ctatcttcga ccagggtttt 180
Page 167



tatacttcty
ggggaccaca
acccaggacg
gcgatggtta
accaaacatc
gaccgcatce
agctctatceg
gaaacccacy
gaaggtccgg
gctgetctge
gaagctatcc
tgctcaaccq

ggtgrtcegy
ccrtocttotce
<210> 154

<211> 330
<212> PRT

acgcraccta
tcgaacgtet
aagttaaaga
ccgtttctat
gtccgeaggt
gtgacggtgt
acccgcaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgaccce

caccaccttc
gttctctaat
gatcgctctg
cacccgtggt
ttacatgagc
tcacctgaty
taaaaacttc
cgagttgccyg
tgttgttatc
ccgtaaaace
cacceceggcet
ttggccgitc
ccagtetate

ggtacagtac

<213> aArtificial Sequence

<220>

<223> Vvariant of ATAll7

<400> 154
Met Ala Phe
1

Gly Leu Asp

Pro Leu Ala
35

Ser Glu Ala
50

Ala Thr Tyr
65

Gly Asp His

Asp Thr Pro

Thr Tyr Ser

Ala Ala Trp

40

55

Phe His val

Arg Leu Phe

376247-035
cacgtttgga acggtaacgc
gcggaatcta ttcgtttgat
gaactggttg ctaaaaccga
tactctteta ccccaticga
gcttgeccgt accagtggat
gttgctcagt cagttecgteg
cagtggggtg acctgatccg
ctgctgetgg actgegacaa
aaagacggtg trgttcgttc
gttctggaaa tcgctgaatc
gaactgtacg acgctgacga
gtttctgtty acggtaactc

atccgtcgtt actgggaact

Glu Ile val Tyr Thr His
10

Asp Tyr Glu Leu Asp Pro
25 30

Ite Glu Gly Ala Phe val
45

Ser Ile Phe Asp GIn Gly Phe Tyr Thr

60

Trp Asn Gly Asn Ala pPhe
75

Ser Asn Ala Glu Ser Ile
90

Page 168

ttteegtety
ccegeegetg
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacaccgegy
tgcaattcag
cctgetgget
tccgogtegt
tctgggtcac
agttctgggt
tatctcetgac

gaacgttgaa

Asp Thr
15

Ala Asn

Pro val

Ser Asp

Arg Leu

80

Arg Leu
95

240
300
360
420
480
540
600
660
720
780
840
00
960
390



Ile

val

Arg

Pro

145

Asp

Arg

Leu

Phe

225

Ala

ser

Tyr

Pro

Pro

305

Pro

Pro

Ala

Arg

Thr

Asp

PIro

210

Asn

Ala

Leu

Asp

Phe

290

val

ser

Pro

LYysS

Tyr

val

Ile

Pro

Leu

195

L.eu

val

Leu

Gly

Ala

275

val

Thr

Ser

<210> 155
<211>

990

Leu

100

Thr

Ser

Tyr

Arg

L.eu

val

Pro

His

260

Asp

Ser

Gln

Leu

Thr

Glu

Ser

Met

Arg

Leu

val

Gly

Glu

Glu

val

Ser

Leu
325

Gln

Leu

Thr

ser

150

Gly

sSer

Ala

ASp

Ile

230

Ile

Ala

val

Asp

Ile

310

Thr

AsSp

Arg

Pro

135

Ala

vai

Ile

Ile

Cys

215

Lys

Thr

Ile

Leu

Gly

Iie

Pro

Glu

Glu

120

rhe

Cys

His

ASp

Gin

200

AsSp

Asp

Arg

Leu

Gly

Asn

Arg

val

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

LYS

Ala

265

Cys

Ser

Arg

Gin

376247-035

Lys Glu Ile

Met

Arg

Tyr

Met

170

Glin

Thr

Leu

val

Thr

250

Asp

ser

Ile

Tyr

Tyr
330

val

Asp

Gin

155

val

val

Leu

val

235

val

Ile

Thr

Ser

Trp
315

Thr

ITe

140

Trp

Ala

Lys

ASp

Ala

220

Arg

Leu

Thr

Gly

Asp

300

Glu
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Ala

val

125

Thr

Tle

Gln

Asn

205

Glu

sSer

Glu

Pro

Gly

Gly

Leu

Leu

110

Ser

Lys

va'l

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Asn

Glu
Ile
His
Pro
val
175
Gln
Phe
BPro
Gly
Ala
255
Glu
val

Pro

val

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

L.eu

Trp

Gly

Glu
320



376247-035

<212> DNA

<213> Artificial Sequence

<220>

<223> variant of ATALL7

<400> 155

atggcgttct cagcggacac ccctgaaatc gtttacacce acgacaccgg tctggactat 60
atcacctact ctgactacga actggacccg gctaacccge tggetggtgg tgetgottgg 120
tctgaaggtyg ctitcgttoe goegtctgaa gcotcgtatct ctatcttcga ccagggtttt 180
tatacttctg acgctaccta caccaccttc cacgtttgga acggtaacgce trtccgictg 240
ggggaccaca tcgaacgtct grtctctaat gcggaatcta ttegtttgat cocgocgetg 300
acccaggacyg aagttaaaga gatcgctctg gaactggttg ctaaaaccga actgcgtgaa 360
gcgatggtta ccgtttctat caccegtggt tactcticta ccccattcga gegtgacatc 420
accaaacatc gtccgeaggt ttacatgage gettgeccgt accagtggat cgtaccgttt 480
gaccgeatee gtgacggtgt tcacctgatg gttgctcagt cagttegtcg tacaccgegt 540
agcrctratcg acccgeaggt taaaaactic cagtggggtg acctgatccg tgeaattcag 600
gaaacccacg accgtggttt cgagttgecg ctgctgetgg actgcgacaa cctgetgget 660
gaaggtccgg gtttcaacgt tgttgttate aaagacggtg ttgttcgttc tccggategt 720
gctgetctge cgggtatcac ccgtaaaacc gttctggaaa tegetgaatc tctgggtcac 780
gaagctatcc tggctgacat caccccgget gaactgtacg acgctgacga agttctgggt 840
tgctcaaccyg gtggtggtgt ttggeegtte gtttctgttg acggtaactc tatctcetgac 900
ggtgttcegg gitccggttac ccagtctatc atccgtegtt actgggaact gaacgttgaa 960
cctrettete tgetgaccee ggtacagtac 890
<210> 156

<211> 330

<212> PRT

<213> Artificial Sequence

<220>

<223> variant of ATAlLl7

<400> 156

Met Ala Phe Ser Ala Asp Thr Pro Glu Ijoe val Tyr Thr His Asp Thr
1 5 1 15

Gly Leu Asp Egr Ile Thr Tyr Ser Asp Tyr Glu Leu Asp Pro Ala Asn
25 30

Pro Leu Ala Gly Gly Ala Ala ng Ser Glu Gly Ala phe val Pro Pro
35 45

Page 170



Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

Ser

TYFr

Pro

Glu

50

Thr

Asp

Pro

Ala

Arg

Thr

Asp

Pro

210

Asn

Ala

Leu

Asp

Phe
290

Ala

Tyr

His

Pro

Tyr

val

Ile

Pro

Leu

195

l.eu

val

Leu

Gly

Ala

275

val

Arg

Thr

Ile

Leu

100

Thr

Ser

TYF

Arg

Arg

Ile

l.eu

val

Pro

His

260

Asp

ser

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

Arg

Leu

val

Glu

val

Ser

phe

70

Arg

Gln

Leu

Thr

Ser

150

Ser

Ala

AsSp

Ile

230

Ile

Ala

val

Asp

Ile

35

His

Leu

AsSp

Arg

Pro

135

Ala

val

Ile

Ile

cys

215

Lys

Thr

Ile

Leu

Gly

Phe

val

Phe

Glu

Glu

120

Phe

Cys

His

Asp

GIn

200

ASD

Asp

Arg

Leu

Asp

Trp

ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

Lys

Ala

265

Cys

Ser

376247-035

Gin Gly Phe
60

Asn

Asn

90

Lys

Met

Arg

Tyr

Met

170

GlIn

Thr

Leu

va'l

Thr

250

AsSp

Ser

Ile

Gly

75

Ala

Glu

val

Asp

Gin

155

val

val

His

Leu

val

235

val

Ile

Thr

Ser

Ash

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

Asp

Ala

220

Arg

Leu

Thr

Gly

Asp
300

Page 171

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

GIn

Asn

Arg

Glu

Ser

Glu

Pro

Gly

Gly

Thr Ser Asp

rPhe

Tle

Leu

110

Ser

LysS

val

Ser

phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

val

Arg

Arg

95

Glu

ITe

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala

255

Glu

val

Pro

Leu
80

Leu
Leu
Thr
Arg
Phe
160
Arg
Trp
Glu
Gly
Arg
240
Glu
Leu
Trp

Gly



305

376247~

315

Pro Ser Ser Leu Leu Thr Pro val Gln Tyr

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

<220>
<223>

<400> 157
atggcgttet

157
980
DNA

atcacctact
atcgaaggtg
tatacttctg
ggggaccaca
acccaggacg
gcgatggtta
accaaacatc
gaccgeatcce
agctctatcg
gaaacccacg
gaaggtcecgy
gctgetetge
gaagctatcc
tgctcaaccg
ggtgttccgg
ccttettete
<210>
<211>
<212>
<213>

<220>
<223>

<400>

158
330
PRT

158

325

cagcggacac
ctgactacac
ctttegttec
acgctaccta
tcgaacgtct
aagttaaaga
ccgtttctat
gtccgcagat
gtgacggtgt
acccgcaggt
accgtggttt
gittcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgaccee

Artificial Sequence

variant of ATALLlY

ccctgaaatc
tctggacceeg
gcecgtctgaa
caccaccttc
gttctctaat
gatcgetetg
cacccgtagt
ttacatgage
tcacctgatg
taaaaacttc
cgagttgecg
tgttgttatc
ccgtaaaacc
cacccegget
ttggoegttc
ccagtctatc

ggtacagtac

Artificial Sequence

variant of ATAL17

330

gtttacaccc
gctaacccgce
gctcgtatet
cacgtttgga
gcggaatcta
gaactggttyg
tactcttcta
gcttgeecegt
gttgctcagt
cagtggodtg
ctgctgetygg
aaagacggtg
gttctggaaa
gaactgtacg
gtttctgttg

atccgtegtt

035

Pro val Thr Gln Ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn val Glu
310

acgacaccgg
tggctggtag
ctatcttega
acggtaacgc
ttcgtttgat
ctaaaaccga
cceccattega
accagtggat
cagttcgteg
acctgatccg
actgcgacaa
ttgttcgttc
rcgetgaatc
acgctgacga
acggtaactc

actgggaact

Page 172

320

tctggactat
tgctgcttgg
ccagggrttt
tttecegictg
ccegeegetg
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacaccgcgt
tgcaattcag
cctgetgget
tccgggtegt
tctgggteac
agttctgggt
tatctctgac

gaacgttgaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
990



Met

Gly

Pro

Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

Asp

Arg

Gly

Leu

Phe

225

Ala

Ala

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Gly

Gln

Arg

Thr

Asp

Pro

210

Asn

Ala

Phe

Asp

Ala

35

Ala

Tyr

His

Pro

Lys

Tyr

val

Ite

Pro

Leu

195

Leu

val

Leu

Ser
Tyr
20

Gly
Arg
Thr
Ile
Leu
100
Thr
Ser

Tyr

Arg

Leu
val

Pro

Ala

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

ser

Met

Asp

Ser

Arg

Leu

val

Gly

AsSp

Thr

Ala

Ser

rhe

70

Arg

Gin

Leu

Thr

Ser

150

Gly

Ser

Ala

Asp

Ile

230

Ile

Thr

Tyr

Ala

Ile

35

His

Leu

Asp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Pro

ser

TEP

40

Phe

val

Phe

Glu

Glu

120

Phe

Cys

His

ASp

Gin

200

Asp

ASp

Arg

Glu

Asp

25

Ile

Asp

Trp

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

Lys

376247-035

ITe val Tyr

10

TYyr

Glu

GIn

Asn

Asn

90

Lys

Met

Arg

Tyr

Met

170

GIn

Thr

Leu

val

Thr
250

Thr

Gly

Gly

Gly

75

Ala

Glu

val

Asp

Glin

155

val

val

His

Leu

val

235

val

Leu

Ala

Phe

60

Ash

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

ASp

Ala

220

Arg

Leu

Page 173

Thr

ASD

Phe

45

TYr

Ala

Ser

Ala

val

125

Thr

Ile

Gln

AsSnh

Arg

Glu

Ser

Glu

His

Pro

30

val

Thr

Phe

Ile

Leu

110

ser

Lys

val

ser

Phe

190

Gly

Gly

Pro

Ile

Asp

15

Ala

Pro

ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

Phe

Pro

Gly

Ala
255

Thr

Asnh

Pro

Asp

Leu

80

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly



Ser Leu Gly His

Tyr Asp Ala
275

Pro Phe val
290

Pro val Thr
305

Pro Ser Sser

<210> 159
<211s> 990
<212> DNA

260

ASp

ser

Gin

Leu

Glu

Glu

val

ser

Leu
325

Ala

val

Asp

Ile

310

Thr

Iie

Leu

Laeu

Gly

Gly Asn

285

Ile

Pro

<213> Artificial Seguence

<220>

<223> Vvariant of ATA11l7

<400> 159
atggcgttct

atcacctact
atcgaaggtg
tatacttctg
ggggaccaca
acccaggacyg
gcgatggtta
accaaacatc
gaccgecatcc
agctctateg
gaaacccacg
gaaggtccgyg
gctgctctge
gaagctatcc

tgctcaaccy

ggtgtriccgy

ctgactacga
ctttegttec
acgctaccta
tcgaacgtct
aagttaaaga
ccgtttetat
gtccgeaggt
gtgacggtgt
acccygeaggt
accgtggrit
gtttcaacgt
cgggtatcac
tggctgacat
gtggrggtrgt
gtccggttac

Arg

val

cagcggacac ccctgaaatc
actggacccy
gccgtctgaa
caccaccttc
gttctctaat
gatcgctctg
cacccgtggt
ttacatgagce
tcacctgatg
taaaaacttic
cgagrtgccg
tgttgtratce
ccgtaaaacc
caccecegget
trggoegttc

ccagtctatc

Ala

265

Cys

Ser

Arg

GlIn

376247-035

Asp Ile Thr Pro Ala Glu Leu
270

ser Thr Gly Gly Gly val Trp
285

1le ser Asp Gly val Pro Gly

300
Tyr Trp Glu Leu Asn val GTu
315 320
Tyr
330

gtttacaccc acgacaccgg tctggactat

gctaacccge tggetggtgg tgctgottgy

gctegtatee ctatcttcga ccagggtttt

cacgtttgga acggtaacgc tttcegtotg

gcggaatcta ttcgtttgat cccgecgcty

gaactyggttg ctaaaaccga actgcgtgaa

tactcttcta ccccattcga gogtgacatc

gcttgcecgt accagtggat cgtaccgttt

gttgctcagt cagttcgtcg tacaccgegt

cagtggggtg acctgatccg tgcaattcag

ctgetgetgy actgegacaa cetgetgget

aaagacggtg ttgrtcgttc tecgggtegt

gttctggaaa tcgctgaatc tctgggtcac

gaactgtacg acgctgacga agttctgggt

grttetgttg acggtaactc tatctetgac

atccgtcgit actgggaact gaacgttgaa

Page 174

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800
960



ccttcttete tgetgacceo ggtacagtac

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

<220>
<223>

<400>

160
330
PRT

Artificial Seguence

variant of ATA11l7

160

Met Ala Phe

1

Gly

Pro

Ser

Ala

65

Gly

Ite

val

Arg

Pro

145

Asp

Arg

Gly

l.eu

l.eu

Glu

50

Thr

Asp

Pro

Ala

Arg

Thr

Asp

Asp

Tyr

His

Pro

Lys

115

Tyr

val

Ite

Pro

Leu
195

Ser

Tvr

20

Gly

Arg

Thr

Leu

160

Thr

Ser

TYr

Arg

Ala

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

ser

Met

Arg

ASD

Thr

Ala

Pro

Phe

70

Arg

Gln

Leu

Thr

ser

150

Gly

Ser

Ala

Thr

Tyr

Ala

Ile

35

His

Leu

AsSp

Arg

Pro

135

Ala

val

Ile

Ile

Pro

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

Cys

His

Asp

Gin
200

Glu

Asp

25

Ile

ASp

Trp

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

376247-035

Ile

10

Tyr

Glu

Gin

ASn

Asn

90

LYS

Met

Arg

Tyr

MetT

170

Glin

val

Glu

Gly

Gly

Gly

75

Ala

Glu

val

Asp

Gin

155

val

val

Tyr

Leu

Ala

Phe

60

AsSn

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

Thr His Asp

pPage 175

Thr

Asp

Phe

45

TYr

Ala

Ser

Ala

val

125

Thr

Ile

Gln

Asn

Arg
205

His

Pro

30

val

Thr

Phe

Ile

l.eu

110

Ser

LYS

val

ser

Phe

190

Gly

Asp

15

Ala

Pre

Ser

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gin

Phe

Thr

Asnh

Pro

Asp

Leu

80

Leu

Leu

Thr

Arg

rhe

160

Arg

Trp

9390



376247-035

Leu Pro Leu bLeu Leu Asp Cys Asp Asn Leu Leu Ala Glu Gly
210 215 220
Phe Asn val val val Ile Lys Asp Gly val val Arg Ser Pro
225 230 235
Ala Ala Leu Pro Gly Ile Thr Arg Lys Thr val Leu Glu Ile
245 250
Ser Leu Gly His Glu Ala 1le Leu Ala Asp Ile Thr Pro Ala
260 265 270
Tyr Asp Ala Asp Glu val Leu Gly Cys Ser Thr Gly Gly Gly
275 280 285
Pro Phe val Ser val Asp Gly Asn Ser Ile Ser Asp Gly val
290 295 300
pro val Thr Gin ser Ile Ile Arg Arg Tyr Trp Glu Leu Asn
305 310 315
Pro Ser Ser Leu Leu Thr Pro val Gln Tyr
325 330
<210> 161
<211> 890
<212> DNA
<213> Artificial Ssequence
<220>
<223> variant of ATALl7
<400> 161
atggcgttct cagcggacac ccctgaaatc grttacaccc acgacaccgg
atcacctact ctgactacga actggacccg gctaacccgc tggetggtgg
atcgaaggtg ctttcgttcc gcagtctgaa getcgtatet ctatcttcga
tatacttctg acgctaccta caccacctic cacgtttgga acggtaacgc
ggggaccaca tcgaacgtct gttctctaat gcggaatcta trogtttgat
acccaggacyg aagttaaaga gatcgetctg gaactggitg ctaaaaccga
gcgatggtta ccgtttctat cacccgtggt tactcttcta ccccaticga
accaaacatc gtccgcaggt ttacatgagce gottgeccgt accagtggat
gaccgecatcc gtgacggtgtr tcacctgatg gttgctcagt cagttcgteg
agctctatcg acccgcaggt taaaaacttc cagtggggtg acctgatccy

Page 176

Pro

Gly

Ala

255

Glu

val

Pro

val

tctggactat
tgctgettyg
ccagggrrtt
tttccgtcty
ccegeegetg
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacaccgegt

tgcaattcag

feu

Trp

Gly

Glu
320

60
120
186G
240
300
360
420
480
540
600



gaaacccacg

gaaggtccgyg

gectgetce

gaagcta

tgc

tcc

tgctcaacoy

ggtgttc
ccttctt
<210>
<211>
<212>
<213>

<220>
<223>

<400>

cgg
ctc
162

330
PRT

accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgaccec

Artificial Sequence

variant of ATAll7

162

Met Ala Phe Ser Ala
1 5

Gly Leu
Pro Leu
Ser Glu

50

ala Thr

65

Gly Asp

Ile Pro

val Ala

Arg Gly

Pro Gln
145

Asp

Ala

35

Ala

TYyr

His

Pro

Lys

115

Tyr

val

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

Ser

Tyr

Ile

Gly

Iie

Thr

Glu

85

Thr

Glu

Ser

Met

Asp

Thr

Ala

ser

Phe

70

Arg

Gin

Leu

Thr

ser
150

Thr

Tyr

Ala

Iie

55

His

Leu

Asp

Arg

Pro

135

Ala

cgagttgccg
tgttgttatc
cecgtaaaacc
cacceccgget
ttggcegttc

ccagtctatc

Pro

Ser

Trp

40

Phe

val

Phe

Glu

Glu

120

Phe

Cys

ctgctgctgg
aaagacggtg
gttctggaaa
gaactgtacg
gtttctgtty
atccgtegtt

ggtacagtac

Glu

Asp

25

Ife

ASp

Trp

Ser

val

105

Ala

Glu

Pro

376247-035

Tle val Tyr
10

Tyr Glu Leu

Glu Gly Ala

GIn Gly pPhe
60

Asn Gly Asn
75

Asn Ala Glu
90

Lys Glu I'le

Met val Thr

Arg Asp Ile
140

Tyr Gin Trp
155
page 177

Thr

Asp

Phe

453

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

actgcgacaa
ttgttcgttc
tegetgaatc
acgctgacga
acggtaactc

actgggaact

His

Pro

30

val

Thr

Phe

Ite

Leu

110

ser

Lys

val

cctgetgget
tccgggtegt
tctgggtcac
agttctgggt
tatctctgac

gaacgttgaa

Asp

13

Ala

Pro

Ser

Arg

Arg

95

Glu

Ile

His

Pro

Thr

Asn

Gin

Asp

Leu

80

Leu

Leu

Thr

Arg

Phe
160

660
720
780
840
900
960
990



Asp

Arg

Gly

Leu

Phe

225

Ala

Ser

TYr

Pro

Pro

305

Pro

Arg

Thr

ASD

Pro

210

Asn

Ala

Leu

Asp

Phe

290

val

Ser

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

<220>
<223>

<400>
atggegttct

Ile

Pro

Ley

195

Leu

val

Leu

Gly

Ala

275

val

Thr

ser

163
990
DNA

Arg Asp Gly
165

Arg Ser Ser

Tle Arg Ala

Leu teu Asp

val val Ile
230

Pro Gly tle

His Glu Ala
260

Asp Glu val

ser val Asp

Glin Ser Ile
310

Led Leu Thr
325

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Leu

Gly

Ile

Pro

Artificial Sequence

variant of ATall?

163

atcacctact

atcgaaggtg

tatactictg

His

Asp

GlIn

200

Asp

Asp

Arg

Leu

Gly

Asn

Arg

val

Leu

Pro

185

Glu

AsSn

Gly

Lys

Ala

265

Cys

ser

Arg

Gln

376247-035

Met val Ala Gln Ser val Arg

170

GIn

Thr

L.eu

val

Thr

250

ASp

ser

Ile

Tyr

Tyr
330

val

His

Leu

val

235

val

Ile

Thr

Ser

CaaaagacaC ccctgaaatc gtttacaccc

ctgactacga actggacccg gctaacccge

ctttcgttcC gecgtctgaa getcgtatcet

acgctaccta caccaccttc cacgtttgga

175

Lys Asn Phe GlIn Trp
190

Asp Arg Gly Phe Glu

Ala Glu Gly Pro Gly
220

Arg Ser Pro Gly ;rg

Leu Glu Ile Ala Glu
255

Thr Pro Ala Glu Leu
270

Gly Gly Gly val Trp
285

Asp Gly val pro Gly
300

Glu Leu Asn val Gilu
320

acgacaccgg tctggactat
tggctggtygg tgctgcttgg
ctatcttcga ccagggtttt

acggtaacgc trtcegtctg

Page 178

60
120
180
240



ggggaccaca
acccaggacy
gcgatggtta
accaaacatc
gaccgcatcc
agctctatcg
gaaacccacg
gaaggtccgy
gctgctctge
gaagctatcc
tgctcaaccg

ggtgttcecag
ccttcttctc

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

<220>
<223>

<400>

164
330
PRT

164
Met Ala Phe
1

Gly

Leu Asp

Ala
35

Pro Leu

Glu Ala

50

ser

Ala Thr

65

Tyr

Gly Asp His

ITe Pro Pro

tcgaacgtct
aagttaaaga
ccgttacgat
gtccgeaggt
gtgacggtyt
acccgeaggt
accgtggttt
gtttcaacgt
cgggtatcac
tggctgacat
gtggtggigt
giccggttac

tgctgacecce

ser Lys As
5

Tyr Ile Th

20

Gly Gly Al

Arg Ile se

Ph
70

Thr Thr

Glu
&5

Ile Ar

Leu Thr Gl

100

gttctctaat
gatcgctcty
caccegtggt
ttacatgagc
tcacctgatg
taaaaacttc
cgagttgeeg
tgttgttatc
ccgtaaaacc
cacccegget
ttggcegtic
ccagtctatc

ggtacagtac

Artificial Sequence

varijant of ATAl1l7

p Thr Pro

r Tyr Ser

a Ala Trp

40

r Ile Phe

55

e His val

Phe

g Leu

n Asp Glu

376247~

gcggaatcta
gaactggttyg
tactcttcta
gcttgeccgt
gttgctcagt
cagtggggtg
ctgctgctyg
aaagacggtyg
gttctggaaa
gaactgtacg
gtttctgttg

atccgtogtt

ITe val

10

Glu

ASp Glu

25

Tyr

Glu Gly

Asp GIn Gly

Asn Gly

75

Trp

Asn Ala

90

Ser

val
105

Lys G'lu

035
ttegtttgat

Ctaaaaccga
ccccattcga
accagtggat
cagttcgtcg
acctgatccg
actgcgacaa
ttgttegtte
tcgctgaatc
acgctgacga
acggtaactc

actgggaact

Tyr Thr His

Leu Asp Pro

30

Ala phe val

45

phe Thr

60

Tyr

Asn Ala phe

Glu Ser Ile

IlTe Ala Leu

1190

Page 179

ccecgeegety
actgcgtgaa
gegtgacate
cgtaccgttt
tacaccgcgt
tgcaattcag
cctygetgget
tcegggtegt
tctgggteac
agttctgagt
tatctetgac

gaacgttgaa

Asp Thr

15

Ala Asn

Pre Pro
Ser

Asp

L.eu
80

Arg

Arg Leu

95

Glu Leu

300
360
420
480
540
600
660
720
780
&40
200
960
990



vat

Arg

PFro

145

AsSp

Arg

Gly

Leu

Phe

225

Ala

Ser

Tyr

Pro

Pro

305

Pro

Ala

Gly

Gln

Arg

Thr

Asp

Pro

210

Asn

Ala

Leu

ASD

Phe

290

val

ser

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

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

ser

165
920
DNA

Thr

Ser

Tyr

Arg

Arg

ile

Leu

val

Pro

His

260

ASp

Ser

Gin

Leu

Glu

Ser

Met

Arg

Leu

val

Glu

val

Ser

Leu
325

Leu

Thr

Ser

150

Gly

Ser

Ala

Asp

Ile

230

Ile

Ala

val

Asp

Ile

310

Thr

Arg

Pro

135

ala

val

Ile

Lys

Thr

Ile

Leu

Pro

Artificial Sequence

Glu

120

Phe

Cys

His

ASD

Gln

200

ASp

ASp

Arg

Leu

Arg

val

Ala

Glu

Pro

lLeu

Pro

185

Glu

Asn

Gly

Lys

Ala

265

cys

Ser

Arg

Gin

376247-035

Met val Thr

Arg

Tyr

Met

170

Gin

Thr

Leu

val

Thr

250

Asp

S5er

Ile

Tyr

Tyr
330

Asp

val

val

His

Leu

val

235

val

Tle

Thr

Ser

Trp

Ile

140

Trp

Ala

Lys

ASp

Ala

220

Arg

Leu

Thr

Gly

Asp

300

Glu

Page 180

val
125

Thr

GlIn

ASn

Arg

205

Glu

ser

Glu

Pro

Gly

Gly

Leu

Thr

Lys

val

ser

Phe

190

Gly

Gly

Pro

ITe

Ala

270

Gly

val

Asnh

Ile

His

Pro

val

175

GIn

Phe

Pro

Gly

Ala

255

Glu

val

Pro

val

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg

240

Glu

Leu

Trp

Gly

Glu
320



376247-035

<220>

<223> variant of ATALL7

<400> 165

atggcgttct cagcggacac ccctgaaatc gtttacaccc acgacaccgg tctggactat 60
atcacctact ctgactacga actggacccg gctaacccge tggetggtgg tgetgettgg 120
atcgaaggtg ctttcgttcc gocgacggaa getcgtatct ctatcttcga ccagggtttt 180
tatacttctg acgctaccta caccacctic cacgtttgga acggtaacgce tttcecgtctg 240
ggggaccaca tcgaacgtct gttctctaat gcggaatcta ttegtttgat cccgccgetg 300
acccaggacyg aagttaaaga gatcgctctg gaactggttg ctaaaaccgg cctgcgtgaa 360
gcgatggtta ccgttacgat cacccgtggt tactcttcta ccccattcga gogtgacate 420
accaaacatc gtccgeaggt ttacatgage gcetageccgt accagtggat cgtaccgttt 480
gaccgcatcc gtgacggtgt tcacctgatg gtitgoctcagt cagitcgtcg tacaccgogt 540
agctctatcyg acccgcaggt taaaaacttc cagtggggtyg acctgatccg tgcaattcag 600
gaaacccacg accgrggttt cgagttgecg ctgetgetgg actgegacaa cctgetggct 660
gaaggtccgg gtttcaacgt tgttgttatc aaagacggtg ttgttcgttc tccgggtcgt 720
gctgetcrge cgggtatcac ccgtaaaacc gttctggaaa tcgotgaatc tctgggtcac 780
gaagctatcc tggetgacat caccccgget gaactgtacg acgctgacga agttctgggt 840
tgctcaaccyg gtggtggtgt ttggccgttc gtttctgttg acggtaactce tatctctgac 560
ggtgccccgg gtoccggttac ccagtctatc atccgtcgtt actgggaact gaacgttgaa 960
ccttettete tgetgaccee ggtacagtac 990
<210> 166

<211> 330

<212> PRT

<213> Artificial Sequence

<220>

<223> variant of ATALllY

<400> 166

Met Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tyr Thr wis Asp Thr
i 5 10 15

Gly Leu Asp g%r ITe Thr Tyr ser gsp Tyr Glu Leu Asp gro Ala Asn
5 0

Pro Leu Ala Gly Gly Ala Ala Trp Ile Glu Gly Ala Phe val Pro Pro
35 40 45

Thr Glu Ala Arg Ile Ser Ile Phe Asp GIn Gly Phe Tyr Thr Ser Asp
50 55 60
Page 181



Ala
65

Gly
Ile
val
Arg
Pro
145

ASp

Arg

Leu

Phe

225

Ala

ser

Tyr

Pro

Pro

Thr

Asp

Pro

Ala

Arg

Thr

ASp

Pro

210

Asn

Ala

Leu

Asp

Phe

290

val

Tyr

His

Pro

Tyr

val

Ile

Pro

l.eu

195

Leu

val

Leu

Gly

Ala

275

val

Thr

Thr

Ile

Leu

100

Thr

Ser

Tyr

Arg

Arg

Ile

Leu

val

Pro

His

260

ASp

ser

Gln

Thr

Glu

85

Thr

Gly

Ser

Met

ASD

Ser

Arg

Leu

val

Glu

val

Ser

Phe

70

Arg

Gin

Leu

Thr

Ser

150

Gly

Ser

Ala

Asp

Ile

230

Ile

Ala

val

ASp

Ile

His

Leu

ASp

Arg

Pro

135

Ala

val

Ile

Ile

Cys

215

Lys

Thr

Ile

Leu

val

Phe

Glu

Glu

120

Phe

Ser

His

Asp

GIn

200

Asp

Asp

Arg

Leu

Gly

Asnh

Arg

Tep

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

ASn

Gly

Lys

Ala

265

Cys

sSer

Arg

376247-035

Asn Gly Asn
75

Asn

90

Lys

Met

Arg

TYr

Met

170

GIn

Thr

Leu

val

Thr

250

AsSp

Ser

Ile

Ala

Glu

val

Asp

val

His

Leu

val

235

val

Ile

Thr

Ser

Glu

Ile

Thr

Ile

140

Trp

Ala

LyS

AsSp

Ala

220

Arg

Leu

Thr

Gly

ASp
300

Tyr Trp Glu
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Ala

ser

Ala

val

125

Thr

Ile

Gln

Asn

Arg

205

Glu

Ser

Glu

Pro

Gly

Gly

Leu

rhe

Ile

Leu

110

Thr

Lys

val

Ser

Phe

190

Gly

Gly

Pro

Ile

Ala

270

Gly

Ala

Asn

Arg

Arg

95

Glu

Ile

His

Pro

val

175

Gln

rhe

Pro

Gly

Ala

255

Glu

val

Pro

val

Leu

80

Leu

Leu

Thr

Arg

Phe

160

Arg

Trp

Glu

Gly

Arg

240

Leu

Trp

Gly

Glu



305

310

376247-

315

Pro Ser Ser Leu Leu Thr Pro val Gln Tyr

<210
<Z211>
<212>
<213>

<220>
<223>

<400> 167
atggecgttet

167
990
DNA

atcacctact
atcgaaggtg
tatacttctg
ggggaccaca
acccaggacy
gcgatggtta
accaaacatc
gaccgcatcce
agctctatcyg
gaaacccacg
gaaggtccgg
gctgctetgce
gaagctatcc
tgctcaaccy

ggtgttccgg
cCcLtettetce

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

<220>
<223>

168
330
PRT

<400> 168

325

cagcggacac
ctgactacga
Ctttcgttcc
acgctaccta
tcgaacgtet
aagttaaaga
ccgttacgat
gtccgcaggt
gtgacggtgt
acccgeaggt
ctcgtggttt
gcttcaacgt
cgggtatcac
tggctgacat
gtggtggtgt
gtccggttac

tgctgaccce

Artificial Sequence

variant of ATAL11l7

ccctgaaatc
actggaccceg
gcecgtetgaa
caccaccttc
gttctctaat
gatcgctety
cacccgtggt
ttacatgagc
tcacctgatg
taaaaacttc
cgagttgeeg
tgttgttatc
ccgtaaaacce
caccecgget
ttggcocgttc
ccagtctate

ggtacagtac

Artificial Seqguence

variant of ATA11l7

330

gtttacaccc
gctaaccege
gctegtatcece
cacgtttgga
gcggaatcta
gaactggttg
tactcttcta
gcrageeegt
gttgctcagt
cagtggggtg
ctgetgetag
aaagacggtg
gttctggaaa
gaactgtacg
gtttctgttyg

atccgtegtt

035

acgacaccgg
tggctggtgy
ctatcttega
acggtaacgc
ttcgtttgat
ctaaaaccga
cccecattega
accagtggat
cagttcgtceg
acctgatcceg
actgcgacaa
ttgttcgttc
tcgctgaatc
acgctgacga
acggraactc

actgggaact

320

tctggactat
tgctycttog
ccagggttitt
tttcegtety
ccocgeegety
actgcgtgaa
gcgtgacatc
cgtaccgttt
tacaccgcgt
tgcaattcag
cectgetgget
tcecgggtegt
tctgggteac
agttctgggt
tatctetgac

gaacgttgaa

Tet Ala Phe Ser Ala Asp Thr Pro Glu Ile val Tyr Thr His Asp Thr
5 10
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15

60
120
180
240
300
360
420
480
540
600
660
720
780
840
9200
960
990



Gly

Pro

Ser

Ala

65

Gly

Ile

val

Arg

Pro

145

ASp

Arg

Gly

Leu

Phe

225

Ala

Ser

Leu

Leu

Glu

50

Thr

Asp

Pro

Ala

Gly

Gin

Arg

Thr

AsSp

Pro

210

Asn

Ala

Leu

AsSp

Ala

35

Ala

Tyr

His

Pro

Tyr

val

Ile

Pro

Leu

195

Leu

val

Leu

Gly

Tyr

20

Gly

Arg

Thr

Ile

Leu

100

Thr

ser

Tyr

Arag

Arg

Ile

Leu

val

Pro

His

Ile

Gly

Ile

Thr

Glu

85

Thr

Glu

Ser

Met

Arg

l.eu

val

Gly

Glu

Thr

Ala

Pro

rhe

70

Arg

Gln

Ley

Thr

Ser

150

Gly

Ser

Ala

ASp

Ile

230

Tle

Ala

Tyr
Ala
Ile
55

His
Leu
Asp
Arg
pPro
135
Ala
Va1
Ile
ITe
Cys
215
Lys

Thr

Ile

Ser

Trp

40

Phe

val

phe

Glu

Glu

120

Phe

Ser

His

ASp

GIn

200

ASD

ASp

Arg

Leu

Asp

25

Ile

Asp

Trp

Ser

val

105

Ala

Glu

Pro

Leu

Pro

185

Glu

Asn

Gly

LYS

Ala

376247-033

Tyr Glu Leu

Glu

Gln

Asn

ASnh

90

Lys

Met

Arg

Tyr

Met

170

Gln

Thr

l.eu

val

Thre
250

Gly

Gly

Gly

75

Ala

Glu

val

Asp

Gin

155

va'l

val

His

Leu

val

235

val

Ala

phe

€0

Asn

Glu

Ile

Thr

Ile

140

Trp

Ala

Lys

Ala

Ala

220

Arg

Leu

Asp Ile Thr
Page 184

Asp

Phe

45

Tyr

Ala

Ser

Ala

val

125

Thr

Ile

Gin

Asn

Arg

Glu

Ser

Glu

Pro

Pro

30

val

Thr

Phe

Ile

Leu

110

Thr

Lys

val

ser

Phe

190

Gly

Gly

Pro

Ile

Ala

Pro

Ser

Arg

Arg

95

Glu

I'le

His

Pro

val

175

GIn

Phe

Pro

Gly

Ala

255

Glu

Asnh

Pro

Asp

Leu

80

Leu

Leu

Thr

Arg

rhe

160

Arg

Trp

Glu

Gly

Arg

Glu

Leu



Tyr

Pro

Pro

305

Pro

260

Asp Ala Asp Glu val
275

Phe val Ser val Asp
290

val Thr GIn Ser Ile
310

Ser Ser Leu Leu Thr
325

376247-035
265

270

Leu gg% Cys ser Thr Gly Gly Gly val Trp

295

285

Gly Asn Ser Ile Ser Asp Gly val Pro Gly
300

ITe Arg Arg Tyr Trp Glu Leu Asn val Gilu

315

pro val Gin Tyr
330

Page 185

320



