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Title

Optimized Cellulase Enzymes
Field of invention

The invention discioses cellulase enzymes with optimized properties for processing of
ceilulose- and lignocellulose-containing substrates. In particular, cellobiohydrolase enzymes
with preferred characteristics are disclosed. The present invention provides fusion, insertion,
deletion and/or substitution variants of such enzymes. Enzyme variants have enhanced
thermostability, proteolytic stability, specific activity and/or stability at extreme pH. Nucleic
acid molecules encoding said enzymes, a composition comprising said enzymes, a method
for preparation, and the use for cellulose processing and/or for the production of biofuels are

disclosed.
Background of the invention

The development of production processes based on renewabie resources is highly desired,

for example for the generation of ethanol from cellulosic and lignocellulosic materials.

Cellulose material in pure form or in combination with hemiceliulose and/or lignin is a
valuable and readily available raw material for the production of chemicals and fueis. A key
step in processing cellulose and fignocellulose is the hydrolysis of the beta-1,4-linked
glucose polymer celiulose and the subsequent release of glucose monomers and short
giucose oligomers such as cellobiose, cellotricse, etec. Enzymes that catalyze this reaction
are found in various organisms, especially filamentous fungi and bacteria, that are capable of

degrading and hydrolysing cellulose.

Continuous processes for converting solid lignoceliulosic biomass into combustible fuel
products are known. Treatment to make ceilulosic substrates more susceptibie to enzymatic
degradation comprises milling, chemical processing and/or hydrothermal processing.
Examples are wet oxidation and/or steam explosion. Such treatmenis increase the

accessibility of cellulose fibers and separate them from hemicelluiose and lignin.

A number of enzyme mixtures for hydrolysis of treated biomass are known in the literature.
Typically a mixture of endoglucanase, exoglucanase and beta-giucosidase enzymes are
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required for the degradation of celiulose polymers. Among these cellobiohydrolase (CBH)
enzymes, and more specifically cellobiohydrolase | (CBHI) enzymes, play a key role in the
hydrolysis step as they provide the most processive enzymatic activity. CBHI enzymes
catalyze the progressive hydrolytic reiease of cellobiose from the reducing end of the
cellulose polymers. (Lynd LR, Weimer PJ, van Zyl WH, Pretorius IS. Microbial cellulose
utilization: fundamentals and biotechnology. Microbiot Mol Biol Rev. 2002 Sep:66(3):506-77).

Hydrolyzed cellulosic materials contain several valuable carbohydrate molecules which can
be isolated from the mixtures. Sugar containing hydrolysates of cellulosic materials can be
used for microbial production of a variety of fine chemicals or biopolymers, such as organic
acids, ethanol or higher alcohols (also diols or polyols) or polyhydroxyalkanoates (PHAs).
One of the major uses of the sugar hydrolysates is in the production of biofuels.

Kurabi et al. (2005) describes preparations of cellulases from Trichoderma reesei and other
fungi, such as Penicillium sp. The performance has been analysed on steam-exploded and
ethanol organosolv-pretreated Douglas-fir. Better performance of enzyme mixtures appears
1o be a result of improved propetrties of singie component enzymes as well as the effect of
each compound in the mixture, especially the presence of beta-glucosidase. (Kurabi A,
Berlin A, Gilkes N, Kilburn D, Bura R, Robinson J, Markov A, Skomarovsky A, Gusakov A,
Okunev O, Sinitsyn A, Gregg D, Xie D, Saddler J.(2005) Enzymatic hydrolysis of steam-
exploded and ethanol organosolv-pretreated Douglas-Fir by novel and commercial fungal

cellulases. Appl Biochem Biotechnol.121-124; 219-30).

Cellobiohydrolase sequences of the glucohydrolase class 7 {cel7) are known to the art from
several fungal sources. The Talaromyces emersonii Cel7 cellobichydrolase is known and
expression was reported in Escherichia coli (Grassick A, Murray PG, Thompson R, Collins
CM, Byrnes L, Birrane G, Higgins TM, Tuohy MG. Three-dimensional structure of a
thermostable native cellobiohydrolase, CBH IB, and molecular characterization of the cel7
gene from the filamentous fungus, Talaromyces emersonii. Eur J Biochem. 2004
Nov;271(22):4495-506) and Saccharomyces cerevisiae (Voutilainen SP, Murray PG, Tuohy
MG, Koivula A. Expression of Talaromyces emersonii cellobichydrolase Cel7A in
Saccharomyces cerevisiae and rational mutagenesis to improve its thermostability and
activity. Protein Eng Des Sel. 2010 Feb;23(2):69-79), however the protein was either
produced in inactive form or at rather low yields (less or equal to 5mg/l}. Hypocrea jecorina
cellobiohydrolase | can be produced from wild type or engineered strains of the genus
Hypocrea or Trichoderma at high vyields. Improved sequences of Hypocrea jecorina Cel7A
are disclosed by US7459209B2, US7452707B2, WO02005/030926, WOU01/04284A1 or
US2009/0162916 At.
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Positions leading to improvements were deduced from alignments with sequences from
reported thermostable enzymes, suggested from structural information and shuffling of
identified positions followed by limited screenings. Screening of larger libraries in
transformable organisms such as Saccharomyces cerevisiae was reported by application of
very sensitive fluorescent substrates, which resemble native subsirates in a very restricted
way. (Percival Zhang YH, Himmel ME, Mielenz JR. Outlook for cellulase improvement:
screening and selection strategies. Biotechnol Adv. 2006 Sep-Oct;24(5):452-81).

The production of cellobiohydrolases from- other fungal systems such as Thermoascus
aurantiacus, Chrysosporium Jucknowense or Phanerochaete chrysosporium was reported.
Expression of Cel7 cellobiohydrolase from yeasts was reported, but enzymatic yields or
enzyme properties remain unsatisfactory. (Penttild ME, André L, Lehtovaara P, Bailey M,
Teeri TT, Knowies JK. Efficient secretion of two fungal cellobiohydrolases by Saccharomyces
cerevisiae. Gene.1988;63(1}1:103-12).

WQ03/000941 discloses a number of CBHs and their corresponding gene sequences.
Physiological properties and applications however were not disciosed. The fusion of cellulose
binding domains to catalytic subunits of cellobiohydrolases is reported to improve the
hydrolytic properties of proteins without a native domain.

US 2009042266 (A1) discloses fusions of Thermoascus aurantiacus Cel7A with cellulose
binding domains from cellobiohydrolase | from Chaetomium thermophilurn and Hypocrea
jecorina.

US5686593 reporis the fusion of specially designed iinker regions and binding domains o
cellobiohydrolases.

Heng et al. (2003) describe the production of Thermoascus aurantiacus CBHI in yeast and
its characterization. (Hong J, Tamaki H, Yamamotc K, Kumagai H Cloning of a gene
encoding thermostable cellobiohydrolase from Thermoascus aurantiacus and its expression
in yeast. Appl Microbiol Biotechnol. 2063 Nov;83(1):42-50).

Tuchy et al. (2002) report the expression and characterization of Talaromyces emersonii
CBH. (Tuohy MG, Walsh DJ, Murray PG, Claeyssens M, Cuffe MM, Savage AV, Coughlan
MP.Kinetic parameters and mode of action of the cellobiohydrolases produced by
Talaromyces emersonit. Biochim Biophys Acta. 2002 Apr 23;1596(2):366-80).
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Nevoigt et al. (2008) reports on the expression of cellulolytic enzymes in yeasts. (Nevoigt E.
Progress in metabolic engineering of Saccharomyces cerevisiae. Microbiol Mol Biol Rev.
2008 Sep;72(3):379-412).

Fujita et al. (2004) reports on a Saccharomyces cervisiae strain expressing a combination of
an endoglucanase, a beta glucosidase and a CBHIl displayed on the cell surface.
Celiobiohydrolase | (Cel7) was not used in this setup. (Fujita Y, lto J, Ueda M, Fukuda H,
Kondo A. Synergistic saccharification, and direct fermentation to ethanol, of amorphous
celluiose by use of an engineered yeast strain codisplaying three types of cellulolytic
enzyme. Appl Environ Microbiol. 2004 Feb;70(2):1207-12).

Boer H et al. (2000) describes the expression of GH7 classified enzymes in different ysast
hosts but expressed protein levels were low. (Boer H, Teeri TT, Koivula A. Characterization
of Trichoderma reesei cellobiohydrolase Cel7A secreted from Pichia pastoris using two
different promoters. Biotechnol Bioeng. 2000 Sep 5;69(5):486-94).

Godbole et al (1999} and Hong et al { 2003} found tha! proteins of this enzyme class
expressed fom yeast were ofien misfolded, hypergiycosylated and hydrolytic capabilities
decreased compared tc the protein expressed from the homologous host. {Godbole S,
Decker SR, Nieves RA, Adney WS, Vinzant TB, Baker JO, Thomas SR, Himmel ME. Cioning
and expression of Trichoderma reesei cellobiohydrolase | in Pichia pastoris. Biotechno! Prog.
1999 Sep-Oct;15(5):828-33).

Kanokratana et al {2008), Li et al (2009) as well as CNQ1757710 describe the efficient
expression of Cel7 CBH | enzymes, however these proteins are lacking celllulose binding
domains required for efficient substrate processing. {Kanokratana P, Chantasingh D,
Champreda V, Tanapongpipat S, Pootanakit K, Eurwilaichitr L Identification and expression
of celiobiohydrolase (CBHI) gene from an endophytic fungus, Fusicoccum sp. (BCC4124) in
Pichia pastoris. LProtein Expr Purif. 2008 Mar;58(1):148-53. Epub 2007 Sep 19; Li YL, Li H,
Li AN, Li DC. Cloning of a gene encoding thermostable cellobiohydrolase from the
thermophilic fungus Chaetomium thermophilum and its expression in Pichia pastoris. J Appl
Microbiol. 2008 Jun;106(6):1867-75).

Voutilainen (2008) and Viikari {2007) disclose Cel7 enzymes comprising thermosiable
cellobiohydrolases, however with only low io moderate expression levels from Trichoderma
reesel. (Voutilainen SP, Puranen T, Silkka-Aho M, Lappalainen A, Alapuranen M, Kallio J,

Hooman S, Viikari L, Vehmaanperd J, Koivula A, Cloning, expression, and characterization
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of novel thermostable family 7 cellobiohydrolases. Biotechnol Bioeng. 2008 Oct
15;101(3):515-28. PubMed PMID: 18512263; Vikari L, Alapuranen M, Puranen T,
Vehmaanperd J, Siika-Aho M. Thermostable enzymes in lignocellulose hydrolysis. Adv
Biochem Eng Biotechnol, 2007;108:121-45).

Grassick et al. (2004) disclose unfolded expression of Cellobiohydrolase | from
Talaromyces emersonii in Escherichia coli but not in yeast. (Grassick A, Murray PG,
Thompson R, Collins CM, Byrnes L, Birrane G, Higgins TM, Tuohy MG. Three-dimensional
structure of a thermostable native celicbiohydrolase, CBH IB, and molecular characterization
of the cel7 gene from the filamentous fungus, Talaromyces emersonii. Eur J Biochem. 2004
Nov;271(22):4495-506).

Therefore, there is a need for cellulase enzymes with improved characteristics for the use in
technical processes for cellulose hydrolysis, In particuiar there is a need for CBH enzymes
with higher catalytic activity and/or higher stability under process conditions. Moreover there
is a need for CBH enzymes with higher productivity in fungal and/or yeast expression and

secretion systems.

Summary of the invention

The present invention provides a polypeptide having celiobiohydrolase activity. In a preferred
embodiment, the invention provides a thermostable polypeptide having cellobiohydrolase
activity. That is, in this embodiment, the polypeptide maintains 50 % of its maximum
substrate conversion capacity when the conversion is done for 80 minutes at 60 °C or higher,
preferably 62 °C or higher, and in a particular embodiment 64 °C or higher, such as 66 °C or
higher. This polypeptide comprises an amino acid sequence with at least 54 %, preferably at
least 56 %, more preferably at least 58 %, particularly preferably at least 6C %, such as at
least 62 %, particularly at least 84 %, such as at least 66 %, and most preferably preferably
at least 68 % sequence identity o SEQ ID NOS5. The invention alsc provides a polypeptide
which comprises an amino acid sequence with at least 85 % sequence identity to SEQ ID
NO: 2.

Furthermore, the present invention discloses a nucleic acid encoding the polypeptide of the
present invention, preferably having at least 95 % identity to SEQ ID NO: 1, a vector

comprising this nucleic acid and a host transformed with said vector.
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The present invention further provides a method of producing a cellobiohydrolase protein
encoded by a vector of the present invention, a method for identifying polypeptides having
cellobiohydrolase activity, and a method of preparing such polypeptides having
cellobiohydrolase aciivity. It also provides a method of identifying such polypeptides which
maintain 50 % or more of maimum substrate conversion capacity at elevated temperatures,

such as at 60 °C or more.

The present invention also provides a polypeptide having celiobiohydrolase activity, wherein
the polypeptide comprises an amino acid sequence having at least 85 % sequence identity to
SEQ ID NO: 2 wherein one or more specific amino acid residues of the sequence defined by
SEQ 1D NO: 2 are modified by substitution or deletion, as well as insertion mutants.
Examples of such mutanis include Q1, G4, A8, T15, Q28, W40, D64, £E65, A72, 585, K92,
V130, V152, Y155, K159, D181, E183, N194, D202, P224, T243, Y244, 1277, K304, N310,
8311, N318, D320, T335, T344, D348, 349, A358, Y374, AG75, T3982, T393, D410, Y422,
P442, N445, R446, T456, 5460, P462, G463, H488 and/or V482 of amino acids 1 to 500 of
SEQ ID NO: 2, but the invention is by no means limited to these. Further specific positions

are given below.

Moreover, the present invention provides a polypeptide having cellobiohydrolase activity,
which is obtainable by the method of preparing a polypeptide having cellobiohydrolase
activity according to the present invention, and a polypeptide having celiobiohydrolase
activity, wherein the polypeptide comprises an amino acid seguence having at ieast 80 %
sequence identity to SEQ ID NO: 5, wherein one or more of the following amino acid
residues of the sequence defined by SEQ ID NO: 5 are modified by substitution or deletion,
as well as insertion mutants. Examples of such mutants include Q1, G4, A8, T15, Q28, W40,
D64, EB5, A72, 386, K92, V130, V152, Y155, K159, D181, E183, N194, D202, P224, T243,
Y244, 1277, K304, N310, 8311, N318, D320, T335, T344, D346, (1349, A358, Y374, A375,
T392, T393, D410 and/or Y422 of amino acids 1 to 440 of SEQ iD NQO: 5, but the invention is
by no means limited to these. Further specific positions are given below,

The present invention furthermore provides a poiypebtide having cellobiohydrolase activity
comprising an amino acid sequence having at least 85 % sequence identity o SEQ 1D NO:
12 wherein one or more of the following amino acid residues of the sequence defined by
SEQ 1D NO: 12 are medified by substiiution or deletion as well as insertion mutanis.
Examples of such mutants include Q1, T15, Q28, W4G, C72, V133, V155, Y158, T162, v247,
N307, G308, E317, S341, D345, Y370, T389, Q4086, N441, R442, T452, 3456, P458, G459,
H464 and/or V478, but the invention is by no means iimited to these. Further specific
positions are given below.



WO 2011/098551 PCT/EP2011/052023

The present invention further provides the use of a polypeptide or the composition of the
present invention for the enzymatic degradation of lignocellulosic biomass, and/or for textiles
processing and/or as ingredient in detergents and/or as ingredient in food or feed

compositions.

Brief description of the figures

Figure 1: Restriction Maps of pV1 for constitutive expression of Proteins in Pichia pastoris:
pUC19 — ori: Origin of replication in E. coli; KanR: Kanamycine/G418 Resistance with TEF1
and EMZ Promoter sequences for selection in Pichia pastoris and E. coli, respectively;
5'GAP: glyceraldehyde-3- phosphate dehydrogenase Promoter region; 3'-GAP: terminator
region; SP MFalpha: Saccharomyces cerevisiae mating factor alpha signal sequence; MCS:

multiple cloning site.

Figure 2: Commassie stained SDS-PAGE of 10-fold concentrated supernatants of shake-
flask cultures of Pichia pastoris CBS 7435 containing expression plasmids with coding
sequences for the mature CBHI proteins of Trichoderma viride (CBH-f; lane 1), Humicola
grisea (CBH-d; lane 2), Talaromyces emersonii (CBH-b; lane 3), Thermoascus
aurantiacus (CBH-e; lane 4), as well as the Talaromyces emersonii CBHI-CBD fusion
(CBH-a; lane 6) and the Humicola grisea-CBD fusion (CBH-g; lane 7) in N-terminal
fusion to the signal peptide of the Saccharomyces cerevisiae mating factor alpha under

control of the Pichia pastoris glyceraldehyde-3-phosphate dehydrogenase promoter

Figure 3: Map of the pV3 expression plasmid for protein expression in Pichia pastoris.
Replicons: pUC19 - ori: Origin of replication in E. coli; ZeoR: Zeocine resistance gene with
TEF1 and EM7 Promoter promoter sequences for expression in Pichia pastoris and E. coli,
respectively; AOX | promoter: Promoter region of the Pichia pastoris alcohol oxidase | gene;
AOX 1 transcriptional terminator: terminator region; SP MFalpha: Saccharomyces cerevisiae

mating factor alpha signal sequence; MCS: multiple cloning site.

Figure 4. SDS-PAGE analysis of culture supernatant samples taken from the fermentation of
a Pichia pastoris strain with a genomic integration of an AOXI-expression cassette,
expressing the Talaromyces emersonii CBHI / Trichoderma reesei —CBD fusion peptide

(CBH-a) in a 7I bioreactor during methanol induction. Samples P1 — P7 were are taken at the

SUBSTITUTE SHEET (RULE 26)
7
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beginning of the methanol induction and after 20, 45, 119.5, 142.5, 145.5 and 167 hours,

respectively.

Figure 5: Figure 5: Map of pV4 expression plasmid for the expression of the Talaromyces
emersonii CBHI / Trichoderma reesei —CBD fusion peptide (CBH-ah) in Trichoderma reesei.
Replicon: pUC19 for replication in E. coli. cbh1 5: 5’ promoter region of the Trichoderma
CBHI gene; cbh1 signal peptide: Coding sequence for the Trichoderma reesei CBHI leader
peptide; CBH-a: Talaromyces emersonii CBHI / Trichoderma reesei —CBD fusion peptide:
coding region for SeqlD NO. 18; cbh1 Terminator: 3' termination region of the Trichoderma
reesei CBHI locus; hygromycine resistance: coding region of the hygromycine
phosphotransferase under control of a Trichoderma reesei phosphoglycerate kinase
promoter; cbh1 3': homology sequence to the termination region of the Trichoderma reesei
CBHI locus for double crossover events.

Figure 6: SDS-Page of Trichoderma reesei culture supernatants. Lane 1 shows the
expression pattern of a replacement strain carrying a Talaromyces emersonii CBHI /
Trichoderma reesei —CBD fusion (CBH-ah) inplace of the native CBHI gene. In comparison
lane 2 shows the pattern for the unmodified strain under same conditions. M: molecular size
marker

Figure 7: Determination of IT50 values from Substrate Conversion Capacity vs. temperature
graphs after normalization. For the normalization step the maximum and the minimum
fluorescence values for the selected temperature are correlated to 1 or O, respectively. Linear
interpolation to F’(T)=0.5 between the nearest two temperature points with normalized values
next to 0.5 results in the defined IT50 temperature.

Figure 8: Normalized Conversion Capacity vs. temperature graphs of “wt" Talaromyces
emersonii CBHI / Trichoderma reesei —~CBD fusions (CBH-ah: SeqlD NO. 18 = SeqlD NO. 2
+ 6x His-Tag) and mutants based on 4-Methylumbelliferyl -3-D-lactoside hydrolysis results
evaluated at various temperatures. The fluorescence values were normalized according to
figure 8 over the temperature range from 55°C to 75°C

wt;

G4C,A72C;

G4C,A72C,Q349K;

G4C,A72C,D181N,Q349K;

Q1L,G4C,A72C,D181N,E183K,Q349R,;
Q1L,G4C,A72C,S86T,D181N,E183K,D320V,Q349R;

.G4C, A72C,E183K,D202Y,N310D,Q349R;

.Q1L,G4C,A72C, A145T H203R,Q349K,T403K;

IemTmMoOoO®>
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I... , Q1L, G4C, Q28R, E65V, A72C, D181N, E183M, S192S, P224L, S311G, D320I,
D346E, Q349K, T393V, Y422F, P442S, N445D, R446G, H468L, V482|

J... , Q1L, G4C, Q28K, E65K, A72C, L119L, D181N, E183M, S192S, S311G, N318Y,
D3201, T335l, D346E, Q349K, T393V, Y422F, N445D, R446G, H468Q, V482T

K... , Q1L, G4C, Q28K, E65V, A72C, L119L, D181N, E183M, S192S, D202N, P224L,
S311G, T3351, D346E, Q349K, T393V, Y422F, P442S, N445D, R446G, H468Q,
Vv482I

L... Q1L, G4C, Q28R, EB5V, A72C, G151GCGRSG, D181N, E183M, P224L, S311G,
D3201, D346E, Q349K, T393V, Y422F, P442S, N445D, R446G, H468L, V482!

M...  Q1L, G4C, Q28R, E6B5V, A72C, K159KCGRNK, D181N, E183M, P224L, S311G,
D320I1, D346E, Q349K, T393V, Y422F, P442S, N445D, R446G, H468L, V482!

Figure 9: Glucose yields of hydrolysis of pretreated straw with wt and mutated Talaromyces
emersonii CBHI / Trichoderma reesei —CBD (CBH-ah) fusion protein after hydrolysis for 48
hours in the presence of a B-glycosidase. The variants are characterized by the following
mutations with respect to SeqlD NO. 18 and were expressed from Pichia pastoris in shake
flask cultures and isolated from the supernatant by affinity chomatography using Ni-NTA.

A: wt

B: G4C, A72C

C: G4C, A72C, Q349R

D: Q1L, G4C, A72C, D181N, E183K, Q349R

E: Q1L, G4C, Q28R, E65V, A72C, D181N, E183M, P224L, S311G, D320I, D346E, Q349K,
T393V, Y422F, P442S, N445D, R446G, H468L, V482I

F: Q1L, G4C, Q28R, E65V, A72C, G151GCGRSG, D181N, E183M, P224L, S311G, D320i,
D346E, Q349K, T393V, Y422F, P442S, N445D, R446G, H468L, V482i

Figure 10: Alignment of SeqlD. NO 2 with the Trichoderma reesei CBHI. The alignment
matrix blosum62mt2 with gap opening penalty of 10 and gap extension penalty of 0.1 was
used to create the alignment.

Detailed description of the invention

The present invention provides polypeptides having cellobiohydrolase activity. In a preferred
embodiment, the invention provides a thermostable polypeptide having cellobiohydrolase
activity. In a preferred aspect, the invention discloses protein variants that show a high
activity at high temperature over an extended period of time. Preferably, the polypeptide of
the present invention maintains 50 % of its maximum substrate conversion capacity when the
conversion is done for 60 minutes at a temperature of 60 °C or higher. The respective
temperature is also referred to as the IT50 value. In other words, the IT50 value is preferably
60 °C or higher, but more preferably 62 °C or higher. That is, in this embodiment, the
polypeptide maintains 50 % of its maximum substrate conversion capacity when the
conversion is done for 60 minutes at 60 °C or higher, preferably preferably 62 °C or higher,
and in a particular embodiment 64 °C or higher, such as 66 °C or higher. Furthermore, the

SUBSTITUTE SHEET (RULE 26)
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polypeptides of the present invention have preferably an IT50 value in the range of 62 to 80
°C, more preferably 65 to 75 °C.

“Substrate Conversion Capacity” of an enzyme is herein defined as the degree of substraie
conversion catalyzed by an amount of enzyme within a certain time period under defined
conditions {Subsirate concentration, pH value and buffer concentration, temperature), as can
be determined by end-point assaying of the enzymatic reaction under said conditions.
“Maximum Substrate Conversion Capacity” of an enzyme is herein defined as the maximum
in Substrate Conversion Capacity found for the enzyme within a number of measurements
performed as described before, where only one parameter, e.g. the temperature, was varied
within a defined range. According to the present invention, the assay described in Example 8

is used to determine these parameters.
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This polypeptide comprises an amino acid sequence with at least 54 %, preferably at least
56 %, more preferably at least 58 %, particularly preferably at least 60 %, such as at least 62
%, particularly at least 64 %, such as at least 66 %, and most preferably preferably at least
68 % sequence identity to SEQ 1D NO: 5. The term “Identity over a sequence iength of y
residues” (wherein y is any integer, such as, as illustrative example, 200, 255, 256, 300, 400,
437, 500) means that y is a - preferably continuous - portion of the parenteral sequence (in
this particular case SEQ D NQO: 5, but the same is true throughout this application, also with
respact to other, specifically indicated parenteral sequences which which the sequences of
this invention may be compared) which is used as a basis for the comparison of sequence
identitly. Thus, for the comparison of sequence identity (sequence aiignment), preferably 200
or more, more preferably 300 or more, even more preferably 400 or more, and most
preferably 437 positions of the parental sequence given in SEQ ID NQO: 5 are taken into
consideration. The details of how the percentages of sequence identities are caiculated are
given below. It should also be noied, that, unless explicitly otherwise specified in this
specification, the entire sequence of the parental sequence (such as, in this pariicular case,
SEQ 1D NO:5) (i.e. from the first to the last amino acid residue) shall be used as a parent
sequence.

in a preferred embodiment, the polypeptide capable of maintaining 50 % of its maximum
substrate conversion capacity when the conversion is done for 6C minutes at 60 °C or higher,
preferably preferably 62 °C or higher, is a polypeptide which differs from SEQ ID NO: 5 by at
least one mutation, wherebey the mutation may be an insertion, deletion or substitution of
one or more amino acid residues. Also preferred are at least two such mutations, such as at
least 4, at least 5, at leat 6, at least 7, at least 10 such mutations with respect to the
polypeptide given in SEQ ID NC: 5,

"Cellobiohydrolase” or "CBH" refers to enzymes that cleave cellulose from the end of the
glucose chain and produce cellobiose as the main product. Alternative names are 1,4-beta-
D-glucan cellobiohydrolases or cellulose 1,4-beta-celiobiosidases. CBHs hydrolyze the 1,4-
beta-D-glucosidic linkages from the reducing or hon-reducing ends of a polymer containing
said linkages. “Cellobiohydrolase {” or “CBH |” act from the reducing end of the cellulose
finer. “Cellobiohydrolase 1" or “CBH II” act from the non-reducing end of the cellulose fiber.
Cellobiohydrolases typically have a structure consisting of a catalytic domain and one or
more “cellulose-binding domains” or “CBD”. Such domains can be located sither at the N- or
C-terminus of the catalylic domain. CBDs have carbohydrate-binding activity and they
mediate the binding of the celiulase to crysialline celiulose and presence or absence of
binding domains are known io have a major impact on the processivity of an enzyme
especially on polymeric substrates.

11
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In a preferred embodiment, this polypeptide is further characterized by comprising an amino
acid sequence having at least 80 % sequence identity to SEQ ID NO:5, more preferably at
least 85 % sequence identity to SEQ 1D NO:5, such as at least 90 % % sequence identity to
SEQ ID NO:5, and most preferably at ieast 95 % sequence identity to SEQ 1D NO.5.

The polypeptide having cellobichydrolase aciivity as defined above is, in an even maore
preferred embodiment, further characterized as follows: It is. the polypeptide as defined
above, wherein one or more of the amino acid residues of the seqguence defined by SEQ ID
NO: 5 are modified by substitution or deletion at one or more positions which are preferably
selected from

1, Q2, G4, A6, T7, A8, N10, P12, T15, A21, G23, $24, T26, T27, Q28, N29, G30, A31,
V32, N37, W40, V41, G468, Y47, T48, N49, C50, 752, N54, D57, T59, Y60, D64, ES5, A6S,
Q869, A72, V84, 586, 889, 590, K92, 899, Q109, D110, D111, 116, F117, K118, L119, L120,
D128, V130, G139, A145, M146, V152, Ki54, Y155, N157, N158, K158, Ki63, G167, Q172,
F179, 1180, D181, E183, £E187, G188, Q190, 8192, S183, N194, 1200, D202, H203, D211,
V212, A221, P224, D228, T229, G231, T233, M234, S236, T243, Y244, 3245, N246, D247,
G251, F260, G266, K275, 12786, 1277, T280, L2390, D283, G294, T295, T297, T299, $301,
K304, F306, N310, 5311, V313, 1314, N318, D320, 1321, 7325, N327, T335, A340, F341,
D343, T344, D345, D346, Q349, H350, A354, K355, A358, Q361, Q362, G363, M364, V367,
D373, Y374, A375, A376, P386, T387, D390, T382, T383, P394, T400, P402, T403, D404,
D410, N417, 5418, T421, Y422 and/or one or more insertions after positions G151, K158,

and in a more preferred embodiment are modified by substitution or deletion at one or more
positions selected from Q1, Q2, G4, A6, T7, A8, N10, A21, 824, 726, T27, Q28, N29, G30,
W40, Y47, D64, E65, A8R, Q69, A72, 886, K92, K118, Y155, D181, E183, 180, S192,
N194, D202, H203, P224, T229, G231, M234, 8236, T243, D247, 8311, N318, D320, T335,
A340, T344, D346, (3349, K355, Y374, A375, T387, D380, T392, T383, Y422 and/or one or
more insertion of 1-8 amino acids after positions G151, K159

and in an even more preferred embodiment are modified by substitution or deletion at ons or
more positions seiected from Q1, Q2, G4, A8, T7, A8, N10, Q28, £65, A72, 886, D181,
E183, D202, P224, S311, N318, D320, T335, D346, Q349, T392, T3¢3, Y422 and/or
insertions at one or more after positions and/or one or more insertion of & amino acids after
positions G151, K159 of

of amino acids 1 to 437 of SEQ 1D NO: 5.

Also preferred are embodiments wherein the respective mutation(s) given above is (are)

introduced into the polypeptide given in SEQ 1D NO: 2, as outlined below.
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The skilied person will understand that several of these given mutations can be combined
with each other, i.e. that a polypeptide having cellobiohydrolase activity, where, for example
Q69 and T232 are substituted for other amino acid residues, is comprised in this
embediment. The ferm “insertion after position(s) x" is to be undarstood that the insertion
may be at any position which is on the C-terminal side (closer to the C-terminus) of the
position x; however, insertions immediately following the position x are strongly preferred

{wherein x is any position).

The present invention also discloses a polypeptide having celiobiohydrolase activity, which
comptises an amino acid sequence with at least 85 % sequence identity to SEQ ID NO: 2. |t
is preferred that this polypeptide with at leat 85 % sequence identity to SEQ ID NO: 2 is a
polypeptide which has also a degree of identity with SEQ ID NO: 5 as given above, such as
having at least 60 % {or more, see above) sequence identity with the polypepiide given in
SEQ ID NO: 5, and/or any one or more of the more particular identity embodiments of
percentage identity to SEQ ID NO: 5 as given in detail above. Thus, the polypeptide having
at least 85 % sequence identity fo SEQ ID NO: 2 is an embadiment which is comprised in the
invention relating to a polypeptide having at ieast 80 % sequence identity with the
polypeptide given in SEQ 1D NO: 5. The skilled person will readily recognize the common
inventive concept underlying the thermostable variants of SEQ ID NO: 2 and SEQ 1D NO: 5.

Equivalent to what has been said above for SEQ ID NQO: 5, for the sequence alignment of
SEQ 1D NO: 2 as defined herein, preferably 200 or more, more preferably 300 or more, even
more preferably 400 or more, and most prefearably 437 positions of SEQ 1D NO: 5 are taken
into consideration. The details of how the percentages of sequence identities are caloculated
are given below. In a more preferred embodiment, the respective polypeplide comprises an
amino acid seguence having at least 85 % segquence identity fo SEQ D NO: 2 over a
sequence iength of 500 amino acid residues. Even more preferably, the present invention
comprises an amino acid sequence having at least 80 %, or even more preferabiy of at least
least 85% or 98% sequence identity to SEQ 1D NO: 2 over a sequence !eﬂgth of 5G0 amino

acid residues.

The parental sequence is given in SEQ ID NO: 2. The sequence derives from the C-terminal
fusion of the linker domain and celiulose binding domain of Trichoderma reesei CBHI (SEQ
ID NO: 4) to the catalytic domain of Talaromyces emersonii CBH! {SEQ 1D NO: 5).The
invention further comprises other fusion proteins comprising any celluiose binding domain
and a derivative of the catalytic domain of Talaromyces emersonii CBHI (SEQ 1D NO: 5),

preferably with the temperature stability characteristics given above. The celluiose binding
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domain may be from any source. The polypeptides according o the invention may
additionally carry a hexahistidine tag. Thus, by means of iflustration, variants of any one of
the polypeptides shown in SEQ 1D NO: 42, 44, 46, 48 or 50 are included in this invention.
The variants are preferably such that the polypeptides exhibit temperature stability, as

described and defined above,

The polypeptide of the present invention preferably comprises an amino acid sequence
having at least 90 %, preferably at least 95 %, more preferably at least 99 % sequence
identity to SEQ 1D NO: 2. Furthermore, it is particularly preferred that the amino acid
sequence of the polypeptide has the sequence as defined by SEQ {D NO: 2, or a sequence
as defined by SEQ ID NO: 2 wherein 1 to 75, more preferably 1 to 35 amino acid residues

are substituted, deleted, or inserted.

Particutarly preferred are variants of the protein of SEQ 1D NO: 2, SEQ ID NO: 5 or SEQ ID
NO: 12. “Proiein variants” are polypeptides whose aminc acid sequence differs in one or
more positions from this parental protein, whereby differences might be replacements of one
amino acid by another, deletions of single or several.amino acids, or insertion of additional
amino acids or stretches of amino acids into the parental sequence. Per definition variants of
the parental polypeptide shall be distinguished from other polypeptides by comparison of
sequence identity (alignments) using the ClustalW Algorithm (Larkin M.A., Blackshields G.,
Brown N.P., Chenna R., McGettigan P.A., McWiiliam H., Valentin F., Wallace L.M., Wiim A,
Lopez R., Thompson J.D., Gibson T.J. and Higgins D.G. (2007) ClustalW and ClustalX
version 2. Bioinformatics 2007 23(21): 2947-2948). Methods for the generation of such
protein variants include random or site directed mutagenesis, site-saturation mutagenesis,
PCR-based fragment assembly, DNA shuffiing, homologous recombination in-vitro or in-vivo,

and methods of gene-synthesis.

The nomenclature of amine acids, peptides, nucleotides and nucleic acids is done according
to the suggestions of IUPAC. Generally amino acids are named within this document

according to the one letter code.

Exchanges of single amino acids are described by naming the single letter code of the
original amino acid followed by iis position number and the single letter code of the repiacing
amino acid, i.e. the change of giutamine at position one to a leucine at this position is
described as "Q1L". For deletions of single positions from the sequence the symboal of the
replacing amino acid is substituted by the three letter abbreviation “del” thus the deletion of

alanine at position 3 would be referred to as "A3del”. Inserted additional amino acids receive

14



WO 2011/098551 PCT/EP2011/052023

the number of the preceding position extended by a small letter in alphabetical order relative
to their distance to their point of insertion. Thus, the insertion of two tryptophanes after
position 3 is referred to as “3aW, 3bW” or simply as ASAWW (i.e formal replacement of “A" at
position 3 by the amino acid residues “AWW?”). Introduction of untranslated codons TAA,
TGA and TAG into the nucleic acid sequence is indicated as “*” in the amino acid sequence,
thus the introduction of a terminating codon at position 4 of the amino acid sequence is

referred to as “G4*".

Multiple mutations are separated by a plus sign or a slash or a comma. For example, two
mutations in positions 20 and 21 substituting alanine and glutamic acid for giycine and
sering, respectively, are indicated as “A20G+E215” or “A20G/E218” “A20G,E215".

When an amino acid residue at a given position is substituted with two or more alternative
amino acid residues these residues are separated by a comma or a slash. For exampie,
substitution of alanine at position 30 with either glycine or gluiamic acid is indicated as
“A20G,E” or "A20G/E", or "A20G, A20E".

When a position suitable for modification is identified herein without any specific modification
being suggested, it is to be understood that any amino acid residue may be substituted for
the amino acid residue present in the position. Thus, for instance, when a modification of an
alanine in position 20 is mentioned but not specified, it is to be understood that the alanine
may be deleted or substituted for any other amino acid residue (i.e. any one of R, N, D, C, Q,
EGHLLKEKMEFPSTW,YandV).

The terms "similar mutation” or "simitar substitution” refer to an amino acid mutation that a
person skilled in the art would consider similar to a first mutation. Similar in this context
means an amino acid that has similar chemical characteristics. if, for example, a mutation at
a specific position ieads to a substitution of a non-aliphatic amino acid residue (e.g. Ser) with
an aliphatic amino acid residue (e.g. Leu}, then a substitution at the same position with a
different aliphatic amino acid (e.g. lle or Val) is referred to as a similar mutation. Further
amino acid characteristics inciude size of the residue, hydrophobicity, polarity, charge, pK-
value, and other amino acid characteristics known in the art. Accordingly, a similar mutation
may include substitution such as basic for basic, acidic for acidic, polar for polar etc. The sets
of amino acids thus derived are likely to be conserved for structural reasons. These sets can
be described in the form of a Venn diagram (Livingstone CD. and Barton GJ. (1893) "Protein
sequence alignments: a strategy for the hierarchical analysis of residue conservation”
Comput.Appl Biosci. 9: 745-756; Taylor W, R, {1988) "The classification of amino acid
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congervation" J. Theor.Biol. 119; 205-218). Similar substitutions may be made, for example,
according to the following grouping of amino acids: Hydrophobic: FW YHKMIL VA G;
Aromatic: F W Y H; Aliphatic: L V; Polar WY HKREDCSTN; Chargedc HK R E D;
Positively charged: H K R; Negatively charged: E D.

As convention for numbering of amino acids and designation of protein variants for the
description of protein variants the first glutamine {Q) of the aminc acid sequence QQAGTA
within the parental protein sequence given in SEQ iD NO: 2 is referred to as position number
1 or Q1 or glutamine 1. The numbering of all amino acids will be according to their position in
the parentai sequence given in SEQ ID NO: 2 relative to this position number 1.

The present invention furthermore discloses specific variants of the polypeptides of the
present invention as given above, such as variants of SEQ 1D NO: 2, with changes of their
sequence at one or more of the positionsgiven hereafter.i.e., the invention provides, in a
particular embodiment, the polypeptide as above, wherein one or more of the foilowing
amino acid residues of the sequence defined by SEQ ID NO: 2 are preferably modified by
substitufion or deletion at positions Q1, Q2, G4, A8, T7, A8, N10, P12, T15, A21, (G23, S24,
T26, T27, Q28, N29, G30, A31, V32, N37, W40, V41, G46, Y47, T48, N49, C50, T52, N54,
D57, T59, Y60, D64, E65, AG8, QB2 A72, V84, 386, 588, 390, K92, 399, Q108, D110,
D111, 116, F117, K118, L119, L120, D129, V130, G139, A145, M146, V152, K154, Y155,
N157, N158, K188, K163, G167, Q172, F179, 118G, D181, £E183, E187, G188, Q190, 192,
S193, N194, 1200, D202, H203, D211, V212, A221, P224, D228, T228, G231, T233, M234,
S238, T243, Y244, 5245, N246, D247, G251, F260, G266, K275, 1276, 1277, T280, L290,
D293, G284, T285, T297, T299, S301, K304, F306, N310, 8311, V313, 1314, N318, D320,
1321, T325, N327, T335, A340, F341, D343, T344, D345, D346, 0349, H350, A354, K355,
A358, @361, Q362, G363, M364, V367, D373, Y374, A375, A376, P38s, T387, D39¢C, T3g2,
T393, P394, T400, P402, T403, D404, D410, N417, 5418, T421, Y422, F427, P423, 1430,
G431, T433, G434, N435, P436, S437, G439, N440, P441, P442, G443, N445, R446, T448,
T449, T450, T451, R453, P45b4, A455, T456, T457, GA59, S460, 8461, P462, G463, P44,
T465, S467, HABS, G470, C472, G474, G476, Y4T7, S478, P480, V482, C483, S485, (G486,
T488, C489, Q490, V491, L482, N493, Y495, Y496, Q498, C499, L500 and/or by one or
more insertions after positions G151, K159, G434, A455 or P464, of amino acids 1 to 500 of
SEQ ID NO: 2.

in a more preferred embodiment one or more of the following amino acid residues of the
sequence defined by SEQ ID NO: 2 are preferably modified by substitution or deletion at
positions selected from Q1, Q2, G4, AB, T7, A8, N1-O, AZ1, 524, T28, T27, Q28, N2g, G30,
W40, Y47, D64, E65, AB8, QB9, A72, 886, K82, K118, Y155, D181, E183, Q190, 5192,
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N194, D202, H203, P224, T229, G231, M234, 5236, T243, D247, S311, N318, D320, T335,
A340, T344, D346, Q349, K355, Y374, A375, T387, D390, T392, T393, Y422, P438, P442,
N445, R446, T448, T451, R453, P462, G463, H468, P480, V482, $485, and/or by one or
more insertion of 1-8 amino acids after positions G151, K159, G434, A455 or P464, and in
an even more preferred embodiment are modified by substitution or deletion at one or more
positions selected from Q1, Q2, G4, A6, T7, A8, N10, Q28, EB5, A72, 586, D181, E183,
D202, P224, 8311, N318, D320, T335, D346, Q349, T392, T393, Y422, P442 N445, R448,
H468, V482, and/or by insertions at one or more after positions and/or one or more insertion
of & amino acids after positions G151, K159, G434, A455 or P464 of amino acids 1 to 500 of
SEQIDNO: 2.

Also comprised in the invention are the respective mutations at any one or more of the
specified mutations 1 to 430 of SEQ 1D NO: 5. The skilled person will recognize that residues
1 to 430 of SEQ ID NO: 5 are equivalent to positions 1 to 430 of SEQ ID NO2, and can
iherefore readily transfer the detailed teaching given above and below for preferred
modifications of SEQ ID NO: 2 for any one or more of positions 1 to 430 to the respective
one or more position (1 to 430) of SEQ ID NOG&. As an illustrative and non-limiting example, it
is apparent for the skilied person that, since D390 is one particular poéition at which a
modification in SEQ ID NO: 2 is preferred, D390 is likewise a position at which a modification
in SEQ ID NC: 5 is preferred.

in a preterred embodiment, the variant of the polypeptide of the present invention is a
polypeptide as described above, wherein specifically one or more of the following amino acid
residues of the sequence defined by SEQ D NO: 2 are modified as shown in Table 1.
Shown are preferred, more preferred and most preferred modification. Any of these
mutations may be combined, with each other. However, in a particular embodiment it is
preferred that the mutations are selected only amon'g'élhe more preferred and most preferred
embodiments shown in Table 1. Even more preferably, only modifications indicated as most
preferred are chosen. The skilled person will be aware that any several such mutations are
combineable with each other.

Table 1: Preferred exchanges and simitar mutations

Most
Position Preferred More Preferred Preferred
Q1 L L ' ' L
Q2 P.5 P.S S
G4 C C C
AB GLV G.LV L
T7 Q Q Q
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A8 S
N10 TD
P12 Q
T15 S
A21 S,T,.C
G23 ADN
S24 T.CN
T26 IN
To7 s,
Q28 LK,RN
N29 TY
G30 A
A3 5
V32 G
N37 S
W40 R
V41 T
G46 S
Y47 S,F
T48 A
N49 S
C50 S
T52 D
N54 S
D57 s
T59 M
Y60 H
D84 N
E65 V,M,K
ABS T
QB9 KR
A72 V,C
V84 A
586 T
S89 N
S90 TF
Koz R
899 T
Q109 R
D110 G.S,N
D111 H,E
1116 VKE
F117 Y
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L120 P,M
D129 N
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T450 !

T451 AS AS

R453 G.SK G,5,K

P454 S

A455 VT, AAAAPA AAAAPA AAAAPA
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The inventors of the present inventions surprisingly found that introduction of these
modifications can yield polyppetides having cellobiohydrolase activity with elevated [T50

values, which the skilied person can learn from the examples below, particulariy exampie 8.

Even more preferably, the variant of the polypeptides of the present invention as generally
defined above comprises in a particular embodiment an amino acid sequence selected from
the sequences with mutations with respect to SEQ ID NO: 2, optionally fused with a C-
terminal 6x-His Tag, listed in the following Tabie 2.

Table 2: Mutations with respect to SEQ 1D NO: 2:

]Consecutive Number I Mutation Pattern with respect to Seq. ID NO:2
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1 G4C, A72C, Q349K

2 G4AC, A72C, T344M, Q349K

3 G4C, A72C, T344M, D346G, Q349R

4 GA4C, A72C, D320V, Q349K

5 G4C, A72C, P224L, F308Y, Q349R

8 G4C, A72C

7 A72V, D346A, T393A

8 GAC, A72C, Q349R, R446S, T456A

9 G4C, WA0R, A72C, T344M, Q349K

10 A72V, D320V, D346A

11 G4C, A72C, N194Y, T243L, Q349R, Y3745, A375R

12 G4C, A72C, Q349K, T448A, T449A

13 GA4C, EB5V, A720, Y244H, Q349R

14 G4C, A72C, D202G, D320N, Q349R, A3S8E

15 G4C, A72C, D320V, Q349R

16 G4C, A72C, Q349K, S86T

17 A72V, T3351, D346A, T393A, P436S

18 G4C, A72C, E183V, K304R, Q349K

19 G4C, A72C, T243G, QB349R, Y374P, A375M

20 G4C, A72C, QB49R, T465]

21 G4C, A72C, Q349R
G4C, A72C, N194V, T243M, Gi348R, Y374A,

2D AST5T

23 G4C, DB4N, A72C, Q349R, AIS8E, P464Q

24 G4C, A72C, Q349K, Q28R, 3193T, Q490L

25 GAC, A72C, £183K, Q340K

26 G4C, A72C, S311N, 349K, A4BET

27 (4G, A72C, N194K, Q349R, Y374P, A375Q

o8 G4C, A72C, D181N, Q349K

29 W40R, D320V, Q349K, T393A, N445D

30 WAOR, 73351, D346A, T393A

31 QiL, G4AC, A72C, D181N, E183K, N327Y, Q349R

32 A72C, L1191, T335], Q349R, GA486D

33 G4C, A72C, N194K, T243P, Q349R, Y374H, A375E

34 G4C, A72V, Q349R, P4s2de!

35 G4C, A72C, S288Y, Q349R

36 ' G4C, A72C, S311G, Q349K

37 A72V, D320V, T335!, D346A, TIG3A, N445D

38 G4C, A72C, S86T, M234V, Q349K
Q1L, G4C, Q28R, EB5V, A72C, K159KCGRNK,
D481N, E183M, P224L, S311G, D320!, D346E,
Q349K, T393V, Y420F, P4423, N445D, R446G,

39 T457TAAATT, HAGBL, V482

40 G4C, A72C, G251R, QB49R

41 G4C, A72C, Q349K, D320V

42 A72V, T3351, D346A, T393A

43 G4C, A72C, E183K, Q349R

44 Q1L, G4C, A72C, H203R, Q349K, P442S
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45 G4C, A72C, Q349K, G434S, G470D
46 G4C, W40R, A72C, Q349K
47 GAC, A72C, Q349R, V387A
Q1L, G4C, ABV, C508, A72C, 1180N, D181N,
48 E183K, Q349R, T457P, C472R, C499G
49 G4C, A72C, S311G, D320V, Q349K
50 W40R, T335], D346A, T393A, P436S
QiL, G4C, A72C, D181N, E183K, T243S, Q348R,
51 P386S
52 A72V, D346A, T383A, N445D
53 Q1L, G4C, A72C, K154R, Q349K, T393|
G4C, A72C, N194G, T243F, Q349R, Y374P,
54 A375R
55 A72V, D320V, D346A, T393A, N445D
56 A72C, L119L, Q172Q, Q349K, 7488
57 G4C, A72C, E183V, Q340K
58 G4C, A72C, £183K, N318Y, Q349K
59 WA40R, A221V, T449A, C483R
60 (4C, A72C, K92R, QB349K, N493D
61 Q1L, G4C, A72C, S90T, D181N, E183K, Q349R
52 G4C, A72C, Q349R, G459D
63 G4C, A72C, G349R, Y422F
54 G4C, T48A, A72C, Q349R, P480S
65 E187K, D320V, P442del
66 G4C, S24N, E65K, A72C, Q349R, 1430L, G439D
67 A72V, D320V, 7335, D348A, T393A4, P438S
68 - QiL, GAC, A72C, S193P, Q349K, V482]
69 G4C, A72C, D320V, Q349K, G443D), L4520
Q1l., G4C, A72C, DV152-K159, D181N, E183K,
70 Q349R
71 Q1L, G4C, A72C, Q349K
Q1L, G4C, A72C, D181N, E183K, M234L, V3131,
72 Q349R, H468R
73 Q1L, GAC, A72C, D181N, E183K, I200N, Q349R
74 G4C, A72C, N194K, T243Y, Q349R, A375N
75 Q1L, G4C, Q28R, A72C, Q349K, H468L
76 G4C, EBBY, A72C, Q349R
77 D320V, Q349K
78 g S Q1L, G4C, A72C.8311G, Q349K, H468R
79 G4C, A72C, T243Q), Q349R, Y374P, A375M
80 Q1L, G4C, A72C, D320V, Q349R
81 Q1L, G4C, T155, A72C, Y244F, Q349K
82 G4C, A72C, E183K. D346E, Q349R
83 Q1l, G4C, A72C, Q349K, T392M
84 G4C, A72C, D202N, S311N, Q3498, N493D
85 GAC, A72C, N194D, T243A, Q348R, Y374P, A375Y
86 G4C, A72C, N194Y, T243V, Q349R, Y374P
87 Qii, G4C, A72C, Q349R
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G4C, Q28R, EB5SK, A72C, S86T, D202N, H203R,
S311N, D3201, A340G, D346A, 349K, T393A,

88 Y422F P442S, R446S, H468L, VAB2A
89 G4C, A72C, D202N, Q349R
90 GA4C, A72C, P224L, Q349R
QiL, G4C, A72C, D181N, E183K, T229M, A340T,
91 Q349R, V491
92 Q1L, G4AC, A72C, D181N, Q349R
93 G4C, A72C, D320V, D346V, Q349K
94 Q1l., G4C, A72C, V152A, Q349K
95 Q1L, G4C, Q28R, A72C, Q349K
96 QiL, G4C, A72C, Q349K, Y422F
97 G4C, A72C, D202V, D320V, Q348K
98 Q1L, G4C, A72C, Y1555, D181N, E183K, Q349R
99 Q1L, G4C, A72C, D181N, D247N, Q349K
100 Q1L, GAC, ABBT, A72C, Q349K, G439D, R453S
101 Q1L, GAC, A72C, Q349K, H468R
102 Q1L, GAC, DB4N, A72C, Q349K
103 . G4C, A72C, E183K, Q349R, P464L
104 G4C, A72C, D181N, P224L, Q349K
105 G4C, A72C, N194), T243Y, Q349R, Y374P, A375R
106 Q1L, GAC, A72C, QB49K, P462L
107 Q1L, G4C, A72C, E183K, Q349R
108 G4C, A72C, S311G, Q349R
109 Q1L, G4C, A72C, S311N, Q349K, G463D
110. Q1L, G4C, A72C, S86T, Q349R
111 Q1L; GAC, A72C, D181N, E183K, G231D, Q349R
112 Q1iL, G4C, A72C, S8AN, D1&1N, E183K, Q349R
113 QiL, G4C, EB5K, A72C, Q849K

Q1L Q2FP, G4C, W40R, Eg5M, A72C, 5867,
51821, D202N, H203R, 8311D, D320[, T335],

114 D348G, Q349K, T392M, Y422F, R4460G

Q1L, GAC, 5247, 7261, Q28R, N29Y, G30A, E65V,
ABST, A72C, Y155C, D181N, E183M, Q180K,
P224L, 5311G, D3201, D348E, Q349K, T393V,

115 YA2ZF, P442S, N445D, R4463G, H468L., V482)

118 G4C, A72C, E183K, D202Y, N310D, Q349R

117 G4C, A72C, N1941, T243D, Q349R, Y374P, A375Y
118 Q1L, G4C, A72C, D181N, E183K, Q349R, T456i

G4C, Q28R, A72C, SBET, E183K, P224L, S311N,
N318Y, T335], D346G, Q349R, T3931, P441A,

119 P442S, R4456G, H468L, V482
120 Q1L, G4C, A72C, D181N, Q349K, T4518

Q1L, G4C. A72C, D181N, E183K, T243I, N246D,
121 - . 1Q349R, T488|

Q1iL, G4C, G23N, A72C, D110G, {118V, L119,
D2181N, E183K, D211G, D283K, N310D, (349R,

122 Q362R, G363F, M3645

123 G439V, N440E, P441S, P442Q

124 G4310, S431V, TAB3E, G434S, N435Q)

125 QiL, G4C, Q28R, BG5SV, ABBT, A72C, Y155C,
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D181N, E183M, P2241., S311G, D320i, D346k,
Q349K, T303V, Y422F, P442S, N4450, R446G,

H468L, V4821

Q1L, G4C, A72C, SBET, D181N, E183K, Q349R,
126 T3938
127 QiL, GAC, A72C, D181N, E183K, Q349R, 3485T

Q1L, G4C, G23N, A72C, VB4A, D110G, D111H,
HABE, F117Y, K118A, D181N, E183K, D283R,

128 T295S, Q349R, M364L

129 Q1L, G4C, A72C, D1B1N, E183K, Q349R, R453K
130 Q1L, G4C, A72C, A145T, H203R, QB49K, T403K
131 Q1L, G4C, A72C, D181N, E183K, Q340R, N4455
132 Q1L, G4C, A72C, D181N, E183K, M234! Q349R
133 QiL, G4C, A72C, D181N, E183K, Q349R, 74655
134 Q1L, G4C, A72C, D181N, E183K, T297N, Q349K
135 QiL, G4C, A72C, S311G, Q349K

G4C, Q28R, EBEM, A72C, 586T, E183K, 8182,
H203R, 5311N, D346k, Q349K T382M, T393A,

136 Y422F, N445D, R446S
137 Q1iL, G4C, A72C, D202N, Q349K, G486D

Q1L, G4C, A72C, S99T, D181N, E183K, Q349R,
138 T450] _
139 QiL, G4C, A72C, 1200F, Q349K, L5001
140 Q1L, G4C, A72C, D181N, E183K, Q349R, G4348
141 Q1L, G4C, A318, A72C, D181N, E183K, Q349R
142 Q1L, G4C, Q28L, A72C, D181N, E183K, Q349R
143 : Q1L, G4C, A72C, DI181IN, E183K, O349R, P4368
144 Q1L, G4C, A72C, D181N, E183K, T2333, Q349R
145 ' Q1L, G4C, A72C, D202N, (349K
148 Q1L, G4C, ABBT, A72C, Q348K

Q1L, G4C, AZ1T, A72C, D181N, E183K, Q340R,
147 P4543
148 Q1L, G4C, A72C, D346V, G349K

Q1L, G4C, Y47F, A72C, D181N, E183K, Q349R,
149 P436S, S461R
150 Q1L, G4C, A72C, D181N, E183K, M234T, Q349R
151 Q1L, G4C, A72C, N1578, D181N, E183K, Q349R
152 Q1L, G4C, A72C, D181N, E183K, Q349R

G4C, A72C, N194Q, T243V, Q349R, Y374F,
153 A3758Y :

Q1L, G4C, A72C, D181N, E183K, 1314F, Q349R,
154 N445D
155 Q1L, G4C, A72C, Q349K, T392K
156 Q1L, G4C, A72C, D181N, E183K, Q849R, T451A
157 Qi G4C, A72C, D181N, E183K, M234V, Q349R
158 Q1L, G4C, A21S, A72C, D181N, E183K, Q349K
158 Q1L, G4C. A72C, D181N, E183K, Q349R, N4g3D
160 Q1L, GAC, A72C, S311N, Q349K

Q1L, G4C, Q28R, 65V, A72C, D181N, E183V,
D228N, 5311N, N318Y, D346k, Q1349R, Y422F,
161 P4425, N445D, R4460G, H468L, V4827

162 G4C, A72C, N194C, Q349R, Y374C
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163 Q1L, G4C, A72C, D181N, E183K, Q349R, A455V
164 Q1L, G4C, A72C, D181N, E183K, Q349R, T4008
165 Q1L, G4C, T26l, A72C, D181N, E183K, Q3498
Q1L, G4C, A72C, D181N, E183K, N310D, Q349R,
166 139258, G463D
Q1L, G4C, A72C, D129N, D181N, E183K, Q190L,
167 (2668, 12768V, Q349R, P386L, F427Y
168 Q1L, G4C, A72C, D181N, E183K, D202N, Q349R
169 Q1L, G4C, A72C, Y155C, D181N, E183K, Q349R

Q1L, G4C, Q28R, EB5V, A72C, D181N, E183M,
P224L, 3311G, 03201, D346E, 349K, T393V,

Y422F, P4428, N445D, R446G, P4S4PATAAA,

170 H468L, V4821

Q1L, G4C, Q28R, E65V, AT2C, K159KCGRNK,
D181N, E183M, P224L, 53116, D320(, D346E,
Q349K, T383Y, Y422F, P4425, N445D, R446G,
171 H468L, V482|

172 Q1L, G4C, A72C, D181N, E183K, N246K, Q348R
G4C, W40R, £65V, A72C, 886T, D181N, E183K,
D2021, H203R, 83110, D320N, D346V, Q343R,

173 T392M, T393A, Y422 P4428, H488Q), V482A
174 Q1L, G4C, A72C, Y155C, Q349K
175 Q1L, G4C, ABBT, A72C, D181N, E183K, Q349K

Q1L, GAC, 524T, Tasl, Q28R, N29Y, G30A, Y47F,
EBEV, AGBT, A72C, Y155C, D181N, E183M,
Q190K, P224L, T229M, G231D, M234T, S311G,
D3201, A3408, DA48E, Q349K D390E, T393Y,
Y422F, P4425, N445D), R446G, T4484, R453G,
176 H468L, P480S, V4821

QiL, G4C, W40R, EBBM, A72C, 5887, S5192L,
D202N, H203R, 83110, D320!1, 73351, D346G,

177 Q348K T302M, Y422F, R446G
Q1L, G4C, A72C, S86T, D181N, E183K, D320V,
178 Q349K

GAC, Q28K, A72C, 888T, £183M, D202N, P224L,
S311G, N318Y, D320N, D346A, Q348R, T352M,
179 T393l, P442S, H468L, V482!
G, Q2P, G4C, Q28R, W40R, E65BK, A72C,
D181N, 81820, D202, H203R, P224L, 8311G,

. D3201, D343A, DI46A, Q349K, P4425, N445D,
180 F446(G, V482A .
Q1L, G4C, Q28R, EBBK, A72C, E183M, D202,
P2z4l., DEZON, D348V, Q348K, T382M, T383YV,
181 YAZ2F, N445D, R448(G, H468L, V4827
Q1L, G4C, Q28R, E65V, A720C, 388T, E183K,
D202V, 8311G, N318Y, D320!, D346G, Q348K,
182 1383V, Y422F, N445D, R446S, H488Q), V482T
Q1L, G4C, W40R, ES5M, A72C, D181N, E183K,
15192P, D202N, P224L, 8311D, N318Y, D320V,
D346G, Q349K T392M, N445D, R446G, H468L,
183 V482T :
Q1L, G4C, E65V, A72C, D181N, E183K, P224L,
S311G, D320N, D346G, Q349R, T382M, T383,
184 R446G, H468L, V4821
Q1L, G4C, Q28R, E65Y, A72C, G151GCGRSG,
D181N, E183M, P224L, S311G, D3201, D346E,
QB349K, T383V, Y422F, P4428, N445D, R446G,
185 H488L, V482]
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Q1l., G4C, EB5M, A72C, D181N, E183M, Dac2Y,
P224l., 53110, N318Y, D320l T3351, D346A,
Q349K, T392M, T3931, N445D, R446G, T448A,
186 H468Q, V482A

Q1L, GAC, G23A, A72C, D110S, D1i1H, 118V,
F117Y, K118A, LT20M, D181N, E183K, D293H,

187 G284A, N31CE, Q348R, Q362G, M364S
Q1L, G4C, A72C, D181N, E183K, Q349R, T421,
188 G439D

G4C, Q28K, E6EM, A72C, 8867, V1524, D181N,
E183V, 51921, D202N, S311N, D32CN, D346E,
Q349R, T387A, T382M, T383l, Y422F, P4428,
1849 R448S, H468L, G476D, V4821

Q1iL, G4C, W40R, EBSV, A72C, S85T, £183V,
(G188C, 51827, D202Y, H203R, P224L, S311N,
D320V, D346E, Q349K T3G3V, Y422F, N445D,
18C H446G, H4680, V4821

Qil, G4C, £E65M, A72C, S8BT, E183M, D202N,
P224l., T3351, D34603, Q349K, T392M, T393A,
191 P4425, N445D R446G, H468Q, V482A

Q1L, GAC, Q28H, EGBV, A72C, Di81N, E183M,
P224L, 83114, D3201, A3408S, D346E, Q548K,
D390E, T383V, Y422F, P4428, N445D, R446(,
192 H468L, P480S, v4821

193 G4C, WA0OR, A72C
Q1L, G4C, W4CR, EBBK, A72C, 586T, E383K
S8192L, D202Y, P224L, D3201, D346E, Q349R,
184 P442S, R446G, H468R, V482T
QiL, G4C, A21T, T261, Q28R, ESBV, ABST, A72C,
Y156C, D181N, E183M, Q190K, D202N, P224L,
“1S311G, N318Y, D320, 348k, Q349K, T393V,
Y422F, N445H, R44GG R453G, H468Q, P480S,
185 V4821
Q1L, G4C, Q28R, £685V, A72C, 386T, 181N,
D202N, P224L, S311G, N318Y, D320!, T335l,
D346k, Q349K TE93V, Y422F, N445D, R4463,
196 H488Q), V4821
Q1L, G4C, Q28R, Ea5V, A72C, D181N, E183M,
P224L, 8311G, D320l, D348E, Q349K, T393V,
Y422F, P4425, N445D, R4460G, P4A64APTHAAA,
187 H468L, V4821
Q1L, G4C, Q28R, B85V, A72C, E183M, S311G,
DR46E, QB49K, T393V, Y422F, P442S, N445D,
198 R4460G, H468L, V4821
Q1L, G4C, T7Q), ABS, N10T, 3247, T27Q, Q28R,
N29T, V41T, G48S, Y475, T52D, D575, DB4N,
E65V, QB9K, A72C, D181N, P224L, S311D,
N318Y, D320N, DI46A, Q349K T392M, 7393,
199 YA22F, N4458), H446G, H468Q, V4821
‘ Q1iL, G4C, Q28R, EB5V, A72C, K159KCGRNK,
£183M, P224L, 831G, D320}, D346E, Q345K
T383V, Y422F, P4425, N445D, R4463G,
200 T457TAAATT, H488L, V482l
Q1L, G4C, Q28K, W40R, EB5V, A72C, DTB'%N
E183V, 5182P, D202V, H203R, S311G, D320N,
201 D346E, Q340K, T302M, TSQSA, Y422F, V482
QiL, G4C, Q28R, E65V, A72C, G1388, D181N,
E183M, P224L, 5311G, 3201, D346E, Q349K
T393V, Y4228, P442S, N445D, R446G, H468L.,
202 V482l
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Q1L, G4C, Q28R, EBBV, A72C, S86T, 181N,
E183M, D202N, P224L, 83113, N318Y, T335l,
D346E, Q349K, T383V, Y422F, N445D, R4463,
203 H468L, V4821

Q1L, G4C, Q28R, E&5K, A72C, D181N, S311N,
N318Y, D346E, Q349K, T393V, Y422F, N445D,
204 R448G, H468Q, V482]

Q1L, G4C, W40R, A72C, 5192, D202N, H203R,
P224l., S311N, D320, T335{, D346V, QA345R,
205 73031, N445D, R448G, H4588Q, V4B2T

Q1iL, G4C, Q28K, EB65K, A72C, E183M, D202N,
P224L, 72298, 5311G, D3201, T335l, D348V,
206 Q349R, T393V, H468Q, V482A

Q1L, G4C, Q28R, GB0A, EGEM, A72C, D181N,
D202N, P2241, S311D, N318Y, D348E, Q348K,
207 T392M, T383Y, Y422F, P4423, N445D, R448S
Q1iL, G4C, Q28R, EBLV, A72C, S68T, E183M,
S311N, T3351, D346E, (349K, T393V, Y422F,
208 N4450D, R446G, H468L, V482T

Q1iL, G4C, Q28K, EB5K, A72C, D181N, D202N,
S311N, N318Y, T335(, D346k, Q349K, 7393V,
209 Y422F, P4425, N44BD, R446G, H468L, V482!

210 T243C, A375C, N194C, Y374C

Q1L, G4C, Q28K, EB65K, A72C, 886T, E183M,
5311G, D346V, Q349R, T302M, T393V, Y422F,
211 P4425, N445D, R446CG, H468L., S478Y, V482|
QiL, G4C, Q28R, EG5Y, A72C, D181N, E183M,
S311G, D346E, Q349K T393V, Y422F, P442S,
212 N4450), R446G, HA68L., V4821

Q1iL, G4C, Q28R, E65V, A72C, 386T, D181N,
D202N, S311N, N318Y, D3201, T235!, D346E,
Q348K, T383l, Y422F, N445D, R4483G, H463Q,
213 V4821

Qik, G4C, Q28R, E65K, A72C, S86T, E183K,
D202N, P224L, 311G, T335l, D346A, Q349K,
214 1393V, Y422F, N44BD R446G, H468L, V482T
Q1iL, G4C, Q28R, E6LY, A72C, L120P, D181N,
E183M, P224L, 8311G, D320, D346%, 348K,
T393V, Y422F, P4428, N445D, R445G, H468L,
215 V482]

Q1L, G4C, Q28K, E65V, A72C, S8ET, E183M,
S311N, N318H, D320V, D346V, Q348K, T3g2M,
218 T393A, R4463, H468L, V482!

Q1iL, G4C, Q28K, EBSV, A72C, D202N, H203R,
S311G, 73351, D346V, Q340K, T383A, P4428,
217 . - | R446G, H468L, V482i

Q1L, G4C, Q28R, E8BV, A72C, E183M, 33114,
D3201, D346k, Q349K T383V, Y422F, P44285,
218 N445D, R446G, H468L, V4821

Q1L, G4C, Qe8R, E65K, A72C, D181N, D202N,
H203R, P2241, 83110, D346G, (348K, P4423,
218 R4468, H468Q, V482T

Q1L, G4C, Q28R, E8EM, A72C, D181N, E183M,
S311G, N318Y, 33201, T335i, D346k, G348K,
D3Y0E, T393Y, Y422F, P4425, N445D, R446G,
220 H468Q, V482T '
Q1L, G4C, T275, Q28R, E65V, QB9R, A72C,
L120P, D181N, E183M, D202N, D247N, 8311G,
D346k, Q340K, K355Q, T3875, T393V, Y422F,
221 N445D, R4460G, T4515, G463V, H468Q, V482T,
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S485T

Q1tL, G4C, Q28R, E65K, AT2C, E183V, 5192T,
202N, 3311G, D320V, D346A, QB48K, P442S,
222 N4450 B446G, HA68R, V482A
Q1TL, G4C, W40R, E85V, A72C, S86T, E183M,
D202N, P224L, S311G, D320V, D346E, Q349R,
223 T393l, P442S5, R446(G, H468R, v482I
Q1L, G4C, Q28N, EB5K, A72C, D181N, E183M,
D202N, H203R, 5311G, N318Y, D320N, Q349R,
T393V, Y422F, P442S, N445D, R446G, HA68L.,
224 V482|
Q1L, G4C, 28R, V41T, G468, Y475, T52D, EBLY,
A72C, D181N, P224L, 53110, N318Y, D320N,
D346A, Q349K, T382M, T3831, Y422F, N445D,
225 RB448G, H488Q, V482]
Q1L, G4C, G28R, EB5K, A72C, D181N, E183M,
P224L, 311G, D320, D346E, Q349K, T393V,
228 Y422F P4425, N445D, R446G, H468L., V482]
Q1l., G4C, Q28R, W40R, A72C, S86T, D181N,
S192T, DR02N, P224L, 8311G, N318Y, D320V,
D346E, Q349K, T392M, T393[, P4425, N445D,
227 R446G, H488Q, V482]
QiL, GAC, A21T, T261, Q281, G30A, EBSY, ABBT,
A72C, Y155C, D181N, Q190K, D202N, P224L,
T229M, 311G, N318Y, D3201, T335l, D346k,
Q348K, T383V, Y422F, N445D, R448G, R4533,
228 H488Q, V482i
Q1L G4C, Q28K, W40R, A72C, S86T, D181N,
E183M, 51821, D202Y, T2985, S311N, N318Y,
228 D3201, D346V, Q349R, T393I, P4428, H468L
QiL, G4C, Q28R, £65V, A72C, D181N, E183M,
P224l, T229M, G231D, M234T, S311G, D320},
D346E, Q349K T393V, Y422F, P442S, N445D),
230 R4483, H468L., V4821
Q1L, G4C, S524T, T261, Q28R, N29Y, G30A, E65V,
ABST, A72C, Y155C, D181N, £183M, Q180K,
P224L, T229M, G231D0, M234T, 8311G, D320,
A3408, D346E, Q349K, D390E, T393VY, Y422F,
P4423, N445D, R446G, T448A, R453G, H468L,
231 P4803, V482]
Q1L, G4C, Q28R, EB5V, A72C, D181N, E183M,
p224L, 53116, D3201, D346E, Q349K, 7393V,
YAZ2F, P4425, N445D, R446G, G483V, H4B8L,
232 V4821
Q1L, G4C, Q28R, EBSK, A72C, E183M, P224L,
: S311G, D348E, QB49K, T383V, Y422F, P44285,
233 - N445D, R446G, H4AB8L, V482 '
Q1L, G4C, G28R, EG5V, A72C, 86T, Dig1N,
E183M, D202N, P224L, S311G, N318Y, D346E,
: Q349K, T393V, Y422F, P4425, N445D, R446Q,
234 FH468L, V482T '
QiL, G40, G28R, W40R, E65V, A72C, S86T,
S1927, D202V, H203R, 8311N, N318Y, D346A,
Q349K T392M, T393A, Y422F, P4425, N445D,
235 VA82A
QiL, G4C, Q28R, E85V, AT2C, K159KCGRNK,
E183M, P224L, 8311G, D320, D346k, Q349K,
T393V, Y422F, G434GAAATG, P4428, N445D,
236 R446G, TASTTAAATT, H468L, V482

237 Q1L, G4C, Q28K, EB5K, A72C, D181N, H203R,

29



WO 2011/098551 PCT/EP2011/052023

P224L, S311G, D320V, D346G, Q349K, T332,
T303l, 4425, N4A4ED, R448G, HA6BL, V482A
Q1L, G4C, Q28R, EB5K, A72C, E183M, S311G,
D348E, Q349K, 7393V, Y422F, P4428, N445D),
238 R4468G, H468L, V482]

Q1L, GAC, Q28R, £E65M, A72C, D181N, E183M,
S311G, N31BY, D346E, Q349K, T393V, Y422F,
239 P4425, N445D, R446G, H4680Q, V4821

Q1L, G4C, Q28R, EBSV, A720, E183K, D202],
P224L, 83114, D3201, Q349K, T393V, P4428,
1240 N445D, R446S, H468L, V482

Q1L, G4C, Q28K, A72C, 586T, D181N, E183V,
S192T, D202N, P224L, S311G, N318Y, D320V,
346G, Q349R, T392M, Y422F, P4425, N445D,
241 R446S, H468L, V482A

G4C, QZ8R, E8eK, AT2C, 586T, D181N, E183M,
S192L, D202N, H203R, P224L., S311D, D346E,
Q349R, T392M, T383A, Y422F, P442S, N445D,
242 R446G, P462L, H468L, V482T

Q1L, G4C, W40R, EB5K, A72C, Q100R, D181N,
E183M, S192i, D202I, H203R, 5245T, D346A,
Q349R, T383A, Y422F, P442S, N445D, R446G,
243 H468R, V482A

Q1L, G4C, Q28K, ES5M, A72C, D181N, D202N,
S311N, T335l, D346k, Q349K, T3931, Y422F,
244 P4428, N445D, R448G, H468Q), V482]

Q1L, G4C, N10D, Q28R,; EBEV, Q68R, A72C,
D181N, £E183M, P224L, S311G, D320!, D346E,
QB349R, T393V, N417Y, Y422F, P4428, N445D,
245 446G, H468L, V4821

Q1L, G4C, Q28R, W40R, £6BV, AT2C, D202Y,
H203R, P224L, T2981, N318Y, D320V, D348A,
Q348K, T392M, T383A, P4428, N445D, R4460,
248 H488R, V4827

G4C, Q28R, EBSY, A72C, E183M, 202N, P224L,
S53144G, N318Y, D320V, D346G, Q349K, T392M,
247 YA422F, R448G, H4680

Q1L, G4C, Q28K, A72C, 586T, E183K, 8311G,
D320V, D346A, Q349R, T392M, T393l, Y422F,
248 P4425, R4468, H4B8Q

Q1tL, G4C, Q28R, E65M, A72C, D181N, P224L,
S311N, D320N, 73351, D346k, Q349K, T352M,
249 Y422F, N445D, R446S5, H468L, v482T

Q1L, G4C, Q28K, EB5Y, A72C, D181N, D2C2N,
$311G; T335l, D346E, Q349K, T393V, Y422F,
250 N445D, R446G, H468@, V482

Q1L, G4C, Q28R, E85K, A72C, D181N, E183M,
S311N, N318Y, 7335, D346E, Q349K, T3583V,
251 Y422F, Na45D, B4460G, H468L., V482]

Q1L, G4C, Q28R, EB5K, A72C, E183M, S311G,
D3201, D348E, Q349K, T393V, Y422F, P4425,
252 ~_1N445D, R446G, H468L, V482

Q1L, G4C, Q28R, EBBV, A72C, D181N, E183M,
S311G, D3201, D346E, Q349K, T393V, Y422F,
253 P4425 N445D, R446G, H4B8L, V4821

Q1L, G4C, W40R, B85V, A72C, S86T, D1BIN,
S162T, D202N, H203R, P224L, S311G, N318Y,
T3351, D346G, Q349K, T352M, T393V, Y422F,
254 N445D, R446G, HA68Q

255 Q1L, G4C, Q28RK, EB5K, A72C, E183M, S311N,
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D3201, D348E, Q349K, T393l, Y422F, P4423,
N445D, R446G, H4680Q, V4827

QiL, G4C, T7Q, ABS, N10T, Q28R, D573, DB4N,
EG5V, Q69K, A72C, DT181N, P2241, 33110,
N318Y, D320N, D348A, Q349K, T392M, T393],
256 Y422F, N445D, R4468G, H468Q, V4821

Q1L, G4C, Q28R, E65M, A72C, S86T, D181N,
E183M, D202N, P224L, S311G, D346A, Q348K,
T393I, Y422F, P4425, N445D, R446G, H488Q,
257 VA8Z2T

Qit, G4C, N10D, Q28R, E65V, Q88R, A72C,
KO2R, K118Q, D181N, E183M, D202N, T280A,
8311G, T3351, D346E, Q349K, K355Q, T3878S,
T393V, D404N, Y422F, N445D, R446G, P462L,
258 G463V, H488Q, V4821, S485T

Q1L, G4AC, Q28R, E65M, A72C, E183M, D202N,
S311G, D3201, T3351, D346E, G349K, T393I,
259 Y4228, N445D, R4460, H468Q, V482l

Q1l., G4C, Q28K, EB5K, A72C, D181N, E183M,
DR202N, 8311D, D320V, T335!, D346G, Q349K,
260 T393|, Y422F, P4425, N4450, H468L, V482
Q1L, G4C, Q2BK, EE5K, A72C, 588T, P224L,
S311N, D3201, 73351, D346E, Q348K T393V,
261 Y422F N445D, H446G, H468Q, V482T

Q1iL, G4C, Q28R, E65V, A72C, 886T, D181N,
E183M, D202N, P224L, S311N, D320l, D346E,
Q349K, TAG3V, Y422F, P4425, N445D, R446G,
262 H4680, V482T

G4C, EBBK, A72C, SBET, E183M, D202, P224L,
) S311N, N318Y, D320N, T335l, D346V, Q349R,
263 1393V, Y422F, P442S, R446S, H468L

Q1L, G4C, Q28R, EBSK, A72C, D202ZN, S311N,
T3351, D346E, Q348K, T3934, Y422F, P4425,

264 N4450, B446G, H468L, V482T
QiL, G4C, 65V, A72C, D181N, E183K, D202G,
265 Q349K

Qil., G4C, G28R, EBBK, A72C, E183M, P224L,
S311G, D320, D346E, Q349K, T383V, Y422F,
266 P4425, N445D, B446G, H468L, V482

Q1L, G4C, Q28R, EG5V, A72C, D181N, E183M,
P224L, F308L, 8311G, D320, D348E, Q349K
T393V, Y422F, P4425, N445D, R446G, H468L,
267 V482

Q1L, G4C, Q28R, E65Y, A72C, 886T, 202N,
P224L, 311G, N318Y, D320i, D346A, Q349K
268 o 1393\, YA422F, N445D, R448G, HA68Q, V4827
QiL, G4C, Q28BK, E85K, A72C, D181N, E183K,
5192P, P224L, 311G, N318Y, D320V, D346E,
269 Q349R, T392M, 73831, Y422F, P44253, H468Q
Q1L, G4C, Q28K, EB5M, A72C, SBET, E183M,
H203R, 83110, D320V, T3351, D346E, Q349R,
270 - ' T393A, N445D, R446(G, H468Q, V482A

A Q1L G4C, Q28R, A72C, D181N, E183V, D202,
H203R, P224l., 53110, D320V, D346V, Q349R,
271 T392M, T3831, N445[D, H468L

Q1l., G4C, Q28K, W40R, EB5K, A72C, S86T,
D181N, E183K, 31921, D202i, H2C3R, S311N,
D320N, D346V, Q349K, T382M, T393A, Y422F,
272 N445D R446S5

273 G4C, EGBY, A72C, S8BT, Y155H, D181N, E183Y,
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Q190K, P224L, 8311N, D320V, D346V, Q349K,
T392M, T383V, Y422F, P4428, N445D, R4460Q,
H468L, V482A
Qil, G4C, Q28R, EBSM, A72C, 3867, E183M,
D202N, S311D, N318Y, D320N, T335!, D346A,
Q340R, T392M, T3a3l, Y422F, P4423, N445D,
274 R446G, H468L, V482A
Q1iL, G4C, Q28R, EBLY, A72C, D181N, E183M,
S3T1N, N318Y, D3201, 73351, D346E, Q349K,
275 1393V, Y422F, N445D, R446G, HAG8L, V4827
Qit, G4C, Q28R, EBBK, A72C, S86T, D181N,
D202N, S311G, D346E, Q349K, T3931, Y422F,
276 N445D, R446G, H468L, V4821
Q1l, G4C, Q28R, EBSK, A72C, D181N, D202N,
S311N, N318Y, D320I, D3458E, Q348K, T383!,
277 Y422F N4450}, R446G, HAB8L, V480T
Q1L, G4C, T7Q, A8S, N10T, 8247, T27Q, Q28R,
N29T, D575, DE4N, B85V, QB3K, A72C, EX181N,
P224L, 53110, N318Y, D320N, D346A, Q349K,
T392M, T383}, Y422F, N445D, R446G, H468Q,
278 V4821
Q1tL, G4C, Q28R E6EK, A72C, S88T, D20G2N,
53113, N318Y, D320, D346A, Q349K T3931,
279 Y422F, N445D, R4460, H488L, v482]
Q1L, G4C, Q28R, A72C, D181N, 3311G, N318Y,
D320V, D346E, Q348K, T393l, Y420F, P4425,
280 N445D, R446G, H468Q
Q1L, G4C, Q28R, £65K, A72C, D181N, E183M,
: S311G, D3201, D346E, Q349K, T393V, Y422F,
281 P442S, N445D, R446G, H468L, V482]
Q1L, G4C, Q28BR, EBSK, A72C, D181N, E183M,
S311G, D346E, Q340 T393V, Y422F, P442S,
2872 N445D, R448G, H468L, V4821
Q1L, G4C, Q28R, B85V, A72C, E183M, D202N,
S311N, D320, [3346E, Q349K, T393V, Y422F,
283 N445D, R446C, H468Q), V482T
QiL, G4C, Q28R, EBBK, A72C, E183M, 311G,
T3351, D346E, Q348K T393V, Y422F, N445[,
284 R446G, H4880;, v482]
Q1L, G4C, Q28R, EBSY, A72C, S86T, D181N,
D202N, S311N, N318Y, T3351, D346E, G349K,
285 1383V, Y422F, N445D, R446G, H468Q), V4821
Q1L, G4C, EB5M, A72C, S8ET, £183K, D202Y,
83114, D320N, 733581, D346A, Q349K, T333V,
286 Y422F, R4466, H468Q, V4827
Q1L, G4C, Q28R, E85V, A72C, S86T, E183M,
D202N, P224L, 8311N, D320l, T3351, A3408S,
D348A, Q349K, T393V, Y422F, N445D, R446G,
287 H468Q, V482T
Q1L, G4C, Q28K, EB5K; A72C, S85T, D181N,
E183M, H203R, P224L, S311D, D320I1, D348E,
288 - Q349R, T392M, Y422F, R446G, H488L
QI1L, G4C, Q28K, E65V, A72C, 586T, D181N,
E183M, P224L, S311G, D3201, D346E, Q349K,
T3G3V, Y422F, P4425, N445D, R446G, H463Q,
289 V482
G1L, G4C, Q28K, N29Y, EBSK, A72C, D181N,
' S311G, T3351, D346k, Q349K, T393V, Y422F,
290 N445D, R446G, H468Q, v482T

291 Q1L, GAC, Q28K, E65M, A72C, E183M, 83116,
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D346k, Q349K, T393V, Y422F, P442S5, N445D,
R446G, H468L, V482T

Q1L, G4C, Q28K, E65V, A72C, S86T, D181N,
E183K, D202N, S311N, N318Y, D320N, T3351,
D346A, Q340K, T392M, T393V, P4425, N445D),
292 R446G, H468Q

Q1L, G4C, Q28K E65K, A72C, S86T, D181N,
E183M, D202N, 53116, N318Y, T335I, D346E,
G349K, T3931, Y422F, N445[), R4460, H468Q,
293 VAB2!

Qil, G4C, Q28R, E85K, A72C, E183V, S182T,
D202N, 8311G, D320V, D346A, (345K, T323V,
204 P4425, N445D, H468L, V4B2A

Q1iL, G4C, QR28R, £65V, A72C, E183M, D202N,
S311N, N318Y, D3201, T3351, D346E, Q348K,
285 T393V, Y422F, N445D), R446(G, H468L, V482T
Q1iL, G4C, 824T, Q28R, EB5K, A72C, D202N,
S311G, T335!, D346E, Q349K T393%, Y422F,
286 N445D, B446G, H468Q, V482T

Q1iL, G4C, A72C, 5861, D181N, 51921, D202N,
P224L, S311G, N318Y, D320V, T335], D346G,
287 Q349K, Tag3l, R446G, H468Q

Q1L, G4C, Q28R, EBBV, A72C, D181N, P224L,
S311D0, N318Y, D320N, D346A, G349K, T392M,
208 T3831, Y422F, N445D, R446G, H488Q, V4821
Q1L, G4C, Q28R, EB5M, A72C, D181N, £183M,
D202N, P224L, 8311G, D345A, G348K, T393l,
289 Y422F, P442S, N44B5D, R4480G, H468L, V482T
Q1iL, G4C, Q28K EBBV, A72C, 386T, E183V,
S182l, D2gav, D3204, T335], D346V, Q3401
T3G2M, T3831, Y422F, P4425, N445D), R446G,
300 H468R, V4B2A

QiL, G4C, QRBK, EBBM, A72C, 3867, Di81N,
E183M, D202N, P224L, 33114, D3201, T3351,
D346E, Q348K, T393V, Y422F, N4450, R4464G,
301 H468C, V4827

QiL, G4C, G28K, A72C, D181N, D2021, 8311D,
N318Y, T335!, D346E, Q348K, T382M, Y422F,
302 84460, H468L

QiL, G4C, Q28R, E65V, A72C, D181N, E183M,
P224L, S311G, D320N, D346k, Q349K, T393V,
Y422F, T433S, P4423, Nd445D, R446G, H4638L,
303 V4821

Q1iL, G4C, Q28K EB5V, A72C, D181N, E183M,
D202N, S311G, N318Y, D348E, Q349K, T383i,
304 Y422F, N445D, R446G, H468Q, V4821

Ok, G4C, Q28K, EB5K, A72C, D181N, D202N,
S311G, N318Y, D346A, Q348K, T3931, Y422F,
308 N445D, BR446G, H4680Q, V482T

Q1l., G4C, Q28R, E65K, A72C, S86T, E183M,
D202N, D3201, 73351, D346A, Q348K, T392M,
308 Y422 N4450, R446G, HA68L, v482T

Qil, G4C, Q28K, EBBM, A72C, S88T, E183M,
8311N, N318Y, D3201, 73351, D346E, Q349K,
307 13931, Y422F, P4428, H468Q, V4821

Q1L, G4C, EB65M, A72C, S86T, E183V, S182L,
02021, H203R, P224L1, S311G, N318Y, D320V,
D346A, Q348K, P4425, N445D, R446G, H468R,
308 VAB2A

309 Q1L, G4C, T7Q, ABS, N10T, Q28R, E&5V, A72C,
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D181N, P224L, 83110, N318Y, D320N, D346A,
Q349K, T382M, T393l, Y422F, N445D, R446G,
H468Q, V482l

Q1L, G4C, EB5K, A72C, S86T, D202V, S311N,
D320V, 73351, D346V, 349K, T302M, Y422F,
310 N4450, R446G, H468L

Q1L, G4C, Q28R, E65K, A72C, D181N, E183M,
P224L, 3311G, D346k, Q349K, T393V, Y422F,
311 P4425, N445D, 446G, H488L, VAB2Z]

Q1L, G4C, Q28R, D578, D64N, EG5V, QB9K,
A72C, D181N, P224L, 53110, N318Y, D320N,
D346A, Q349K, T392M, T383l, Y422F, N445D,
312 R446G, H468Q, V482I

Q1L, G4C, Q28R, A72C, 5867, E183M, 81927,
D202N, H203R, P224L, S311N, T335(, D346V,
Q349R, T392M, T383V, P442S, N445D, R446G,
313 HA68Q, V482A

Q1L, G4C, Q28K, EB5V, A72C, D181N, D202N,
S311N, D348A, Q349K, T393!, Y422F, N445D,
314 R446G, H4680, V482|

QiL, G4C, Q28R, EB5V, A72C, D181N, E183M,
P224L, S311G, B3201, D346E, Q348K, T333V,
Y422F, P4425, N445D, R4483G, HaAG8L, V4821,
315 54857 -

G4C, Q2BK, E65M, A72C, S8BT, E183M, D202N,
P224L, S311G, T3351, D346E, Q349K, T393V,
316 Y422F P4425, N445D, R446G, H468L., V4821
G434GAAATG, T4E7TAAATT, Q1L, G4C, Q28R,
EB5Y, A72C, E183M, P224L, 8311G, D320,
D346E, Q349K TI03V, Y422F, P4425, N445D,
317 446G, H468L, V482]

G4C, Q28H, EBBM, A72C, 586T, Di81N, E183M,
D202Y, P224L, S311N, B346A, Q348K, T323l,
318 Y422F, N445D), R4485, H4680), V482A

QiL, G4C, Q28K EBEV, A72C, S86T, D181N,
BE183K, D202N, P224L, S311G, D3201, D346E,
Q348K, T383, Y422F, P4428, N445D, R446G,
319 H468Q, V48271

Q1L, G4C, 7278, Q28R, E65V, A72C, D181N,
E1830M, P224L, 33116, D3201, D346E, Q348K
T393V, Y422F, P4428, N445D, R446(3, H468L.,
320 V4821

Qik, G4C, Q28R, £E65M, A72C, 8867, D181N,
E183M, P224L, S311G, 73351, D346A, G349K,
T393V, Y422F, P4425, N445D, R446G, H468Q,
321 V4821

G28, G4C, ABL, T7Q, ABS, N1CT, Q28R, EG5Y,
A72C, D181N, P224L., S311D, N318Y, D320N,
D346A, Q349K, T302M, T3831, Y422F, N4450,
322 R448CG, H4680, V482|

Q1L, G4C, Q28R, B85V, A72C, S86T, D202N,

- [P224L, 8311G, B3R201, D346E, Q349K T393V,
323 Y422F, N445D, B446G, H488Q, V482 .
Q1L, G4C, Q28K, EBBV, AT2C, E183M, D202N,
S311G, D320, DB4BE, Q349K T383V, Y422F,
324 P442S, N445D, R446G, H468L, V482]

Q1iL, G4C, Q28H, k65K, A72C, D181N, P224L.,
5311N, N318Y, D3201, D346E, Q349K, T383V,
325 Y422F, N445D, R446G, H468L, V482]

326 Q1L, GAC, Q28R, E&5M, A72C, S90F, D181N,
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P224|., 8311G, N318Y, D346E, Q349K, T3931,
Y422F, P4425, N445D, R446G, H468Q, V482]
G4C, Q28R, A72C, S86T, D181N, E183V, 51921,
D202V, N246S, S311D, N318Y, D320V, D346A,
327 (349K, T393V, P4428, N445D, H468L, V482A
Q1L, G4C, Q28K, EBSV, A72C, D181N, E183M,
D202N, P224L, S311N, N318Y, D320, T3351,
D346A, Q349K, T393I, Y422F, N445D), R446G,
328 H468Q, V482T
QiL, G4C, Q28R, A72C, S86T, E183M, 5192,
H203R, 53110, D320V, T3351, D346V, Q349K,
329 N445D, H468Q, V482A
Q1L, G4C, Q28R, T59M, E6EK, AB8T, A72C, 885T,
D181N, $192L, D202N, H203R, S311D, D320V,
T335], (349K, T383A, P4423, N445D, R4463,
330 H468L, VAB2A
Q1iL, G4C, Q28R, EBSV, AT2C, D181N, E183M,
D202N, P224L, 8311, N318Y, T3351, D346k,
Q349K, T393V, Y422F, P4428, N445D, R446G,
331 H4680, V482
Q1L, G4C, Q28R, EBBV, A72C, D181N, E183M,
P224L, 311G, B3201, D348k, Q348K, K355@Q,
1383V, Y422F, P4425, N445D, R446G, H468L,
332 VaB2l
Q1L, G4C, Q28R, EB5V, A72C, D181N, E183M,
P224L, 5311G, N318Y, T335i, D346A, Q349K,
T393V, Y422F, P4425, N445D, R4460G, HAB8L,
333 V482T
Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
P224i., 8311G, D320i, DR46E, Q349K T333V,
Y422F, P442S, N445D, R446G, T448A, R453G,
334 H468l, V4821 '
QiL, GAC, Q28R, £685M, A72C, 3867, D181N,
E183M, S311N, N318Y, T3351, D346E, Q349K,
335 T383V, Y422F, N445D, R446G, H468Q), V482|
Q1iL, G4C, E85M, A72C, E183M, D2021, P224L,
53110, N318Y, D320V, T3351, D346A, Q349K,
T303A, Y422F, P4423, N445D, R446G, R453G,
3368 H468Q, V4821
QtL, G4C, Q28H, E65V, A72C, E183M, P224L,
S311G, D346E, Q349K, T323V, Y422F, P4428,
337 N445D, R4460, H46BL, V4821
Q1L, G4C, Q28R, E65V, A72C, 8867, D181N,
E183M, S311G, N318Y, D346A, Q349K, T393V,
338 Y422F, NA445D, R446G, HA68L, V4B2T
Q1L, G4C, 8247, T27Q), Q28R, N28T, EB5V, AT2C,
D181N, P224L, S311D, N318Y, D320N, D346A,
Q349K, T392M, T393l, Y422F, N445D, R446G,
339 H4680Q), V4821
Q1L, G4C, E65V, A72C, D181N, E183M, S182T,
P224L, 311G, D320V, T3351, D346G, Q349K,
T383A, Y422F, P442S, N445D, R446G, H468L,
340 : V482T
Q1L, G4C, QzZ8R, B85V, A72C, D181N, E183M,
P224L, S311G, D320t, D346k, Q349K, T383V,
341 YA422F, P442S, N44ED, R446G, H468L, V482]
Q1L, G4C, Q28R, E65Y, A72C, D181N, E183M\,
T D202F, 3311G, N318Y, T335l, Q349K, T393V,
342 Y422F, P4425, N44ED, R446G, H468Q

343 QiL, G4C, Q28K, ESEK, A72C, 886T, D181N,
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D202N, P224L, 53110, N318Y, D320N, D346A,
Q349R, T392M, 13031, Y422F, N44503, R446G,
H468R
Q1L, G4AC, Q28R, E65V, A72C, D181N, D202N,
S311N, D320, T35, D346E, Q349K, T393V,
344 Y422F, N445D, R446G, H468Q, V482T
Q1iL, G4C, Q28K, EBBK, A72C, D181N, D202N,
P224L, S311G, N318Y, T3351, D346k, Q349K,
345 T393V, Y422F, N445D, R448G, H488Q), V482]
Q1L, G4C, Q28R, 65V, A72C, D181N, E183M,
D202N, P224L, S311G, D3201, D346E, Q349K,
T393V, Y422F, P4423, N445D, R446G, H468L,
346 V4821
Qil, G4C, Q28R, 65V, A72C, D181N, E183M,
D202N, 8311N, T3351, D346A, Q348K, T393V,
347 Y422F, P442S, N445D), R446G, H468L, V482T
Q1L, G4C, Q28K, EG5K, A72C, S86T, E183M,
P224L, 8311G, N318Y, D320l, T335!, D346k,
Q349K, T393V, Y422F, P4425, N445D), R446G,
348 H468Q, V482T
Q1L, G4C, A21T, T261, Q28R, G30A, E65V, ASST,
AT2C, Y155C, D181N, G190K, D202N, T229M,
S311G, D3201, T3351, D346k, Q349K T393V,
349 Y422F, N445D, R448G, H468Q, P480S, V4821
Q1L, G4C, G28BK, EBSM, A72C, DI181N, E183M,
S311G, T33581, D348E, Q349K, T383V, Y422F,
350 N445D, R446G, H468L, V482T
Q1L, G4C, Q28R, EB5BY, A72C, D181N, E183M,
P224L, 5311G, D320, D346k, Q348K, T383V,
‘ : D404N, Y4225, P4428, N445D, R446G, T4518,
351 H468L, V482
Qil, G4C, Q28R, E65V, A72C, D181N, E183M,
P2R4L, 8311G, D3201, D346E, G349K, T393V,
Y422F, P4425, N445D, R446G, P462L, H468L,
352 VaB2l
Q1L, G4C, Q28R, E6BV, A72C, E183M, D202N,
P224L, S311G, N318Y, T3354, D346E, Q348K
353 T393V, Y422F, N445D), R446G, H468L, V482]
Q1L, G4C, Q28R, EBBV, A72C, D181N, E183M,
P224L, T2B0A, 8311G, D320l D348E, Q349K,
T393V, Y422F, P4425, N445D, R448G, H4EB8L,
354 V482|
Q1ikL, G4C, Q28R, EB5V, QE9R, A72C, D18IN,
E183M, P224L, 5311G, D320, D346E, Q349K
T393V, Y422F, P4425, N445D, R446G, H468L.,
355 V482]
Q1L, G4C, Q28R, E&5V, A72C, D181N, E183M,
P224t, K275E, 531G, D3201, D348E, Q349K,
T393V, Y422F, P4425, N445D, R446G, HA68L,
356 V4821 .
Q1L, G4C, Q28K, EB5V, A72C, E183K, D202N,
__— P224L, 3311N, D3201, D346k, (348K, 7393V,
357 Y4228, P4425 N4450, R446G, H468L, V482T
Q1L, G4C, Q28K, E65V, A72C, D181N, E183M,
' S311G, N318Y, D3201, D346A, Q349K, 7393,
358 Y422F, N445D, R446G, H468Q, V4827
Q1iL, G4C, Q28RK, E65V, A72C, D181N, E183M,
P224L, 3311G, D3201, D346k, Q340K, T393V,
YA22F, P4428, N445D, R44B8G, A4S5AAAAPA,
359 H468L., V482
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QiL, G4C, 524T, 1261, Q28R, N23Y, G30A, EssV,
A72C, D181N, E183M, P224L, 8311G, D320L,
3465, 349K, T393V, Y422F, P442S, N445D,
360 R446G, H468L, V482!
Q1L, G4C, Q28R, EB5M, A72C, E183M, S311G,
D320!, D346A, G349K, T393V, Y422F, N445D,
361 446G, H468Q, V482
Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
D202N, 8311G, D348k, Q349K, T393l, Y422F,
362 N445D, R446G, H468Q), V482|
Q1iL, G4C, Q28R, EBSV, A72C, E183M, P224L,
8311G, D3201, D348E, Q349K, T393V, Y422F,
363 P4425, N445D, R446G, H468L, V482]
Q1L, G4C, Q28K, EBSK, A72C, D8N, E183M,
S311G, N318Y, D320i, T3351, D346k, Q348K,
364 T393V, Y422F, N445D, R446G, H4680, VAR2T
Q1iL, G4C, Q28R, E65V, A72C, 8311G, N318Y,
33201, T335(, D346E, Q349K T393V, Y422F,
365 N445D, R446G, H468L, V482T
Q1L, GAC, 324C, Q28R, G30A, E85V, AT2C,
Y155C, D181N, Q190K, D202N, P224L, 33116,
T3351, D346E, Q349K, D320E, T393V, Y422F,
366 N445D, H446G, R453G, H4680), P480S, V482]
Q1l., G4C, Q28R, E85Y, A72C, D181N, E183M,
P224L, 8311G, D320!, D346E, Q349K, T383V,
P402S, Y422F, P4425, N445D, R446G, H468L,
367 V482|
Q1L, G4C, Q28R, E63K, A72C, E183M, D202N,
'P224L, S311N, N318Y, T3358l, D348E, Q349K,
T303V, Y422F, P4425, N445D, R446G, HABBQ,
368 V4821
Q1L, G4C, AZ1T, T26!, Q28R, N28Y, E65V, A72C,
Y1E5C, D181N, D202N, P224L, M234T, 8311G,
03201, D346E, Q349K, D390E, T393V, Y422F,
369 N4450, R446G, R453G, H468Q, v482]
Q1L, G4C, Q28R, E65K, A72C, 586T, D202N,
p224L, 83110, D320N, 73351, D346V, Q348K
370 T392M, T393V, Y422F, P4423 R446S, H468L
Q1iL, G4C, Q28R, EB5V, AT2C, 586T, E183K,
D202N, 5311G, N318Y, D3201, D348A, Q349K,
T383V, Y422F, P4423, N445D), R446G, H468Q,
371 V4821
Q1L, G4C, W40R, £65M, A72C, S86T, E183V,
S192L, D202 HZ203R, P224L, S311G, N31gY,
D320V, D346A, Q349K, P4425, N445D), H446G,
372 H468R, V482A -

: Q1L, G4C,.Q28R, EBBV, A72C, D181N, E183M,
P224L, S311G, D346E, Q348K, T383V, Y422F,
373 P4425, N445D, R448G, H468L, V482]
Q1L, G4C, Q28R, B85V, A72C, D181N, E183M,
P224L, S311G, D3201, D348E, Q349K, T393V,
YA422F, GA34GAAATG, P442S, N445D, R446G,
374 TABTTAAATT, H4BBL, V4821
Q1L, G4C, Q28R E65V, A72C, K118Q, D181N,
E183M, P224L, D247N, 8311G, D320i, D346E,
Q349K, T393V, Y422F, P4425, N445D, R446G,
375 H468L, V482|
' Q1L, G4C, Q28R, EBSV, A72C, D181N, E183M,
D202N, P2241, S311N, D201, D346E, Q340K,
376 1393V, Y422F, N445D, R4480, H488Q), V482l
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Q1L, G4C, Q28R, EB5V, A72C, 586T, D202N,
P224L, S311G, N318Y, 73351, D346E, Q349K,
377 T393V, Y422F, N445D, R446G, H468L, V482T
Q1L, G4C, Q28K, ESBM, A72C, D181N, E183M,
D202N, 83110, N31BY, D346A, Q349K T393V,
378 Y422F, P4425, N445D, R446G, H468L, v482T
Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
P224L, 5311G, D3201, D346E, Q349K, T393V,
Y422F, P442S, N445D, R446G, P454PVRPQP,
379 H468L, V482i
Q1L, G4C, Q28R, A72C, D181N, E183V, 8132M,
D202N, P224L, 83115, N318Y, D320N, D348E,
Q340R, T393V, Y422F, P442S, R446G, H468L,
380 P480S
Q1L, G4C, Q28R, A72C, S86T, D181N, 5192L,
D202N, P224L, 8311G, N318Y, D320V, T335},
D345k, D348A, Q349K, Y422F, P4428, N445D,
381 R446G, H468Q, H505Q
Q1L, G4C, Q28R, E65V, A72C, 586T, D181N,
E183K, P224L, 311G, N318Y, D3201, D346A,
Q349K T393V, Y422F, P44253, N445D, R4464G,
382 H468L, V4821
Q1L, G4C, Q28R, G30A, EE5V, AGET, A72C,
D181N, E183M, D202N, P224L, D346E, Q349K
T383V, Y422F, N445D, R446G, T448A, R453G,
383 H468Q, V482|
Q1L, G4C, Q28H, E65V, A72C, K928, L120F,
D18tN, E183M, D202N, 5236F, T280A, S311G,
D346k, Q348K, K355Q, T3873, T393V, P4025,
D404N, Y422F, N445D, R446G, T4513, G463V,
384 H468Q, V482], S485T
QiL, G4C, Q28R £658V, A72C, D181N, D202N,
8236F, S311G, T3351, D346E, 349K, T387S,
T393V, Y422k, N445D, R4460, G463V, H4680,
385 V482!, S485T

: Q1il, G4C, Q28R, EB5M, A72C, D181N, E183K,
D202N, PZ24L, 3311G, D320, D346E, Q348K,
T3G3Y, Y422F, P4425, N445D, R446(G, H468Q,
386 V4821
QiL, G4AC, AR1T, T28l, Q28R, G30A, EB5Y, ABBT,
A72C, Y155C, D181N, E183M, 120K, D202N,
S311G, D3201, D346E, QB49K, T393V, Y422F,
387 N44sD), R446G, T448A, H468Q, V4821
Q1L, G4C, Q28R, E65V, A72C, D181N, D202N,
S311G, T335l, D346A, Q3439K, T393i, Y422F,
388 P4428, N445D, R446G, H468L., V482]
Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
P224L, D247N, 8311G, D3201, D346E, Q349K
T3878, T393V, Y422F, P4425, N445D, R446G,
388 H468L, V4821 '
Q1L, G4C, Q28R, EB5V, A72C, D181N, D202N,

- 1 P224L, 5311G, D346A, Q349K, T383V, Y422F,

390 N445D, R448G, H468L, V482! .
Q1L, G4C, Q28R, B85V, A72C, K82R, K118Q,
D181N, E183M, D202N, S236F, 3311N, N318i,
D346E, Q348K, K355C;, T3875, 7393V, D404N,
391 Y422F, N445D, R446G, H468Q, V482i
Q1l, G4C, T275, Q28R, EBSV, Q69R, A72C,
K118G, D181N, E183M, D202N, D247N, 1277V,
302 S31143, T335l, D346k, Q349K, K355Q, T393Y,
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Y422F, N445D, B446G, H4688Q, V482T

Q1L, G4C, Q28R, G30A, EB5V, A72C, Y155C,
D181N, E183M, D202N, M234T, S311G, D346k,
Q349K T383V, Y422F, N445D, R446G, T448A,
393 R453G, H468Q, V482T

Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
P224L, 5311G, D3201, D346k, 348K, T393V,
Y422F, G434GAAATG, P442S, N445D, R446G,
394 H468l., V482|

Q1L, GAC, Q28R, E65V, QBYR, A72C, K92R,
D181N, D202N, D247N, 1277V, S311G, N318D,
T335i, D346E, Q349K, K355Q, T3875, 7393V,
385 Y422F, N445D, BR446G, G463V, H468Q, V482I
Q1L, G4C, T275, Q28R, E65V, Q68R, A72C,
D181N, D202N, 52386F, 1277V, 8311G, T3351,
D346E, Q349K, K355Q), 73875, T393V, Y422F,
386 N445D, R446G, G463V, H468Q, vV482]

1L, G4AC, N10D, Q28R, E65V, Q69R, A72C,
K92R, K118Q, D181N, E183M, D202N, S311G,
T3351, D346E, Q348K, T387S, T393V, Y422F,
387 N445D, R446G, P462L, H468Q), V482T, S4857
Q1L, G4C, A21T, Q28R, G30A, EB5V, A72C,
Y155C, D181N, E183M, D202N, M234T, 83113,
T3351, D346k, Q349K, T393V, Y422F N445D,
388 R446G, R453G, H468Q, V482T

Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
P2241, 5311G, D3201, D346k, Q349K, T393V,
Y422F, P4423, N445D, R448G, TAS7TAAATT,
399 H468L, V4821 :
Q1L, G4C, 1281, Q28R, EB5V, ABBT, A72C, Y155C,
D181N, Q180K, D202N, 22241, M2347, 8311G,
D3201, D346k, Q349K, D3S0E, T3383V, Y422F,
400 N445D, R446G, R4530G, HABBQ, V4821

QI1L, G4C, Q28K EB5Y, A72C, 8867, E183K,
5192L, B202N, D320N, T3351, D3464A, Q349R,
401 T393A, Y422F, P4428 R446G, H468R, V482A
Q1L G4C, Q28R, EB5V, A72C, D181N, E183M,
P2z4l, S236F, 8311G, D3204, D346E, Q348K,
T3G3V, Y422F, P442S, N445D, R446G, H468L,
402 V4821

Q1L, G4C, T26l, Q28R, E6BV, ABBT, A72C, Y155C,
G181N, D202N, M234T, S311(G, T335!, D346E,
Q349K, T393V, Y422F, N445D, R446G, H468Q,
403 V4827 ' .
Q1L, G4C, AZ1T, T26l, Q28R, N29Y, EB5V, A72C,
Y155C, D181N, E183M, D202N, P224L, M234T,
S311G, D320i, T3351, A3408, D346k, Q349K,
D390E, T393V, Y422F, N445D, R446G, T448A,
404 R453G, H468Q), P480S, V4821

Q1iL, G4C, Q28R, EBSK, A72C, D202l PR24..,
S311G, N318Y, D320V, T3351, D348A, Q349R,
405 T392M, T303A, N445D, R446G, H468L

Q1L, G4C, EB5M, AV2C, S86T, £183V, D202,
P224L, 311G, N318Y, D320V, D3464, Q349K,
408 P44258, N445D, B446G, HABBL, V4824

Q1iL, G4C, N10D, Q28R, E65V, AT2C, K92R,
[(3181N, E183M, D202N, S311G, D346E, Q3408K,
T3B75, T393V, Y422F, N445[D, R446(G, T4518,
407 P482L, H468Q, V4827

408 Q25, GAC, ABL, T7Q, ABS, N10T, Q28K, ESEM,
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A72C, SB6T, E183M, D202N, P224L, 5311G,

D3201, T335l, {DeletionS437-P441}, D346E,

QB49K, T383V, Y422F, N445D, R446G, H488Q,

V4827

Q28, G4C, ABL, T7Q, ABS, N10T, 824T, T26l,

Q28K, N28Y, G30A, E65V, A72C, E183M, P2241.,

5311G, D320i, D346k, Q349K, T393V, Y422F,

409 P4425, N44ED, R448G, H488L, V4821

Q1iL, G4C, Q28R, E65V, A72C, K92R, D181N,

E183M, P224L, 1277V, 8311G, D3201, D346E,

: Q349K, 7393V, Y422F, P4428, N445D, R446G,

410 H468L, V4821

Q28, G4C, AL, T7Q, A8S, N10T, Q28R, EB5V,

A72C, E183M, P224L, S311G, D320!1, D3486E,

Q349K, T393V, Y422F, P442S, N445D, R446G,

411 H468L, V482]

Q28, G4C, AsL, T7Q, ABS, N10T, Q28R, EB5Y,

A72C, E183M, P224L, 83113, D201, D346E,

Q1349K, T383V, Y422F, P4425, N445D, R446G,

412 P454PVRPQP, H468L, V482!

Q28, G4C, AL, T7Q, A8S, N10T, Q28R, E85V,

AT2C, E183M, FP224t., S311G, D320I, D346k,

Q349K, T393V, Y422F, P442S, N445D, R446G,

413 P464THAAA, H468L, V4821

Q23, G4C, AsL, T7G, A8S, N10T, G28R, EB5Y,

A72C, E183M, P224L, 8311G, D320}, D346E,

QB43K, T393V, Y422F, P4428, N445D, R446G,

414 P464PTHAAA, HABBL, V482!

Q28, G4C, AgL, T7G, ABS, N1CT, Q28R, E65V,

A72C, Gi151GCGEREG, E183M, P224L, 83114,

D3201, D346E, Q349K 7393V, Y422F, P4428,

415 N445D, R448G, H468L, V4821

Q25, G4C, AglL, T7Q), ABS, N1CT, Q28R, E65V,

A72C, K150KCGRNK, £183M, P224L, 88114,

D3201, D346E, Q349K, T393Y, Y422F, P4425,

416 N4450, R446G, H468L, v482]

Q28, G4C, ABL, T7Q, ABS, N10T, G28R, EB5Y,

AT2C, E183M, P224L, 5311G, D320t D346E,

Q349K T393V, Y422F, P4425, N445D, R446G,

417 PABAATAAA, HABBL, V482

Q2S, G4C, ABL, T7Q, A8S, N10T, Q28K, E65K,

A72C, E183M, S311G, N318Y, D3201, 7335,

_ D346E, Q348K, T383V, Y422F, N445D, R445G,

418 H468Q, V4827

Q25, G4C, ABL, T7Q, A8S, N10OT, Q28K, E85Y,

A72C, E183M, D202N, P224L, 3311G, 73351,

_ D346E, QB49K, T393V, Y422F, P4423, N445D),

419 R448G, H4680Q), V482]

Q25, G4C, AL, T7Q), ABS, N10T, Q128F, ES5NM,

A72C, S86T, E1B3M, 8311N, N318Y, T335l,

: D346k, Q349K, T383V, Y422F, N445D, R446G,

420 H488Q, V482]

Q25, G4C, ABL, T7Q, ABS, N10T, Q28R, E65M,

A72C, E1B3M, 8311G, N318Y, D348E, Q349K,
‘ T393V, Y422F, P4428, N445{D, R446G, H468Q,

421 V4821

Q28, G4C, AsL, T7Q, ABS, N10T, Q28R, E65V,

A72C, E183M, D202N, P224L, S311G, N318Y,

T3351, D346E, Q349K, T383V, Y422F, P442S,

422 N445D, R448G, H468Q), V482|
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Q28, G4C, ABL, T7Q, ABS, N10T, Q28R, E6sV,
A72C, E183M, P224L, 5311G, N318Y, T335l,
D346A, QB49K, T393V, Y422F, P4428, N445D,
423 R446G, H468L, V482T
Q25, G4C, ABL, T7Q, ABS, N10T, Q28R, EB5YV,
AT72C, P224L, S311D, N318Y, [X320N, D346A,
Q348K, T392M, T3931, Y422F, N445D, R446G,
424 H468Q, V482I
Q285, G4C, Asl., T7Q, ABS, N10T, Q28R, EB5K,
A72C, 8311N, N318Y, D346E, Q349K, T383V,
Y422F, (DeletionbeiG439-G444), N445D, R4460,
425 H468Q, V482I
Q28, G4C, ABL, T7Q, ABS, N10T, Q28K, N29Y,
E85K, A72C, 53116, T335I, D346E, Q349K,
426 T383V, Y422F N445D, R446G, H468Q), V482T
Q28, G4C, ABL, T7Q, A8S, N10T, S24T, T26l,
Q28R, N28Y, G30A, EB5V, ABBT, A72C, E183M,
Q190K, P224L, 3311G, D3201, D346k, Q349K
T393V, Y422F, P4425, N445D, R446G, H468L,
427 V482l
Q28, G4C, ABL, T7Q, ABS, N10T, S24T, T26f,
Q28R, N29Y, G30A, Y47F, EB5V, AB8T, A72C,
E183M, Q190K, P224L, T229M, G231D, M234T,
8311G, D320t A340S, D348E, (349K, D390E,
T393V, N445D0, R448G, T448A, R4530, H468L,
428 P480S, V482!, Y422F, P442S '
Q28, G4C, A8l T7Q, ABS, N10T, Q28R, EB5Y,
AT2C, K159KCGRNK, E183M, P224L, S311G,
DI3201, D346k, Q349K, T393V, Y422F, P442S,
429 N445D R446G, T457TAAATT, H468L, V482
Q28, G4C, AcL, T7Q, ABS, N10T, Q28R, EBLV,
A72C, E183M, P224L, 3311G, D320, D345k,
Q349K TAG3V, Y422F, P4425, N445D, R446G,
430 T457TAAATT, H468L, V482!
Q1L, G4C, A72C, 586T, D181N, E183K, D202V,
P224L, S311G, D320V, D346k, Q349R, TI83A,
431 Y422F, P4425, N445D, R446G, H488L
Q1L, G4C, Q28R, EB5V, A72C,
K159CGRNKE183M, P224L, S311G, D320,
D346k, Q340K T383V, Y422F, P4425, N445D,
432 R446G, H468L, vV482I
Q2S, G4C, ABL, T7Q, ABS, N10T, 5247, 28R,
EB5K, A72C, D202N, 83114, T335l, D346E,
Q348K, T393[, Y422F, N44BD, R446G, H468Q,
433 { V482T
Q28, G4C, ABL, T7Q, ABS, N10T, Q28R, E65M,
A72C, E183K, D202N, P224L, S311G, D320,
D346E, Q348K T393V, Y422F, P4425, N445D,
434 R446G, H468Q, V482|
Q1L, G4C, Q28K, EB5M, A72C, S85T, E183M,
DR2G2N, P224L, 53116, D3201, T335(, D346E,

- : QB349K, T393V, Y422F, (S437-P441), N445D,
435 R446G, H4680Q, V482T
Qil, G4C, 324T, T26l, Q28R, N2gY, G30A, E&5V,
A72C, E183M, P224L, S311G, D3201, D346E,
QB49K, T383V, Y422F, P4425, N445D, R446G,
438 H468L., V482
Q1L, G4C, Q28R, EB5V, AT72C, E183M, P2244,
S311G, D320l, D346E, Q349K, T383V, Y422F,
437 P4428, N445D, R446G, TA57TAAATT, H488L,
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V482

Q1L, G4C, Q28R, E6BV, A72C, E183M, P224L,
S311G, D320l, D346E, Q349K, T393Y, Y422F,
P442S, N445D, R446G, PA54PVRPQP, H468L,
438 V482
Q1L, G4C, Q28R, E65V, A72C, E183M, P224L,
$311G, D3201, D346E, Q349K, T393V, Y422F,
P4428, N445D, R446G, PABATHAAA, H468L,
439 V482
QiL, G4C, Q28R, EB5V, A72C, E183M, P224L,
S311G, D3201, D346E, Q349K, T393V, Y422F,
P4428, N445D, R446G, PA54PATAAA, HA468L,
440 V482
QiL, GAC, Q2BR, E65V, A72C, E183M, P224L,
S311G, D3201, D346E, Q349K, T393V, Y422F,
G434GAAATG, P442S, N445D, R446G, H4B8L,
441 V482
Q1iL, G4C, Q28R, EB5V, A72C, D181N, E183M,
P224L, S311G, D3201, D346E, Q349K, T393V,
Y422F, P442S, N445D, R446G, H468L, V482,
QiL, G4C, Q28R, EB5V, A72C, E183M, P224L,
S311G, D3201, D346E, Q349K, T393Y, Y422F,
442 P442S, N445D, R446G, H465L, V482
QiL, GAC, Q28R, EB5V, A72C, G151GCGRSG,
E183M, P224L, $311G, D320, D346E, Q349K,

: T393V, Y422F, P442S, N445D, R446G, HA4BSL,
443 V482
QiL, G4C, Q28R, EB5V, A72C, £183M, P224L,
S311G, D3201, D346E, Q349K, T393V, Y422F,
P442S, N445D, R446G, PA5AATAAA, H4G8L,
444 : V482
Q1L, G4C, Q28R, E65K, A72C, 8311N, N318Y,
D346E, Q349K, T3V, Y422F, (DG439-
445 G444)N445D, R446G, HABBQ, VAE2]
QiL, G4C, 524T, 7261, Q28R, N2SY, G30A, E65V,
AB8T, A72C, E183M, Q190K, P224L, S311G,
D320, D3456E, 349K, T393V, Y422F, P442S,
446 N445D, R446Q, H468L., V482
QiL, GAC, 524T, 1261, Q28R, N29Y, G30A, Y47F,
E65Y, ABST, A72C, E183M, Q190K, P224L,
T229M, G231D, M234T, S311G, D3201, A3408,
D346E, Q349K, D390E, T393V, N445D, R446G,
T448A, R453G, H468L, P480S, V482, Y422F,
447 P4428
Q1L, GAC, A21T, T261, Q2BR, N29Y, G30A, EB5Y,
ABST, A72C, D181N, Q190K, D202N, T229M,
M234T, $311G, D3201, A340S, D346E, Q348K,
D390E, T393V, Y422F, N445D, R446G, T448A,
448 H468Q, V482
Q1L, G4C, N10D, T27S, Q28R, E65V, A720, K92R,
K118Q, D1&1N, D202N, S236F, 1277V, S311G,
D346E, Q349K, K355Q, T387S, T393V, DA04N,
N417Y, YA22F, N445D, R446G, P462L, H468Q,
449 V4821, S485T
Q1L, GAC, A21T, T26l, Q2BR, GBOA, EB5V, ABST,
A72C, Y155C, D181N, Q190K, D202N, P224L,
T220M, S311N, D320}, D346E, Q349K, T303V,

450 " Y422F N445D, R446G, R453G, H468Q, V4821
Q1L, G4C, N10D, T278, Q28R, E65V, A72C, K92R,
1451 K118Q, D181N, E183M, D202N, D247N, S211G,
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(33201, T338l, D346E, A349K, T393V, Y422F,
N445D, R446G, H468Q, V482T

Q1L, G4C, T261, Q28R, G30A, EBSV, AT2C,
Y155C, D181N, D202N, T229M, G231D, 8311G,
_ 73351, D346E, QB49K, T393V, Y422F, N445D),
452 R446G, T448A, R453G, H468Q, V482T

Q1L, G4C, 524R, T261, Q28R, G30A, EB5V, A72C,
D181N, E183M, D202N, P224L, 3311N, T335i,
D346E, Q349K, D390E, T393V, Y422F, N445D,
453 R448G, H468Q, V482T

Q1L, G4C, N10D, 7278, Q28R, E65V, Q69R,
A72C, D181N, E183M, D202N, S236F, D247N,
1277V, S311N, T335l, D346E, Q349K, T387S,
T383V, NA1TY, Y422F, T433S, N445D, R44606,
454 P482L, H488Q, V482|

Q1L, G4C, A21T, Q28R, ES5V, A72C, Y155C,
D181N, D202N, P224L, S311G, N318Y, D346E,
Q340K D3Q0E, T393V, Y422F, N445D, R446G,
455 T448A, H488Q, V482|

Q1L, G4C, T26!, Q28R, N29Y, B85V, AG8T, A72C,
Y155C, D181N, E183M, D202N, P224L M234T,
S311N, N318Y, D346E, G340K, T393V, Y422F,
458 N445D, R4A48(G, TA4BA, R453G, HA68Q), V482]
Q1L, G4C, A24T, T26l, Q28R, N23Y, EG5Y, A8T,
ATZ2C, Y155C, D181N, D202N, P224L, T226M,
M234T, 5311G, N318Y, D346k, G349K, 7383V,
487 Y422F, N445D, R446(G, R453G, H468Q, V482
Q1L, G4C, N10D, Q28R, E&5V, A72C, K921,
K118Q, D181N, E183M, D202N, P224L, S236F,
D247N, F3086l., 5311G, D346E, Q349K, K355Q,
T393V, DA04N, NA17Y, Y422F, N445D, R446G,
458 H488Q, V4821 54857

QiL, G4C, N10D, Q28R, E68V, A72C, K82R,
K118Q, DI8TN, £183M, D202N, S236F, D247N,
S311G, N318i, T3351, D346E, Q349K, K355Q,
T393V, Y422F, 74338, N445D, B448G, T4518,
459 G463V, H488Q), v482|

G4C, Q28K, EBBM, A72C, S86T, G151GCGRSG,
E183M, D202N, P224L, 5311G, T335!, D346E,
Q348K, T383V, Y422F, P4425, N445D, R446G,
460 H468L., V4821

G4C, Q28K, E85M, A72C, 886T, K159KCGRNK,
E183M, D202N, P224L, S311G, T335!, [3346E,
QB348K, T393V, Y422F, P4423, N445D, R446G,
461 H468L, V482!

G4C, Q28K, E685M, A72C, 586T, G151GCGRSG,
K159KCGRNK, E183M, D202N, P224L, $3114G,
T3351, D346E, (349K, T393V, Y422F, P4425,
482 N445D, R4480, H468L, V482|

(G4C, Q28K, EBEM, A72C, 386T, G151GCGRSG,
E183M, D202N, P224L., 83114, 73351, D346E,

- Q349K T393V, Y422F, P4428, N448D, R4464G,
463 TA57TAAATT, H4B8L, V4821

G4C, QZ8K, EB85M, A72C, 586T, K159KCGRNK,
E183M, D202N, P224L., 33116, T3351, D346E,
Q349K, T393V, Y422F, P4425, N445D, R446G,
464 T457TAANTT, H468L, V482|

G4AC, Q28K, EBSM, A72C, S86T, G151GCGRSG,
E183M, D202N, P224L, 8311G, T3351, D348E,
465 Q349K, T393V, Y422F, G434GAAATG, P442S,
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N445D, R446G, TA457TAAATT, H468L, V482l

G4C, Q28K, EB85M, A72C, 586T, K159KCGRNK,
Et83M, D202N, P2241, S311G, 73351, D346E,
Q349K, T393V, Y422F, G434GAAATG, P442S,
466 N445D, R446G, TAB7TAAATT, H468L, V482!
G4C, Q28K, E65M, A72C, SBBT, G151GCGRSG,
K159KCGRNK, E183M, D202N, P224L, 83114,
T3351, D346k, Q349K, T393V, Y422F,
GA3AGAAATG, P4425, N445D, R446G, H468L,
467 V4821, T457TAAATT,

Q1L, G4C, Qz8K, E&58Y, A72C, D181N, E183M,
D202N, P224L, 53113, T3351, D346k, Q349K,
T393V, Y422F, P4428, N445D, R446G, H468Q,
468 V482|

Q1L, G4C, Q28K, EBSV, A72C, 386T, D181N,
E183K, 81921, D262V, 83113, D320I1, D346V,
Q349R, T393A, Y422F, P4428, N445D, R446G,
469 H468Q), V482|

Q1L, GAC, Q28R, E65V, A72C, SBET, D181N,
D202N, P224L, S311N, N318Y, D3201, D346A,
Q349K, T393V, Y422F, N445D, R446G, H468L,
470 V4827

Q1iL, G4C, AZ1T, T26l, Q28R, G30A, E65V, ABBT,
AT2C, D181N, E183M, D202N, T229M, 8311G,
A3405, D346k, QB49K, T393V, Y422F, N445D,
471 ' R446G, H468Q, V482T
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In a further aspect, the present invention discloses a nucleic acid encoding the polypeptide of
the present invention. The nucieic acid is a polynucieotide sequence (DNA or RNA) which is,
when set under control of an appropriate promoter and transferred into a suitable biclogical
host or chemical environment, processed to the encoded polypeptide, whereby the process
alse includes all post-translational and post-transcriptional steps necessary. The coding
sequence can be easily adapted by variation of degenerated base-triplets, alteration of signal
sequences, or by introduction of introns, without affecting the molecular properties of the
encoded protein. The nucieic acid of the present invention has preferably at least 95 %, more
preferably at least 97 %, and most preferably 100% identity to SEQ iD NO: 1. The present
~invention also provides a vector comptising this nucieic acid and a host transformed with said

vector.

The present invention also discloses methods for the production of poiypeptides of the
present invention and varianis therecf in various host cells, including yeast and fungal hosts.
it also disciosas the use of the resulting strains for the improvement of protein properties by
variation of the sequence. Furthermore, the present invention discloses methods for the

application of such polypeptides in the hydrolysis of cellulose.

A further aspect of the invention discloses vectors and methods for the production of protein
variants of SEQ ID NO: 2, expressing them in yeast and testing their activity on cellulosic

material by measuring the released monc- and/or oligomeric sugar molecules.

The present invention further relates to a method of producing a cellobiohydrolase protein,

comprising the steps:

a. obtaining a host celi, which has been transformed with a vector comprising the
nucleic acid of the present invention;

b. cultivation of the host cell under conditions under which the cellobichydrolase
protein is expressed; and

¢. recovery of the cellobiohydrolase protein.
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In a particular embodiment, this method of preducing a cellobiohydrolase protein is
restricted to a method for the production of a cellobiohydrolase protein as provided by this
invention, such as having the 1T50 value given above, and/or being one of the specific
variants of SEQ ID NO2 or SEQ 1D NO: 5 as provided with this application and described in
detail elsewhere in this specification.

In a more preferred embodiment, the host cell is derived from the group consisting of
Saccharomyces, Schizosaccharomyces, Kluyveromyces, Pichia, Hansenula, Aspergilius,
Trichoderma, Penicillium, Candida and Yarrowina. The host cell is preferably capable of
producing ethanol, wherein most preferred yeasis inciude Saccharomyces cerevisiae, Pichia
stipitis, Pachysolen tannophilus, or a methylotrophic yeast, preferably derived from the group
of host cells comprising Pichia methanolica, Pichia pastoris, Pichia angusta, Hansenula

polymorpha.

it has surprisingly been found that the polypeptide according to the present invention and
varianis thereof can be expressed from yeast at high levels. “Yeast” shall herein refer to ali
iower eukaryotic organisms showing a unicellular vegefative state in their life cycle. This
especially includes organisms of the class Saccharomycetes, in particular of the genus
Saccharomyces, Fachysolen, Pichia, Candida, Yarrowina, Debaromyces, Klyveromyces,

Zygosaccharomyces.

Thus, one aspect of the invention relates to the expression of the claimed polypeptide and
variants thereof in yeast. The efficient expression of this fusion protein (SEQ 1D NO: 2) and
derivative protein variants of SEQ ID NO: 2 from yeast can be achieved by insertion of the
nucleic acid molecule of SEQ ID NO: 1 starting from nucleotide position 1 into an expression
vector under control of at least one appropriate promoter sequence and fusion of the
nucteotide molecule to an appropriate signal peptide, for example to the signal peptide of the

mating factor aipha of Saccharomyces cerevisiae.

In a preferred embodiment, the polypeptide of the present invention and variants thereof are
expressed and secreted at a lavel of more than 100 mg/i, more preferably of more than 200
mg/l, particularly preferably of more than 500 mg/l, or most preferably of more than 1 g/l into
the supernatant after intraduction of a nucteic acid encoding a polypeptide having an amine
abid sequence with at least 85% sequence identity to the SEQ iD NO: 2 info a yeast. To
determine the level of expression iré yeast, the cultivation and isolation of the supernatant can

be carried out as described in Example 3.
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A further aspect the invention discloses methods for the production of a polypepiide
according to the present invention in a filamentous fungus, preferably in a fungus of the
genus Aspergillus or Trichoderma, more preferably in a fungus of the genus Trichoderma,
most preferably in Trichoderma reesei. “Filamentous fungi” ot “fungi” shall herein refer to all
lower eukaryotic organisms showing hyphal growth during at least one state in their life cycle.
This especially includes organisms of the phylum Ascomycota and Basidiomycota, in
particular of the genus Trichoderma, Talaromyces, Aspergillus, Penicillium, Chrysosporium,
Phanerochaete, Thermoascus, Agaricus, Pleutrus, Irpex. The polypeptide is expressed by
fusion of the coding region of a compatible signat sequence to the nucleic acid molecule
starting with nucleotide position 52 of SEQ ID NO: 3, as it was done in SEQ ID NO: 3 with
the signal sequence of the Trichoderma reesei CBHI, and the positioning of the fusion
peptide under control of a sufficiently strong promoter followed by transfer of the genetic
construct 1o the host cell. Examples for such promoters and signal sequences as well as

techniques for an efficient transfer have been described in the art.

In a further aspect the present invention further relates to a method for identifying a

polypeptide or polypeptides having cellobiohydrolase activity, comprising the steps of:

a. Generating a library of mutant genes encoding mutant proteing by mutagenesis
of a nucleic acid according o claim 8 or a nucleic acid having the sequence
defined by SEQ ID NO: 8 (encoding SEQ D NO: 5), preferably having the
sequence defined by SEQ ID NO: 1;

b. Inserting each muiant gene info an expression vector,

¢c. Transforming yeast cells with each expression vector to provide a library of
yeast transformants;

d.  Cultivation of each yeast transformant under conditions under which the mutant
protein is expressed and secreted;

e. Incubating the expressed mutant protein with a subsirate;

f.  Determining the catalytic activity of the mutant protein;

g.  Selecting a mutant protein according to the determined catalytic activity.
Specifically, step d. may be performed by utilizing a well-plate format. This format preferably
allows the high-throughput performance of the method for identifying polypeptides having

cellobiohydrolase activity.

In a preferred embodiment, this method for identifying polypeptides having cellobichydrolase
activity is restricted to a method, wherein the polypeptide(s) having cellobiohydrolase activity
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is one or more polypeptide(s) as provided by this invention, such as having the 1750 vaiue
given above, and/or being one of the specific variants of SEQ ID NO2 or SEQ ID NO: 5 as
below.

Preferably, the steps e. 1o g. of the method for identifying polypeptides having
celiobiochydrolase activity are performed as follows:

e. Incubating the expressed mutant protein with celiulosic material;
f.  Determining the amount of released sugar;

g. Selecting a mutant protein according to the amount of released sugar.

In another embodiment, the method for identitying polypeptides having cellobiohydrolase
activity comprises the additional steps of:

h.  Sequencing the selecied mutant gene or protein;
i [dentifying the amino acid modification(s) by comparing the sequence of the

selected mutant protein with the amino acid sequence of SEQ ID NO: 2.

in a particular embodiment, the method is further characterized by measuring the IT50 vaiue
of the obtained polypeptide. The IT50 value may be measured as described in the examples
below. Optionally, this may be followed by a step of selction of those polypeptides, which
display the a desired IT 50 value, such as at least 60 °C, at least 62 °C and the like, Thus, in
this particular embodiment, the method is suitabie for identifying polypeptides exhibiting
cellobiohydrolase activity and an efevated [T50 value, i.e. thermostable polypeptides with

celiobiohydrolase activity.

The present invention further provides a method of preparing a polypeptide having

cellobiohydrolase activity, comprising the steps:

a. Providing a polypeptide having cellebiohydrolase activity comprising an amino
seguence having at ieast 54 % seguence identity to the catalytic domain of SEQ
D NO: 2 (SEQ ID NO: 5) {such as preferably, at least 60 %, at least 62 %, at
least 64 %, at least 66, %, at least 68 % or at least 70 %, whereby at least 68 %
or at least 7C % are the most preferred embodimenis);

b. ldentifying the amino acids of this polypeptide which correspond tc the amino
acids which are modified with respect to the amino acid sequence of SEQ ID
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NO: 2, as identified in step i. of the method for identifying polypeptides having
cellobiohydrolase activity; and
c. Preparing a mutant polypeptide of the polypeptide provided in step a. by
carrying out the amino acid modification(s) identified in step b. through site-
directed mutagenesis.
In one embodyment, preferably, the polypeptide provided in step a. of the method of
preparing a polypeptide having celiobiohydrolase activity is a wild type celiobiohydrolase
derived from Trichoderma reesei.

The present invention further provides polypeptides having celiobiohydrolase activity, which
are obtainable by the method of preparing a poiypeptide having cellobiohydrolase activity
according 1o the present invention.

Furthermore, the present invention provides a composition comprising a polypeptide and/or
variants thereof of the present invention and one or more cellulases, e.g. one or more
endoglucanases and/or one or more bela-glucosidases and/or one or more further
cellobiohydroiases and/or one or more xylanases. “Cellulases” or “Cellulolytic enzymes” are
defined as enzymes capable of hydrolysing cellulosic substrates or derivatives or mixed
feedstocks comprising cellulosic polymers. Such enzymes are referred to as having
“cellulolyiic activity”, thus being able to hydrolyze celiuiose moiecuies from such material into
smalier oligo- or monosaccharides. Cellulolytic enzymes include celiulases and
hemicellulases, in particular they inciude cellobiohydrolases (CBHSs), endoglucanases (EGs)
and beta-glucosidases (BGLs).

The present invention further provides a polypeptide having celobiohydrolase activity,
wherein the polypeptide comprises an amino acid sequence having at least 80 %, preferably
at least 95%, more preferably at least 98%, even more. preferably at least 99%, and most
preferably 99, 6 % sequence identity to SEQ ID NO: 5,. Particutarly, it is preferred that such
a polypeptide is a polypeptide wherein one or more of the following amino acid residues of
the sequence defined by SEQ (D NO: 5 are modified by substitution or deletion of: Q1, Q2,
G4, A8, T7, A8, N10, P12, T15, A21, G23, S24, T26, T27, Q28, N29, G30, A31, V32, N37,
W40, V41, G486, Y47, T48, N49, C50, T52, N54, D57, TE9, Y60, D64, E65, AB8, Q69, A72,
V84, 586, 589, 890, K92, 399, Q108, D110, D111, 1118, F117, K118, L119, L120, D129,
V130, G139, A145, M146, V152, K154, Y155, N157, N158, K159, K163, G167, Q172, F179,
1180, D181, E183, E187, 5188, Q190, S192, $183, N194, 1200, D202, H203, D211, V212,
A221, P224, D228, T229, G231, T233, M234, 5236, T243, Y244, 5245, N246, D247, G251,
F260, G266, K275, 1276, 1277, T280, L290, D293, G294, T295, T297, T299, S301, K304,
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F306, N310, 5311, V313, 1314, N318, D320, 1321, T325, N327, T335, A340, F341, D343,
T344, D345, D346, Q349, H350, A354, K355, A358, Q361, Q382, G363, M3564, V367, D373,
Y374, A375, A376, P388, T387, D390, T392, T393, P394, T400, P402, T403, D404, D410,
N417, 5418, T421, Y422 and/or one or more insertions after positions G151, K159

In a preferred embediment, the polypeptide having cellobichydrolase activity with an amino
acid sequence having at least 80 % sequence identity to SEQ ID NO: 5 comprises one or
more modified amino acid residues of the sequence defined by SEQ ID NO: 5: Thus, the
polypeptide given in SEQ 1D NO: 5 may, by means of example, be modified as follows: Q1L,
G4, ABG/V, T158, Q28Q/R, W40R, D64N, EBBK/V, A72V, S86T, K22K/R, V130I/V,
V182A/E, Y155C, K159E, D181N, E183V/K, N194C/R/Y/D/K/NL/G/Q/IS/NV, D202Y/N/G,
P224L, T243V/R/Y/A/FIQ/P/DIVIW/LM, Y244F/H, 1277V, K304R, N310D, S311G/N, N318Y,
D320V/E/N, T3351, T344M, D346G/A/EN, Q349R/K, AS358E, Y374C/P/R/H/S/A,
AB7ED/INNY/RIQANIEIGITIM, T382C/D/K, T333A, D410G, Y422F.

More preferably, the polypeptide having cellobiohydrolase activity comprises ong or more
modified amino acid residues of the sequence defined by SEQ ID NO: 5 as indicated in the
following Table 3. As said above, for the specific modifications of SEQ 1D NO: 2, two or mote
of such specific modifications may be combined with each other, such as preferably two or
more of the more preferred or most preferred modifications may be combined with each
other, and, which is particularly preferred, two pr more of the most preferred modifications

according to Table 3 may be combined with each other,

Table 3: Mutations with respect to SEQ ID NO: 5

Most
Position Preferred More Preferred Preferred
Q1 3 L : L
Q2 P.3 : PS5 S
G4 C C C
AS G,L,V G.LV L
T7 o Q Q - Q
A8 S S S
N10 T.D T.D T.D
P12 a
T15 S
A2A 57T.C S, 1,0
G23 ADN ‘
S24 T.C.N T.C.\N
T26 IN [N
T27 5Q - 3,Q -
Q28 LK,A,N LKRN K.R
N2 TY TY
G30 A A
A31 S
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V32
N37
W40
V41
G46
Y47
T48
N49
C50
T52
N54
D57
T59
Y60
Ds4
£65 V.M,K V M,K V.M,K
AB8
Q69
A72
V84
386
589
‘590
K92
S99
Q109
2110
D111
118
F117
K118
L119
1120
D129
V130
G139
A145
M146
G151 GCGRSG GCGRSG GCGRSG
V152 AE

K154 R

Y155 S.CH S,CH

N157 S '

N158 D

K159 E, KCGRNK KCGRNK KCGRNK
K163
G167
Q172
F179
t180
D181
E183
E187
G188
Q180 LK LK
S192 LLP.T.M LEPTM
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5193 LPT
N194 G,L1LV,5CKRDQY
1260 N,F
D202 G,iL,V,NFY
H203 R
D211 G
V212 L
A221 \
p224 L
D228 N
T229 ASM
G231 D
7233 S
M234 LLV,T.K
5236 F.Y

GALLV,P,S,CMR.D,QFY,
1243 W
Y244 HF
S245 T
N246 SKD
D247 N
G251 R
F260 C
G266 S
K275 E
1276 v
1277 vV
1280 A
.290 H
D293 RB.H
G294 A
T295 S
T297 N
T299 LS
5301 C
K304 R
F306 LY
N310 D.E
S311 G,DN
V313 !
1314 F
N318 LH.DY
D320 LVEN
1321 N
T325 Al
N327 Y
1335 l
A340 G5, T
F341 C
D343 A
1344 M
D345 E
D348 GAV.E
Q349 K.R
H350 Y

PCT/EP2011/052023

G,L,l;V,S,C,K,R,D,er
G,ILV,NF,

G,LV.NFY Y
R

L L

ASM
D

LLV,TK
FY

GALLV.PSCMRDQFY,
W

G,D,N

L,H,DY LD,Y
LV, EN LV,N

G,AV.E
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A354
K355
A358
Q361
Q362
G363
M364
V367
D373
Y374
A375
A376
P386
1387
D390
T392

T393
P394
7400
P402
T403
D404
D410
N417
5418
T421

Y422

OITmMmEO —
0
T

m>»r

A,P,S5,C.RH.D
G,L,V,T,C,M,R,D,EN,QY

MTO<LOZRBWO;
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AP, S,C.RH,D
G,LV,7,CMR,D,ENQY

AS

G,E

S,M,K M
ALV.S ALV
F F
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Particularly preferred is a polypeptide as defined above, further characterized by comprising

a modification of SEQ 1D NO: 5, which is a specific modification as given in the following
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Table 3a. Each of these polypeptides defines a mutant version of the polypeptide given in
SEQ ID NO: 5.

Tabie 3a: specific mutants with respect to SEQ 1D NO: 5;

Mutant

Number Mutants with respect to Seq. ID NO:5

G4C, A72C, Q349K

G4C, A72C, T344M, Q349K

G4C, A72C, T344M, D346G, Q349R

G4C, A72C, D320V, Q349K

G4C, A72C, P224L, F306Y, Q349R

G4C, A72C

A72V, D346A, T3G3A

G4C, A72C, Q348R

G4C, W40R, A72C, T344M, Q349K

A72V, D320V, D346A

G4C, A72C, N194Y, T243L, Q349R, Y374S, A375R

G4C, EBSY, A72C, Y244H, Q340R

G4C, A72C, D202G, D320N, Q349R, A358E

G4C, A72C, D320V, Q349R

G4C, A72C, Q349K, S86T

AT72V, T335], D346A, T393A

G4C, A72C, E183V, K304R, Q349K

G4C, A72C, T243G, Q348R, Y374P, A375M

G4C, A72C, N194V, T243M, Q348R, Y374A, A375T

G4C, D64N, A72C, Q349R, A3E8E

G4C, A72C, Q349K, Q28R, S193T

G4C, A72C, E183K, Q349K

G4C, A72C, S311N, Q349K

G4C, A72C, N194K, Q348R, Y374P, A375Q

G4C, A72C, D181N, Q348K

W40R, D320V, Q349K T393A

W40R, T335l, D346A, T393A

Q1iL, G4C, A72C, D181N, E183K, N327Y, Q3498

A72C, T3351, Q3491

G4C, A72C, N194K, T243P, Q349R, Y374H, A375E

G4C, A72V, Q349R, P462del

G4C, A72C, S2368Y, Q349R

G4C, A72C, 83116, GB48K

A72V, D320V, T3351, D346A, T383A

ORI PRIRIMNINIMND NI I NS i [t b e |
I S S S T RN st KN LA S e S R e BN E Y F PN TR F R pog el Rl i =t o) B L DV

G4C, A72C, §88T, M234V, Q349K

Q1L., G4C, Q28R, E65V, A72C, K1589KCGRNK, D181N, E183M, P224L,

36 S311G, D3201, D346E, Q349K, T303V, Y420F

37 G4C, A72C. G251R, Q340R

38 G4C, A72C, Q349K. D320V

39 G4C. A72C. E183K, Q3498

40 Q1L. G4C, A75C, M203R. 034K

41 G4C, WAOR. A72C. Q349K

2 G4C, A72C. Q349R, V3ETA

43 Q1L G4C, ABV. G508, A72C. 1180N. D181N, E183K, G349R
44 G4C. A72C. 53116, D320V, Q349K

45 1L GG, A72C. D18IN. E185K. T2435, Q3407 PA8ES
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46 Q1iL, G4C, A72C, K154R, Q348K, T3934
47 G4C, A72C, N194G, T243F, Q349R, Y374P, A375R
48 A72V, D320V, D346A, T393A
49 A72C, Q349K
50 G4C, A72C, E183V, Q348K
51 G4GC, A72C, E183K, N318Y, Q349K
52 W40R, A221V
53 G4C, A72C, K92R, Q349K
54 Qil, G4C, A72C, S80T, D181N, E183K, Q348R
55 G4C, A72C, Q349R, Y422F
56 G4C, T48A, A72C, Q349R
57 E187K, D320V
58 G4C, 824N, EB5K, A72C, Q348R
58 Q1L, G4C, A72C, 8193P, Q349K
60 QiL, G4C, A72C, delV152-K159, D181N, E183K, Q349R
61 Q1L, G4C, A72C, Q349K
62 Q1L, G4C, A72C, D181N, E183K, M234L, V313l, Q349K
83 Q1L, G4C, A72C, D181N, E183K, [200N, Q349R
64 G4C, A72C, N194K, T243Y, Q348R, A375N
65 QiL, G4C, Q28R, A72C, Q349K
66 G4C, EBSV, A72C, Q349K
67 D320V, Q348K
68 Q1L G4C, A72C, S311G, Q349K
69 G4C, A72C, T243Q, Q349R, Y374P, A375M
70 Q1L, G4C, A72C, D320V, Q348R
71 Q1L, G4C, T158, A72C, Y244F, Q349K
72 G4C, A72C, E183K, D346k, Q348R
73 Q1L, G4C, A72C, Q349K T392M
74 G4C, A72C, D202N, S311N, Q349K
75 G4C, A72C, N194D, T243A, Q349R, Y374P, A375Y
76 G4C, A72C, N194Y, T243V, Q348R, Y374P
77 Q1L, GAC, A72C, Q349K

G4C, Q28R, EB5K, A72C, 586T, D202N, H203R, 8311N, D320I, A340G,

78 D346A, Q349K, T393A, Y422F

79 G4C, A72C. D202N, G343R

80 G4C, A72C, P224L. Q349R

81 Q1L, G4C, A72C, D181N, E183K, T220M. A340T, Q349R
82 Q1L, G4C, A72C, D181N, Q349R

83 G4C, A72C, D320V, D346V, Q340K

84 Q1L, G4C, A72C, V1524, Q349K

85 QiL, G4C, A72C, Q349K, Y4D2F

86 GAC, A72C, D202V, D320V, Q349K

87 Q1L, GAC, A72C. Y1558, D181N. E183K. Q349R
88 QL G4C, A72C, D181N, D247N, Q349K

89 QiL, GAC, ABBT, A72C. Q349K

90 QiL, G4C, DBAN, A72C, Q340K

91 GAC, A72C, D181N, P224L. Q349K

g2 GA4C, A72C, N194l, T243Y, Q349R, Y374P. A375R
03 Q1L GAC, A72C, E183K, Q349R

o4 GAC, A72C, 8311G, Q349R

o5 Q1L, G4C, A72C. S311N, Q349K

96 QiL, GAC. A72C, S86T, Q349R

97 QiL, GAC, A72C, D181N, E183K, G231D. Q349R
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98 QIL. G4C, A7oC. GB9N. D181N, E183K. Q349R
99 Q1iL, G4C, E65K, A72C, Q340K
100 QIL, Q2P, G4C, W4OR, E65M, A72C, S86T, S192L, D202N, H203R,
S311D, D320, T335l, D346G, Q349K, T392M, Y422F
Q1L, GAC, S24T, T26l, Q28R, N29Y, G30A. E65V. ABBT, A72C. Y1550,
101 D181N, E183M, Q190K, P224L, $311G, D3201, D346E, Q349K. T393V,
Y422F
100 GAC. A72C. E183K, D202Y, N310D, Q345K
108 GA4C, A72C, N104l, T243D, Q349R, Y374P, A375Y
104 Q1L GAC, A72C. D181N, E163K. Q3498
(05 G4C, Q28R, A72C, S86T, E183K, P224L, 311N, N318Y, 13351, Dad6G,
Q349R, T393
106 QiL. G4C. A72C, D181N, Q349K
107 QiL. G4C, A75C. DIB1N. E183K, T243]. N246D. Q3408
o8 QIL, GAC, G23N, A72C, D110G, 1116V, L1191, D181N. E183K. D211G,
D293R, N310D, Q349R, Q362R, G363P, M364S
0o Q7L, G4C. Q28R, E65V, ABBT, A72C, Y155C. D181N. E183M, Po24L,
S311G, D3201, D346E, Q349K, T393V, Y422F
110 QIL. GAC. A72C. SBBT. D181N, E183K, Q340R, T3035
" O1L, G4C, G23N, A72C, V84A, D110G, Di11H, [116E, F117Y, K118A,
D181N, E183K, D293R, T2958. Q349R, M364L
112 QiL. G4C. A72C. A145T, H2G3P. Q349K, T403K
113 Q1L, GAC, A72C, D181N. E183K, M234]. Q349R
114 Q1L G4C, A72C, D18IN, E183K, T207N, (349
e G4C, Q28R, E65M, A72C, S86T, E183K, 51921, H203R, S311N. DB46E,
Q349K, T392M, TA93A, YAROF
176 Q1L. G4C, A72C, D20oN, Q349K
117 QiL. GA4C. A72C. S90T. D181N, E183K. Q349R
118 Q1L, G4C, A72C, 1200F. (349K
115 Q1L G40, A318, A720. D1B1N, E183K, Q340R
120 O1L. GAC, Q28L. A72C D181N, E183K, 13495
121 Q1L, G4C, A75C. D181N, E183K. 2338, Q340R
122 QIL. G4C. ABiT, A79C. D181N. E183K,. Q349R
153 Q1iL, GAC, A72C, D346Y. Q349K
124 Q1L GAC. YA7E. A72C. D181N. E183K. Q349R
125 QAL G4C, A720. D181N. E183K. M234T, Q349R
126 QIL, GAC, A72C, N1579, D181N. E183K. 349R
157 GAC, A72C. N194Q, T243V, Q340R, Y374P. A375Y
128 QiL G4C. A72C. D181N. E183K. 1314F. Q349R
129 Q1L GAC, A72C, Q349K, T300K
130 Q1L G4G. A79C. DI81N, E183K, M234V, Q3408
131 QiL. GAC, A21S, A72C. D181N. E183K. O349R
120 Q1L GAC, Q28R E65V. A720, D181N, E183V. D228N. S311N, N318Y,
D346E, Q349R, YA22F
132 GA4C, A72C. N194C. Q349R. V3740
134 Q1L G4C, A72C. D181N, E183K, O349R, T4008
135 Q1L GAC, T281, A72C. D181N, E183K, O349R
136 Q1L G4C, A72C, D181N, E183K, N310D, Q340R, 13025
Q1L, G4C, A720, D129N, D181N, E183K, Q190L, G266S, 1276V, (1340R,
137 PassL
138 QIL. G4C, A72C. D181N, E183K. D205N, Q3498
139 QiL, GAC, A72C, Y1550, D181N, E183K, Q349R
10 Q1L, G4C, Q28R, E65Y, A72C, D181N, E183M, Po24L. 53116, D320l

D348k, Q349K, T393V, Y422F
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147 QiL GAC. A72C, D181N, E183K, N2ABK, Q349R
2 G4C, WAOR, EB5V, A72C, S86T, D181N, E183K, D202], H203R. 311D,
D320N, D346Y. Q349R, T392M, T393A, Y422F
143 Q1L GAC, A72C. Y1550, Q349K
144 GHiL, G4C, ABST, A75C. D181N. E183K. Q349R
QiL. G4C. S24T, 1251, Q28R, N29Y, G30A, Y47F, E65V, AGET, A73C,
145 Y155C, D181N, E183M, Q190K, P224L, T220M, G231D, M234T, S311G,
D320, A340S. D346E, Q349K, D39O, T393V, Y420F
7 QiL, G4C, WAOR, E65M, A72C, S86T, S102L. D202N. H203R, 83110,
D3201, T335!, D346G, Q349K, T392M, Y422F
147 O7TL. G4C, A72C, S86T, D181N, E183K, D320V, Q349K
I G4C, Q28K, A72C, S86T, E183M, D202N, P224L. 83116, N318Y, D320N,
D346A. Q349R. T392M. T393|
" Q7L, 2P, G4C, Q28R, W40R, E65K, A72C, D181N, 5195, Do02|. H203R,
Po24L. $311G, D320, D343A, D346A, Q349K
50 QL. G4C. O28R, E65K, A72C, E183M, D2021, P224L, D320N, D346V,
QB49K, T392M. T393V, Y422F
51 Q1L GAC, 28R, E65Y, A72C. S86T, 183K, D205V 5311G, N318Y,
D320, D346G, Q349K, T383V, Y420F
T2 QL. G4C. WAOR, E65M. A72C, D181N, E183K, S192P, D202N, P224L,
S311D, N318Y, D320V, D346G, Q349K, T392M
o Q1L G4C. E65V. A72C. D181N. E183K. P224L. 5311G, D320N, D346G,
Q349R, T392M. T393| |
o4 QL. GAC, 28R, EB5Y, A72C, G151GCGRSG, D181N, E183M, P2sAL.
S311G, D3201, D346E, Q349K, T393V, YA20F
(oe QiL, G4C, E65M, A72C, D181N, E183M, D202Y, P224L. 53110, N318Y.
D320, T335(, D346A, Q349K, T392M. T393!
- QIL, G4C, G23A, A72C, D1108, D111H, 16V, F117Y, K118A, L120M,
D181N, E183K, D293H, G204A, N310E, Q349R, Q362G, M364S
157 O1L. G4C. A72C. D181N, E183K, Q340R, T4211
o8 GAC, Q28K, E65M, A72C, S86T, V152A, D181N. E183V. 81921, D202N,
S314N, D320N, D346E, Q349R, T387A, T392M, T3931, Y422F
oo Q7L, GAC, WAOR, E65V, A72C, S86T, E183V, G188C, S192T, D202V,
H203R, P224l. S311N, D320V, D346E, Q349K TA93V, YA22F
50 QL. G4C, E65M. A72C, S8BT, E183M. D202N, P224L, T335!, D3460,
Q349K T392M, T393A
o QL. GAC. Q2aR, E85V. A70C. D181N. E183M, P224L. 8311G. D320,
A340S, D346E, Q349K, D3SOE, T393Y, Y422F
62 G4C. WAOR, A73C
163 &1L G4C, W40R, E65K, A72C, S86T, E183K, S192L, D202Y, P22aL.
D3201, D346E. Q349R |
Q1L GAC, AS1T, T261. 28R, E65V. ABST, A72C. Y1550, D181N, E183M.
164 Q190K, D202N, P224L, S311G, N318Y, D320, D346E, Q349K, 383V,
Ya22F
oo QL. B4C. Go8R. EB5Y. A75C. S86T, D181N, D202N, P224L. 83116,
N318Y. D3201, T3351, D346E, Q349K, T393V. Y422F
| Q1L G4C, Q28R E65V, A720. E183M. 53116, D346E, Q349K, T393V,
166 Y420F
QTL. G4C, 770, ABS, N10T, S24T, T27Q., Q28R. N29T, VAIT G488, V475,
167 T52D, D57S, D64N, E65Y, Q89K, A72C. D181N, P224L, S311D, N318Y,
D320N, D346A, Q349K, T392M. T3931, Y422F
o8 Q1L G40, Q28R. E65Y. A72C, K159KCGRNK, E183M. P224L. 53116,
D3201. D346E, Q349K, T393Y Y422F |
oo QL. G4C, Q28K, W4AOR, E65V. A72C, D181N. E183V, 5705P, D202V,

H203R, S311G, D320N, D346E, Q349K, T392M, T393A, Y422F
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Q1L, G4C, Q28R, EB5V, A72C, G139S, D181N, E183M, P224L, 8311G,

170 D3201, D346E, Q349K, T393V, Y422F
171 Q1L, G4C, Q28R, E65V, A72C, S86T, D181N, E183M, D202N, P224L,
S311G, N318Y, 73351, D346E, Q349K, T383V, Y422F
172 Q1L, G4C, Q28R, E65K, A72C, D181N, S311N, N318Y, D346E, Q349K,
T383V, Y422F
173 Q1L, G4C, W40R, A72C, S192L, D202N, H203R, P224L, S311N, D320l,
13351, D346V, Q349R, T393I
174 Q1L, G4C, Q28K, EB5K, A72C, E183M, D202N, P224L., T229S, S311G,
D3201, T3351, D346V, Q349R, 7393V
175 Q1t, G4C, Q28R, G30A, E65M, A72C, D181N, D202N, P224L, $311D,
N318Y, D346k, Q349K, T392M, T393V, Y422F
176 Q1L, G4C, Q28R, 65V, A72C, S68T, E183M, S311N, T335l, D346E,
Q348K, T393V, Y422F
177 Q1iL, G4C, Q28K, EBSK, A72C, D181N, D202N, S311N, N318Y, T335],
D346E, Q349K, T383V, Y422F
178 T243C, A375C, N194C, Y374C
179 Q1L, G4C, Q28K, E£65K, A72C, S86T, E183M, S311G, D346V, Q349R,
T392M, T383V, Y422F
180 Q1L, G4C, Q28R, £65V, A72C, D181N, E183M, S311G, D346E, Q349K,
T393V, Y422F
181 Q1L, G4C, Q28R, E65V, A72C, S86T, D181N, D202N, 8311N, N318Y,
D320t T3351, D346E, Q349K, T393, Y422F
182 Q1L, G4C, Q28R, E65K, A72C, 386T, E183K, D202N, P224L, S311G,
T3351, D346A, Q349K, T383V, Y422F
183 Q1L, G4C, Q28R, EB5V, A72C, L120P, D181N, E183M, P224L, S311G,
(3201, D346E, Q349K, T393V, Y422F
184 Q1L, G4C, Q28K, E65V, A72C, S86T, E183M, 8311N, N318H, D320V,
D346V, Q349K, T392M, T393A
185 Q1L, G4C, Q28K, E65V, A72C, D202N, H203R, S311G, T3351, D346V,
349K, T383A
186 Q1L, G4C, Q28R, E65V, A72C, E183M, 3311G, D3201, D346E, Q349K
T323V, Y422F
167 Q1L, G4C, Q28R, EBsK, A72C, D181N, D202N, H203R, P224L, 83110,
D346G, Q349K
188 Q1iL, G4C, Q28R, EB5M, A72C, D181N, £E183M, S311G, N318Y, D320l,
T3351, D348E, Q349K, D390OE, T393V, Y422F
189 QiL, G4C, T275, Q28R, E85Y, Q6OR, A72C, L120P, D181N, E183M,
D202N, D247N, 8311G, D346E, Q349K, K355Q, T387S, T333V, Y422F
190 Q1L, G4C, Q28R, £65K, A72C, E183V, S182T, D202N, S311G, D320V,
D346A, Q349K
191 Q’§L G4C, W40R, EB5V, A72C, S86T, E183M, D202N, P224L, S311G,
D320V, D346E, Q349R, T393!
190 Q1tL, G4C, Q28N, EB5K, A72C, D181N, E183M, D202N, H203R, 8311,
N318Y, D320N, Q349R, T383V, Y422F
193 Qil., G4C, Q28R, V41T, G468, Y475, T52D, E65V, A72C, D181N, P224L,
S311D, N318Y, D320N, D346A, Q349K T382M, T383l, Y422F
194 Q1iL, G4C, Q28R, E65K, A72C, D181N, E183M, P224L, S311G, D3201,
D346E, Q349K T393V, Y422F
195 Q1L, G4C, Q28R, W40R, A72C, 3867, D181N, $192T, D202N, P224§_,
i S311G, N318Y, D320V, D346E, Q349K, T392M, T393!
Q1L, G4C, A21T, T261, Q28R, G30A, EB5V, AB8T, A72C, Y155C, D181N,
106 Q190K, D202N, P224L, T229M, S311G, N318Y, D3201, T335I, D346E,
Q348K, T393V, Y422F
197 Q1L, G4C, Q28K, W40R, A72C, S86T, D181N, E183M, §1921, D202Y,

64




WO 2011/098551 PCT/EP2011/052023

12995, S311N, N318Y, D3201, D346V, Q349R, T393!

Q1L, G4C, Q28R, E65V, A72C, D181N, E183M, P224L, T229M, G231D,

198 M234T, S311G, D3201, D346E, Q349K, T393V, Y422F
QL. G4C, S24T, 1261, Q28R, N29Y, G30A, E65V. ABBT. A72C, Y1550,
199 D181N, E183M, Q190K, P224L, T220M, G231D, M234T, 311G, D3201,
A340S, D346E, Q349K. D3GOE, T393V, Y422F
200 QIL, GAC, Q28R E65K, A72C, E183M, P22AL. 53116, D346E. Q349K
T393V. Y422F
oo Q1L, G4C, Q28R, E65V, A72C, S86T. D181N, E183M. DS0SN, Po24L.
3311G, N318Y, DB46E, Q349K, T393V, Y422F
oon QiL, G4C. 28R, WA0R, E65V, A72C, S86T, 51927, D205V, HA03R,
S311N, N318Y, D346A, Q349K T392M. T393A, Y422F
o3 QiL, G4C, Q28K, E65K, A72C. D181N, H203R, P224L. S3116, D3s0V.
D346G, Q349K, T392M, T393]
Q1L, GAC, Q28R, E65K, A79C, E183M. 53110, D346E, QB49K, T393V,
204 Y420F
pos QiL, G4C, Q28R, E65M, A72C, D181N. E183M 311G, N318Y, D346E,
Q349K, T393V, Y420F
205 0L, G4C, G28R. E65V, A72C, E183K, D2021 P224L. 83116, Dazol,
Q349K, T393V
. Q1L G4C, 028K, A75C. S86T, D181N, E183V. §102T, DA02N, P22AL,
S3141G, N318Y, D320V, D346G, Q349R, T392M, Y422F
nos G4C, (28R, E65K, A72C, S86T, D181N, E183M S192L. D202N, H203R,
P224L S311D, D34BE, Q340R, T302M, T303A, Y422F
200 QL. G4C, W4OR, E65K. A72C. Q109R. D181N, E183M, 51921, D202,
HO03R, S245T, D346A, Q349R, T393A, Y422F
1o "QIL, GAC, Q28K, E65M, A72C. D18TN, D202N, S311N, 13351 D346E,
Q349K, T393!, Y422F
i Q1L, GAC, N10D, G28R, E65V. QBOR. A720. D181N. E183M, P22AL.
$311G, D3201. D34E, Q3498 T393V, NA17Y, Y422F
o QL. G4C, Q28R, W40R, E65V, A72C. D202Y. H203R, P22l 12001,
N318Y, D320V, D346A, Q349K, T392M, T303A
s G4C, QB8R E65Y, A72C, E183M, D202N, P224L. 83116, N318Y, D320V,
D346G, Q349K, T392M, Y422F
oy QIL, G4C, Q28K. A72C. SB6T, E183K, S311G, D320V, D346 Q3408
T392M. T393l, Y422F
s QL. G4C, Q28R, E65M. A75C. D181N, P224L. S311N, D32ON, T335],
D346E, Q349K, T392M, Y422F
1o Q1L G4C, Q28K, E65V, A72C. D181N, D202N, 3116, T35 D346E,
Q349K, T393V, Y420F
pim GTL, GAC, Q28R, E6SK, A72C, D18IN, E183M, 511N, NaT8Y, 1538,
D346E,-Q349K. T393Y, Y422F
o aiL G4C Q78R, E65K, A72C, £183M, 53116, D3201. D346E, 349K,
T393V, Y422F
o Q1L G4C, Q28R. E65V, A72C. D161N, E183M, 531G, Dasbl. DI4BE,
Q349K T393Y. Y422F
- Q7L G4C, W40R, E65V, A72C, S86T, D181N, 5102T, D202N, H203R.
P224al, S311G, N318Y, T3351, D346G, Q349K, T392M, T393V, Y422F
oo QiL, G4C, 28R, E6SK, A72C, ET63M, S311N, D320I, D346E, Q349K
T33!, Y4208
Q1L, GAC, 770, ABS, N10T, Q28R, D57S, DBAN, E65V, QB9K. A720.
200 D181N, P224L, S311D, N318Y, D320N, D346A, Q349K, T392M, T383
Ya22F
. G7L, G4C, Q28R, E65M, A72C, S86T, D161N. E163M, D202N, P224L.

S311G, D346A, Q349K, T393l, Y422F
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Q1L, G4C, N10D, Q28R, EB5V, Q69R, A72C, K92R, K118Q, D181N,

224 E183M, D202N, T2B0A, S311G, T335l, D346E, Q349K, K355Q, T387S,
T383V, D404N, Y422F
005 Q1iL, G4C, Q28R, E65M, A72C, E183M, D202N, 8311G, D320I, T334l,
D346E, Q349K, T393l, Y422F
508 Q1L, G4C, Q28K, EBSK, A72C, D181N, E183M, D202N, $311D, D320V,
13351, D346G, Q349K, T393}, Y422F
597 Q1L, G4C, Q28K, EB5K, A72C, S86T, P224L, S311N, D320I, 73351, D346E,
Q349K, T393V, Y422F
208 Q1L, G4C, Q28R, EB5V, A72C, S86T, D181N, E183M, D202N, P224L,
S311N, D320I, D346E, Q349K, T393V, Y422F
559 G4C, EB5K, A72C, 586T, E183M, D2021, P224L., S311N, N318Y, D320N,
T3351, D346V, Q349R, T393V, Y422F
230 Q1L, G4C, Q28R, EB5K, A72C, D202N, S311N, T335l, D346E, Q3409K,
13931, Y422F
231 Q1L, G4C, E65V, A72C, D181N, E183K, D202G, Q349R
530 Q1L, G4C, Q28R, E85K, A72C, E183M, P224L, S311G, D3201, D346E,
Q349K, T393V, Y422F
533 Q1L, G4C, Q28R, E65V, A72C, D181N, E183M, P224L, F306L, S311G,
D3201, D348E, Q349K T393V, Y422F
534 Q1L, G4C, Q28R, E65V, A72C, S86T, D202N, P224L, S311G, N318Y,
D3201, D346A, Q349K, T3931, Y422F
035 Q1L, G4C, Q28K, EB5K, A72C, D181N, E183K, S192P, P224]., 5311G,
N318Y, D320V, D346E, Q349R, T392M, T393l, Y422F
236 Q1L, G4C, Q28K, E65M, A72C, S86T, E183M, H203R, S311D, D320V,
13351, D346E, Q349R, T333A
537 Q1L, G4C, Q28R, A72C, D181N, E183V, D221, H203R, P224L, S311D,
D320V, D346V, Q349R, T392M, T393!
238 Q1L, G4C, Qz8K, W4_OR, E65K, A72C, 86T, D181N, E183K, S182L,
D2021, H203R, 8311N, D320N, D346V, Q349K, T392M, T393A, Y422F
039 G4C, E65V, A72C, SBET, Y155H, D181N, E183V, Q180K, P224L, S311N,
D320V, D346V, Q349K, T392M, T393V, Y422F
540 QiL, G4C, Q28R, E65M, A72C, S86T, E183M, D202N, 83110, N318Y,
D320N, T3351, D346A, Q349R, T392M, T333l, Y422F
541 Q1iL, G4C, Q28R, EB5V, A72C, D181N, E183M, S311N, N318Y, D3201,
13351, D346E, Q348K, T393V, Y422F
042 Q1L, GAC, Q28R, EB5K, A72C, 386T, D181N, D202N, $311G, D346E,
Q349K, T393!, Y422F
543 QTL G4C, Q28R, E65K, A72C, D181N, D202N, S311N, N318Y, D320l
D346E, Q349K, T393l, Y422F
Q1L, G4C, T7Q, A8S, N10T, 524T, T27Q), Q28R, N29T, D573, D64N EB5YV,
244 QBeK, A72C, D181N, P224L, 8311D, N318Y, D320N, D346A, Q349K,
T382M, T393l, Y422F
045 Q1L, G4C, Q28R, EB5K, A72C, S86T, D202N, S311G, N318Y, D320,
D346A, Q349K, T393I, Y422F
246 Q1L, G4C, Q28R A72C, D181N, S311G, N318Y, D320V, D346E, Q349K,
T3931,.Y422F
547 Q1L G4C Q28R, EGSK A72C, D181N, E183M, S311G, D3201, D346E,
' - Q349K T383V, Y422F ‘
048 QiL, G4C, Q28R, E65K, A72C, 181N, E183M, S311G, D346E, Q349K
T393V, Y422F
549 Q1L G4C, QZBR E65V, A72C, E183M, D202N, 8311N, D320, D346E,
Q349K, T393V, Y422F
o5 Q1L, G4C, Q28R, E65K, A72C, E183M, S311G, T335(, D346E, Q349K,

T393V, Y422F
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Q1L, G4C, Q28R, EB65V, A72C, S86T, D181N, D202N, S311N, N318Y,

251 T3351, D346E, Q349K, T393V, YA22F
pon Q1L, G4C, E65M, A72C, S86T, E183K, D202Y, S311G, D320N. T3351.
D346A, Q349K, T393V, Y422F
o53 QiL, G4C, Q28R, E65V, A72C, S86T, E185M. D202N, Po24L. S311N.
D3201, T3351, A340S, D346A, Q349K T3093V, YA22F
pos Q1L, G4C, Q28K, E65K, A72C, S86T, D181N, E183M. H203R, P224L.
S311D, D320!, D346E, Q349R, T392M, Y422F
- QL. GA4C, Q28K, E65V, A72C, S86T, D181N, E183M, P224L. S311G.
D3201, D346E, Q349K T393V, Y422F
pot Q1L, G4C, Q28K, N29Y, E65K, A72C, D181N, S311G, T3351, D346E,
Q349K T393V, Y422F
Q1L G4C, Q28K, E65M, A72C, E183M. S311G, D346E, Q349K, T393V,
257 Y420F
oog QIL, G4C, Q28K, E65Y, A72C, SB6T, D181N, E183K. D20ZN. S311N,
N318Y, D320N, T335!, D346A. Q349K, T392MM, T393V
- QIL, G4C, Q28K, E65K, A72C, S86T, D181N. E183M, D202N. S311G,
N318Y, T335!, D346E, Q349K, T393!, YA22F
250 QIL, G4C, Q28R, E65K, A72C, E183V, S102T, D202N, 83116, D20V,
DR46A, Q349K, T30V
o1 Q7L G4C, Q28R, E65V, A72C, £183M, D202N, S311N, N318Y, D3201,
T335!, D346E, Q349K, T393V, Y422F
- Q1L GAC, S24T, Q28R, E65K, A72C, D202N, 53116, 13351, D346E.
Q349K, T3931, YA22F |
oea QT GaC, A72C, 5867 D181N, 5195L. D202N, P224L. 53116, N318Y]
D320V, T3351, D246G, Q349K. T393!
ood Q1L GA4C, Q28R, E65V, A72C. D1B1N, P224L. 53110, N318Y. D320N,
D346A, Q349K, T392M, Ta93I, Y422F
pos QiL, G4C, Q28R E65M, A72C, D181N. E183M, D202N, PoodL. 6311G,
D346A, Q349K, T3931, Y422F
oot Q1L GAC, Q28K, E65V, A72C, S86T, E183V, S192], D202V, Das0l, T3551,
D346V, Q340K, T392M, T393l, Y4220F
. Q7L G40, Q28K, EB5M, A72C, S86T, D181N, E183M, D202N, P2SAL,
S311G, D320!, T335], D346E, Q340K, T393V, Y420F
oes QIL, G4C, Qo8K, A72C, D181N, D2021, S311D, N318Y, T3351, D346E,
Q349K, T392M. Y420F
250 Q7L, G4C, QZ8R, E65V, A72C, D181N, E183M, P254L. 83116, D320N,
D346E, Q349K, T393V, Y422F
70 QTL, G4C, Q2BK, E65V, A72C, D1B1N, E183M, D202N. 83116, N318Y,
- D346E, Q349K, T393!, YA22F
- Q1L G4C, QP8K. E65K, A72C, D181N, D202N, 53116, N318Y, DI4BA,
Q349K, T393], Y422F
7o cm_ G4C, 28R, E6BK, A72C, S86T, E183M, D202N, D3201, 1335,
D346A, Q349K T392M, Y422F
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QL, G4C, S24T, T26!, Q28R. N29Y, G30A. YA7F, E65V. ABST, A72C,
394 E183M, Q190K, P224L. T229M, G231D, M234T, S311G, D3201, A3403,
D346E, Q349K D390E. T393V, Y422F
QiL, G4C, A21T, 1261, Q28R N2OY, Ga0A, E65Y, AGST, A72C. D181N,
395 Q190K, D202N, T220M, M234T, S311G, D3201. A340S, D346E, Q349K
D390E. T393V, Y420F
Q1L GAC, N10D, 7278, Q28R E65V, A72C, Ko2R, K1160, D18iN,
306 D202N, S236F, 1277V, S311G, D346E, Q349K, K355Q, T387S, T393V,
DAOAN, NA17Y, Y422F
Q1L GAC, AZ1T, T261, Q28R, G30A, E65V, AGST A75C, Y1550, D18IN,
397 Q190K, D202N, P224L, T220M, S311N, D3201, D346E, Q349K, T393V,
Y4208
QL. GAC. N10D. 1575, 28R, E65V, A75C. KO2R, K118, D18IN.
398 E183M, D202N, D247N, S311G, D3201, T335!. D346E, Q349K, T393V,
YaooF
. Q7L G4C. 725!, G28R, GA0A, E65V, A72C, Y1550, D181N, D20SN,
T229M. G231D, S311G, T335!, D346E, Q349K, T303V, Y420F
o0 Q1L G4C, S24R. T26I. Q26R, G30A, E65V, A72C, D181N, E183M D202N,
P224L, S311N, T335], D346E -Q349K, D3GOE, T3V, Y4A22F
QAL GAC, N10D, T27S, Q28R, £65V. GBOR,. A72C, D181N, E183M.
401 D202N, S236F, D247N, 1277V, S311N. T335(. D346E, Q349K, T387S,
T393V. N417Y, Y422F
2on &1L G40 A3TT QZ8R, 65V A72C, Y155C D18TN, D202N. B354l
S311G, N318Y, D346E, Q349K, D3YOE, T393Y, Y422F
o3 QiL, G4C, T261, Q28R, N29Y. E65V, ABST, A75C, Y155C, D161N, E163M,
D202N, P224L, M234T, S311N, N318Y, D346E, Q349K, T393V, Y422F
QL. G4C, A21T, T261. Q28R, N29Y, E65V, ABBT, A72C. Y155C. D181N,
404 D202N, P224L, T220M, M234T, S311G, N318Y, D346E, Q349K, T393V,
vagorE
G1L. GaC. N10D, (28R, E65V. A720. KO2R, K160, D181N, E183M,
405 D202N, P224L, S236F, D247N, F306L, S311G, D346E, Q349K, K355Q,
T393V, DA0AN, NA17Y, Y422F
2o Q7L G4C NT0D 28R, E65V. A72C, KO2R, K118Q, D1ETN. E163M.

D202N, S236F, D247N, S311G, N318l, 73351, D346E, Q349K, K355Q,
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] T393V, Y422F

407 G4C, Q28K, EB5M, A72C, S86T, G151GCGRSG, E183M, D202N, P224L.,
S311G, T335!, D346E, Q349K, T393V, Y422F

408 G4C, Q28K, EB5M, A72C, S86T, K159KCGRNK, E183M, D202N, P224L,
S311G, T3351, D346E, Q349K, T393V, Y422F

409 G4C, Q28K, EB5M, A72C, S86T, G151GCGRSG, K159KCGRNK, E183M,

D202N, P224L, S311G, T3351, D346E, Q349K, T393V, Y422F
410 Q1L, G4C, Q28K E65V, A72C, D181N, E183M, D202N, P224L, S311G,
T3351, D346E, Q349K, T393V, Y422F

411 Q1L, G4C, Q28K, E65V, A72C, S86T, D181N, E183K, S192L, D202V,
S311G, D3201, D346V, Q349R, T393A, Y422F

412 Q1L, G4C, Q28R, E85V, A72C, S86T, D181N, D202N, P224L, S311N,
N318Y, D3201, D346A, Q349K, T393V, Y422F

413 QiL, G4C, A21T, T26l, Q28R, G30A, £65V, A68T, A72C, D181N, E183M,

D202N, T229M, S311G, A3408, D346E, Q349K, T393V, Y422F

Furthermore, the present invention provides a polypeptide having cellobiohydrolase activity
comprising an amino acid sequence having at least 85%, preferably at least 95%, more
preferably at least 98%, even more preferably at least 99%, and most preferably 100%
sequence identity to SEQ 1D NO:12 wherein one or more of the following amino acid
residues of the sequence defined by SEQ 1D NO: 12 are modified by substitution or deletion:
Q1, 82, P12, T15, 821, G23, T26, Q28, T29, G30, V32, N37, W40, T48, C50, N54, L80, E65,
K69, V84, 890, D114, E119, F120, T121, L122, L1238, D132, V133, G142, $148, M14g,
V188, Y158, N161, T162, K166, G170, Q175, F182, 1183, G191, 1203, D214, 1215, A224,
T231, G234, 1257, 5248, G254, W263, G269, 1.282, T285, G298, Y303, N307, G308, 7310,
317, L318, 5322, N324, G340, 5341, D345, 8357, M360, V383, D389, A372, P382, 8388,
T389, P390, T399, S400, Q4086, N413, F423, P425, 1426, G427, T429, P432, G435, N436,
P437, G439, N441, R442, T444, T445, T446, T447, R449, P450, A451, T452, T453, $456,
S457, P458, G463, P464, S487, H459, C4B8, G470, G472, 5474, P476, V478, C479, 5481,
G482, T484, V487, L488, N488, Y481, Y482, Q494, C495, L496. Preferably, this polypeptide
comprises an amino acid sequence with at least 54 %, preferably at least 56 %, more
preferably at least 58 %, particularly preferably at ieast 60 %, such as at least 62 %,
particularly at least 64 %, such as at least 66 %, and most preferably preferably at least 68 %
sequence identity to SEQ ID NO: 5. This polypeptide also preferably lies within the
embodiment as defined above, wherein the polypeptide is temperature stable, i.e. has a high
IT50 value, such as defined above, for example 62 °C or more, as described above (for more
embodiments, see above, in relation to the definition of variants of SEQ ID NO: 5). The
skilled berson will recognize that SEQ 1D NO 12: has about 88 % identity with SEQ 1D NO: 5.
Therefore, a polypeptide derived from the polypeptide defnad by SEQ ID NO: 12, which is
differs from the polypeptide defined by SEQ D NO: 12 for example by exchange of one
amino acid for another, such as Q1A, for example, is a polypeptide which also has a
significant degree of identity with SEQ ID: NO: 5, i.e. at least 68 % or more, as defined
above. Thus, the skilled person can readily recognize the common inventive concept of this
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invention, particular when taking into consideration the temperature stability of the

polypeptides of this invention.

In a preferred embodiment, the polypeptide having cellobiohydrolase activity comprises an
amino acid sequence having at least 85 % sequence identity to SEQ ID NO: 12, wherein the
polypeptide has the amino acid sequence of SEQ ID NO: 12 wherein one or more of the
following amino acid residues are modified by substitution or deletion:Q1, S2, P12, T15, S21,
G23, T26, Q28, T29, G30, V32, N37, W40, T48, C50, N54, L60, E65, K69, V84, S90, D114,
E119, F120, T121, L122, L123, D132, V133, G142, S148, M149, V155, Y158, N161, T162,
K166, G170, Q175, F182, 1183, G191, 1203, D214, 1215, A224, T231, G234, 1237, S248,
G254, W263, G269, L282, T285, G298, Y303, N307, G308, T310, E317, L318, S322, N324,
G340, S341, D345, S357, M360, V363, D369, A372, P382, S388, T389, P390, T39S, S400,
Q406, N413, F423, P425, 1426, G427, T429, P432, G435, N436, P437, G439, N441, R442,
T444, T445, T446, T447, R449, P450, A451, T452, T453, S456, S457, P458, G463, P464,
S467, H459, C468, G470, G472, S474, P476, V478, C479, S481, G482, T484, V487, L488,
N489, Y491, Y492, Q494, C495, L496

Exchange with respect to SEQ ID NO: 12
1 Q1L
2 T158
3 Q28R
4 WA40R
5 Cc72v
6 V133l
7 V155A,E
8 Y158C
9 T162E
10 Y247F H
11 N307D
12 G308N
13 E317V,N
14 S341M
15 D345R K
16 Y370P,R,H,S,A
17 T389A
18 Q406G
19 N441D
20 R4428,G
21 TA52A
22 S456L,P
23 P458L,del
24 G459D
25 H464L,Q,R
26 V478A,
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invention, particular when taking into consideration the temperature stability of the
polypeptides of this invention.

In a preferred embodiment, the polypeptide having cellobiohydrolase activity comprises an
amino acid sequence having at least 85 % sequence identity to SEQ ID NO: 12, wherein the
polypeptide has the amino acid sequence of SEQ ID NO: 12 wherein one or more of the
following amino acid residues are modified by substitution or deletion:Q1, S2, P12, T15, S21,
G23, T26, Q28, T29, G30, V32, N37, W40, T48, C50, N54, L60, E65, K69, V84, $90, D114,
E119, F120, T121, L122, L1283, D132, V133, G142, S148, M149, V155, Y158, N161, T1862,
K166, G170, Q175, F182, 1183, G191, 1203, D214, 1215, A224, T231, G234, 1237, 5248,
G254, W263, G269, L282, T285, G298, Y303, N307, G308, T310, E317, L318, S322, N324,
G340, S341, D345, S357, M360, V363, D369, A372, P382, $388, T38%, P390, T399, 5400,
Q406, N413, F423, P425, 1426, G427, T429, P432, G435, N436, P437, G439, N441, R442,
TA44, T4A45, T446, T44T7, R449, P450, Ad451, T452, T453, S456, S457, P458, G463, P464,
5467, H459, C468, G470, G472, 5474, P476, V478, C479, S481, G482, T484, V487, L488,
N489, Y491, Y482, Q494, C485, L4896

74bis



WO 2011/098551 PCT/EP2011/052023

Another aspect of the invention relates to the application of the isolated polypeptides and
variants thereof of the present invention for the complete or partial hydrolysis of cellulosic
material. The celiulosic material can be of natural, processed or artificial nature. “Celluosic
material” herein shall be defined as all sorts of pure, non-pure, mixed, blended or otherwise
composed material confaining at least a fraction of §-1-4-linked D-glucosyl polymers of at
feast 7 consecutive subunits. Prominent examples of celiulosic materials are all sort of
cellulose containing plant materials like wood (soft and hard}, straw, grains, slephant grass,
hey, leaves, cotton and materials processed there from or waste streams derived from such
processes. Cellulosic material used in an enzymatic reaction is herein also referred to as

cellulosic subsirate.

The hydrolysis of the cellulose material can be a sequential process following
cellobiohydrolase production or contemporary to the production in the yeast cell
(consolidated bioprocess). The expression of celluiolytic enzymes in yeast is of special
interest due 1o the ability of many yeasts to ferment the released sugars (C6 or C5) to

ethanol or other metaboliles of interest.

A further embodiment of the invention thus relates to the application of whole cells
expressing the polypeptide or variant thereof according to the present invention for the

processing of ceiluiosic materiais.

In a pariicular embodiment, the present invention discloses the use of a polypeptide and
variants thereof or the compasition of the present invention for the enzymatic degradation of
cellulosic material, preferably lignoceliulosic biomass, and/or for textiles processing and/or as

ingredient in detergents and/or as ingredient in food or feed compositions.

Examples

Example 1: Preparation of Pichia pastoris expression piasmid

Expression plasmids for the constitutive expression of protein from transformed Pichia
pastoris hosts are prepared by assembly of an expression cassette consisting of a Pichia
pastoris gyceraldehyde phosphate dehydrogenase (GAP) promoter, a Saccharomyces
cerevisiae SPo. (mating factor alpha signal peptide), a multiple cioning site (MCS) and the 3*-
GAP-terminator sequence. For seleclion purposes a kanamycine resistance gene is usad
under control of the EM7 or TEF promoter for bacterial or yeast selection purposes,
respectively. The resulling plasmid veciors are designated as pV1 (Figure 1) and pV2

(atternative MCS) Transformation and expression cultivation are done essentiaily as
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described by Waterham, H. R., Digan, M. E., Koutz, P. J., Lair, S. V., Cregg, J. M. (1997).
Isolation of the Pichia pastoris glyceraldehyde-3-phosphate dehydrogenase gene and
regulation and use of its promoter. Gene, 186, 37-44 and Cregg, J.M.: Pichia Protocols in
Methods in Molecular Biology, Second Edition, Humana Press, Totowa New Jersey 2007.

Example 2: Construction of Pichia pastoris expression constructs for CBHI sequences

CBHi genes of Trichoderma viride (CBH-}, Humicola grisea (CBH-d), Thermoascus
aurantiacus (CBH-e), , Talaromyces emersonii (CBH-b), ,and fusions of the celiulosé binding
domain of Trichoderma reesei CBHI with the Talaromyces emersonii CBHI (CBH-a) or the
Humicola grisea CBHI {(CBH-g) are amplified using the olige nucleotide pairs and templates
(obtained by gene synthesis) as given in the Table 4. The fusion gene encoding SeqglD. NO.
2 is generated by overlap extension PCR using the PCR-Fragments generated from SeqlD
NO. 5 and 11. Phusion DNA polymerase (Finnzymes) is used for the ampiification PCR.

Table 4: Primers and templates for the amplification of CBH-a, CBH-h, CBH-d, CBH-e, CBH-f

and CBH-g

Fragment Primer forward Primer reverse Tempial
&
CBH-f | Trichoderma GAGGCGGAAGCACCC | GGAGACGCAGAGCC | SEQID
viride CBRI TCTcaatctgetigeaccttgea | Citattacaggeactgegagt | NO. 13
gic | agt
CBH-d | Mumicola grisea | GAGGCGGAAGCACC GGAGACGCAGAGCC | SEQID
CBHI TCTcagcaggciggtaciatia | Cttacacgitcacggtagaac | NO. 7
cige cgattggge
CBH-e | Thermoascus GAGGCGGAAGCACCC | GGAGACGCAGAGCC | SEQID
aurantiacus TCTcacgaggecggtaccgta | CTTAttagttggcgotgaag | NO. 9
CBHi accge gtcgagt
CBH-b | Talaromyces GAGGCGGAAGCACCC | GGAGACGCAGAGCC | SEQID
emersonii CBH! | TCTcagceaggecggeacgge | CTTAtcacgaageggigaa | NO. 5
gacggce ggtegagt
CBH-a | Talaromyces GAGGCGGAAGCACCC | ATTACCTGTGCTACC | SEQID
parti emersonii CBH | TCTcagcaggeecggeacgge | gaicggaccaaacitaatgtic | NO. 5
fusion fragment | gacggce g
parti
CBH-a | Trichoderma AAGTTITGGTCCGATCyg | GGAGACGCAGAGCC | SEQID
part2 | reesei CBHI gtagcacaggtaatecticagg | CTTATTAtagacactgiga | NC. 11
binding domain gtagtaagggt
fusion fragment
part2
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CBH-a | Talaromyces GAGGCGGAAGCACCC | GGAGACGCAGAGCC | 5a+5b
emersonii CBH! | TCTcagcaggecggeacgge | CTTAtcattaatggtgotggt | SEQID
fusion protein gacggce gatgatgag NO. 2

CBH-g | Humicola grisea | aggcggaageaigetcgeage | ggattacctgttaagceticcaat | SEQID
part1 CBHI fusion aggciggtacaattacige tggtccgaatctgatgit NO. 19
fragment part1

CBH-g | Trichoderma accaatiggaagettaacaggta | atctigeaggtegacttatcatt | SEQID
part2 | reesei CBHI atccticaggiggtaatee aatgatgatgaigatggigtge | NO. 11
binding domain a
fusion fragment

part2
CBH-g | Humicula grisea | aggcggaagceatgctcgeage | atcttgcaggtcgactiatcatt | 6a+6b
fusion protein aggctggtacaatiactge aatgatgatgatgatggigtge | SEQID
a NO. 15

PCR fragments of expected length are purified from agarose gels after electrophoresis using
the Promega@ SV PCR and Gel Purification kit. Concentration of DNA fragments are
measured on & Spectrophotometer and 0,2pmoi of fragments are treated with 9U of T4-DNA
polymerase in the presence of 2,5mM dATP for 37,5 min at 22,5°C and treated fragments
are annealed with T4-DNA-Polymerase/dTTP treated Smai~iinearized pV1 plasmid DNA and
afterwards transformed into chemically competent Escherichia coli Top10 cells. Deviant from
the described procedure the product generated by the primer pair according to the table lane
11 encoding the Humicula grisea fusion protein fragments are cloned via the introduced Sphl

and Saf siie to pV2. Transformants are controlled by sequencing of isolated plasmid DNA.

Example 3: Expression of CBHI Genes in Pichia pastoris

Piasmids of Example 2 are transformed to electro-competent Pichia pastoris CBS 7435 cells
and transformants are used to incculate cultures in YPD medium containing 200mg/l, which
are incubated for 5 days at 27°C in a rotary shaker at 250 rpm. Culture supernatants were
separated by centrifugation at 5000xg for 30 minutes in a Sorvall Avant centrifuge.
Supernatants were concentrated on spin columns with cut-off size of 10kDa. Protein pattern
of such concentrated supernatants were analyzed by SDS-PAGE (Laemmii et al.) and gels
were stained with colloidal Commassie blue stain. Enzymatic activity was determined by
incubation of the supernatant with 2mM solutions of p-nitrophenyi-B-D-lactoside or 200uM
solutions of 4-methyl-umbelliferyl-3-D-iactoside in 50 mM sodium acetate buifer {pH 5) for 1
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hour. The reaction was stopped my addition of equal volumes of 1 M sodium carbonate
solution and determination of released p-nitropheno! or 4-methyl umbelliferone by
measurement of the absorbance at 405 nm or the fluorescence at 360 nm/ 450 nm
excitation/emission.

Example 4: Genome integration and expression of the Talaromveces emersoni CBHI-T.

reesel CBHI-CBD fusion seguence in Pichia pastoris

Table 5

Fragment Primer forward Primer reverse Template

Talaromyces emersonii GAGGCGGAAGCACCCTCTe | ATTACCTGTGCTACCY | SEQID NG, 5

CBH fusion fragment agcaggeeggeacyggegacgge atcggaccaaacttaaigttcg

partt

Trichoderma reesei AAGTTTGGTCCGATCggtage | GGAGACGCAGAGGCC SEQID NO.
CBH! binding domain acaggtaatccticagg Cttatcattaatgotogiggtgat | 11

fusion fragment with 6x galgag

His-Tag pan2

Talaromyces emersoni GAGGCGGAAGCACCCTCTe | GGAGACGCAGAGCC OF 1a+1b:
CBHI fusion: protein with | ageaggeeggeacggegacgyc Citatcattaatggiggtggigat | SEQID NC.

6x His-Tag part2 : gatgag 17

The DNA-fragment of the fusion gene are generated by 2 step overlap extension PCR using
the oligo nucleotide pairs and synthetic templates as indicated in the Tabie 4 (of Example 2).
T4-DNA polymerase treated full length fragment was annealed with the linear pV3 vector
fragment by slowly reducing the temperature from 75°C to 4°C. The pV3 plasmid contains a
fusion of the mating factor alpha signal peptide to a mulliple cloning site, situated
downstream the of a Pichia pastorfs AOX! promoter. Transformation of the anneaied solution
into chemical competent E. coli cells yields transformants, which are selected by their
Teocine resistance checked for containing expected construct piasmid by restriction analysis
and sequencing. pV3-CBH-a plasmid preparations are linearized with Sacl and
approximately 1 ug of linear DNA-fragments are transformed to Pichia pastoris
electrocompetent cells. 94 Transformants from YPD-Zeocin plates are afterwards checked
for expression by cultivation in 500ul 96-deepweli Plate cultures in BMMY-medium containing
1% methanol and 0.5 % methanol was fed every 24h for 5 days (350 rpm/27°C: humidified
orbitai shaker with 2,5 cm amplitude . Supernatants are tested for activity on 4-MUL and
clones with highest expression levels are selected and again evaluated under same
conditions.
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For fermentation in an Infors Multifors bioreactor the strain producing the highest enzyme
concentration is selected. A YPD-Zeocin {100g/l) pre-culture is chosen for inoculation of
Mineral medium consisting of phosphate-buffer, magnesium sulphate and chloride, trace
elements/biotin and glycerol, with pH calibration using ammonia and phosphoric acid. After
metabolism of the batch glycerol (2%) additional glycerol feed is maintained for 1 day before
the feed is changed to methanol to shift to inductive conditions for the AOXI| promoter. Under
these conditions the fermentation is kept for 5 days. Cells are separated from the
fermentation liquid by centrifugation at 5000xg for 30 minutes. -Supernatants are analyzed
for total Protein using Bradford Reagent and BSA Standards (Biorad). SDS-PAGE /
Coomassie Brilliant blue staining is used to analyze the Protein Pattern on the SDS-PAGE.

Example §: Trichoderma reesei expression vecior construct

Sbfl/Swal digested pSCMB100 plasmid DNA was transformed into Trichoderma reesei
SCF41 essentially as described by Penttild et al 1997, 10ug of linear DNA was used for the
transformation of 107 protoplasts. Selection of transformants was done by growth of the
protoplasts on Mandel’'s Andreotti media plates with overlay agar, containing hygromycine as
selective agent (100mg/l). Transformants were further purified by passage over sporolation
media plates and re-selection of spores on hygromycin media. From re-grown mycelia
genomic DNA was isolated and the replacement event verified by PCR. Transformants
vetified in being true replacement strains were further tested for secretion of recombinant
protein,

Example 8: Expression of Talaromveces emersonii CBH!Y / Trichoderma reesei ~CBD fusion

(CBH-ah) fusion with 6x His-Tag from Trichoderma reesej

Expression of recombinant CBHI replacement strains of Talaromyces emersonii CBHI /
Trichoderma reesei —CBD fusion with 6x His-Tag in Trichoderma reesei Q6A (ATCC 13631)
was done in shakeflask cultures containing 40ml Mineral medium containing 2% Avicel in
300m! flasks and cultivation at 30°C/250rpm for 6 days. Supernatants recovered by
- centrifugation and further analyzed by SDS-PAGE and Bradford Protein assays.

Example 7: Screeninq thermo stability varianis

Random mutagenesis libraries of the Talaromyces emersonii CBHI / Trichoderma reesei ~
CBD fusion (with 6x His-Tag) gene were generated using error prone PCR appiying
manganese containing bufferers and inbalanced dNTP concenirations in the Tag-DNA
polymerase reaction micture, used for PCR-amplification, essentially as described by Craig
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and Joyce (R.Craig Cadwell and G.F. Joyce, 1995. Mutagenic PCR, in PCR Primer: a
laboratory manual, ed. C. W. Dieffenbach and G. S. Dveksier, Cold Spring Harbor Press,
Cold Spring Harbor, ME, 583-589). As template the wild type fusion gene (SeqiD. NO. 17) or
mutants thereof were chosen. Mutated PCR-Fragments were cloned to the pPKGMe Plasmid
using Sphl and Hindlll endonucleases and T4-DNA-ligase.

Libraries of the Talaromyces emersonii CBHI / Trichoderma reesei —CBD fusion (with 6x His-
Tag) gene variants were distributed in 1536 well plates with welt occupation number close o
1. Enzyme was expressed over 7 days in a volume of 4uf YPG-G418 medium. For evaluation
of the properties of fhe variants 2ul sampies of culture supernatants were transferred to
plates containing a suspension of milled straw, acetaie buffer and beta-glucosidase. After
incubation of the sealed reaction piates for 48 hours at defined temperatures the glucose
concentration was determined using Amplex red in the presence of GOX and HRP by
analyzing the fluorescence level. Best-performing Hits were re-cultivated and re-evaluated,
Plasmids of confirmed CBH-ah variants were recovered (Pierce DNAzol Yeast genomic DNA
Kit) and sequenced using oligonucleotides alpha-f (5 TACTATTGCCAGCATTGCTGC-3)
and oli740 (5-TCAGCTATTTCACATACAAATCG-3').

Example 8: Determination of Substrate Conversion Capacity at different temperatures for

indication of the thermostability of CBH-ah-Varants using 4-methviumbellifery-8-D-lacioside

(4-MUL)

For precise comparison of the thermal stability culture supernatants containing the secreted
celiobiohydrolase variants were diluted tenfold in sodium acetate buffer (50mM, pH 5) and
10ul samples were incubaied with 90pl of 200uM 4-MUL (in buffer) in the temperature
gradient of an Eppendortf Gradient Thermocycler. A temperature gradient of 20°C reaching
from 55°C to 75°C was applied to 12 reaction mixtures for for each sample for one hour. The
"temperature profile could be recorded after addition of 100ul 1M sodium carbonate solution
to each reaction and measurement of the fluorescence intensity at 360nm/454nm in & Tecan
Infinite M200 plate reader. For comparison of the thermostability the values were normaiized
between 1 and 0 for the maximum and minimum fluorescence count (Figure 7).

Table 6: Listing of Mutants of SeglD NO. 18 with improved {750 values.

. . iT50-value (4~
Mutations with respect to Seq. [D NO. 18 MUL)
1 wi 80,4 +/- 0.6
2 R446G 60,6
3 Q1L G4C, QZ8R, A72C, 5867, £E183M, D202V, S311N, D320N, T335i, 60.7
D346E, Q349R, P4425, N445D, R446G, H4680Q :
4 [2346G, R453G ' ' 80,9
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5 Y496F 60,9
6 T335], D346A, T3S3A, D410G 61
7 T2431, T325A, V482A 61
8 N194R, T243R, Y374D, A375D 61,1
Q1L, G4C, Q28R, W40R, E6BY, A72C, 586T, E183K, 51921, D202,
9 H203R, F260C, S311N, D320N, T3351, D345G, Q349K, T392M, 61,1
P442S, R446G, H468L, V482A
10 | E65K 61,1
11 | T48A 61,2
12 | G4C, A72C, T344M 61,2
13 | T243R, A375[ 61,3
14 | W40R, K159E, N445D 61,3
15 | T344M 61,3
16 | W40R, M234K 61,3
17 | Q349R, T393A, P436S, N445D 61,4
18 | Q340R, A354T, D373E, N448D 61,4
19 | GAC, W40R, A72C, T344M 61,4
20 | G4C, A72C, N194L, T243Y, 3498, Y374R, A375L 51,5
21 | G4C, DB4N, A72C, Q349K 81,5
22 | Q349R, N445D 61,5 +/- 0,1
23 | W40R, T344M 51,5
24 | W40R, D34BA, T393A 61,6
25 | N158D, G4863, Y495C 61,6
26 | D3zoE 61,6
27 | ATV 61,6
28 | Ei83v 61,6
29 | W40R, C488R 61,7
30 | A72V, Ta3sl, D3464, T393A, N445D 61,7
31 | G4C, W40R, A72C, V3131, G349R 61,8
32 | W40R, Q349K 61,9
33 | Q1L G4C, T26N, A72C, D181N, E183K, 0349R 61,9
34 | GAC, A72C, Q349K, E65Y, Q349R 61,9
35 | B3t1iN 62
36 | D320V, D346A, Q349R, T3934A, N445D 62,1
37 | 7335 62,2
38 | A72V, D346A 62,2
39 | D320V, D3464A, T393A, N445D 62,2
40 | GAC, A72C, N194S, T243W, Q345R, Y3748, A375G 62,3
41 | E65V, Q349R ‘ 62,3
45 Q1L, G4C, A72C, F179, D181N, E183K, L290H, 8301C, QR349R, 62 3
Q361R, DAY0G, G4745, Q498K '
43 | A72V, T3R5, D34BA, N445D 62,3
44 1 GAC, A72C, N194L, T243Q, Q349R, Y374P, A375V 62,3
a5 | QL G4C, G23D, A72C, D111E, 1116V, K1184, D181N, E:'183K,' 62 3
V212L, Q348R, Q362G ’
46 | G4C, A72C, D346G 62,3
47 | WA0R, T344M, Q349K 62,3
48 | G4C, Y183C g62,4
49 | G4C, V32G, N48S, A72C, 31831, Q348R 62,4
B0 | A72V, Q348R, N445D - 624 +/-0,4
51 | G4C, A72C, D346G, Q349R 62,5 +/- 0,1
52 | Q1L, G4C, A72C, D181N, E183K, I321N, Q349R 62,6
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l 53 | W40R, D320V, Q349K, P436S, N445D 62,7
B4 | G4C, A72C, D181N, Q349R 62,7
BE | G4C, AT2C, Q349K 62,7
B8 | G4C, A72C, T344M, Q348K 62,8
57 | G4C, A72C, T344M, D346G, Q349R 62,8 +/- 0,2
58 | G4C, A72C, D320V, Q349K 62,8
BO | G4C, AT72C, P224L, F306Y, Q349R 62,8
50 | G4C, A72C 62,9 +/- 0,6
81 | A72V, D346A, T393A 83
62 | G4C, A72C, QR49R, R446S, T456A 63
63 | G4C, W40R, A72C, T344M, Q349K 63
64 | A72V, D320V, D346A 63,1
65 | G4C, A720, N194Y, 72431, Q340R, Y2745, A375R 63,1
66 | G4C, A72C, Q349K, T448A, T440A 63,2
67 | G4C, EB3V, AT2C, Y244+, Q349R £3,3
68 | G4C, A72C, D202G, D320N, Q349R, A358E 63,4
89 | G4C, A72C, D320V, Q348R 63,4
70 ¢ G4C, A78C, Q349K, S86T 63,4
71 | A72V, T3351, D346A, T393A, P436S 63,4
72 | GAC, A72C, E183V, K304R, Q349K 63,5
73 | G4C, A72C, T243G, Q349R, Y374P, A375M 63,5
74 | G4C, A72C, Q349R, T465] 63,6
75 | G4C, A72C, Q349R 683,68 +/- 0,5
76 | G4C, A72C, N194V, T243M, Q3498, Y3T74A, AS75T 63,6
77 | G4C, DB4N, A72C, QB49R, A3SBE, P4640 63,6
78 | G4C, A72C, 349K, Q28R, S193T, 04801 83,6
79 | G4C, A72C, E183K, Q349K 63,6
80 | G4C, AT2C, 311N, Q340K A4BET 83,6
81 | G4C, A72C, N194K, QB49R, Y3T74P, A375Q 63,6
82 | G4C, A72C, D1B1N, Q349K 53,6
83 | W40R, D320V, 340K, T383A, N445D 83,7
84 | W40R, T335(, D3464, TI93A 63,7
85 | QiL, G4C, A72C, DI81N, E183K, N327Y, Q348R 83,7
86 | A72C, L119L, T335!, (349R, G486D 63,7
87 | G4C, A72C, N194K, T243P, QB49R, Y374H, A375E 63,7
88 | G4C, A72V, Q349R, P462dal 63,8
89 | G40, A72C, $236Y, Q1349R 63,8
90 | G4C, AT2C, 83114, Q349K 63,8
91 | A72V, D320V, TA35!, D346A, T393A, N445D 63,8
92 | G4C, A72C, S8BT, M234V, Q348K - 63,8
insartion at position K159(CGRNKundT457{AAATT), Q1L, G4C,
83 | Q28R, E65V, A72C, D181N, E183M, P224L, 5311G, D320, D346E, 63,8
Q340K, T303V, Y422F P442S, N445D, R446G, HABBL, V4821
Q4 | G4C, A72C, G251R, (i349R 63,9
95 | 34C, A72C, QB49K, D320V 63,9 +/-0,7
96 | A72V, T335(, D346A, T393A 63,8
O7 | G4C, A72C, E183K, Q349R 63,9
g8 | QiL, G4C, A72C, H203R, Q349K, P4425 63,8
99 | GAC, AT2C, Q349K, G4348, G470D a4
100 | G4C, W40R, A72C, Q348K 64
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101 | G4C, A72C, Q349R, V367A 64
10p | Q1L G4C, ABV, C50S, A72C, 1180N, D181N, E183K, Q349R, T457P, 64

C472R, C499G
103 | G4C, A72C, S311G, D320V, Q349K 64
104 | W40R, T335!, D346A, T303A, P436S B4
105 | QiL, G4C, A72C, D181N, E183K, T243S, Q349R, P386S 64,1
106 | A72V, D346A, T393A, N445D 64,1
107 | QIL, G4C, A72C, K154R, Q349K, T393 64,1
108 | G4C, A72C, N194G, T243F, Q349R, Y374P, A375R 64,1
108 | A72V, D320V, D346A, T393A, N445D 64,1
110 | A72C, L119L, Qi172Q, Q349K, T488I 64,1
111 1 G4C, A72C, £183V, Q348K 84,1
112 | G4C, A72C, E183K, N318Y, Q349K 64,1
113 | W40R, A221V, T449A, C483R 64,1
114 | G4C, A72C, KG2R, Q349K, N493D 64,1
115 | M234i, G43sdel 84,2
116 | Q1l, G4C, A72C, S90T, D181N, E183K, Q349R 64,2
117 | G4C, A72C, Q349R, G459D 64,2
118 | G4C, A72C, Q349R, Y422F 64,2
110 | GAC, T48A, A72C, QG49R, P480S 64,2
120 | E187K, D320V, P442del : 64,2
121 | G4C, 824N, E65K, A72C, Q349R, 1430L, G439D 54,2
122 | A72V, D320V, T335], D346A, T393A, P436S 54,3
123 | QiL. GAC, A72C, S193P, Q349K, V482 64,3
124 | GAC, A72C, D320V, Q349K, G443D, L4920 64,3
125 | Q1L, G4C, A72C, DV152-K159, D181N, E183K, Q349R 64,4
126 | QiL, GAC, A72C, Q349K 64,4 +/- 0,5
127 | Q1L, G4C, A72C, D181N, E183K, M234L, V3131, QR49R, H4G8R 64,4
128 | Q1L, G4C, A72C, D181N, £183K, 1200N, QR49R 84,4
129 | G4C, A72C, N194K, T243Y, Q349R, A375N 64,4
130 | QiL, G4C, Q28R, A72C, 349K, H468L 54,5
131 | G4C, EBBV, A72C, Q349R 64,5
132 | D320V, Q349K 64,5
133 | QiL, G40, A72C, S311G, Q340K H468R 84,5
134 | G4C, A72C, T2430Q, Q349R, Y374P, A375M 64,5
135 | Q1L, G4C, A72C, D320V, Q340R 64,5
136 | QIL, GAC, T158, A72C, Y244F, Q349K 84,5
137 | G4C, A72C, E183K, D346E, Q349R 64,6
138 | T243C, A375C 64,6
139 | Q1L, G4C, A72C, Q349K, T392M 64,6
140 | G4C, A72C, D202N, S311N, Q349R, N4G3D 64,6
141 | G4C, A72C, N194D, T243A, Q349R, Y374P, AS75Y 64,6
142 | GA4C, A72C, N194Y, T243V, Q349R, Y374F 64,7
143 | Q1L G4C, A72C, Q349R 64,7
144 | G4C, Q28R, E65K, A72C, S86T, D202N, H208R, S311N, D320}, 64,7

A340G, D346A, Q349K, T3U3A, Y422F, P442S R446S, HABBL, V4B2A :
145 | G4C, A72C, D202N, Q346R 64,7
146 | GAC, A72C, P224L., Q349R 64,7
147 | N1S4C, Y374C 64,7
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148 | Q1L, G4C, A72C, D181N, E183K, T220M, A340T, Q349R, V491| 64,7
149 | Q1L G4C, A72C, D181N, Q348R 64,8
150 | G4C, A72C, D320V, D346V, Q349K 64,8
151 | Q1l, G4C, A72C, V1524, Q340K 64,8
152 | Q1L, G4C, Q28R, A72C, Q349K 64,8
153 | Q1L, G4C, A72C, QB49K, Y422F 64,8
154 | G4C, A72C, D202V, D320V, Q349K 64,8
155 | Q1L, G4C, A72C, Y1558, D181N, E183K, Q349R 64,8
156 | Q1L, G4C, A72C, D181N, D247N, Q348K 64.8
157 | Q1L, G4C, ABBT, A72C, QB49K, G439D, R453% 64,9
158 | Q1L, G4C, A72C, Q349K, H468R 64,9
159 | Q1L, G4C, DB4N, A72C, Q349K 64,9
160 | G4C, A72C, E183K, Q349R, P464L 64,9
161 | G4C, A72C, D181N, P224L., Q349K 65 +/- 0,6
162 | G4C, A72C, N194l, T243Y, (1348R, Y374P, AS75R 65
163 | QIL, G4C, A72C, Q349K, P462L 65
164 | Qil, G4C, A72C, E183K, Q349R 65
165 | G4C, A72C, 8311G, Q349R 65
166 | (il G4C, A72C, 311N, Q349K, G483D 65,1
167 | Q1L, GAC, A72C, S86T, Q1349R 65,1
168 | Qil, G4C, A72C, D181N, E183K, G231D, Q349R 65,1
169 | Q1L, G4C, A72C, SB9N, D181N, E183K, Q349R 65,2
170 | Q1L GAC, EB5K, A72C, Q349K 65,2
474 | Q1L Q2P, G4C, W40R, EB5M, A72C, S8BT, S192L, D202N, H203R, 650

$311D, D3201, 73351, D346G, Q349K, T392M, Y422F, R446G ’
Q1L, G4C, S24T, T26l, Q28R, N29Y, G30A, E65Y, ABST, A72C,
172 | Y155C, D181N, E183M, Q190K, P224L, S311G, D320, D346E, 65,2
Q349K, T393Y, Y422F, P4425, N445D, R446G, H466L, V482
173 | G4C, A72C, E183K, D202Y, N310D, Q349R 65,3 +/- 0,7
174 | G4C, A72C, N1941, T243D, Q340R, Y374P, A375Y 65,3
1756 | Q1L G4C, A72C, D181N, E183K, Q349R, T456! 65,3
176 | G4C, Q28R, A72C, S86T, E183K, P224L, S311N, N318Y, T338], 653
D346G, Q349R, T393l, P441A, P4423, R446G, H4A68L, V482 d
177 | QiL, G4C, A72C, D181N, Q349K, T4518 653 +/- 0,1
178 | Qil, G40, A72C, D181N, E183K, T2431, N246D, Q349R, T488! 65,4
17g | Q1L G4C, G23N, A72G, D110G, 1116V, L1191, D181N, E183K| 65 4
D211G, D293R, N310D, Q3491, Q362R, G363P, M3645 '
180 | G439V, N440E, P441S, P442Q 85,4
181 | G431D, 8431V, T433E, (434S, N435Q 65,5
QiL, G4C, Q28R, E65V, ASBT, A72C, Y155C, D181N, E183M, P224[.,
182 | 8311G, D320, D346E, Q349K, T393V, Y422F, P442S, N445D, 65,6
R446G, H468L, V482l
183 | G4C, A72C, N194C, Y374C 65,6
184 | Q1L, G4C, A72C, 8867, D181N, E183K, Q349R, T393S 65,6
185 | Q1L, G4C, A72C, D181N, E183K, Q346R, S4857 65,7
186 | Q1L G4C, G28N, A72C, VBAA, D110G, D111H, I116E, F117Y, K118A, 657
D181N, E183K, D293R, T2053, Q349R, M3s4L :
187 | QiL, G4C, A72C, D181N, E183K, Q349R, R453K 85,8
188 | Q1L GAC, A72C, A145T, H203R, Q349K, T403K 65,8
189 | QIL, G4C, A72C, D181N, E183K, QR48R, N445S 65,8
190 | QiL, G4C, A72C, D1B1N, E183K, M234!, Q349R 85,8
191 | QiL, G4C, A72C, D181N, E183K, Q349R, T4655 65,9
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192 | QiL, G4C, A72C, D18tN, E183K, T297, Q348R 66
193 | QiL, G4C, A72C, 83116, Q349K 65
194 G4C, Q28R, EBEM, A72C, S8BT, E183K, $192!, H203R, $311N, 66
D346E, Q349K, T392M, T3S3A, Y422F, N445D, R446S
195 | QIL, G4C, A72C, D202N, Q349K, G486D 66
196 | Q1L, G4C, A72C, S99T, D181N, E183K, Q349R, T4501 66
197 | Q1L, G4C, A72C, I200F, Q349K, L500! 66
198 | QiL, G4C, A72C, D181N, E183K, Q348R, G4345 66
199 | Q1L, G4C, A31S, A72C, D181N, E183K, G349R 66
200 | Q1L, G4C, Q28L, A72C, D181N, E183K, Q349R 66
201 | QIiL, G4C, A72C, D181N, E183K, Q349R, P436S 86,1
202 | Q1i, G4C, A72C, D181N, E183K, T233S, GR49R 66,1
203 | QiL, G4C, A72C, D202N, Q349K 66,1 +/- 0,1
204 | Q1L G4C, ABET, AT2C, Q349K - 68,1
205 1 QiL, GAC, A21T, A72C, D181N, E183K, QB49R, P454S 66,1 +/- 0,1
206 | QiL, G4C, A72C, D346V, Q349K 66,2
207 | Q1L, G4C, Y4TF, A72C, D181N, E183K, Q349R, P436S, S461R 66,2
208 | Q1L, G4C, A72C, D181N, E183K, M234T, Q349R 66,3
209 | QiL, G4C, A72C, N1573, D181N, E183K, Q349R 66,3
210 | Q1L G4C, A72C, DI81N, E183K, 0349R 66,3 +/- 0,4
511 | Asi-72ausT.reesei, D18TN, P224L, S311D, N318Y, D320N, D346A, 66.3
Q349K T392M, T393!, Y422F, N445D, R446G, H488Q, V482l ’
212 | G4C, A72C, N194Q, T243V, Q349R, Y374P, A375Y 65,3
213 | QiL, G4C, A72C, D181N, E183K, 1314F, Q349R, N445D 86,3
214 | Q1L G4C, A72C, Q349K, T392K 68,3
215 1 QlL, G4C, A72C, D181N, E183K, Q349R, T451A 66,4
216 | Q1L, G4C, A72C, D181N, E183#K, M234V, Q3498 66,4
217 | Q1L G4C, AZ13, A72C, D181N, E183K, Q349R 66,5
218 | A21C, P429C 66,5 +/- 0,4
219 | QiL, G4C, A72C, D181N, E183K, Q349R, N4S3D 66,5
220 | QiL, G4C, A72C, S311N, Q349K 68,5
Q1L, G4C, Q28R, EBBV, A72C, D181N, E183Y, D228N, S311N,
221 | N318Y, D346E, Q340R, Y420F, PA42S, N445D, R446G, H468L, 66,5
V4g2T
222 | GAC, A72C, N194C, QB49R, ¥Y374C 66,5
223 1 QiL, G4C, A72C, D181N, E183K, Q348R, A4B5Y 66,5 +/- 0,3
224 | QiL, G4C, A72C, D181N, 183K, QB49R, T4005 66,5
225 | QiL, G4C, 7261, A72C, D181N, F183K, Q3498 66,8 +/- 0
226 | QiL,.G4C, A72C, D181N, E183K, N310D, Q349R, 73928, G463D 66,7
Q1L, G4C, A72C, D120N, D181N, E183K, Q190L, G268S, 1276V,
227 | G340m, P3seL. F42TY 66,7 +/- 0,2
228 | QIL, G4C, A72C, D181N, E183K, D202N, Q348R 66,7
229 | QiL, G4C, A72¢, Y155C, D181N, £183K, Q348R 66,8
insertion at position P454(ATAAAY, Q1L, G4C, Q28H, EBBV, A72C,
230 | D181N, E183M, P224L, S311G, D3201, DB46E, Q349K, T3€3V, Y422F, 66.8
P4425, N445D, R446G, H468L, V482
insertion at position K159{CGRNK]), Q1L, G4C, Q28R, EG5V, AT2C,
231 | D181N, E183M, P224L, S311G, D320!, D346E, Q349K, T393V, Y422F, 66,8
P4425, N445D, R448G, HABBL, V482
232 1 Q1L, GAC, A72C, DI8TN, E183%, N246K, (349R 87 +/- 0,6
G4C, W4OR, EBBY, A72C, S86T, D181N, E183K, D2621, H203R,
233 | 8311D, D320N, D348V, Q349R, T392M, T393A, Y422F, P442S, 67 +/- 0,5

H468Q), V482A
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234

Q1l., G4C, A72C, Y155C, Q349K

67 +/-0,4

235

QtL, G4C, AB8T, A72C, D181N, £183K, Q349R

67 +/- 0,3

236

Q1L, G4C, 824T, T26!, Q28R, N29Y, G30A, Y47F, E65V, A68T, A72C,
Y155C, D181N, E183M, Q190K, P224L., T229M, G231D, M234T,
53116, D320i, A3408, D346E, 349K, D3D0E, T393V, Y422F, P4425,
N445D, R446G, T448A, R453G, H468L, P48CS, V4821

67,3

237

Q1L, GAC, W40OR, EBBM, A72C, 586T, 51921, D202N, H203R, S311D,
D3201, T335], D346G, Q349K, T382M, Y422F, R446G

67,3

238

Q1l, G4C, A72C, 3867, D181N, E183K, D320V, Q3481

67,3 +/-0,4

239

G4C, Q28K, A72C, 886T, E183M, D202N, P224L, 8311G, N318Y,
D320N, D346A, Q349R, T3920M, T3931, P4425, Ha68L, V4828

67,4

240

Q1L, Q2P, G4C, Q28R, WA0R, 85K, A72C, D181N, 51921, D202|,
H203R, P224L, 5311G, D3201, D343A, D346A, Q349K, P4425,
N445D, R4460G, V482A

67,4

241

Q1L, G4C, Q28R, EB5K, A72C, E183M, D202i, P224L, D320N, D346V,
Q349K, T392M, T3S3V, Y422F N445D, R446G, H468L, V482T

67,4

242

Q1L, G4C, Q28R, E65V, A72C, S86T, E183K, D202V, 5311G, N318Y,
D320, D346G, Q340K T383Y, Y422F, N445D, 4465, HA680:, V482T

67,4

243

Q1L, G4G, W40R, EBbM, A72C, D181N, E183K, 5182P, D202N,
P224L, S8311D, N318Y, D320V, D346G, Q349K, T392M, N445D,
R446G, H468L, V482T

67,4

244

Q1L, G4C, BBV, A72C, D181N, E183K, P224L, 83114, D320N,
D346G, Q349R. T392M, T3831, R446G, H468L, V4821

67,6

245

Insertion at position G151{CGRS8G;, Q1L G4C, Q28R, EB5V, AT2C,
D181N, E183M, P224L, 8311G, D3201, D346E, (340K, T323V, Y422F,
P4425, N445D, R448G, H468L, V482!

67,6

246

Q1iL, G4C, EBSM, AT2C, D181N, E183M, D202Y, P224L, 5311D,
N318Y, 3201, 73351, D346A, Q348K, T392M, T3831, N445D), R446G,
T448A, H468Q, VA482A

67,6

247

Q1L G4C, G23A, A72C, D110S, D111H, 116V, F117Y, K118A,
L120M, D181N, E183K, D293H, G294A, N310E. Q349R, Q362G,
M3845

67,6

248

O, G4C, A72C, D181, E183K,Q349R, T4211, G438D"

67,7

249

G4C, Q28K, EB5M, A72C, 886T, V152A, D181N, E183V, 5192L,
D202N, S311N, D320N, D346E, Q3481, T387A, T382M, T383i,
Y422F, P4425 R4468, H468L, G476D, V482!

67,7 +/- 0,3

250

Q1L, G4C, W40R, EBSV, A72C, 586T, E183V, G188C, 5192T, D202Y,
H203R, P224L, 5311N, D320V, D348E, Q349K T303V, Y422F,
N445D, R446G, H468Q, V482]

67,7

251

Q1iL, GAC, EB5M, A72C, 5867, E183M, D202N, P224L, T335!, D346G,
Q349K, T392M, T3G3A, P4425 N445D, R446G, H468Q, V482A

57,7

252

Q1iL, G4C, Q28R, EB5V, A72C, D181N, E183M, P224L, 8311@, D320},
A3405, D346E, Q348K, D390E, T393V, Y422F, P4425, N445D,
R446G, H468L, P480S, V4B2]

67,8

253

QiL, G4C, W40R, E65K, A72C, S86T, E183K, 5192L, D202Y, P224L,
03201, D346E, Q349R, P4428, R446G, H468R, V4821

67,9 +/-0,4

254

Q1L G4AC, A217, T2sl, Q28R, E65V, ABBT, A72C, Y155C, D1 81N,
E183M, Q120K D202N, P224L, 311G, N318Y, D320, D346E,
Q349K, 7393V, Y422F N445D, R446G, R453G, H468Q, P480S, V482!

67,9

255.

-Q1L, G4C, Q28R, EB5Y, A72C, 586T, D181N, D202N, P224L, 83114,

N318Y, D3201, T335l, D346E, Q348K, T383V, Y422F, N445D, R446G,
H468Q), V482l

68

256

Insertion at position P464(THAAA), Q1l., G4C, Q28R, E65V, A72C,
D181N, E183M, P224L, 3311G, D320, D346E, Q349K T383V, Y422F,
P4428, N445D, R446G, H468L, V4821

68

257

Q1L, G4AC, Q28R, EB5Y, A72C, E183M, 8311G, D348E, Q349K
T383V, Y422F, P4423, N445D, R446G, H46881., V482!

68

258

QiL, G4AC, T7Q, ABS, N10T, 824T, T27Q, Q28R, N29T, V417, G465,
Y473, T52D, DE78, D64N, EB5V, GGOK, A72C, D181N, P224L
S37110, N318Y, D320N, D346A, Q348K, T392M, T393I, Y422F,
N445D, R446G, H468Q, V482

68

259

insertion at position K159(CGRNKundT457(AAATTY, Q1L, G4C,
Q28R, E65Y, A72C, E183M, P224L, 83110, D320!, D346E, Q849K
TR93V, Y422F, P4425, N445D, R446G, H488L, V482]

68,1 +/- 1,9

86
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260

Q1L, G4C, Q28K, W40R, EB5Y, AT2C, D181N, E183V, $192P, D202V,
H203R, S311G, D320N, D346E, Q349K T392M, T3C3A, Y4220F, V4821

68,1

261

QiL, G4C, Q28R, E65V, A72C, G1395, D181N, E183M, P224L,
S311G, D3201, D346E, Q349K, T393V, Y422F, P4425, N445D,
R446G, H468L, V482!

68,1

262

Q1l, G4C, Q28R, EB5V, A72C, S86T, D181N, E183M, D202N, P224L,
S311G, N318Y, T335l, D346E, Q349K, T393V, Y422F, N445D,
R446G, H468L, V482!

68,2

263

Q1iL, G4C, Q28R, EB5K, A72C, D181N, S311N, N318Y, D346E,
Q349K, T393V, Y422F, N445D, R4463G, H4680, V4821

68,2 +/- 0,7

264

Q1L, G4C, WA0R, A72C, 81921, D202N, H203R, P224L, S311N,
D3201, T3351, D348Y, Q349R, T323l, N445D, R446G, H488Q, V482T

68,2 +/- 0

265

Q1L, G4C, Q28K, EB5K, A72C, E183M, D202N, P224L, T2298,
S311G, D3201, 73351, D346V, Q349R, T393V, H468Q, V482A

68,2

266

Q1L, G4C, G28R, G30A, EBSM, A72C, D181N, D202N, P224L, S311D,
N318Y, D346E, QB49K, T392M, T393V, Y422F, P4425, N4450,
R446S

68,2

267

Q1L, G4C, Q28R, B85V, A72C, S68T, £E183M, 3311N, T335], D346E,
Q48K T383V, Y422F, N445D, R446G, H468L, V482T

68,2

268

Q1L G4C, Q28K, EB5K, A72C, D181N, D202N, S311N, N218Y, T335],
D346E, Q349K, T393V, Y422F, P4425, N445D, R446G, H468L., V482

68,3

268

T243C, A375C, N194C, Y374C

68,3

270

Q1L, G4C, Q28K, E65K, A72C, 586T, E183M, S3114, D348V, (Q349R,
T392M, T303V, Y422F, P442S, N445D, R446G, H468L, 5478Y, V482

68,3

271

Q1L, G4C, Q28R, E65V, A72C, D181N, E183M, S311G, D346E,
Q349K, T383V, Y422F, P4428, N445D, R446G, H468L., V482|

68,3

272

Q1L, G4C, Q28R, B85V, A72C, 886T, D181N, D202N, S311N, N318Y,
(33201, 73351, D346E, Q349K T3831, Y422F, N445D, R446G, H468Q,
V4821

68.4

273

Q1L, G4C, Q28R, E65K, A72C, 5867, E183K, D202N, P224(, 83115,
T3351, D348A, Q340K, T393V, Y422F, N445D, R446G, H468L, v482T

68.4

274

Q1iL, G4C, Q28R, E65V, A72C, L120P, D181N, E183M, P224L
S311G, D3201, D346E, Q349K, T393V, Y422F, P4423, N445D,
R448G, H4681., V482

68,4

275

Q1L, G4C, Q28K, EBBY, A72C, S86T, E183M, S311N, N318H, D320V,
D346V, Q349K, T392M, T303A, R4465, H468L, V482]

68,4

276

Q1L, G4C, 28K, EBSV, A72C, D202N, H203R, 5311G, T3351, D348V,
Q348K, T393A, P4425 R44606, H468L, V4821

68,4

277

M146C, G187C

68,5

278

Q1L G4C, Q28R, E6BV, A72C, E183M, 8311G, D3201, D346E,
QB49K, T393V, Y422F, P4425, N445D, R446G, H468L., V482

68,5

279

QiL, G4C, Q28R, E65K, A72C, D181N, D202N, H203R, P224L,
53110, D346G, Q349K, P4428, R4465, H468Q, V482T

68,5

280

Q1L, G4C, Q28R, EBSM, A72C, D181N, E183M, S311G, N318Y,
D3201, T3351, D346E, Q349K, D3G0E, T383V, Y422F, P4425, N445D,
H446G, H468Q, V4827 i

68,5

281

Q1L, G4C, 1275, Q28R, E65V, QBOR, A72C, L120P, D181N, E183M,
D202N, D247N, 53114, D346E, Q349K K3550Q, T3878, T393V,
Y422F, N445D. R446G, T4515, G463V, H468Q, V482T, 54857

68,5

282

QiL, G4C, Q28R, £65K, A72C, E183V, $192T, D202N, $311G,
D320V, D346A, QB48K, P4428, N445D, R446G, HAGBR, V4824

68,6 +/- 0.6

283

Q1L, G4C, W40R, E65V, A72C, S86T, E183M, D202N, P224L, 8311,
D320V, D346E, Q349R, T3931, P4425, R446G, H468R, V482!

68,6

284

Q1L, G4C, Q28N, EB5K, A72C, D181N, E183M, D202N, H203R,
S311G, N318Y, D320N, Q349R, T303V, Y422F, P4425, N445D,
R446G, H468L, V482l

68,6

285

Q1L, G4C, Q28R, V41T, G46S, Y4753, To2D, 65V, A72C, D181N,
P224(, 33110, N318Y, D320N, D346A, Q349K T392M, T383I, Y422F,
N445D, H446G, H468Q, V4821

68,6

286

Q1L, G4C, Q28R, E65K, AT2C, D181N, E183M, P224L 83116, 3201,

D346E, Q348K, T393V, Y422F, P4425, N445D, R446G, H468L, V482!

68.6

287

Q1L G4C, Q28R, W40R, A72C, 3867, D181N, S192T, D202N, P224L,
S311G, N318Y, D320V, D346E, Q349K, T392M, T393I1, P4425,
N445D, H446G, H468Q, V482]

68,6 +/- 1

87
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288

Q1L, G4C, A21T, T286, Q28R, G30A, £E65V, ABST, A72C, Y155C,
D181N, Q180K, D202N, P224L, T229M, S311G, N318Y, D320I, T335l,
D346E, Q349K, T393V, Y422F, N445D, R446G, R453G, H458Q), V482

68,6

289

Q1L, G4C, Q28K, WA4CR, A72C, 886T, D181N, E183M, 51921, D202Y,
T2998, S311N, N318Y, 03201, D346V, Q349R, T393(, P4425, H468L

68,6 +/- 0,4

290

Q1L, G4C, Q28R, EB5V, A72C, D181N, E183M, P224L, T2200,
G231D, M2347, 8311G, D320i, D346E, Q349K, T393V, Y422F,
P4425, N445D, R446G, H468L, V4821

68,6

201

Qil., G4C, 5247, T2sl, Q28R, N29Y, G30A, EB5V, ABST, A72C,
Y155C, D181N, E183M, Q100K, P224L, T229M, G231D, M234T,
S311G, D320, A340S, D346E, Q349K, D390E, T393V, Y422F, P442S,
N445D, R446G, T448A, R453G, H468L, P480S, V482]

68,7

292

Q1l., G4C, Q28R, EB5Y, A72C, D181N, E183M, P224L, S311G, D320,
D346E, Q349K, T393V, Y422F, P4428, N445D, R446G, G463V,
H4688L, V482)

68,7

203

Q1L, G4C, Q28R, E65K, A72C, E183M, P224L., S311G, D346E,
Q349K TI83V, Y422F, P4428, N445D, R446G, H468L, V4821

68,7

204

Q1L, G4C, Q28R, EB5V, A72C, S86T, D181N, E183M, D202N, P224L,
S311G, N318Y, D346E, Q349K, T393V, Y422F, P4428, N445D,
R446G, H468L, V482T

68,7

295

QtL, G4C, Q28R, W40R, EGBV, A72C, 3867, S182T, D202V, H203R,
S311N, N318Y, D346A, Q348K, T382M, T383A, Y422F, P4425,
N445D, V4824

68,7

206

insertion at position K1593(CGRNK}, G434(AAATGundT457(AAATT),
Qil, G4C, Q28R, E65V, A72C, E183M, PE24L, 83116, D3201, D346E,
Q349K, T393V, Y422F, P4423, N445D, R446G, H468L, V4821

68,7 +/- 1,1

297

QL. G4C, Q28K, E65K, A72C, D181N, H203R, P224L, S311G,
D320V, B346G, Q346K, T392M, T3931, P4423, N445D, B446G,
H468L, V482A :

88,7 +/- 0

298

Q1L G4C. Q28R, EB5K, AT2C, E183M, S311G, D346E, Q349K,
T323V, Y422F, P4423, N445D, 446G, H468L, v482]

68,8

299

68,8 +/- 0,2

300

QiL, GaC, Q28R, EBBY, A72C, E183K, D202, P224L, S3311G, D320I,
Q349K, T383V, P442S, N445D, R4463, H468L, v4821

68,8

301

Q1L, G4C, Q28K, A72C, S86T, D181N, E183V, 51927, D202N, P224L,
S311G, N318Y, D320V, D346G, Q349R, T392M, Y422F, P4425,
N448D, H4485, H468L, V482A

68,8

302

(4G, Q28R, EBBK, A72C, 3867, D181N, E183M, S192L, D202N,
H203R, P224L, 8311D, D346E, Q349R, T392M, T393A, Y422F,
P442S, N445D, R446G, P482L H468L, V48271

68,8

303

Q1L G4C, W40R, E65K, A72C, Q108R, D181N, E183M, 81921, D202I,
H203R, 32457, D34BA, QO349R, T393A, Y422F, P4425, N445D,
R4468G, H488R, V4824

68,8 +/- 0,2

304

Q1L G4C, 28K, EBEM, A72C, D181N, D202N, 311N, T3351,
D346E, Q340K, T3831, Y422F P4425, N445D, R446G, H468G, V482!

68,9

305

QL G4C, N10D, Q28R, E65Y, QB9R, A72C, DI1BIN, E183M, P224L,
S311G, D3201, D346E, Q349R, T393V, N417Y, Y422F, P4425,
N4450, R4480G, H468L, V482]

68,9

306

QiL, G4C, Q28H, W40R, E65V, A72C, D202Y, HR03R, P224L, 72981,
N318Y, D320V, D3464, Q349K, T392M, T383A, P442S, N445D,

| R446G, H468R, V4827

68,9

307

G4C, Q28R, E65V, A72C, E183M, D202N, P224L, S311G, N318Y,
D320V, D346G, Q349K, T3892M, Y422F, R446G, H4880

68,9

308

QtL, G4C, Q28K, A72C, S86T, E183K, S311G, D320V, D346A,
Q349R, T392M, T393l, Y422F, P4428, R4458, H468Q

68,9

309

Q1L G4C, Q28R, E85M, A72C, D181N, P224L, S311N, D320N, T335i,
D346E, Q349K, T392M, Y422F, N445D, R446S5, H468L, V482T

68,9

310

Q1L, G4C, Q28K, £685V, A72C, D181N, D202N, S311G, T335l, D346E,
Q349K, T393V, Y422F N445D, R446G, H468Q), V482!

68,9

311

QtL, G4C, Q28R, £685K, A72C, DigiN, E183M, S311N, N318Y, T335],
D346E, Q349K, T383V, Y422F N445D, R44606, H468L, v482]

68.9

312

Q1L, G4C, Q28R, EB5K, A72C, E183M, S311G, D320, D346E,
Q349K, T393V, Y422F, P4425, N445D, R446G, H488L, V482|

68,9

313

Q1L G4C, Q28R, E65V, A72C, D181N, E183M, S311G, D320,
D346E, Q349K T393V, Y422F, P4428, N445D, R446G, H468L, V4821

6o

88



WO 2011/098551

PCT/EP2011/052023

314

Q1L G4C, W40R, EGBY, A72C, $86T, D181N, S132T, D202N, H203R,
P224L, 8311G, N318Y, T335|, D346G, Q349K, T392M, T3933V, Y422F,
N445D, R446G, H468G

69 +/- 0,3

315

QtL, G4C, Q28R, EB5K, A72C, E183M, S311N, D3201, D346E,
Q340K, T33!, Y422F, P4428, N445D, R446G, H468Q, V482T

69

316

Q1L, GAC, T7Q, ABS, N10T, Q28R, D575, D64N, E65V, QBOK, A72C,
D181N, P224L, S311D, N318Y, D320N, D346A, Q349K, T392M,
T393|, Y422F, N445D, R446G, H468Q, V482

69

317

Qil, G4C, Q28R, £E685M, A72C, S8BT, D1B1N, E183M, D202N, P224L,
S311G, D346A, Q349K T393|, Y422F, P442S, N445D, R446G,
H468Q, V482T

89 +/- 0,9

318

Q1t, G4C, N10D, 28R, £65V, Q69R, A72C, K82R, K118Q, D181N,
E183M, D202N, T280A, 8311G, T3351, D346E, Q349K, K355Q,
T3875, T393V, D404N, Y422F, N445D, R446G, P462L, G463V,
H468Q, V482|, 5485T

69

319

QiL, G4C, Q28R, E65M, A72C, E183M, D202N, 8311G, D320, T335I,
D346E, Q349K, T393, Y422F, N445D, R446G, H468Q), V482]

69

320

Q1L, G4C, Q28K, EB5K, A72C, D181N, E183M, D202N, S311D,
D320V, 73351, D346G, Q349K, T3931, Y422F, P4428, N445D, H488L,
V482!

69

321

Q1ilL, G4C, Q28K, EBBK, A72C, S88T, P224L, S311N, D3201, T335,
D346E, Q348K, T393V, Y422F, N445D, R446G, H468Q, V482T

69

322

Q1L, G4C, Q28R, E65V, A72C, 5867, D181N, E183M, D202N, P224L,
S311N, D320I, D346E, Q349K, T393V, Y422F, P4425, N445D,
R448G, H468Q, V482T

69

323

G4C, EB5K, A72C, S86T, E183N, D202}, P2241., S311N, N318Y,
D320N, T3351, 5346V, Q349R, 17363V, Y422F, P4425, R446S, H468L

69

324

Q1L G4C, Q28R, E65K, A72C, D202N, S311N, T3351, D346E, Q349K

T3931, Y422F, P4425, N445D, R446G, H468L, V42T

638

325

Gl G4C, EBBY, A72C, D181N, E183K, D202G, Q345R

69 +/-1,2

326

Q1L, G4C, Q28R, EBBK, A72C, £183M, P224L, S311G, D320I, D346E,
Q349K, T393V, Y422F, P4428, N445D, R446G, H468L, v482)

89

327

Q1L, G4C, Q28R, E65V, AT2C, D181N, E183M, P224L, F306L,
5311G, B3201, D346E, Q349K, T393V, Y422F, P4428, N445D
R446G, H468L V4821

68

328

Q1L, GAC, Q28R, E65V, A72C, S86T, D202N, P224L, 83114, N318Y,
D320i, D346A, Q349K, T383!1, Y422F, N445D, R446G, H468Q), V482T

69

329

Qil, G4C, Q28K, EB5K, A72C, D181N, E183K, $192P, P224L,
831G, N318Y, D320V, D348E, Q349R, T392M, T3931, Y422F,
P4425, H4680C

89 +/- 0,1

330

Q1L, G4C, Q28K, EG5M, A72C, SB6T, E183M, H203R, 8311D, D320V,
T3351, D346E, Q349R, T393A, N445D, R446G, H468Q, V4824

69

331

Q1L, G4C, Q28R, A72C, D181N, E183V, D202!, H203R, P224L,
853110, D320V, D346V, Q349R, T302M, T3031, N445D, H468L

62

332

QiL, G4C, Q28K, W40R, E65K, A72C, 586T, D181N, E183K, 51921,
D2021, H203R, S311N, D320N, D346Y, Q349K, T392M, T393A,
Y422F, N445D, 94468

89

333

G4C, E85V, A72C, 586T, Y155H, D181N, E183V, Q190K pP224L,
S311N, D320V, D348V, Q349K T3g2M, T3e3V, Y422F, ?’4425
N445D, R446G, H468L, V482A

69,1

334

QiL, G4C, Q28R, EB5M, A72C, SBET, E183M, D202N, 8311D, N318Y,

320N, 73351, D346A, Q349R, T302M, T393I, Y422F, P4425, N445D,
R446G, H468L, V482A

69,1

335

Q1iL, G4C, Q28R, EB5V, A72C, D181N, E183M, 8311N, N318Y,
D3204, 73351, B346E, Q349K, T393V, Y422F, N445D, R446G, H468L,
V4827 )

82,1

336

Qil, G4C, Q28R, EB5K, AT2C, S86T, D181N, D202N, 8311G, D346E,
Q349K, T393! Y422F N445D, R448G, H4681., V482!

69.1

337

Qit, G4C, Q28R, EB5K, A72C, D181N, D202N, S311N, N218Y,
53201, D346E, Q348K, T3831, Y422F, N445D, R4460G, H468L, V482T

68,1 +/- 0,86

338

1 Q1L G4C, T7QL ABS, N10T, 8247, T27Q, Q28R, N29T, D57S, Da4N,

ES5V, QBYK, AT2C, D181N, P224L, S311D, N318Y, D320N, D346A4,
Q349K,-T392M, T393l, Y422F N445D, R4460G, H468Q, V482I

68,1

339

QiL, G4C, Q28R, EB5K, A72C, 586T, D202N, S311G, N318Y, D320,
D346A, Q349K, T393[, Y422F, N445D, R446G, H468L, V4821

69,1

89
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340

Q1L, G4C, Q28R, A72C, D181N, 83116, N318Y, D320V, D346E,
Q349K, T3931, Y422F, P4428, N445D, R446G, H468Q

69,1

341

Q1L, G4C, Q28R, EGBK, A72C, D181N, E183M, S311G, D320,
D346E, Q348K, T393V, Y422F, P4425, N445D, R446G, H468L, v482!

68,1

342

Q1L G4C, Q28R, EG5K, A72C, D181N, E183M, 8311G, D346E,
Q349K T393V, Y422F, P4425, N445D, R446G, H488L, V4821

69,1

343

Q1L, G4C, Q28R, EB85V, A72C, £E183M, D202N, S311N, D320,
D346E, Q349K, T393Y, Y422F, N445D, R446G, H468Q, V482T

69,1

344

Q1L, G4C, Q28R, EB5K, A72C, E183M, S311G, T335l, D346E,
Q348K, T393V, Y422F, N445D, R446G, H468Q, V482!

69,2

345

Q1L, G4C, Q28R, E65V, A72C, 386T, D181N, D202N, S311N, N318Y,
T3351, D346E, Q349K, T393V, Y422F, N445D, R448G, H468Q), V482I

69,2

346

Q1L, G4C, EedM, A72C, 5867, E183K, D202Y, 83113, D320N, 73351,
D348A, Q349K, T393V, Y422F, R446G, H468Q, V482T

69,2

347

Q1L G4C, Q28R, E65V, A72C, 586T, E183M, D202N, P224L, 8311N,
D3201, T335l, A3405, D346A, Q349K, T393V, Y422F, N445D, R446G,
H468Q, V482T

69,2

348

Q1L, GAC, Q28K, EBEK, A72C, 586T, D181N, E183M, H203R, P224L,
S311D, D3201, D348E, Q349R, T392M, Y422F, R4463G, H468L

69,2

349

Q1L, G4C, 28K, E85Y, A72C, S86T, D181N, E183M, P224L, S311G,
03201, DR46E, Q349K, T393V, Y422F, P4425, N445D, R446G,
H468Q, V4582|

69,2 +/- 0,5

350

QiL, GAC, Q28K, N29Y, E85K, A72C, D181N, S311G, T335I1, D346E,
Q349K, T393V, Y422F, N445D, R4460, H468Q, V482T

69,2 +/- 0,1

351

Q1L, G4C, Q28K, EB5M, A72C, E183M, S311G, D346E, Q349K,
1393V, Y422F, P4425, N445D, R446G, H468L, V482T

69,3

352

Q1L G4C, Q28K, EB5V, A72C, 886T, D181N, E183K, D262N, S311N,
N318Y, D320N, T3351, D346A, Q349K, T392M, T303V, P4425,
N445D, R4460G, H4588Q

69,3

353

Q1L G4C, Q28K, EB5K, A72C, SBET, D181N, E183M, D202N, 53114,
N318Y, T335l, B346E, Q342K T363I, Y422F, N445D), R446(, H468Q,
V4821

69,3

354

Q1L, G4C, Q28R, EB5K, A72C, E183Y, S?QZT, D202N, 83116,
D320V, D346A, Q349K T333V, P4425, N445D, H468L, V482A

69,3 +/- 0,3

355

Q1iL, G4C, Q28R, E6SV, A72C, E183M, D202N, 33111, N318Y, -
D320, T335!, D346E, Q349K, T293V, Y422F, N445[), R446G, H468L,
VAB2T

68,3

356

QiL, G4C, S24T, Q28R, EBBK, A72C, D202N, S311G, T3351, D346E,
Q3491 T3931, Y422F N445D, R446G, H488Q, v482T

69,3 +/- 0,1

357

Q1L, G4C, A72C, S88T, D181N, 8192, D202N, P224L, 83114,
N318Y, D320V, T336l, D346G, G348K, T393], R446G, H468Q

69,3

358

QiL, G4C, Q28R, B85V, A72C, D181N, P224L, S311D, N318Y,
D320N, D348A, Q349K, T382M, T3931, Y422F, N445D, R446G,
H4680, V482

69,4 +/-0,5

359

Q1L, G4C, Q28K, E65M, A72C, D181N, E183M, D202N, P224L,
S311G, D348A, Q342K, T3231, Y422F, P4428, N445D, R446G, H468L,
V482T

69,4

360

QiL, G4C, Q28K, B85V, A72C, S8BT, E183V, 5102, D202V, D3201,
T3351, D346V, Q349K, T392M, T383!, Y422F, P4425, N445D, R446G,
H468R, V482A

69,4 +/- 0,1

361

Q1L, G4C, Q28K, E65M, A72C, S86T, D181N, E183M, D202N, P224L,
S311G, D320t, T3351, D346E, Q349K, T393V, Y422F, N445D, R4486G,
H468Q), v482T

69,4 +/- 0,2

362

Q1l., G4C, Q28K, A72C, D181N, D202!, 33110, N318Y, T335{,
D346E, Q349K, T392M, Y422F R446G, H468L

69.4

363

Q1L G4C, Q28R, E6EV, A72C, D181N, E183M, P224L, 8311G,
D320N, D346E, Q349K, T383V, Y422F, T4335, P4428, N445D,
R448G, H468L., V4821

69,4

364

QiL, G4C, Q28K E65V, A72C. D181N, E183M, D202N, 53116,
N318Y, D346E, Q349K, TR93, Y422F, N445D, R446G, HA68Q, V482

62,4 +/- C,2

365

Q1L G4AC, Q28K, EG5K, A72C, D181N, D2G2N, 8311G, N318Y,
D348A, Q349K, T393!, Y422F, N445D, R446G, H468Q, V482T

69,4 +/- 0,5

366

Q1L, G4C, Q28R, E65K, AY2C, 886T, E183M, D202N, D320{, 73351,
D346A, Q349K T392M, Y422F, N445D, 5446G, H468L, V482T

69,4

80
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367

Q1L, G4C, Q28K, E&5M, A72C, 5867, E183M, S311N, N318Y, D320!,
T3351, D346E, Q349K, T3931, Y422F, P4425, H468Q), V4821

69,4

368

Q1L, G4C, E65M, A72C, 586T, E183V, 51821, D202, H203R, P224L,
S311G, N2318Y, D320V, D346A, Q349K, P442S, N445D, R446G,
H468R, V482A

69,4 +/- 0,1

369

Q1L G4AC, T7Q), A8S, N10T, Q28R, E65Y, A72C, D181N, P224L,
53110, N318Y, D320N, D346A, Q349K, T392M, T3831, Y422F,
N445D, R446G, H468Q, V482!

69,4

370

Q1L, G4C, E6BK, A72C, 886T, D202V, 3311N, D320V, T3351, D348V,
Q349R, T392M, Y422F, N4450, R446G, H468L

69,4

371

Q1L, G4C, Q28R, E65K, A72C, D181N, E183M, P224L, S311G,
D3458E, Q349K, T393V, Y422F P442S5 N445D R446G, H468L, V482|

69,4

372

Q1L, G4C, Q28R, D578, D64N, EG5V, QBCK, A72C, D181N, P224,
S311D, N318Y, D320N, D346A, Q349K, T382M, 73831, Y422F,
N445D, R446G, H468Q, V482

69,4

373

QiL, G4C, Q28R, A72C, 586T, E183M, S192T, D202N, H203R,
P224L, 8311N, T335l, D346V, Q349R, T392M, T383V, P4425, N445D,
R446G, H468Q), V482A

69,4

374

Q1L, G4C, Q28K, EB5V, A72C, D181N, D202N, S311N, D346A,
Q349K, T393l, Y422F, N445D, R4460G, H468Q, V482

69,4 +/- 0,8

375

Q1L, G4C, Q28R, EBSY, A72C, D181N, E183M, P224L, S311G, D320,
D346E, Q349K, T393V, Y422F, P4428, N445D, R448G, H468I., V4821,
54857

68,5

376

G4C, Q28K, EB65M, A72C, S86T, E183M, D202N, P224L, 83114,
T335(, D346E, Q349K T393V, Y422F, P4425, N445D, R446G, H488L,
V482

69,5

377

Q1L, G4C, Q28R, EBSY, AT2C, E183M, P224L, S311G, D320I, D346E,
Q349K, T393V, Y422F, G434(AAATG) P4425, N445D, R4463G,
T457 (AAATT), H4681., V4821

69,5 +/- 0,4

378

G4C, Q28R, EBBM, A72C, 886T, D181N, E183M, D202Y, P224L,
S311N, D346A, Q349K, T393l, Y422F, N445D), R4463, H468Q, V482A

89,5

379

Q1L, GAG, Q28K EBLV, AT2C, S86T, D1871N, E183K, D202N, P224L,
S311G, D320, D346E, Q348K, T3831, Y422F, P4428, N445D, R4460G,
H468Q, V4827

69,5 +/- 1,8

380

Qil, 64C, 1278, Q28R, EB5V, A72C, D181N, E183NM, P224L, S311G,
D320, D346E, Q349K, 7393V, Y422F, P4425, N445D, R448G, H468L,
V4821

89,5

381

Q1L, G4C, Q28K, E65M, A72C, S88T, D181N, E183M, P2241,, 83116,
T3351, D346A, Q349K, TIBIV, Y422F, P4425, N445D, R446G,
H468Q, V482T

69,5

382

As1-10ausT.reesel, Q28R, B65V, A72C, D181N, P224L, 311D,
N318Y, D320N, D346A, Q349K, T392M, T383!, Y422F, N445D,
R446G, H468Q), V482!

69,5

383

QiL, G4C, Q28R, E65V, A72C, 586T, D202N, P224L, 8311G, D3201,
D346E, Q349K, T393V, Y422F, N445D, R446G, H4680, vV482]

69,5

384

Q1L G4C, Q28K, E85V, A72C, E183M, D202N, 83114, D3204,
D346E, Q349K, T303V, Y422F, P442S, N445D, R446G, HM468L, V482

69,6 +/- 0,1

385

Q1L, G4C, Q28R, EB5K, A72C, D181N, P224L, 8311N, N318Y, D320,
D346E, Q349K, T393V, Y422F, N445D, R4460G, H468L, V4821

62,6

386

Q1L, GAC, Q28R, E65M, A72C, S90F, D181N, P224L, S311G, N318Y,
D346E, Q349K, T393l, Y422F, P4428, N445D, R446G, H488Q, v482I

62,6

387

G4C, Q28R, AT2C, 5867, D181N, £183V, 5192L, D202V, N2465,
S3110, N318Y, D320V, D346A, 349K, T393V, P4425, N445D,
H4B8L, V482A

69,6

388

Q1L, G4C, Q28K, E65V, A72C, D181N, E183M, D202N, P224L,
S311N, N318Y, D3201, 3351, D348A, Q348K 73031, Y422F, N445D,
H446G, H468Q, V482T :

69,6

-

389

Q1L, G4C, Q28R, A72C, S86T, E183M, 51921, H203R, 33110,
D320V, 73351, D346V, Q340K, N445D, H468Q, V482A

69,6

390

Q1L, G4C, Q28R, TEOM, EG5K, AGBT, A72C, S86T, D181N, 51921,
D202N, H203R, S311D, D320V, T3351, Q349R, T383A, P4425,
N446D R4460G, H468L, V482A

69,6

31

Q1L, G4C, Q28R, E65Y, A72C, D181N, E183M, D202N, P224L,
33113, N318Y, T3351, D346E, Q349K, T393V, Y422F, P4423, N445D,
R446G, H468Q, V482|

69,6

91
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392

Q1L, G4C, Q28R, EBsY, A72C, D181N, E183M, P224{., 8311G, D3201,
D346E, Q349K, K355Q, T393V, Y422F, P4425, N445D, R446G,
H488L, V482

69,6

393

Q1L, G4C, Q28R, EB5V, A7T2C, D181N, E183M, P224L, 8311G,
N318Y, T335l, D346A, Q349K, T383V, Y422F, P442S, N445D, R446G,
H468L, V482T

68,6

394

Q1L, G4C, Q28R, E6bV, A72C, D181N, E183M, P224L, S311G, D320,
D346E, Q349K, T393V, Y422F, P4425, N445D, R446G, T448A,
R453G, H468L, V4821

69,6

385

Q1L, G4C, Q28R, E65M, A72C, S86T, D181N, E183M, S311N, N318Y,
T3351, D346E, Q349K, T393V, Y422F, N4450, R446G, H468(y, v482|

69,6 +/- 0,5

396

Q1L, GAC, EBSM, A72C, E183M, D202i, P224L, 8311D, N318Y,
D320V, T3351, D346A, Q349K, T393A, Y422F, P442S, N445D, R448G,
R453G, H468Q, V482l

69,6

397

Q1L, G4AC, Q28R, £85V, A72C, E183M, P224L., S311G, D346E,
Q3481K, T393V, Y422F, P4425, N44ED, B446G, H468L, V482]

68,7

396

Q1L, G4C, Q28R, E85V, A72C, S86T, D181N, E183M, S311G, N318Y,
D348A, Q349K, 7393V, Y420F N445D, R446G, H468L, V482T

69,7 +/- 1

399

Q1L G4C, 824T. T27Q, Q28R, N29T, 65V, A72C, D181N, P224L,
53110, N318Y, D320N, D346A, 349K, T392M, 73831, Y422F,
N445D, R446G, H468Q, V482

69,7

4090

Q1iL, G4C, E65V, A72C, D181N, E183M, S182T, P224L, 8311G,
D320V, T3351, D346G, Q349K, T393A, Y422F, P4425 N4450D,
R446G, H468L, V4827

69,7

’

401

Q1iL, G4C, Q28R, EB5V, A72C, D181N, E183M, P224L, 8311G, D320i,
D346E, Q349K, 1383V, Y422F, P44285, N445D, R446G, H468L, V482]

69,8 +/- 0,8

402

Q1L G4C, Q28R, B85V, A72C, D181N, E183M, D202F, S311G, -
N318Y, T3351, Q348K, T393V, Y422F, P4425, N445D, R446G, H4680

69,8

403

Q1L, G4C, Q28K EBBK, A72C, S86T, D181N, D202N, P224L, $311D,
N318Y, D320N, D346A, Q349R, T392M, T3831, Y422F, N445D,
R446G, H468R

68,8

404

Q1L G4C, Q28R, E68V, AV2C, D181N, D202N, S311N, D320, 7335,
D346E, (349K, T393V, Y422F, N445D, R446G, H468Q, v482T

69,8 +/- 0

405

QiL, G4C, Q28K, EGSK, A72C, D181N, D202N, P224L, 8311 G,
N318Y, T3351, D346k, Q349K T393V., Y422F, N445D, R448(,
H468Q, V4821 :

69,8

406

11, GAC, Q2BR, EB5Y, AT2C, D181N, E183M, D202N, P224L,
S311G, D3201, D346E, Q340K, T393V, Y422F, P4425, N445D,
R446G, H468L, V482]

69,8

4G7

Qil, G4C, Q28R, B85SV, A72C, D181N, E183M, D202N, S311N,
T335], D346A, Q349K, T393V, Y422F, P4423, N445D, R446G, H4AB8L,
VA4g2T

69,8

408

Q1L G4C, Q28K, E65K, A72C, S86T, E183M, P224L, S311G, N318Y,
D3201, T3351, D346E, Q348K, T3V, Y422F, P442S5, N44E5D, R446G,
H468Q), V482T

68,8

409

Qit, G4C, A217, T261, Q28H, G30A, EG5V, ABET, A72C, Y1585C,
D181N, Q190K, D202N, T229M, 3311G, D320I, T335!, D346E, Q349K,
T393V, Y422F, N445D, R446G, H468Q, P480S, V482]

69,9

410

Gk, G4C, G28K, E6SM, A72C, D181N, E183M, 8311G, T335l,
D346E, Q340K, T393V, Y422F N445D R446G, H468L, V482T

68,9

411

QiL, G4C, Q28R, EBLY, A72C, 181N, E183M, P224L, 83114, 33201,
D346E, Q349K, T393V, D404N, Y422F, P4425, N445D, R446G,
T451S, H488L, V482!

68,9

412

Q1L G4C, QZ8R, E65V, A72C, D181N, E183M, P224L, 5311G, D3201,
D346E, Q349K, T393V, Y422F, P4423, N445D, R446G, P4621L.,
H468L, V482!

68,09

413

Q1i., G4C, Q28R, £65V, A72C, £183M, D202N, P224L, 8311G,
N318Y, T335!, D346E, Q349K T353V, Y422F, N445D, R446G, H468L,
V4821

69,9

414

Q1L G4C, Q28R, ESSV, A72C, D181N, E183M, P224L, T280A,
S311G, D3201, D348E, Q349K T383V, Y422F, P442S, N445D,
R446G, H468L, V482

69.9

415

Q1L, G4C, Q28R, E6BV, Q68R, A72C, D181N, E183M, P224L, 33114,
D320i, D346E, Q349K, T383V, Y422F, P4425, N445D, R446G, H468L,
V4821

69,8

92
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416

Q1iL, G4C, Q28R, EB5YV, A72C, D181N, E183M, P224L, K275E,
S311G, D320I, D346E, Q349K, T393V, Y422F, P4425, N445D,
R446G, H488L, V482

69,9

417

Q1L, G4C, Q28K, EB5V, A72C, E183K, D202N, P224L, S311N, 23291,
D346E, Q348K, T393V, Y422F, P4425, N445D, R446G, H468L, v482T

69,9

418

Q1iL, G4C, Q28K, EB5V, A72C, D181N, E183M, S311G, N318Y,
D3201, D346A, Q349K, 7393l Y422F, N445D, R446G, H468Q, v482T

69,9 +/- 0,2

419

Insertion at position A455(AAAPA), Q1L G4C, Q28R, £65V, A72C,
D181N, E183M, P224L, 53116, D320I, D346E, Q348K T393V, Y422F,
P4425, N445D, H446C, HAGEBL, V482

70

420

Q1L, G4C, 824T, T26l, Q28R, N29Y, G30A, E65V, A72C, D181N,
E183M, P224L, S311G, D320%, D346L, Q349K, T393V, Y422F, P4425,
N445D, R446G, H468L, V482

70

422

Q1iL, G4C, Q28R, E6BM, A72C, E183M, S311G, D320I, D348A,
Q340K, T303V, Y422F N445D, R446G, H468Q, V482!

70

423

Q1L, G4C, Q28R, £85V, A72C, D181N, E183M, D202N, 8311G,
D346E, Q349K, T393l, Y422F, N445D, B446G, H468Q), V482I

70,1

424

Q1L, G4C, Q28R, EGBY, A72C, E183M, P224L, S311G, D320I, D346E,
Q349K, T383V, Y422F P442S, N445D, R446G, H468L, V482]

70,1

425

Q1L, G4C, Q28K, E65K, A72C, D181N, E183M, S311G, N318Y,
D3201, T3351, D348E, Q349K, T393V, Y422F N445D, R446G, H468(Q),
V482T

70,1 +/-0,2

426

Q1L, G4C, Q28R, E65V, A72C, 8311G, N318Y, D3201, T3351, D346E,
Q349K, T303V, Y422F, N445D, R446G, HAB8L, V482T

70,1

427

Q1L, G4C, 824C, Q28R, G30A, EB5V, A72C, Y155C, D181N, Q120K,
D202N, P224L, S311G, T3238], D346FE, 349K, D390k, T3B3V, Y422F,
N4456D, F446G, R4563G, H468Q), P480S, V482|

70,1

428

Q1L, G4C, Q28R, EBBY, A72C, D181N, E183M, P224L, 8311G, D320,
D346E, Q349K, T393V, P4023, Y422F, P442S, N445D, R446G,
H468L, V482]

70,1

429

Q1iL, G4C, Q28R EB5K, A72C, E183M, D202N, P224L, S311N, _
N318Y, T335l, D346E, Q348K, T393Y, Y422F, P4425, N445D, R448G,
H468Q, V482 '

70,1

430

QL G4C, A21T, T261, Q28R. N28Y, EG5V, A72C, Y155C, Di181N,

D202N, P224L, M234T, S8311G, D3201, D346E, Q349K, B380E,
T383V, Y422F N445D, R446G, R4533G, H468Q, V4821

70,1

431

Q1L, G4C, Q28R, E85K, A72C, S86T, D202N, P224L, 83110, D320N,
T3351, D346V, Q349K, T392M, T393V, Y422F, P4425, R446S, H488L

70,2

432

Q1L, G4C, Q28R, B85V, A72C, S86T, £E183K, D202N, S3114, N318Y,
03201, D346A, Q349K, T393V, Y422F, P4425, N445D, R4456G,
H468Q, V482

70,2

433

Q1L, G4C, W40R, E65M, A72C, S586T, E183V, 8192, D202i, H203R,
F224L, 8311G, N318Y, D320V, D346A, Q349K, P442S5, N445D,
R446G, H468R, V482A

70,2 +/- 0,3

434

Q1L, G4C, Q28R, EB5V, A72C, D181N, E183M, P224L, 83116,
D346E, Q349K, T393V, Y422F, P4425, N445D, R446G, H488L., V482!

70,2

435

Insertion at position G434(AAATG) andT457{AAATT), Q1L, G4C,
Q238R, EBBV, AT2C, D18TN, E183M, P224L, S311G, D3201, D346E,
Q349K, T333V, Y422F, P442S, N445D, R446G, HAG8L, V4382)

70,2 +/- 0,2

436

Q1L, G4C, Q28R, EB5V, A72C, K118Q, D181N, E183M, P2241,
D247N, 8311G, D320l, D346E, Q349K, T3G3V, Y422F, P4425,
N4450), B446G, H468L, V482!

70,3

437

Q1L, G4C, G28R, E65V, AT2C, D181N, E183M, D202N, P224L,
S311N, D320I, D346E, Q349K, T393V, Y422F, N445D, R4464,
H468Q, V482

70,4 +/- 0

438

Q1L, G4C, Q28R, EB5V, A72C, 586T, D202N, P224L, 3311G, N318Y,
T3351, D346E, Q349K, T393V, Y422F, N445D, R446G, H468L, V4827

70,4 +/- 0,9

439

Q1iL, G4C, G28K, E65M, A72C, D181N, E1830, D202N, 5311,
N318Y, D346A, Q349K, T3393V, Y422F, P4425, N445D, R4456G,
H468L, V482T .

704 +/- 0,5

440

inseriion at position P454(VRPQP), Q1L, G4C, Q28R, EGLY, AT2C,
D181N, E183M, P224L, 8311G, D3201, D346E, Q349K, T393V, Y422F,
P4428, N445D, R446G, H468L, V482!

70.5

@3
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QiL, G4C, Q28R, A72C, D181N, E183Y, S192M, D202N, P2241,
441 | 83110, N318Y, D320N, D346E, Q349R, T393V, Y422F, P4428, 70,5
R446G, H468L, P4803

QtL, G4C, Q28R, A72C, 886T, D181N, 5192L, D202N, P224L,
442 | $311G, N318Y, D320V, T335|, D345E, N346A, Q349K, Y422F, P4428, 70,5
N445D, R446G, M468Q, H505Q

Q1iL, G4C, Q28R, E65V, A72C, S86T, D18TN, E183K, P224L, 83116,
443 | N318Y, D320}, D346A, Q349K, T393V, Y422F, P442S, N445D, 70,6 +/- 0
B446G, H468L, V482

Q1L, G4C, Q28R, E65M, A72C, D181N, E183K, D202N, P224L,
444 | S311G, D3201, D346E, G349K, T333V, Y422F, P442S, N445D, 70,6 +/- 0,8
R446G, H468Q, V482] '

Q1L, G4C, Q28R, EB5Y, A72C, D181N, D202N, S811G, T335I1, D346A,

445 Q340K, T3831, Y422F, P442S, N445D, R446G, H468L, V482|

70,7 +/- 0,5

QiL, G4C, Q28R, 65V, A72C, D18IN, E183M, P224L, D247N,
446 | S311G, 03201, D346E, Q349K T3878, T393V, Y422F, P442G, N445D, 70,7
R446G, H468L, V482!

Q1L, G4C, Q28R E65V, A72C, D181N, D202N, P224L, S311G,

447 D346A, Q349K, T393V, Y422F, N445D, R446G, H468L, V482]

70,8 +/- 0,4

insertion at G434{AAATG), Q1L, G4C, Q28R, EB5V, A72C, D181N,
448 | E183M, P224L, 8311G, D320i, D346E, Q349K, T393V, Y422F, P44285, 76,9
N445D, R446G, H468L, V4821

insertion at T457{AAATT), Q1L G4C, Q28R, E65V, A72C, D181N,
449 | E183M, P224L, 8311G, D320i, D346E, Q349K, TI03V, Y422F, P4425, 70,2
N445D, R446G, H468L, V4821

Q1L, G4C, Q28K EBEV, AT2C, S86T, E183K, 31921, D202N, D320N,

450 T3351, D346A, Q349R, T393A, Y422F, P4425, H445G, H468R, V482A

71

Q1iL, G4C, Q28R, EB5V, A72C, D181N, £183M, P224L., S236F, ‘
451 1 33116, 03201, D346E, Q349K, T383V, Y422F, P4425, N445D, 71
R446G, H468L, V4582]

Q1L, G4C, Q28R, £65K, AT2C, D2021, P224L, 83113, N318Y, D320V,

452 13351, D346A; Q349R, T392M, T383A, N445D, R446G, H468L

711

Q1L, G4C, E6BM, A72C, $86T, E183V, D2021, P224L, S311G, N318Y,

453 D320V, D346A, Q348K P4425, N445D, B4460G, H468L, V482A

71,1

Q1L, G4C; Q28R, E65V, A72C, K92R, D181N, E183M, P224L, 1277V,
454 | 3311G, D320, D346E, Q349K, T393V, Y422F, P4428, N445D, 71,1
R445G, H4B8L, V4821

Q1l, G4C, A72C, S88T, D181N, E183K, D202V, P224L, S311G,

455 | D320V, D346E, Q349R, T393A, Y422F, P4425, N445D, A446G, 71,1
H488L
QiL, G4C, Q28K, EesV, A72C, DI18IN, E183M, D202N, P224L,

456 | S311G, T335!, D346k, Q349K, T383Y, Y422F, P4425, N445D, R446G, 71,1 +/-0
H468Q, V482!
Q1L, G4C, Q28K, EB5V, A72C, 886T, D181N, E183K, 51821, D202V,

457 | S311G, D320%, D346V, Q349R. T393A, Y422F, P4423, N445D, 71,1

R446G, H463Q, V482|

Q1L, G4C, Q28H, £E65V, A72C, S86T, D181N, D202N, P224L, S311N,

458 | N318Y, D320I, D346A, Q349K, T383V, Y422F, N445D), R446G, H468L, 71,2 4/-0
VvageT
Qil., G4C, AZ1T, T26l, Q28R, G30A, E65V, ABBT, A72C, D181N,

450 | E183M, D202N, T220M, S311G, A3408, D346E, Q349K, T393V, 71,3

Y422F, N445D, R4480, H4680, V482T

Example 9: Characterization of Variants of the Talaromyvees emersonii CBHI / Trichoderma

regsei ~CBD fusion (with 6x His-Tag)

80 ml of fermentation broth were concentrated to a final volume of approx. tml. After
determination of protein concentration (Bradford reagent, Biorad, Germany, Standard is BSA
form Sigma-Aldrich, Germany) 1.2mg of protein were purified with the Ni-NTA Spin kit
(Qiagen, Germany). The purified CBH1 fraction was subsequently assayed by performing a
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hydrolysis reaction on pretreated (acid pretreaiment) wheat straw. 12,5mg (dry mass) of pre-
treated wheat straw is mixed with 0,0125mg of purified CBH1 and 40CBU Novoi88
(Novozymes, Denmark) per mg of CBH1. 50mM sodium acetate (Sigma-Aldrich, Germany) is
added up to 500uL. The assay is kept at temperatures ranging from 50°C to 65°C for 48
hours and analysed by HPLC to determine the temperature dependent glucose content.

Example 10: Hydrolysis of Straw with Seq. ID NO:2 Variant Proteins expressed from
Trichoderma reesei

Selected cellobiohydrolase sequences (Table 7) are expressed from Trichoderma reesei as
described in Example 5 by replacement of the native CBHI reading frame with the
carresponding seguence fusions to the CBHI signal pepiide. Samples of the mutant proieins
are isolated from the culture supernatant and purified by Ni-NTA affinity chromatography.
The characterization of the proteins is done by incubation of the proteins (E} with acid-
pretreated straw substrate (8) (2,5% dry matter content and E/S = 0,1% w/w in the reaction)
at temperatures between 50°C and 75°C for 48 hours in the presence of a non-limiting
amount of beta-glucosidase foliowed by determination of the released glucose concentration
by HPLC. The results are shown in the Table 7. As indication for the performance the
glucose reiease after 48 hours ai 60°C was taken and found significantly increased in
comparison o the wild type protein. In the Table 7 the Temperatures where still 50% of the

maximum glucose yield is reached are given.

Table 7: Peirformance of Trichoderma expressed Cellobiohydrolases on straw

Mutation with respect to Seq. Temperature [°C] of halve optimum sugar

(D NO:2 release from acid pretreated straw (48h 0,1%
Enzyme to Substrate ratio (40 CBU/mg
Cellulase BGL added)

1 | T 593:04

5 ‘Q1L,G4C A72C,D181N,E183K.C " 61,3
349R

3 ‘QiL,GAC,A72C,Y155C,Qa49K 64,3

7 \GAC, Q28K E65M A72C SB6T E1 73,0

83M,D202N,P224L,5311G,T335,
D346E,Q340K, T393V,Y422F,P44
28,N445D,R446G,H468L, V482!

5 ,Q1L,G4C,Q28RK,E65V,A72C D18 68,7
1N,P224L,5311D,N318Y,D320N,
D346A,Q349K,T392M,T3931,Y42
2F,N445D,R446G,H468Q,V482]

5] Q1L.G4C,Q28R,E65V,A72C,D18 o 68,3
1N,E183M,P2241,8311G,D3201,D
346E,Q349K, T393V,Y422F ,P442
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S5,N4450 R446G, H468L, V4821

Q11,G4C Q28R EB5V,AT2C.E18
3M,D202N,P224L,S311G,N318Y,
T3351,D346E,Q0349K,T393V, Y422
F.N445D,R446G,H468L,v482]

69,5

AL.G4C.Q28R,E65V,A72C,586
T,E183K,D202N,5311G,N318Y.,D
3201, D346A,Q3481K, T393V,Y422F
P4425 N445D, R446G, H468Q,V4
g2l

67.5

Q1L.G4C. Q28R ,EBEV,A72C,E18
3M,P224L,5311G,D3201,D346E,
Q349K,T393V,Y422F P4425 N44
5D0,R446G,H468L.,v482]

68,2

10

LQ1L,G4C Q28R EBSV,A72C P22
4L,S311G,D38201LD346E,Q349K, T
393V, Y422F P4428 N445D,R446
G,H468BL V482!

68,4

11

Q1L,G4AC,Q28R,EB5V,A72C,D20
2N, 5311N,D3201,T3351,D346E,Q
349K, T393V,Y422F N445D R446
(G,H468Q,v482T

67,8

12

Q1L,G4C, Q28K EBSV A72C,ETB
3M,D202N,5311G,N318Y,D348E,
Q349K,T3831,Y422F N445D,R448
G,H468Q, V4821

68,0

13

Q25,G4C,A6L T7Q,ABS,N10T,Q
28K, EB5K AT2C,E183M,S311G,N
318Y,D3201,7335{,D346E,Q349K,
T393V,Y422F N445D,R446G,H46
8Q,v482T

72,0

14

Q28,G4C ABL T7Q,AB5 N10T,Q

28K, E65V, AT2C,E183M,D202N,P
224L,8311G,1T3351,D346E,G349K
L1393V, Y422F P4428 N445D,R44
6G,H4680, V482!

73.8

15

,Q25,G4C A6L. T7Q,AB8 N10T,Q
28R,E65V A72C P224L,8311D,
N318Y,D320N,D346A,G349K,T39
2M,T3931,Y422F N445D,R446G,
H468Q, V4821

73,6

16

Q28,G4C,ABL T7Q,AB5,N10T,Q
28K, N29Y,E65K A72C,5311G,T3
351,D346E,Q349K,T393V,Y422F,
N445D,R446G H468C, V482T

71,9

17

Q1L,G4C, Q28R E65V,A72C K15

9KCGRNK,E183M,P224L,5311G,
D3201,0346E,Q349K,T393V,Y422
F T433TGAAAT P4425 N445D R

446G,H488L,v482]

70,5
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18

,Q25,G4C,AGL T7GLABS N10T,S
24T,Q28R,E65K,A72C,D202N,53
11G,T335],D346E,Q349K,T3931,Y
422F,N445D,R446G,H468Q, V482
T

72,2

19

Q1L.G4C,Q28R, 65V, A72C,E18
3M,P224L,5311G, 03201, D346k,
Q340K,T383V,Y422F P4425 N44
50,R446G, P454PVRPQP, H468L,
V4§21

69,1

20

Q1L,G4C,Q28R,EG5V,A72C K15

SKCGRNK,E183M,P224L /5311G,
33201,D3465 Q349K T303V, Y422
F,P4428 N445D R4460G,H468L.,V

482|

68,2

21

QIL.G4C, 8247, T261,Q28R, N29Y
,G30A,EE5V,ABET A72C,E183M,
Q190K,P224L,5311G,D3201,034
6k, Q349K, 7393V, Y422F,P442S,
N445D R446G, H468L,V482)

70,2

22

Seq ID Ne. 12

58,6 +0,4

Example 11: Performance of Seq. 1D NQO; 5 Variants with Improved thermostability

PCR-Techniques were user for the transfer of selected mutations into the Seq. ID NO:5
backbone, as deduced from screened Seq. ID NO: 2 Mutanis with superior performancs.
Protein expressed from Pichia pastoris was taken from the culture supernaiant and tested for
their Substrate Conversion Capacity by the procedure given in example 8. In the table the
calculated IT50 values for the 4-MUL Substrate are given, Siightly higher stability of Proteins

without CBD compared io the fusion proteins are found under these conditions. Results are

shown in Table 8.

Table 8: Comparison of IT50 Values of SEQ. ID NO:5 and SEQ. ID NO2 Mutants

Mutation Patiern with respect ¥T50 of the original IT50 of the original
to Seq. iD NO:5 Seq. ID NO:S mutant | Seq. ID NO:2 mutant
T owt 61,3 60,4 +/- 0,5
2 [ ,G4C,Q28K,E65M,A72C,586T,E183M,D 69,5
202N,P224L,3311G,T3351,D346E,0349 70,0
K, T893V, Y4227
3 | ,Q1L,G4C,Q28R,E65V,A72C.D181N,E18 _ 698 +/-0.8
3M,P224L,5311G,D3201, D346E,Q348K, 72,0
T393V,Y422F
47 Q1L,G4C,Q28K, EB5K,A72C,D181N,E18 704 4/- 0.2
3M,5311G,N318Y,D3201,73351.D346E.G 70,3
349K, T393V,Y422F
5 1 ,Q1L,G4C,Q28K,EB5V,A72C, 181N, E18 71,9 71,1 +/-0
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3M,D202N,P224L 5311G, T3351, D346E,
Q349K T393V,Y422F
Q1L,G4C, Q28R E65V,A72C,G151GCGR 68,2

SG,D181N,E183M,P224L,8311G,D3201,
D346E,Q349K,T303V,Y422F

72,7

28
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Example 12: influence of different cellulose binding domains on IT 50 values

To evaluate the interchangeability of the CBDs a stabilized Seq.ID NO: 5 mutant (Q1L, G4C,
Q28R, E65V, A72C, D181N, E183M, P224L., S311G, D320l, D346E, Q349K, T393V, Y422F)
i3 connected with a series of cellulose binding domains and linker regions from
cellobichydrolases from different sources by OE-PCR. The resulting coding sequences
(SEQ. IDs NO: 21, 23, 25, 27 and 29) are cloned to a Pichia pastoris expression vector for
the expression of the corresponding fusion proteins according to SEQ. IDs NO: 20, 22, 24,
26 and 28). IT50 values for the variants are evaluated as described before and are listed in
the Tabie 9. Only small influences of different CBD modules on the stability are observed.

Table 9: Performance of different fusions of CBD with their linkers to stabilized and non-

stabilized Seq. 1D. NG5 variants in comparison

Temperature [°C]
of halve optimum
sugar release
) o from celluiose
SeDLr;jeﬁce Sz r?_ltee:;e Origin of linker r(rf—gﬂ{ufi (48h 0,1% Comment
L?s’zing L?sting and CBD Test) . Enzyme to
Substrate ratio
(40 CBU/mg
Celiulase BGL.
added)
111 e T. reesei 60,4 +/- 57.4 +/- 0,5 non sizbilized core
0,5 (wild type)
22 20 C. thermophilum | 69,5 +/-
0.5 65,6
3123 22 P. chrysosporium | 69,3 +/-
0.2 65,6
4125 24 P, janthineflum ?82;4 +i- 65.0
5| 27 28 I. lacteus giB +/- 65,2
629 28 T. reesei 69,8 +/- 65,0 +/- 0,7 stabilized core and
0,8 CBD-linker region
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Table 10: Sequence Listings (Overview)

SEQID Nucleic acid Description D
[N]/Protein [P}
SEQID NO 01 iN] Coding Sequence for Talaromyces emersonii CBHI /
Trichoderma reesei <CBD fusion including the alpha
factor signal peptide.
SEQID NO 02 iP] Matare Sequence of Talaromycees emersonii CBHI / CBH-a
Trichoderma reesei -CBD
SEQID NO 03 [N] Coding sequence of the fusion of CBH-a with
Trichoderma reesei CBHI Signal peptide
SEQID NO 04 [P] Trichoderma reesei CBHI celiulose binding domain
and hinker sequence
SEQID NG 05 {P] Talaronvces emersonii CBHI CBH-b
SEQID NO 06 [N] Talaromyces emersonii CBHI
SEQID NG 07 [N] Humicola grisea CBHI
SEQID NO 08 [P] Humicola grisea CBHI CBH-d
SEQID RO 09 N} Thermoascus auranticeus CBHI
SEQID NO 10 [P Thermoascus aurantiacus CBHI CBH-e
SEQID NO 11 iN] Trichoderma reesei CBHI
SEQID NO 12 P Trichoderma reesei CBHI CBH-¢
SEQID NO 13 [N] Trichoderma viridae CBHI
SEQID NO 14 P Trichoderma viridae CBH1 CBH-f
SEQID NO 15 [N] fusion Humicola grisea CBHIL/ Trichoderma reesei —
CBD
SEQID NO 16 [P] fusion Humicola grisea CBHI/ Trichoderma reesei —~ | CBH-g
CBD
SEQID NG 17 [N] Coding Sequence for Talaromyces emersonii CBHI /
Trichoderma reesei <CBD including the aipha factor
signal peptide and a 6x His Tag.
SEQID NO 138 [P Mature Sequence of Talaromyces emersonii CBHI/ CBH-ah
Trichoderma reesei ~CBD fusion peptide with 6x His
Tag
SEQID NO 19 [N] Humicola grisea CBHI, alternative coding sequence
SEQ ID NO: 20 | {N] Oligonucleotide primers used with this invention
to 4]
SEQID NGO 42 Pl Talaromyces emersonii CBHI Mutant with

Chaetmium thermophilum cellobiohydrolase T CBD
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with 6x His-TAG

SEQID NO 43 IN] Coding Sequence for Talaromyces emersonii CBHI
with 6x His-TAG Mutant with Chaetmium
thermophtlum cellobiohydrolase 1 CBD

SEQID NO 44 [P] Talaromyees emersonii CBHI Mutant with
Phanerochaete chrysosporium cellobiohydrolase
CBD with 6x His-TAG

SEQID NO 45 IN] Coding Sequence for Talaromyces emersonii CBHI
Mutant with Phanerochaete chrysosporium
cellobiohydrolase CBD with 6x His-TAG

SEQID NO 46 [P] Talaromyces emersonii CBHI Mutant with Peniciflium
jantinellurm cellobiohydrolase CBD with 6x His-TAG
SEQID NO 47 [N] Coding Sequence for Talaromyces emersonii CBHI

Mutant with Peniciflium fantinefium cellobiohydrolase
CBD with 6x His-TAG

SEQID NO 48 P Talaromyces emersonii CBHI Mutant with Irpex
lacteus cellobiohydrolase CBD with 6x His-TAG
SEQID NO 49 INj Coding Sequence for Talaromyces emersonii CBHI

Mutant with Irpex lacteus cellobiohydrolase CBD
with 6x His-TAG

SEQID NG 30 [P] Talaromyces emersonii CBHI Mutant with mutated
Trichoderma reesei CBD Witﬁ 6x His-TAG

SEQID NOs1 [N} Ceding Sequence for Talaromyces emersonii CBHI
Mutant with mutated Trichoderma reesei CBD with
6x His-TAG

SEQID.NC. 01

cageaggccggeacggogacggragagaaccaccegeecotgacatggraggaatgecacecgeococctgggagetyge
accacccagaacggggeggtegttcttgatgegaactggegttgggtgeacgatgtgaacggatacaccaactge
tacacgggcaatacctgggaccccacgtactgccctgacgacgaaacctgcgcccagaactgtgcgctggacggc
geggattacgagggcacctacggoegtgacttcgtogggeagectocttgaaactoaatttogtcacegggtogaac
gtcggatcccgtctctacctgctgcaggacgactcgacctatcagatcttcaagctcctgaaccgcgagttcagc
tttgacgtcgatgtctccaatcttccgtgcggattgaacggcgctctgtactttgtcgccatggacgccgacggc
ggcgtgtccaagtacccgaacaacaaggctggtgccaagtacggaaccgggtattgcgactcccaatgcccacgg'
gaccteaagtbtcatogacggoegaggocaacgtecgagggetggecageogthet togaacaacgocaacacoggaatt
ggcgaccacggetoctgetgtgeggagatggatgtetgggaageaaacageatotocaatgeggtcactcegeac
ccgtgcgacacgccaggccagacgatgtgctctggagatgactgcggtggcacatactctaacgatcgctacgcg
ggaacctgecgatcectgacggetgtgacticaacecttacegcatgggcaacacttetttotacgyggeotaggoaag
atcatcgataccaccaagoccttocactgtogtgacgeagttectcactgatgatggtacggatactggaactota
agcgagatcaagcgcttctacatccagaacagcaacgtcattccgcagcccaactcggacatcagtggcgtgacc
ggcaactcgatcacgacggagttotgeactgeteagaageaggectttggcgacacggacgacttetotcageac
ggtggcctggecaagatgggageggocatgcageagygtatggtcctggtgatgagt ttgtgggacgactacgee
gcgcagatgcﬁgtggttggattccgactacccgacggatgcggaccccacgacccctggtattgcccgtggaacg
tgtceogacggactegggegteccateggatgtcgagtegecagageaceaacstooctacgtgacotactogaacatt
aagtttggtccgategygtageacaggtaatecttcaggtggtaatectacaggtggaaacagaggaacaacgaca
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actagaagaccagctactacaactggttcaagtecaggtccaactcaatcacactacggtoaatgtaggtggtata
ggttactcetggtoceeactgtttgtgettetggtactacttgecaagttetgasacoettactactcacagtgteta
taatgataa

Coding Seguence for CBH-a (mature)

SEQID.NO. 02

QOAGTATAENEPPLTWQECTAPGSCTTONGAVVLDANWRWVHDVNGY TNCY TEGNTWD P TYCPDDETCAQNCALDS
ADYEGTYGVTSSCGS SLELNFVTGSNVGSRLYLLODDSTYQI FRKLLNREFSFDVDVSNLPCCLNGALY FVAMDADG
GVSKYPNNKAGAKYGTGYCDEQCPRDLKFIDGEANVEGWQPSSNNANTGIGDEGSCCAEMDVWERANS T SNAVTPY
PCDTPGQTMCSGDDCGETY SNDRYAGTCDPDGCDFNPYRMGNTSFYGPEKI IDTTRKPFIVVTQFLTDDGTDTETL
SEIXRFYIONSNVIPOPNSDISGVTGNS ITTEFCTAQKQAFGDTDDFSOHGELAKMGAAMOQUGMVILVMSLWDDYA
AQMILWLDSDYPTRADPTTPGIARGTCPTDSGVPSDVESQSPNSYVTYSNIKFGPIGSTENPSEENPRGENRETTT
TRRPATTTGESPGPTQSHYGQUGGIGYSGPTVCASGTTCQVLNPYYSQCL

Mature Seqguence of CBH-a

SEQID.NO. 03

atgtatcggaagttggecegtcateteggecttcttggecacagetegtygetoageaggeocggoacggogacgaca
gagaaccacccegecectgacatggeaggaatgeaccygcooctgggagotgeaccacocagaacggggoggtegnt
cttgatgcgaactggegttgggtgcacgatgtgaacggatacaccaactgotacacgyggeaatacctgggaceee
acgtactgccctgacgacgaaacctygegeecagaactgtgegetggacggegeggattacgagggcacctacygge
gtgacttogtegggeagetoctigaaactcaatttogteacegyggtegaacgtoggatecegtectetacetgetyg
caggacgactegacctatcagatoticaagetectgaaccgecgagttcagetttgacgtegatgtctocaatett
cocgtgeggattgaacggegotetgtactttgtegeratggacgecgacggeggaegtgtccaagtaccogaacaac
aaggetggtygecaagtacggaaccgggtattgegactoceaatgeccacgggaccteaagttcategacggogag
gecaacgtegagggotyggeagecgtettegaacaacgecaacaccggaat tggegaccacggotoctgeighigeg
gagatggatgtcoctgggaageaaacageatotecaatgeggtcactecgoacoagtgagacacgocaggocagacyg
atgtgctetggagatgactgeoggtyggeacatactctaacgategetacgegggaacctgogatoctgacggetgt
gacttcaacccttaccgcatgggcaacacttottictacggyeetggeaagatcatogataccacoaagacatoe
actgtcegtgacgeagttocteactgatgatggtacggatactggaactoteagegagatcaagegettctacatce
cagaacagcaacgtcattoogeoageecaacteggacatcagtggegtgaceggeaactegatcacgacggagttce
tgcactgeteagaagecaggectttggegacacggacgacttetctcageacggtggectggocaagatgggagey
gercatgecageagggtatggtoctggtgatgagtttgtgggacgactacgoeoygegeagatgotgtggttggattec
gactacccocgacggatgoggaccocacgaceoctggtattgocegtggaacgtgtecgacggact cogagegtecea
teggatgtegagtegecagagecocaactoctacgtgacctactegaacattaagtttggtocgatoggtageaca
ggtaateoccottoaggtggtaatecteccaggtggaaacagaggaacaacgacaactagaagaccagectactacaact
ggttcaagtocaggtocaactcaatcacactacggtcaatgtggtggtataggttactetggtcoccactgtttgt
gettetggtactacttgecaagtroctgaaceettactactcacagtgtetageitetgeacatcatcaccaceac
cattaa

Coding sequence of the fusion of CBH-a with Trichoderma ressei CBHT Signal
peptide

SEQID.NO. 04
GESTCNPSGGNPPGENRGTTTTRRPATT TGS SPEPTOSHYGOCUGGIGY SGPTVCASGTTCOVINPYYSQCL

Trichoderma reesei CBHI cellulose binding domain and linker sequence

SEQID.NG. 05

QQAGTATAENHPPLTWORCTAPGSCT TONGAVVLDANWRWVHDVNGY TNCY TENTWDPTYC PDDETCAQNCALDG
ADYEGTYGVTSSGESSLELNFPVTGSNVGSRLYLLODDSTYQI FKLLNREF SFDVDVSNLPCGLNGALY FVAMDADG
GVEBKYPNNKAGAKYGTGYCDSQCPRDLKF IDGEANVEGWOPSSNNANTGIGDHGSCCARMDVIWEANS I SNAVTPH
PCDTPGQTMCESGDDCGETYSNDRYAGTCEPDGCDFNPY RMGNTSFYGPGKI IDTTERPFTVVTQFLTDDETDTGTL
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SEIKRFYIQNSNVIPQPNSDISGVIGNS ITTEFCTAQKQAFGDTDDFSQHGGLAKMGAAMOQGMVLVMSLWDDYA
AQMLWLDSDYPTDADPTTPGIARGTCPTDSGVPSDVESQSPNSYVTYSNIKFGPINSTEFTAS

Talaromyces emersonii CBHI sequence (CBH-Db)

SEQID.NO., 06

atgagatttccttcaatttttactgeagtittattegeageatcotcogeattagetgetecagtecaacactaca
acagaagatgaaacggcacaaattccggctgaagctgltcateggttacttagatttagaaggggatttogatgrt
getgttttgocattttocaacagcacaaataacgggttattgtttataaatactactattgecageattgetyget
aaagaagaaggggtatotttggataaacgtgaggeggaageacoctoteagraggoocggoacggoegacggcagay
gaccacccegeccctgacatggecaggaatgcaccegecccetgggagetgecaccacecagaacggggeggtogttett
gatgcgaactggegttgoggtgeacgatgtgaacggatacaccaactgctacacgggeaatacctgggacoocacy
tactgccectgacgacgaaacctgogeccagaactgtgegetggacggegeggattacgagggeacctacggegtyg
acttogtegggeagetectigaaactecaatttegtcacegggtegaacgteggatceegtetetacetgetgeag
gacgactcgacctatcagatcttcaagetteotgaaccgegagticagetttgacgtegatgtetegaatetteeg
tgcggattgaacggegetotgtactitgtegecatggacgecgacyggeggegtgt ccaagtacecgaacaacaayg
gectggtgecaagtacggaaccgggtattgegacioccaatgaccacgggacetcaagtteat cgacgygegaggoee
saacgtcgagggctggeagecgtettegaacaacgocaacaceggaattggegaccacggetectgetgtgeggag
atggatgtctgggaagcagacageatctocaatgeggteactecgocaccogtgogacacgoccaggocagacgaty
tgctetggagatgactgoggtggracatactetaacgategetacgaegggaacctgegatoctgacggctgtgac
ttcaacccttacogoatgggcaacactictitectacgggectyggeaagatecategataccaccaageochtcact
gtcgtgacgeagttectecactgatgatggtacggatactyggaactetcagegagatcaagecgettctacatocag
aacagcaacgtcattocogeageccaacteggacatcagtggogtgacoggeaactegatcacgacggagtictge
actygcteagaagraggectitggegacacggacgacttctotcageacggtggcctggccaagatgggagoggec
atgcagceagggtatggtoctyggtgatgagtttgtgggacgactacgecegogragatgetgtggttggattoogac
tacccogacggatgeggacoccacgaccectggtattgecegtggaacgtghecgacggactegggegteccateg
gatgtcgagtcecgeagagcoccaactectacgtgacctactegaacattaagtttggtocgatcaactegacotte
acegettegtgataa

Coding sequence of Talaromyces emersonii CBHI fused to the alpha factor
signal peptide :

SEQID.NC. 07

QOAGTITAENHPRMTWKRCSGPGNCQTVQGEVV I DANWRWLHNNGONCYEGNEWTSQCSSATDCAQRCALDGANY
QSTYGASTSGDELTLEKFVTEKHEYGTNIGSRFYLMANQNKYOMPTLMNNEFAFDVDLSKVECGINSALYFVAMEED
GGMASYPSNRAGAKYGTGYCDAQUARDLKFIGGKANIEGWRPSTND PNAGVEPMGACCAE IDVWESNAYAYAFTE
HACGSKNRYHICETNNCGGTYSDDREAGY CDANGCDYNPYRMGNKDEYGKGKTVDTRREFTVVSRFERNRLSQFF
YODGREKIEVPPPTWPGLPNSADITPELCDAQFRVEFDDRNRFAETGGFDALNEALTI PMVLVMS IWDDHHESKMLWL
DESSYPPEKAGLPGGDRGFCPTTESGVPAEVEAQYPDAQVVWSNIRFGPIGSTVNY

Humicola grisea CBHI (CBH-d)

SEQID.NO. 08

atgagatitccttcaatttttactgecagttttattcgeagecateccteoogeattagetgctocagtcaacactaca
acagaagatgaaacggcacaaaticoggetgaagetgtcateggttacttagatitagaaggggatitegatgty
getgttttgeocattttccaacageacaaataacgggttattgtttataaatactactattgecageattgetget
aaagaagaaggggtatctttggataaacgtgagygcggaagcaccctctecageaggetagtadtattactgetgag
saccacceaagaatgacctggaagagatgctectggtccaggaaactgtcagactgt tcagggegaggttgtgatt
gacgctaattggagatggttgcacaacaacgygccagaactygitacgagggtaacaagtggaccctcagtgttot
tctgeotaccgactgtgetcagagatgtgotitggacggtgecaactaccagtetacctacggtgettctacectet
ggtgactotctgaccetgaagttegttacraageacgagtacggaaccaacataggototagattctacotgatyg
gecaaccagaacaagtaccagatgticacoctgatgaacaacgagttocgectttgacgttgacoctgtctaaggty
gagtgcggtatcaactctgeoctgtacttogtitgetatggaagaggacggtggaatggettettacecatotaag
agagceggtgetaagtracggtactggttactgtgacgeccagtigtgoctagagacetgaagtitcatcggtggaaag
gecaacattgagggttggagaccatetaccaacgacecaaacgetggtgttggtecaatagggagotigttgtgec
gagattgatgtgtgggagtctaacgcttacgoctacgetittaceccacacgettgeggttetaagaacagatac
cacatctgegagaccaacaactgtggtggaacctactectgacgacagat tegetggatactgegacgectaacggt
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tgtgactacaacccatacagaatgggcaacaaggacttctacygygcaagggaaagacegttgacaccaacagaaag
ttecaccgtggtgtogagattcgagagaaacagactgtogeagttetttgtgeaggacggeagaaagattgaggto
ccaccacraacttggecaggattgeecaaactetgeoecgacattaccocagagttgtgtgacyctcagt toagagtyg
ttogacgacagaaacagatttgetgagaccggtggtittgacgectttgaacgaggetetgacoattccaatggtyg
ctggtgatgtctatttgggacgaccaccactctaacatgttgtggetggactettcttacccaccagagaagget
ggattgecaggtggtgacagaggaccatgtocaactacttogggtgttocagetgaggttgaggectecagtaceea
gacgctcaggtigtgtyggtegaacatcagatteggeccaateggttectacegtgaacgtgtaa

Coding sequence of Humicola grisea CBHI fused to the alpha factor signal
peptide

SEQID.NO. 09

heagtvtaenhpsltwggessggscttgngkvvidanwrwvhttsgytneytgntwdtsicpddvtcagneoaldg
adysgtygvitegnalrlnfvtgssgknigsrlyllgddttygifkllggeftfdvdvenlpeglngalyfvamd
adgnlskypagnkagakygtgycdsgeprdlkiingganvegwopsandpnagvgnhgsacaenmdvweansistav
tphpecdtpggtmegaddeggtysstryagtedtdgedinpygpgnhsfygpgkivdteskitvvigfitddgtps
gtlteikrfyvgngkvipgsestisgvitgnsitteyctagkaafdntgffthgglgkisgalaggmvlvms lwdd
haanmlwldstyptdadpdtpgvargtepttagvpadvesgnpnsyvivenikvgpingtftan

Thermcascus auratiacus CBHI (CBH-&)

SEQID.NO. 10

atgagatticcttcaatttttactgeagtittattogecageatectoecgeattagetgetocagteaacactaca
acagaagatgaaacggcacaaaticceggetgaagetgteateggttacttagatttagaaggggatitegatgtt
getgttttgeeattttecaacagracaaataacgggttattgtittataaatactactattgecageatigetget
aaagaagaaggggtatcttiggataaacgtgaggcegygaageacectctcacgaggacggtacoegtaacegeagag
aatcacccttcocecctgacctggeageaatgetccageggeggtagttgtaccacgoagaatggaaaagtegttatae
gatgcegaactggogttgggtecataccaccteotggatacaccaactgetacacgggeaatacgtgggacaccagt
atctgtcccgacgaegtgacctgdgctcagaattgtgccttggatggagcggattacagtggcacctatggtgtt
acgaccagtggcaacgeoctgagactgaactitgteacedaaaget cagggaagaacattggetogegeetgtac
ctgotgeaggacgacaccacttatcagatottcaagetgetgggtoaggagtttaccitecgatgtaegacgteted
aatotocotigoggyctygaacggegecctctactttgtggecatggacgeogacggeaatttgtocaaatacect
ggcaacaaggcaggegctaagtatggeactagttactgegactectoagtgecectogggatetcaagtteatcaac
ggtcaggccaacgttgaaggctggcageogtetgecaacgacecaaatgoocggegitggtaaccacggttoateyg
tgegetgagatggatgtoetgggaagocaacageatetetactgocggtgacygectcaceccatgegacaccecogge
cagaccatgtgocagggagacgactgtaggtggaacctactectecactegatatgetggtacchgegacactgat
ggctgegacttcaatectitaccagecaggcaaccactogtoctacggeocogggaagatogtegacactagaten
aaattcaccgtegtecacceagtteoatecacegacgacgggacacoctecoggeacectgacggagatcaaacgette
tacgtocagaacyggeaaggtgateccecagtcggagtecgacgatcageggegteaceggcaactecaatcaccace
gagtattgcacggcecagaaggcagecttecgacaacacoggettettcacgcacggoegggettecagaagatcagt
caggctcotggctcagggcatggtoctegtcatgageotgtgggacgatocacgeogocaacatgetotggoetggas
agcacctacccgactgatgeggacceggacaccoctggegtegegegeggtacetgeececcacgacotocggegtco
ceggocgacgtggagtegecagaacoccaattecatatgttatctactocaacatcaagoteggacccatcaacteg
accttcaccgccaactaa

Coding seguence of Thermoascus auratiacus CBHI fused to the alpha factor
signal peptide

SEQID.NG., 11

atgagatttocttcaatttttactgragttttattcgeageatectengeattagetgetocagicaacactaca
acagaadatgaaacggcacasattooggetgaagotgtecateggttacttagatttagaaggggatttegatgtt
getgttttgecattttecaacageacaaataacggygttattgtttataaatactactattgocagoattgotget
azagaagaaggggtatctttggataaacgtgaggcggaageacceicttcagetigtacactgraatoogagact
catccaccotttaacgtggecaaaagtgtagttctggeggaactigtacteaacagactggtagtgtegtgatagat
gectaactggagatggacacatgeaacgaactootcaactaactgetacgatggtaacacaetyggtattotacattyg
tgtcctgacaacgaaacctgegotaagaactgttgtettgatygagoagettacgecaagtacatatggtgtgact
acctectggtaacagectttecattggttttgtaacccagteggctcagaagaatgttggtgectagattgtacoty
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atggcttcagacaccacataccaggagtttaccttgttygyggaaacgagtictetttegacygtagatgtgtoteag
ctaccatgtggattgaatggagectigtactitgtotcaatggatgeagacggaggtgtttcaaagtacoctact
aacacagctggtgctaagtatggaactggatactgegaticteaatgeccaagagacctgaagtteateaacygyga
caagctaacgttgaaggttgggaaccttctageaacaacgeaaacactggaattggtggtecatggttetbgotat
tcagagatggacatttgggaagocaactecatcagtgaagettigactecacatoratgcacaactgttgggeoaa
gaaatttgcgaaggtgatggttgtggtggeactiactotgataacagatacggeggaacatgtgateragatgga
tgtgattggaacccatacagactgggtaacacttogttitacggaceaggtiecttecttcactctagacactacy
aagaagttgactgtggtcacccaatitgagactictggtgecattaacegatactacgtgragaacggagttact
ttccaacagcraaacgctgaattgggtagttactcagycaacgagctiaacgatgactactgecactyotgaagaa
gragaatttggtggatcttocttttecggataagggtggattgacgeagttcaagaaagotacctctggtggaaty
gttctagtcatgagtetgtgggacgattactacgetaacatgettggetggactetacttaccctacaaacgayg
acatcttctactoctggtgetgtaagaggtagetgttetacatctictggagttecagaeccaagttgagagtcaa
agtccaaatgecaaggtoaccttectecaacatecaaghtocggaccaattggtageacaggtaatecttecagatggt
aatoctocaggtggaaacagaggaacaacgacaactagaagaccagaetactacaactggttcaagtecaggtaca
actcaatcacactacggtcaatgtggtggtataggttactetggteccactgtitgtygettoctggtactactige
caagttetgaacccottactactcacagtgtetagettotgeacaccatecatcatcatcattaatgataa

Coding sequence for Trichoderma reegei CBRHI (CBH-c¢), including the alpha
factor signal peptide and a 6x Hig Tag.

SEQID.NC. 12

QSACTLRSETHPPLTWQRCSSGGTCTCOTGSVVIDANWRWTHATNS STNCYDEGNTHWS STLCPDNETCARNC CLDG
AAYASTYGVITEGNSLEIGFVTOSAQKNVEGARLY LMASDTTYOREFTLLGNEFSFDVDVEQLPCGLNGALYFVEMD
ADGGVSKYPTNTAGAKYGTGYCDSQCPRDLKFINGOANVEGWEPSSNNANTGIGCHGSCCSEMDIWEANSISEAL
TPHPCTTVGQEICEGDGCGETY SDNRYGGTCDPDGCDWNPYRLGNTSFYGPGSSFTLDTTRKKLTVVTQFETSGAT
NRYYVONGVIFQOPNAELGSY SGNELNDDY CTAEEARFGGSSFADKGELTOFKKATSGEMVLVMSLWDDY YANML
WLDSTYPTNETSSTPGAVRGECETSSGVPAQVESQSPNAKVTFSNI KFGPIGSTGNPSGCENPPGENRGTTTTRRY
ATTTGSEPGPTQSHYGQCGGIGYSGPTVCASGTTCQVLNPYYSQCL

Trichoderma reegei CBHEI (CBH-¢)

SEQID . NGO, 13

atgagatttocttcaattittactgeagttttattegeageatcetoegeattagetgeteocagtcaacactaca
acagaagatgaaacggcacaaattoecggotgaagetgteateggttacttagatttagaagyggatttogatgtt
getgttttgecattttecaacageacaaataacgggttattgtitataaatactactattgocagrattgetget
aaagaagaaggggtatctttggataaacgtgaggcggaageacoctotecaatetgettgecaccttgeagtetgaa
actraccraccattgacctggeagaagtgttetictggeggtacttgtactcagoagaceggttotgttgttate
gacgccaactggagatggactcacgetaccaactoettetaccaactgetacgacggtaacacttggtogtotace
ttgtgtcecagacaacgagacctgtgocaagaactgttgtittggacggtgetgettacgettctacctacggtgtrt
accacctetggtaactegetgtctateggtttecgttacccagtictgeacagaaaaatgttggtgecagactgtac
ttgatggctteotgacaccacctaccaagagtttaccctgetgggtaacgagttotatttegacgtggacgtttet
caactgecatgtggactgaacggtgecctgtacttegtttctatggacgetgacggtggtgtttetaagtaccea
accaacaccgetggtgectaaatacggaaceyggttactgegaticteagtgaecaagagacctgaagttcatcaac
ggacaggctaacgttgaaggatgggagecatctictaacaacgocaacaceggtatiggtggteacggttettae
tgttectgagatggacatetgggaggccaactetattictgaggetttgaceecacaceeatgtactactgtgggt
caagagatctgtgagggtgatggttgtggtggtacttacteggacaacagatacggtggtacttgtgacecagac
ggttgtgattygggacccatacagactgggtaacacctettictacggtocaggatettottttaccotggacacce
accaagaagttgaccgttgttacceagtttgagacctetggtagccatcaacagatactacgtgeagaacggtgtt
actttccagcagecaaacgctgaactgggatettactetggtaacggactgaacgacgactactgtactgetgag
gaagctgagtteggtggttortetttctetgacaagggtggactgacocagtttaagaaggctaccctggoaga
atggtgctggttatgtottigtygggacgactactacgetaacatgetgtggottgactetacetaceccaactaac
gagacctcttcotaccocaggtgetgttagaggatcttgetotacetettctggtgttecageteagygttgagtet
cagtctecaaacgoraaggtgaccttetetaacatecaagtteggtecaateggitctactggtyacecatetygat
ggtaacccaccagdgtggaaacccacctggtactaccactaccagaagaccagctaccaccadctggttettecteca
ggtccaacccaatcteactacggtcagtgtygtggtattggttactectggtecaacegtttgtgettoctggaace
acctgtcaggttctgaacccatactactegecagtgoctgtaa

Coding sequence for Trichoderma viride CBHI, including the alpha factor
signal peptide.
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SEQID.NO. 14

QSACTLOSETHPPLTWQKCESSGETCTOQOTGEVVIDANWRWTHATNS STNCYDGNTWS STLCPDNETCARNCCLDG
AARYASTYGVTTECGNSLESIGFVTQSARKNVGARLYLMASDTTYQEFTLLGNEFSFDVDVSQLPCGLNGALYFVSMD
ADGGVSKYPTNTAGAKYGTGYCDSQCPRDLKF INGOANVEGWEPSSNNANTGIGGHGS CCSEMDIWEANSISEAL
TPHPCTTVGEQREICEGDGCEETY SDNRYGETCDPRGCDWDPYRLGNT SFYGPGSSFTLDTTRRLTVVIQFETSGAT
NRYYVONGVTEFQOPNAELGSY SGNGLNDDYCTAEEAEFGESSFEDKGELTOFKKATSGEMVLVMELWDDY Y ANML
WLDSTYPINETSSTPGAVRGSCETSSGVPAQVESQSPNARKVTFENIKFGPIGESTGDPSGONPPGGNPPGTTTTRR
CPATTTGSSPGPTQSHYGQUGGIGYSGPTVCASGTTCQVLNPYYSQCL

Trichoderma vi;ide CRHI (CRBHE-f)

SEQID.NC. 15

atgagatttecticaatititactgeagtittaticgeagcatectocgeattagetgetocagtcaacactaca
acagaagatgaaacggcacaaaticcggectgaageigteateggttacttagatttagaaggggatttecgatgt
getgttttgecattttccaacagcacaaataacgggttattgtttataaatactactattgecagecattgetget
aaagaagaaggggtatcettiggataaacgtgaggeggaageatgetegeagecaggetggtacaatttactgetgag
aaccatocsagaatgacgtggaagagatgtagtggtecaggaaactgtecagactgttcagggtgaggtegtgata
gatgctaactggagarggtigeataacaacggocagaactgotacgagggtaacaagtyggacctetcagtgttet
tetgetaccgactgegetcagagatgtgetettgatggageaaactaccagagtacatatggtgettctacctet
ggtgacagccttaccctgaagtitgtaaccaagecacgagtacggaaccaatateggtictagattctacctgaty
gctaaccagaacaagtaccagatgtttaccttgatgaacaacgagttegectttegacgtagatctgtectaaggtg
gagtgtggaatcaattctgeetigtactttgtegetatggaagaggacggaggtatggettettaccottetaac
agagctggtgctaagtatggaactggatactgegatgeccaatgegetagagacctgaagttcateggtggaaag
gctaacattgaaggttggagaccttctaccaacgaccecaaacgetggagttggtccaatygggtgettgetgtgee
gagattgacgtgtgggaatctaacgettacgectacgettttactccacatgettgeggttctaagaacagatac
cacatttgegaaaccaacaactgtgogtggcacttactctgatgacagattegoctggatactgtgatgotaacgoa
tgtgattacaacccatacagaatgyggtaacaaggacttttacggasagyggtaagactgttgacactaacagaaag
ttcactgtggtctocgagatttgagagaaacagactgtegeagtitoetttgtgcagygacggaagaaagattgaggrc
ccaccaccaacttggecaggattgeraaactetgecgacattaceocagagtigtgegacygctcagttcagagtyg
tttgacgacagaaacagattitgotgagaccggtggatttgacgetttgaacgagygctetgaccattecaatggtt
ctagtcatgagtatttgggacgatcaccactctaacatgectitiggetggactecticttacectoccagagaagget
ggattgectyggtagtgacagaggtecatgtecaacaactictggagttccagecgaggtbgaggetecaataccoca
gacgeccaggtegtgtggtecaacatcagatteggaccaattggaagettaacaggtaatecttcaggtggtaat
cectecaggtggaaacagaggaacaacgacaactagaagaccagcetactacaactggticaagteccaggtecaact
caatcacactacggtcaatgtggtggtataggttactctggteccactgtttgtgettctggtactacttgecaa
gttctgaaccettactactcacagtgtetagetictgeacaccateatcatcatcattaa

Coding Sequence for Humicola grisea CBHI- Trichoderma reeseil CBHI cellulose
binding domain fusion protein including the alpha factor signal peptide and
a 6x His Tag.

SEQID.NO. 16

ggagtitaenhprmtwkresgpgncgtvggevvidanwrwlhnnggnoyegnkwtsgessatdecagrealdgany
gstygastsgdsltlkivtkheygtnigsriyvimangnkygnitimnnefafdvdlskvecginsalyivameed
ggmasypsnragakygtgyedageardlkfiggkaniegwrpstndpnagvopngaccaeidvwesnayvayaftp
hacgsknrvhicetnneggtysddrfagycdangedynpyrmgnkdivgkgktvdtnrkitvvsrfernrlsgff
vgdgrkievppptwpglpnsaditpeledagfrviddrnrfaetggfdainealtipmvlivmsiwddhhsnomlwl
dssyppekaglpqurgpcpttsgvpaeveaqypdaqvvwsnlrfgp1gsltgnpsggnppggnrgtttt?rpat
ttgsspgptashyggogoligysgptveasgttegvinpyysgctiasahhhhhh

Humicola grigea CBHI- Trichoderma reegei CBHI cellulose blndmng domain
fugion protein including a 6x His Tag (CBH-g)

SEQID.KO. 17
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atgagatttocttcaatttttactgeagttttattogeageatectecgeattagetgetecagtoaacactaca
acagaagatgaaacggcacaaattcocoggctgaagetgtcatecggttacttagatttagaaggggatttegatgtt
getgttttgecattitteocaacageacaaataacggygttattgttitataaatactactattgeorageattgetget
aaagaagaaggggtatcotttggataaacdtgagygecgygaageatgotogeageaggeeggcacggegacggeagag
aagcaccogecectgacatggcaggaatgecaccgeccetgggagetgecaccacccagaacggggecggtegttott
gatgcgaactggegttgggtgeacgatgtgaacggatacaccaactgctacacgggecaatacctgggaccecacy
tactgececetgacgacgasacctgogeccagaactgtgegetggacggegeggattacgagggeacctacggegtg
acttegtegggeagetecttgaaactecaatttegtcaccgggtegaacgteggatecegtetetacetgetgeay
gacgactcgacctatcagatcttcaagectectgaacegegagttcagetttgacgtegatgtetecaatetteog
tgcggattgaacggegetetgtacttitgtegecatggacgecgacggeagegigtccaagtaceccgaacaacaay
gertggtgeccaadtacggaacegggtattgegacteccaatgoocacgggaceteaagttecategacggegaggea
aacgtcgagggctggecageegtcttcgaacaacygccaacaccggaattggegaccacggetecectgetgtgeggay
atggatgtctgggaagcaaacageatctecaatgeggtecactecgecaccecgtgogacacgecaggecagacgaty
tgectetggagatgactgeggtggeacatactetaacgatogetacgegyggaaccgegatecctgacggetgtgac
ttcaacccttacogeatgggeaacacttetttetacgyggectggcaagateategataccaccaagcaecttocact
gtcgtgacgeagttectecactgatgatggtacggatactggaactectcagegagatcaagegettctacatecag
aacagcaacgtcatteogeageccaacteggacatcagtggegtgaceggeaactegatcacgacggagitctge
actgetcagaagcaggectttggegacacggacgacttcticticagracggtggectggecaagatgggagaegged
atgcagcagggtatggtcecctyggtgatgagtttgtgggacgactacgecegegecagatgetgtggttggatcogaa
tacceogacggatgeggaccocacgaccectggtattgeoecegtggaacgtatecgacggactegggegteccateg
gatgtegagtegcagagacecaactoctacgtgacctactegaacattaagtttggtecgatcggtageacaggt
aatocttrcaggtggtaatectocaggtggaaacagaggaacaacgacaactagaagaccagetactacaactggt
teaagtecaggtecaactcaatcacactacggtcaatgtggtggtataggttactotggteccactgttbgtget
tetggtactacttgoraagttotgaacccttactactcacagtgtctagettetgoacatcatcaccaccacccat
taatgataa

Coding seguence for Talaromyces emersonii CBHI / Tricheoderma resgei ~CBD
fugion including the alpha factor signal peptide and a 6x His Tag.

SEQID.NO. 18

QOACGTATAENHPPLTWOECTAPGSCTTONGAVVLDANWRWVHDVNGY TNCY TGN TWDPTYCPDDETCAQNCALDG
ADYEGTYGVITSSGESSLEKLNFVIGSNVGSRLYLLODDSTYQI FRLLNREFSFDVDVENLPCGLNGALYFVAMDADG
GVSKYPNNKAGAKYGTGYCDESQCPRDLEFIDGELANVEGWQPSSNNANTGI CDHGS CCAEMDVWEANS TSNAVTPH
PCDTPEOTMCSGDDCEETY SNDRYAGTCDPDGCDFNPYRMGNTSFYGPGKI IDTTKPFTVVTQFLTDDGTDTGTL
SEIKRFYIQNSNVIPOPNSDISGVIGNSITTEFCTAQKQAFGDTDDF SQHGGLAKMGARMQOGMVLVMSLWDDYA
AQMIWLDSDYPTDADPTTPGIARGTCPTDSCVPSDVESQEPNSYVTY SNIKFGRPIGSTCNRPSCEEGNPPGGNRGTTT
TRRPATTTCSSPEPTQSHYGQCGGIGYSGPTVCASGTTCOVINPY Y SQCLASAHHHHHE

Mature Sequence of Talaromyces emerscnii CBEI / Trichoderma reesel -CBD
fugion with éx-His tag (CBH-ah)

SEQID . NO 19

atggceccagegatctggeacageagygctggtacaattactygetgagaaccatcecaagaatgacgtggaagagatgt
agtggtecaggaaactgtcagactgttcagggtgaggregtgatagatgetaactggagatyggttgeataacaac
ggecagaactgctacgagggtaacaagtggacctetecagtgtitettoctgetacecgactgegetecagagatgtget
cttgatggagcasactaccagagtacatatggtgettetacetectggtgacagecttacectgaagtitgtaace
aageacdagtacggaaccaatatoggtictagattetacoctgatggoetaaccagaacaagtacecagatygtttace
ttgatgaacaacgagttegecttcgacgtagatctgtectaaggtggagtgtyggaatcaattetgocttgtacttt
gtcgectatggaagaggacggaggtatggettecttacecttctaacagagetggtgetaagtatggaactggatac
tgecgatgeccaatgegctagagacctgaagticateggtyggaaaggctaacattgaaggttggagacetictace
aacgacccaaacgctggagttggteccaatgggtgettgetgtgecgagattgacgtgtgggaatetaacgettac
geectacgecttttactecacatgettgeggttctaagaacagataccacatttgegaaaccaacaactgtggtgoe
acttactctgatgacagattogetggatactgtgatygctaacggatgtgattacaacccatacagaatgggtaac
aaggacttitacggaaagggtaagactgttgacactaacagaaagtteactgtggtetegagattbgagagaaac
agactgtegeagttctttgtgeaggacggaagaaagattgaggteccaccaccaactiggecaggattgocaaac
tctgececgacattaccecocagagttgtgegacgetcagttcagagtygtttgacgacagaaacagatttgetgagace
ggtggattigacgetttgaacgaggetotgaceatiecaatggttotagtocatgagtatttgggacgatcaccac
t¢taacatgetttggetggactettcttacoctccagagaaggctggattgectggtygtgacagaggteccatgt
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ccaacaacttotggagttccagecgaggttgaggetcaatacecagacgeccaggtogtgtggtecaacatocaga
tteggaccaatiggtagcacagtgaatgtggettotgoacaccatecatcatcateattga

Alternative coding sequence of Humicola grisea CBHI with signal sequence

SEQID NO 42z [P]

LOACTATAENHPPLTWOECTAPGESCTTRNGAVVLDANWRWVHDVNGY TNCY TGNTWDPTYCPDDVTCAQRCCLDG
ADYEGTYGVTSSGSSLKLNFVTGSNVGSRLYLLOQDDSTYQI FKLLNREFSFDVDVSNLPCGLNGALYFVAMDADG
GVEBKYPNNRAGARYGTGYCDSQUPRDLEKF INGMANVEGWOPSSNNANTGIGDHESCCAEMDVWEANS T SNAVTLH
PCDTPGQTMCSGDDCGGTY SNRDRYAGTCDPDGCDFNPYRMGNTSFYGPGKI IDTTKRPFTVVTQFLTDDGTDTETL
SEIKRFYIOQNGNVIPOPNSIISGVTGNSITTEFCTAQKQAFGDTDEF SKHGGLAKMGAAMQQGMVLVMSLWDDYA
ACMLWLDSDYPTDADPTVEPGIARGTCPTDSGVPSDVESQSPNSYVTEF SNIKFGP INSTVPGLDGSTPSNPTATVA
PPTSTTTSVRSSTTQISTPTSOPGGCTTOKWEQCGEIGYTECTINCVAGTTCTELNPWYSQCLASAHHHHEH

Talaromyces emersonii CRHI Mutant with Chaetomium thermophilum
cellobichydrolase I CBD with 6x Hig-TAG

SEQID NO 43 [N]

ctgcaggcctgcacggegacggcagagaaccaceogeccectgacatggecaggaatgcacegecoctgggagege
accaccaggaacgggacggtegtictigatgegaactggegttgggtygcacgatgtgaacggatacaccaactge
tacacgggraatacctgggaccocecacgtactgecctgacgacygtaacettgegeccagaactgttgectggacgge
goggattacgagggcacctacggegtgacttegtegggeagetecttgaaactcaatttegtgaccgggtegaac
gtcggatecegteotectacctgetgcaggacgactecgacctatcagatecttcaagetoctgaacogegagticage
tttgacgtegatgtetecaatetteogtgeggattgaacggegetetgtactttgtegeoecatggacgoegacgygc
ggcgtgteccaagtacocgaacaacaaggctggtgecaagtacggaacoegggtattgegactoccaatgeccacyyg
gacctcaagttcecatcaacggratggecaacgticgagggctggcagecgtecatcgaacaaggocaacacoeggaatt
ggoegaccacggetectgectgtygeggagatggatgtctgggaagcaaacagcatcteccaatgeggtecactotgeac
cogtgegacacgeeaggecagacgatgtgetetggagatgactgegygtggecacatactctaacgatecgetacgeg
ggaacctgecgatcectgacggetgtgacttcaaccectiaccgratgggeaacacttctitetacgggecetggeaag
atcatcgataccaccaagccocttcactgtogtgacgecagttectcactgatgatggtacggatactggaactete
agcgagatcaagegettctacatocagaacyggeaacgteattcegeageccaactegatcatcagtggegtgaca
ggcaactcgatcacgacggagtictgractgetcagaagraggoetttggegacacggacgaattctoctaageac
ggtggcctggccaagatgggageggocatygcagcagggtatggtectggtgatgagtttgtaggacgactacgeo
gegeagatgetgtggttggattecgactaceegacggatgeggacceccacggtecctggtattgecegtggaacy
tgtocgacggactogggogteaocataggatgtegagtogeagageccecaactoctacgtgaccttctogaacatt
aagtttggtccgatcaactecgacegtooctggoctogacggeageacooocagcaacecgacagecacegttget
cotcecacttcetaccaccaccagegtgagaageagcactacteagatttccacececgactagecagecoggegge
tgeaccacecagaagtggggecagtgegygtyggtateggetacaccggetgeactaactgegtigetyggeactage
tgcactgagctcaaccectggtacagocagtgoctggettetgeteateatcaceatecaccac

Coding Sequence for Talaromvces emersonii CBHI Mutant with Chaetmium
thermophilum cellobichydrolagse T CBD with 6x Hig-TAG

SEQID NO 44 [P}

LOACTATAENHPPLTWOECTAPGSCTTRNGAVVLDANWRWVHDVNGY TNCY TGNTWDPTYCPDDVTCAQNCCLDG
ADYEGTYGVISSGSSLELNFVTGSNVEGSRLYLLODDSTYQIFKLLNREFSFDVDVSNLPCGLNGALYFVAMDADG
GVEKYPNNKAGAKYCGTGYCDSQUPRDLEF INGMANVEGHWOPSSNNANTGIGDHGSCCAEMDVWERANST SNAVTLH
PCOTPGQTMCSGDDCGGTY SNDRYAGTCDPDGCDFNPYRMGNTSFYGPGK I IDTTKPFTVVTIQFLTDDGTDTGTL
SEIKRFYIQNGNVIPOPNSIISGVIGNSITTEFCTAQKQAFGDTDEF SKHGGLAKMGAAMOQGMV L, VMSLWDDYA
AQMLWLDSDY PTDADPTVPGIARGTCPTDSGVPSDVESQSPNSYVIFSNIKFGPINSTYTGTVSSSEVESSHEST
STEESHESSSTPPTOPTGVIVPOWCOCGGIGY TGS TTCASPYTCHVINPYYSQCYASAHHHEHH

Talaromyces emergonil CBHI Mutant with Phanercochaete chryvsosporium
caeliokbichydrolase CRD with 6x Hig-TAG

SEQID NO 45 [N]
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ctgeaggectgeacggegacggcagagaaccaccegeccctgacatggcaggaatgeacegaesctgggagotge
accaccaggaacggggeggbegttottgatgegaactggegttgggtgcacgatgtgaacggatacaccaactge
tacacgggcaatacctgggacceccacgtactgeectgacgacgtaacctgegeccagaactgttgoctggacygge
gecggattacgagggeacctacggogtgacttegtegggeagetocttgaaactecaatttogtcaccgggtegaad
gtcggatecocgtetotacctgetgeaggacgactegacctatcagatocttcaagoteotgaaccgogagttecage
tttgacgtcgatgtetecaatettoogtgoggattgaacggegetctgtactttgtegecatagacgoagacgge
ggcgtgteocaagtacocgaacaacaagygctyggtgecaagtacggaacecgggtattgegactcoccaatgoccacyay
gacctoaagttcatcaacggeatggecaacgtogagggectggeagoogteatogasacascgocaacaceggaatt
ggcgaccacggetectgetgtgeggagatggatgtetgggaagcaaacagratetecaatgeggtecactetgeac
cegtgcegacacgecaggecagacgatgtgetetggagatgactgeggtggecacatactctaacgategotacgeg
ggaacctgegatectgacggetgtgacttecaacecttaccgeatggygeaacacttetttoctacgggectggcaag
atcatcgataccaccaageccticactgtegtgacgeoagttcoctrcactgatgatggtacggatactggaactete
agcgagatcaagegettctacateragaacggeaacgtcattcegoageccaactogatcatcagtggogtgace
ggcaactcegatcacgacggagttcotygcactgeteagaageaggectttggegacacggacgaattetotaageas
ggtggectggecaagatgggageggecatgeageagggtatggtecoctggtgatgagtttgtgggacgactacgec
gcogcagatgetgtggttggatteoegactacoogacggatygeggaccccacggiccctggtattgeoogtygygaacy
tgtccgacggactegyggegtecoateggatgtogagtegeagagecccaactoctacgtgaccttotegaacatt
aagtttggtcocgatcaactegacctacactggaactgtttettecatoctecgtttecatcttoctocactectacact
tectacttocatettoccaticeteatettecactecaccaactcaaccaactggtgttactgtbecacaatgggga
caatgtggtggtattggttacactggttccactacttgtgeticccecatacacttgtocacgttttgaacceatac
tactcocaatgttacgettctgectecatcatcaccatcaccactaa

Ceding Sequence for Talaromyces emersonil CBHI Mutant with Phanerochaetes
chrysosporium cellobiohydrolase CBD with 6x His-TAG

SEQID NO 46 [P]

lgactataenhppltwgectapgscttrngavvidanwrwvhdvngytnoytgntwdptyepddvteagneoldg
adyegtygvtsegsslklnivtgsnvgsrlyllgddstygifklinrefefdvdvenlpeglngalyivamdadg
gvskypnnkagakygtgycdsgeprdlkiingmanvegwgpssnnantgligdhgseccaemdvweansisnavilh
pcdtpggtmesgddeggtysndryagtedpdgodinpyrmgntsfygpgkiidttkpfovvigfleddgtdegtl
seikrfyigngnvipgpnsiisgvtgnsittefctagkygafgdtdefskhgglakmoaanggomvivmslwddya
agmlwldedyptdadptvpgiargtoptdsgvpsdvesgspnsyvtfsnikfgpinstftggttsassttttosk
ststssssktttisvittittesgssygtygaahwageyggngwigpttovepytotkgndwysgelasahhhhhh

Talaromyces emersonii CBHI Mutant with Penicillium janthinellum
cellobiohydrolase CBD with éx His-TAG

SEQID NO 47 [N]

ctgcaggoctgracggegacggcagagaaccacoogeoectgacatggcaggaatgoacegecoctgggagetygo
accaccaggaacggggeggtegttettgatgegaactggegttgggtgeacgatgtgaacggatacaccaactyge
tacacgggeaatacctgggaccccacgtactgecstgacgacgtaacetgegeccagaactgttgoctggacgge
geggattacgagggeacctacggegtygacttegtegggeagetecttgaaactcaatitegtcacogggtogaac
gteoggatcccogtetetacctgetgeaggacgactegacetatcagatettcaagetectgaacogaegagtbecage
tttgacgtegatgtetecaatettocgtgeggatigaacggegetetgtactttgtegocatggacgeogacgys
ggcgtgtecraagtacccgaacaacaagygctggtgecaagtacggaaccygggtat tgogactoccaatgoccacygyg
gacctcaagttcatcaacggeatggecaacgtogagggetggeageoocgtcatocgaacaacyccaacacoggaatt
ggcgaccacggceteotgetgtgeggagatggatgtetgggaagraaacageatctecaatgeggtecactetgeas
cegtgagacacgooaggecagacgatgtgototggagatgactgoggtggeacatactetaacgatocgectacgeyg
ggaacctgegatcoctgacggotgtgacticaaccottacegeatgggecaacactiectttctasgyggootggraay
atcatcgataccaccaageocttcactgtogtgacygeagttcctcactgatgatggtacggatactggaacteto
agegagatcaagogettotacatocagaacggecaacgtecattecogeageccaactegatecat cagtggoegngacs
ggeaactecgatcacgacggagttctgeactygetcagaageaggoctttggegacacggacgaattotoctaageac
ggtggectggecaagatgggageggocatgcageagugtatggtectggtgatgagtitgtgggacgactacgec
gegeagatgotgtggttggattoegactacoogacggatgoggacecocacggteectggtattgecegtggaacy
tgtecgacggactegggegteccateggatgtegagtegeagageeoeaactectacgtgaccitctecgaacatt
aagtttggteccegatcaactogaccettecactgygtggtactacttcatectectecactactactacaactiocaag
tccactteocacttecatcttecatccaagactacaactacttecgttacaactactactacttoctoctggttetet
ggtactggtgetgetecattgggetcaatgtggtggtaatggatggactyggtecaactacttgtgtttcececatac
actigtactaageagaacgactggtactctecaatgtttggottoctgetcatecateaceatcacoac

109



WO 2011/098551 PCT/EP2011/052023

Coding Seguence for Talaromyces emersonil CBHEI Mutant with Penicillium
janthinellum cellcobicohydrolase CBD with 6x His-TAG

SEQID NO 48 [Pl

lgactataenhppliwgectapgsctirngavvldanwrwvhdvngytneytontwdptyepddvtcagnecldg
adyegtygvtssgsslikinfvigsnvgsrlyllgddstygifkllnrefsfdvdvsnlpeglngalyfvamdadg
gvskypnnkagakygtgycdsgeprdlkfingmanvegwgpssnnantgigdhgaccaemdvweansisnavtlh
pcdtpgqtmcsgddcggtysndryagbcdpdgcdfnpyrmgntsfygpgkiidttkpftvvtqfltddgtdtgtl
selkriyigngnvipgpnsiisgvigneittefctagkgafgdtdefskhgglakmgaangggmvlvmslwddya
agmlwldsdyptdadptvpglargteptdsgvpsdvesgspnsyvtfsnikfgpinstftgtgstapsspagpvs
sstsvasgptgpaggtvagwggoggtgftgptveaspitchvvnpyyegovasahhhhhh

Talaromyces emersonii CBHI Mutant with Trpex lacteus cellobiochydrolage CBD
with &x His-TAG

SEQID NO 498 ([N]

ctgcaggeetgoacggegacggeagagaaccacecgecectygacatggoaggaatgeacocgooectgggagctge
accaccaggaacyggggceggtcgttettgatgegaactggegttgggtgecacygatgtgaacggatacaccaactyge
tacacgggcaatacctgggaccocacgtactgeoctgacgacgtaacctgegeccagaactgttgectggacgge
geggattacgaggygcacctacggegtgacttocgtogggeagetectigaaactcaatttegtcacecgggtegaac
gteggateocegtetetacctgetgoaggacgactogacctatcagateticaageteotgaaccgegagtteage
tttgacgtcgatgtctccaatcttccgtgcggattgaacggcgctctgtactttgtcgccatggacgccgacggc
ggcgtgtccaagtaccogaacaacaaggetggtgoraagtacggaaccgggtattgegacteccaatgoccacgy
gacctcaagttcatcaacggcatggecaacgticgagggctggcagecgteatcgaacaacgocaacaccggaatt
gocgaccacggcetectygctgtgeggagatggatgictgggaagcaaacageatctocaatgeggtecactotgeac
cogtgegacacgocagdgecagacgatgtgetctggagatgactgeggtggeacatactectaacgatcgetacgay
ggaacctgegatcctgacggetgtgactticaacecottacogeatgggcaacactictttctacgggectggcaay
atcatcgataccaccaagcecccttcactgtegtgacgeagttectecactgatgatggtacggatactggaactote
agcgagatcaagegetictacatccagaacggecaacgtecatteccgeageccaactegatcatecagtggegtgace
ggraactcecgatcacgacggagtictgoactigetcagaagraggectitggegacacggacgaattectectaageac
ggtggcctggecaagatgggageggccatgragragggtatggtectggtgatgagtttgtgggacgactacges
gogeagatgcotgtggttggattecgactacocgacggatgeggacoccacggteoctggtattgecegtggaacy
tgtecgacggactoegggegteccateggatgtegagtegeagageoceccaactectacgtgaccitctegaacatt
aagtttggtocgatcaactegaccttcactggtactggtictactctecatettectecagetggtocagttet
tctteocacttocgttgeticocaacraactcaaccagctcaaggtactgttgetcaatyggggacaatgbggtggt
actggtttcactggtecaactgtitgtgettccecattcacttgtcacgttgttaacceatactacteccagtat
tacgcettbctgotecateateatcaccateac

Coding Seguence for Talaromyces emersonii CBHI Mutant with Irpex lacteus
cellobiochydrolase CBD with 6x His-TAG

SEQID NO 50 [P]

lgactataenhppltwgectapgscttrngavvidanwrwvhdvngytneyvtontwdptyepddvtoagneoldg
adyegtygvissgsglklnfvtgsnvgsrlyllgddstyglifkllarefsfdvdvsnipeglagalyfvamdadg
gvekypnnkagakygtgyedsgeprdlikiingmanvegwgpssnnantgigdhgsccaemdvweansisnavtlh
pcdtpggtmesgddeggtysndryagtadpdgedinpyrmgntsfygpgkiidetkpftvvigfleddatdigtl
seikrfyigngnvipgpnsiisgvtgnsittefctaghgaigdtdeiskhgglakmgaangggmvivaslwddya
agmlwldedyptdadptvpgiargteptdsgvpsdvesgspusyvtisnikigpigstanpsggnpeggdggttt
trrpatttgsspoptaslygqeggigysgpticaggttegvinpyysgelasahhhhhh

Talaromyces emersonili CBHI Mutant with mutated Trichoderma reesel CBD with
6x Hisg-TAG

SEQID NO 51 [N]
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ctgcaggcctgeacggogacggcagagaaccacccegeccectgacatggeaggaatgcacegeocectgggagetyge
accaccaggaacggggcggtegticttgatgegaactggegttgggtgcacgatgtgaacggatacaccaactge
tacacgggeaatacetgggaceccacgtactgeoctgacgacgtaacctgegeccagaactgttgectggacgyge
goeggattacgagggeacctacggegtgacttegtegggeagetecttgaaacteoaatttogtcacegggtecgaac
gtocggatceccgtctctacctgectgeaggacgactegacctatcagatettcaagetectgaacegegagtteage
tttgacgtegatgtetecaatettocgtgeggattgaacggegetectgtactttgtegecatggacgecgacygge
ggegtgtoecaagtacecgaacaacaaggetggtgecaagtacggaacegggtattgegacteccaatgeccacygy
gacctcaagttcatcaacggeatggecaacgtcgagggctggecageegteatcgaacaacgocaacaceggaatt
ggcgaccacyggctectgcetgtgegoagatggatgtctgggaagcaaacageatctecaatgeggtecactotgeac
cegtgegacacgecaggecagacgatgtagctetggagatgactgeggtggcacatactctaacgategetacgey
ggaacctgcgatcectgacggetgtgacttcaacecttacegeatgggeascactictttetacygggectggeaayg
atcatcgataccaccaageecttcactgtegtgacgecagttectecactgatgatggtacggatactagaactote
agegagatcaagegettctacatecagaacggecaacgteatteecgeageccaactegatcatcagtggegtgace
ggcaactogatcacgacggagtctgeactgetcagaageaggectttggegacacggacgaattctetaageac
gotggcctggccaagatgggageggccatgecageagyggtatggtecctggtgatgagt ttgtgggacgactacgec
gegeagatgetgtggtitggattocgactaccegacggatgoggaccoccacggtecectggtattgecegtagaacy
tgtecgacgdgactegggegtececateggatgtegagtegragagececcaactectacgtgaccttctegaacatt
aagtttggtcogatcggtageacaggtaatecttcaggtggtaateoticaggtggagacyggogygaacaacgaca
actagaagaccagctactacaactggttcaagtccaggtccaactecaatcactatacggtcaatgtggtggtata
ggttactetggtececactatutgtgettetggtactacttgecaagttectgaaccecttactactcacagtgteta
gecttoctygcacatecatecaccaccaccat

Coding Seguence for Talaromyces emersonii CBHI Mutant with mutated
Trichoderma reeseli CBD with 6x His-TAG
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Claims

1. A poiypeptide having cellobiohydrolase activity, wherein the polypeptide
comprises an amino acid sequence having at least 80 % sequence identity to
SEQ ID NO: 5 over a sequence length of 437 positions, and wherein the
polypeptide maintains 50 % of its maximum substrate conversion capacity when
the conversion is done for 60 minutes at a temperature of 62 °C or higher.

2. The polypeptide according o claim 1, wherein the polypeptide comprises an
amino acid sequence having at least 80 % sequence identity to SEQ 1D NO:5
over a sequence length of 437 amino acid residues

3. The polypeptide according to claim 1 or 2, wherein one or more of the amino

acid residues of the sequence defined by SEQ ID NO: 5 are modified by
* substitution or deletion at one or more positions preferably selected from

Q1, Q2, G4, A6, T7, A8, N10Q, P12, T15, A21, G23, S24, T26, T27, 028, N28,
G30, A31, V32, N37, W40, V41, G486, Y47, T48, N4g, C50, T52, Nb4, D57, T59,
Y60, D64, E65, AB8, QB9, A72, V84, 586, 589, S90, K92, S99, Q109, D110,
D111, Hi16, F117, K118, L119, L120, D129, V130, G139, A145, M146, V152,
K154, Y155, N157, N158, K159, K183, G167, Q172, F179, 1180, D181, E183,
E187, G188, Q190, 8192, S193, N194, 1200, D202, H203, D211, V212, A221,
P224, D228, T229, G231, T233, M234, S236, T243, Y244, S245, N246, D247,
G251, F280, G266, K275, 1276, 1277, T280, L1290, D283, G284, T2985, T297,
T299, 8301, K304, F306, N310, S311, V313, 1314, N318, D320, 1321, T325,
N327, T335, A340, F341, D343, T344, D345, D346, (349, H350, A354, K355,
A358, (3361, Q362, G363, M364, V367, D373, Y374, A375, A376, P386, T387,
D390, T382, T383, P384, T400, P402, T403, D404, D410, N417, S418, T421,
Y422 and/or one or more insertions after positions G151, K159,

and in a more preferred embodiment are modified by substitution or deletion at
one or more positions seiected from Q1, Q2, G4, A8, T7, A8, N10, A21, 524,
128, T27, Q28, N29, G30, W40, Y47, D64, E65, A68, Q68, A72, 586, K92,
K118, Y155, D181, E183, Q190, S192, N184, D202, H203, P224, T229, G231,
M234, 5236, T243, D247, 85311, N318, D320, T335, A340, T344, D348, 0349,
K355, Y374, A375, T387, D390, T302, 7303, Y422 and/or one or more insertion
of 1-8 amino acids after positions G151, K159

are modified by substitution or deletion at one or more positions selected from
Q1, Q2, G4, A8, T7, A8, N10, G28, £65, A72, 586, D181, E183, D202, P224,
S311, N318, D320, T335, D348, 349, T392, T393, Y422 and/or inseriions at
one or more after positions and/or one or more insertion of 5 amino acids after
positions G151, K159 of

of amino acids 1 to 437 of SEQ (D NC: 5.

4, A polypeptide according to any one of the preceding claims, wherein the
polypeptide comprises an amino acid sequence having at least 85 % sequence
identity to SEQ 1D NO: 5 over a sequence length of 437 amino acid residues.
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5. A polypeptide according to any one of the preceding claims, wherein the
poiypeptide comprises an amino acid sequence having at least 85 % seguence
identity to SEQ 1D NO: 2 over a sequence length of 500 amino acid residues.

6. The polypeptide according to claim 5, wherein the polypeptide comprises an
amino acid sequence having at ieast 90 %, preferably at least 95 %, more
preferably at least 99 % sequence identity to SEQ ID NO: 2 over a sequence
fength of 500 amino acid residues.

7. The polypeptide according to one or more of the preceding ciaims, wherein the
amino acid sequence of the polypeptide has a sequence as defined by SEQ 1D
NO: 2 wherein 1 fo 75 amino acid residues, more preferably 1 to 35 amino acid
residues are substituted, deleted, or inserted.

8. The polypeptide according to claim 7, wherein one or more of the following
amino acid residues of the sequence defined by SEQ 1D NO: 2 are preferably
modified by substitution or deletion at positions Q1, Q2, G4, A8, 77, A8, N10,
P12, T15, A21, G23, 824, 726, T27, Q28, N29, G30, A31, V32, N37, W40, V41,
(G486, Y47, T48, N49, C50, 752, N54, D57, T59, Y60, D64, £65, As8, Q89, A72,
V84, 386, 589, 580, K92, 589, (109, D110, D111, 1118, F117, K118, L1189,
£120, D129, V130, G139, A145, M146, V152, K154, Y155, N157, N158, K159,
K163, G167, 0172, F179, 1180, D181, £183, E187, G188, Q180, $192, 51983,
N194, 1200, D202, H203, D211, V212, A221, P224, D228, T228, G231, T233,
M234, 5236, T243, Y244, 8245, N24§, D247, G251, F280, G266, K275, 1276,
1277, T280C, L290, D293, G294, T295, T297, T229, 8301, K304, F306, N310,
8311, V313, 1314, N318, D320, 1321, T325, N327, T335, A340, E341, D343,
T344, D345, D346, 349, H350, A354, K355, A358, Q361, Q362, (3363, M364,
V367, D373, Y374, A375, A376, P386, T387, D390, T382, T393, P394, T400,
P402, T403, D404, D410, N417, 8418, T421, Y422, F427, P429, 1430, G431,
T433, G434, N435, P436, S437, G439, N440, P441, P442, G443, N445, R448,
T448, T449, T450, T451, R453, P454, A455, TABG, T457, G459, 5460, 5461,
P462, G463, P464, 7465, 5467, H468, G470, C472, G474, G478, Y477, S478,
P480, V482, C483, 8485, 5486, T488, C489, Q490, V481, 1492, N493, Y405,
Y496, Q498, C499, L500 and/or by one or more insertions after positions G151,
K159, G434, A455 or P464
and in a more preferred embodiment are modified by substitution or deletion at
one or more positions selected from Q1, Q2, G4, A6, T7, A8, N10, A21, 524,
T26, T27, Q28, N22, G30, W40, Y47, D64, E65, A68, QB9, A72, 586, K92,
K118, Y155, D181, E183, Q180, 5182, N194, D202, H203, P224, T228, G231,
M234, 5236, T243, D247, 5311, N318, D320, T335, A340, T344, D346, Q349,
K355, Y374, A375, T387, D390, 7392, T393, Y422, P436, P442, N445, R446,
T448, T451, R453, P462, G463, H468, P480, V482, 5485, and/or by cone or
more insertion of 1-8 amino acids afier positions G151, K159, G434, A455 or
P464 .
and in an even more preferred embodiment are modified by substitution or
deletion at one or more positions selected from Q1, Q2, G4, A8, T7, A8, N1,
Q28, EB5, A72, 586, D181, E183, D202, P224, 3311, N318, D320, T335, D348,
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Q349, T392, T393, Y422, P442, N445, R446, H468, V482, and/or by insertions
at one or more after positions and/or one or more inseriion of 5 amino acids
after positions G151, K159, G434, A455 or P464

of amino acids 1 to 500 of SEQ ID NO: 2.

9. The polypeptide according to claim 8, wherein one or more of the following
amino acid residues of the sequence defined by SEQ ID NQO: 2 are modified as

follows:
Most

Position Preferred More Preferred Preferred
Q1 L L L
Q2 P.S P.S S
G4 C C C
AB G,LV G,LV L
T7 Q Q Q
A8 ) S S
N10 T,Db T.D T.D
Pi2 Q
T15 S - o
A21 ST.C 3,7.,C
G23 A,D.N
324 T.C,N T,C.N
T26 [,N I,N
127 8,0 s,Q .
Q28 LKR,N L KRN : KR
N2g TY TY
G30 A A
A31 S
V32 G
N37 5
W40 B R
V41 T
G46 S
Y47 S.F SF
T48 A ‘
N49 S
C50 S
T52 D
N54 S
D57 S
T5% M
Y&0 H
D64 N N .
£G5S VoMLK VoMK V.M K
ABB T T ‘ ‘
Q69 K,R KR
AT2 V.C Vv.C o C
Va4 A
588 T T T
589 N
890 T.F
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G,ALLV,P.5,CMR,D,QFYW
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K2 R
S99 T
Q109 R
D110 G,SN
D111 H,E
1116 V.KE
F117 Y
K118 AT.Q
L1119 Ll
L120 P.M
D129 N
V130 !
G139 S
A145 T
M146 C
G151 GCGRSG
V152 AE
K154 R
Y155 S,CH
N157 S
N158 [
K158 E, KCGRNK
K183 C
G167 cC
Q172 Q
F179 l
1180 N
D181 N
Ei83 V.MK
E187 K
G188 c
Q190 LK
5192 LLPTM
S193 LP,T
N194
1200 N,F
D202 GILV,NFY
H203 R
D211 G
v2iz L
A221 vV
P224 L
D228 N
T228 ASM
G231 B
T233 S
M234 LIV, TK
S236 FY
T243
Y244 H,F
5245 T
N246 SKD
D247 N
G251 R
F260 C
(G266 S

ATQ

GCGRSG

S,CH

KCGRNK

V,M,K

LK
LLPTM

G.LLV.5,CK.R.D,Q)Y

GLV.NFY
R

L

AS.M
)

LEV,TK
FY

G,ALLVP,5CMRD,QFYW
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K275 E
1276 Vv

1277 Y

T280 A

L290 H

D293 R,H

G294 A

T295 S

T297 N

T299 1S

$301 C

K304 R

F306 LY

N310 D,E

S311 G,D,N G,D,N G,DN
V313 l

1314 F

N318 LHD,Y LH,D,Y L.D.Y
D320 LV.EN LV,EN LV,N
1321 N

T325 Al

N327 Y

T335 : I I
A340 G,ST G,ST

F341 C

D343 A

T344 M M

D345 =

D346 G,AV,E G,AV,E G,AV,E
Q349 KR KR K.R
H350 Y

A354 T

K355 Q 0

A358 E

Q361 R

Q362 G,’,H

G363 =

M364 LS

V367 A

D373 E

Y374 A,P,S,C,R,H,D AP,3,CR,H,D

A375 G,L,V,T,C,M,R,D.E.NQ.Y G.LV.T,C.MR.D,EN,Q,Y

A376 T

P386 L,S

T387 A,S AS

D390 G,E G,E

T392 S,M,K _ S,M K M
T393 ALV.S " OALV.S ALV
P394 C

T400 s

P402 3

T403 K

D404 N

D410 G

N417 %

S418 P
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T421
Y422
F427
P429
1430
G431
T433
G434
N435
P436
5437
(G439
N440
P441
P442
G443
N445
R446
T448
T449
T450
T451
R453
P454
A455
T456
T457
G459
S460
5461
P4g2
G463
P464
T465
5467
H468
G470
G472
G474
G476
Y477
5478
P480
V482
€483
5485
G486
T488
C489
Q480
V491
L4862
N493
Y495
Y496
Q498
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AAATG
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m<Tno
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>
I
w

8.Q.del
D

sS.D
G,S
A

A

!

AS
G,5.K
S

V. T, AAAAPA

Al
P
b
F)
R
L, del
V,D

L.Q, PTHAAA

LS

e
o

—

)

AMOoop rmrnTe-Dnron<<0nwngor -
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S

8.Q
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G,S
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€499 G
L500 l

10. The polypeptide according to ohe or more of the preceding claims, wherein the
polypeptide has an amino acid sequence selected from the list of the following
mutations of SEQ ID NO: 2:

Consecutive Number Mutation Pattern with respect to Seq. 1D NO:2
1 G4C, A72C, Q348K
2 G4C, A72C, T344M, Q349K
3 G4C, A72C, T344M, D346G, Q349R
4 G4C, A72C, D320V, Q349K
5 GAC, A72C, P224L, F306Y, Q348K
5 G4C, A72C
7 A72V, D346A, T393A
8 G4C, A72C, Q349R, R4468, T458A
9 G4C, W40R, A72C, T344M, Q348K
10 AT72V, D320V, D346A
11 GAC, A72C, N184Y, T243L, Q349R, Y3748, A375R
12 G4C, A72C, Q349K, T44BA, T4484A
13 G4C, EB5V, A72C, Y244H, Q349R
14 G4C, A72C, D202G, D320N, Q349R, A3S58E
15 G4C, A72C, D320V, Q349K
18 G4C, A72C, Q349K S86T
17 A72V, T3351, D346A, TBY3A, P436S
18 G4C, A72C, E183V, K304R, (349K
19 G4C, A72C, T243G, Q349R, Y374P, A375M
20 G4C, A72C, Q349R, T485]
21 G4C, A72C, Q349R
G4C, A72C, N194V, T243M, Q3488, Y374A,
22 AZTET
23 G4C, DB4N, A72C, Q349R, A358E, P4640Q
24 G4C, A72C, Q349K, Q28R, $123T, Q480L
25 G4C, A72C, E182K, Q349K
26 G4C, A72C, S311N, Q348K, A4B5T
27 G4C, A72C, N184K, QB348R, Y374P, A375Q
28 G4C, A72C, D181N, Q349K
25 W40R, D320V, Q349K T383A, N445D
30 WAGR, T335(, D346A, T393A
31 Q1L, G4C, A72C, D181N, E183K, N327Y, Q348R
32 A72C, L1161, T335l, (3349R, G486D
33 G4C, A72C, N194K, T243P, Q349R, Y374H, A375E
34 G4C, A72V, 349R, Pd62del
35 G4C, A72C, 5236Y, Q349R
36 ‘ G4C, A72C, 831136, Q348K
37 A72V, D320V, T3351, D348A, T333A, N445D
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38 G4C, A72C, S86T, M234V, Q349K
Q1L, G4C, Q28R, EB5V, A72C, K159KCGRNK,
D181N, E183M, P224L, S311G, D320, D346E,
Q349K, T393V, Y422F, P442S, N445D, R446G,
39 TA57TAAATT, H468L, V482l
40 G4C, A72C, G251R, Q349R
41 GAC, A72C, Q349K, D320V
42 A72V, T3351, D346A, T393A
43 G4C, A72C, E183K, Q349R
44 Q1L, G4C, A72C, H203R, Q349K, P442S
45 G4C, A72C, Q349K, G434S, G470D
46 GAC, WAOR, A72C, Q349K
47 G4C, A72C, Q349R, V3B7A
Q1L, G4C, ABV, C50S, A72C, 180N, D181N,
48 E183K, Q349R, T457P, C4728, C499G
49 GAC, A72C, S311G, D320V, Q349K
50 WA40R, T335], D346A, T393A, P436S
Q1L, G4C, A72C, DI181N, E183K, T243S, Q349R.
51 P386S
52 A72V, D346A, T393A, N445D
53 Q1ilL, G4C, A72C, K154R, Q349K, T393
G4C, A72C, N194G, T243F, Q349R, Y3745,
54 A375R
55 A72V, D320V, D346A, T393A, N445D
56 A72C. L119L, Q172Q, Q349K, T488
57 G4C, A72C, E183V, (3340K
58 G4C, A72C, E183K, N318Y, Q349K
59 WAO0R, A221V, T449A, C483R
60 | G4C, A72C, K92R, Q349K, N493D
61 Q1L, G4C, A72C, SS0T, DI181N, E183K, O349R
62 G4C, A72C, Q349R, G459D
63 G4C, A72C, Q349R, Y422F
64 G4C, T4BA, A72C, Q349R, P480S
65 E187K, D320V, P442del
66 _ GAC, 824N, E65K, A72C, Q349R, 14301, G439D
67 A72V, D320V, T3851, D346A, T393A, P436S
68 Q1L, G4C, A72C, S193P, Q349K V482
69 GAC, A72C, D320V, Q349K, G443D, L492Q
Q1L, G4C, A72C, DV152-K159, D181N, E183K,
70 0349R
71 1L, G4C, A72C, Q349K
Q1L, GAC, A72C, D181N, E183K, M234L, V313l
72 Q349R, H468R
73 Q1L, G4C, A72C, DI81N, E183K, 200N, Q3498
74 G4C, A72C, N194K, T243Y, Q3498, A375N
75 Q1L, G4C, Q28R, A72C, Q349K, H468L
76 G4C, EB5V, A72C, Q349R
77 D320V, Q349K
78 Q1L, G4C, A72C, S311G, Q349K, H468R
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79 G4C, A72C, T243Q, Q340R, Y374P, A375M

B0 Q1L, G4C, A72C, D320V, Q349R

81 Q1L, G4C, T15S, A72C, Y244F, Q349K

82 G4C, A72C, E183K, D346k, Q349R

83 Q1L, G4C, A72C, Q349K, T392M

B4 G4C, A72C, D202N, S311N, Q3490R, N493D

85 GAC, A72C, N194D, T248A, Q349R, Y374P, A375Y
86 G4C, A72C, N194Y, T243V, Q349R, Y374P

87 Q1L, GAC, A72C, Q348R

G4C, Q28R, ES5K, A72C, S86T, D202N, H203R,
S311N, D3201, A340G, D346A, Q349K, T393A,

88 Y4p2F, P442S, R4468S, HABSBL, V482A
89 G4C, A72C, D202N, Q349R
90 GAC, A72C, P2r4L, Q349R
Q1L, G4C, A72C, D181N, E183K, T229M, A340T,
91 Q349R, V491
92 QiL, G4C, A72C, D181N, Q349R
93 G4C, A72C, D320V, D345V, Q349K
94 Q1L, G4C, A72C, V152A, Q349K
95 Q1L, G4C, Q28R, A72C, Q349K
965 Q1L, G4C, A72C, QB49K, Y422F
97 G4C, A72C, D202V, D320V, Q349K
98 Q1L, GAC, A72C, Y1558, DI181N, E183K, Q349R
99 Q1L, G4C, A72C, D181N, D247N, Q349K
100 Q1L, G4C, ABBT, A72C, Q349K, G439D, R453S
101 Q1L, GAC, A72C, Q349K, H468R
102 Q1L, G4C, DB4N, A72C, Q349K
103 GAC, A72C, 183K, Q349R, P464L
104 GAC, A72C, D1B1N, P224L, Q349K
105 G4C, A72C, N194l, T43Y, G349R, Y374P, A375R
108 Q1L, G4C, A72C, Q349K, P462L
107 1L, GAC, A72C, E183K, Q349R
108 GAC, A72C, 311G, Q349R
109 ' Q1L, GAC, A72C, S311N, Q340K, G463D
110 Q1L, G4C, A72C, S86T, Q348R
111 Q1L, G4C, A72C, D181N, E183K, G231D, Q349R
112 Q1L G4C, A72C, 889N, D181N, E183K, Q349R
113 Q1l., G4C, EB5K, A72C, Q349K '

Q1L, Q2P, G4C, W40R, EB5M, A72C, S86T,
S$192L, D202N, H203R, 5311D, D320I, T335l,

114 D346G, Q348K, T392M, Y422F, R446G

Q1iL, G4C, 8247, 7261, Q28R, N22Y, G30A, E65V,
ABEBT, A72C, Y155C, D181N, E183M, 190K,
P224L, S311G, D320, D346E, Q349K, T393V,

115 - YA22F, P4428, N445D, R446G, H468L, V4821

116 G4C, A72C, E183K, D202Y, N310D, Q349R

117 G4C, A72C, N1941, T243D, Q349R, Y374P, A375Y
118 Qi GAC, A72C, D181N, E183K, Q349R, 7456!
119 G4C, Q28R, A72C, 8867, E183K, P224L, S311N,
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N318Y, T3351, D346G, (349R, T383l, P441A,
P442S, R446G, H468L, V482|

120 QI1L, G4C, A72C, D181N, Q3409K, T4518
Q1L, G4C, A72C, D181N, E183K, T2431, N246D,
121 Q349R, T488[

Q1L, G4C, G23N, A72C, D110G, 1118V, L1149,
2181N, £183K, D211G, D293R, N310D, Q349R,

122 Q362R, G363P, M364S
123 G439V, N440E, P441S, P4420
124 G431D, 5431V, T433E, G4345, N435Q

Q1L, GAC, Q28R, EB5V, AB8T, A72C, Y155C,
D18tN, E183M, P224L, S311G, D320[, D346E,
Q349K, TBO3Y, Y422F, P442S, N445D, R446G,

126 H468L, V482|

Q1L, G4C, A72C, 886T, D181N, E183K, Q1349R,
126 13935
127 QiL, GAC, A72C, D181N, E183K, Q349R, 854857

Q1L, G4C, G23N, A72C, V84A, D110G, D111H,
116k, F117Y, K118A, D181N, E183K, D293R,

128 T2958, Q349R, M364L

129 Q1L, G4C, A72C, D181N, E183K, Q349R, R453K
130 Q1L, G4C, A72C, A145T, H203R, Q340K, T403K
131 Qil., G4C, A72C, D181N, E183K, Q349R, N445S
132 Q1L, G4C, A72C, D181N, E183K, M234l, Q343R
133 Q1L, G4C, A72C, D181N, E183K, Q349R, 74655
134 Q1L, G4C, A72C, D181N, E183K, T297N, Q3498
135 Q1L, G4C, A72C, S311G, Q349K

G4C, Q28R E65M, A72C, S86T, E183K, 51821,
H203R, S311N, D348E, Q349K, T392M, T393A,

136 V422F, N445D, R446S
137 Q1L GAC, A72C, D202N, Q349K, G486D

QiL, G4C, A72C, S99T, D181N, E183K, Q349R,
138 T4501
139 Q1L, G4C, A72C, I200F, Q349K, L500!
140 Q1L, G4C, A72C, D181N, E183K, Q349R, (34348
141 QiL, G4C, A31S. A72C, D181N, E183K, Q349R
142 QiL, G4C, Q28L, A72C, D181N, E183K, Q3498
143 Q1L, G4C, A72C, D181N, E183K, Q349R, P436S
144 Q1L, G4C, A72C, D181N, E183K, T2338, Q349R
145 QiL, G4C, A72C, D202N, Q349K
146 QiL, GAC, ABST, A72C, Q349K

"TQ1L, G4C, A21T, A72C, D181N, E183K, Q349R,

147 P454S
148 QiL, G4C, A72C, D346V, Q349K

Q1L, G4C, Y47F, A72C, D181N, £183K, Q349R,
149 P4363, S461R
150 QiL, G4C, A72C, D181N, E183K, M234T, Q349R
151 ‘QiL, G4C, A72C, N157S, D181N, E183K, Q349R
152 QiL, G4C, A72C, D181N, E183K, Q349R

G4C, A72C, N194Q, T243V, Q349R, Y374P,
153 A375Y _

Qil, GAC, A72C, D181N, E183K, 1314F, Q349R,
154 N445D
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155 Q1iL, G4C, A72C, Q349K, T392K

156 Q1L, G4C, A72C, D181N, E183K, Q349R, T451A
157 Q1iL, G4C, A72C, D181N, E183K, M234V, Q349R
158 Q1iL, G4C, A21S, A72C, D181N, E183K, Q349R
159 Q1L, G4C, A72C, D181N, E183K, Q349R, N443D
160 Q1l, G4C, A72C, S3114N, Q349K

QiL, G4C, Q28R, E65V, A72C, D181N, E183V,
D228N, S311N, N318Y, D348E, Q349R, Y422F,

161 4428, N445D, R446G, H468L, V482T
162 G4C, A72C, N194C, Q349R, Y374C
163 Q1L, G4C, A72C, D181N, E183K, Q348R, A455V
164 Qi1L, G4C, A72C, D181N, E183K, Q348R, T4008
165 Q1L, G4C, T261, A72C, D181N, E183K, Q348R
Q1L, G4C, A72C, D181N, E183K, N310D, Q349R,
166 73028, G483D
Q1iL, G4C, A72C, D129N, D181N, E183K, Q190L,
167 (G266S5, 1278V, Q349R, P386L, F427Y
168 Q1L, G4C, A72C, D181N, E183K, D202N, Q349R
169 Q1L, G4C, A72C, Y155C, D181N, E183K, Q3498

Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
P224L, 8311G, D320[, D346E, 349K, T383V,

YA422F, P4425, N445D, R446G, P454PATAAA,

170 H468L, V482

Q1L, G4C, Q28R, E65V, A72C, KI158KCGRNK,
D181N, E183M, P2241., 5311G, D3201, D346E,
QB49K, T393V, Y422F, P442S, N445D, R446G,
171 H468L, V482

172 Qit, G4C, A72C, D181N, E183K, N246K, Q348R

G4C, WA4O0R, EBBV, A72C, 5867, D181N, E183K,
D2021, H203R, S311D0, D320N, D346V, Q349R,

173 T302M, T393A, Y422F, P4425, H468Q, V4824
174 Q1L G4C, A72C, Y155C, Q340K
175 Q1L, G4C, ABBT, A72C, D181N, E183K, 0349R

Q1L, G4C, 524T, T26l, Q28R, N29Y, G30A, Y47F,
EB5V, ABBT, A72C, Y155C, D181N, E183M,
Q90K P224L, T229M, G231D, M234T, 83116,
D3201, A3408, D346E, Q349K, D390E, T393V,
Y422F, P442S, N445D, R446G, T448A, R453G,
76 . . . i H468L, P480S, V482]

Q1L G4C, W40R, EB5M, A72C, SBET, 51824,
D202N, H203R, S3110, D3201, T335l, D346G,

177 Q349K, T392M, Y422F, R446G
Q1i., G4C, A72C, 886T, D181N, E183K, D320V,
178 Q1346H

G4C, Q2Z8K, A72C, S86T, E183M, D202N, P224L.,
8311G, N318Y, D320N, D348A, Q348R, T392,
179 T3931, P4423, H488L, V4821

QiL, Q2P, G4C, Q28R, W40R, EGEK, AT2C,
D181N, S192L, D2021, H203R, P224L, $311G,
D3201, D343A, D346A, Q349K, P4423, N445D),
180 R446G, V482A

QL. G4C, Q28R, E65K, A72C, E183M, D202,
P224L., D320N, D346V, Q349K, T392M, T393V,

181 Y422F, N445D, R446G, HA68L, VAB2T
Q1L, GAC, Q28R, EB5Y, A72C, S86T, E183K,
182 D202V, 83110, N318Y, D320l, D346G, QB49K,
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T393V, Y422F, N445D, R446S, H468Q, V4827

Q1L, G4C, W40R, EG5M, A72C, D181N, E183K,
5192P, D202N, P224L, 83110, N318Y, D320V,
D346G, (348K, T302M, N4450D, R446G, H468L,
183 V482T

Q1L, G4C, EB5V, A72C, D181N, E183K, P224L,
S3114G, D32CN, D348G, Q348R, Tag2M, T393l,
184 R446G, H468L, V482!

Q1L, G4C, Q28R, E65V, A72C, G151GCGRSG,
D181N, E183M, P2241, S311G, D320, D346E,
QI348K, T383V, Y422F, P4425, N445D, R446G,
185 H4868L., V4821

Q1L, G4C, E&5M, A72C, D181N, E183M, D202Y,
P224L, 83110, N318Y, D320, T335l, D34BA,
Q348K, T392M, T393I, N445D, R446G, T448A,
186 H468Q, VA82A

Q1L, G4C, G23A, A72C, D110S, D111H, 118V,
F117Y, K118A, L120M, D181N, E183K, D233H,

187 G294A, N310E, Qi349R, Q362G, M3643
Q1L, G4C, A72C, Di81N, E183K, Q349R, T4211,
188 5438D

G4C, Q28K, E65M, A72C, S86T, V1524, D181N,
E183V, 81821, D202N, S311N, D320N, D346E,
Q1349R, T387A, T382M, T393l, Y422F, P4425,
189 R4465, H468L, G476D, V482

Q1l., G4C, W40R, EB5V, A72C, S86T, E183V,
G188C, S182T, D202Y, H203R, P224L, S311N,
D320V, D348E, Q349K, T383V, Y422F, N445D,
190 R446G, H468Q, V4821

Q1L, G4C, £85M, A72C, S86T, E183M, D202N,
P224l., T335), D346G, Q348K, T382M, T383A,
191 P4425, N445D, B446G, H468Q, V482A

QiL, G4C, Q28R, E65V, A72C, D181N, E183M,
P224L, 3311G, D3201, A340S, D346k, Q349K,
D380E, T393V, Y422F, P4428, N445D, R446G,
192 H468L, P480S, V482i

193 G4C, W4A0R, A720

GrL, G4C, W40R, EB5K, A72C, S86T, E183K,
51821, D202Y, P224L, D3201, D346k, Q349R,
184 P4425, R44606, H468R, V482T

Qil., G4C, A21T, T281, Q28R, EB5V, ABBT, A72C,
Y155C, D181N, E183M, Q190K, D202N, P224L,
S311G, N318Y, D3201, 1346k, Q349K T393V,
Y422F, N445D0, R4460, R453G, H468C, P480S,
195 ' V482

Q1L, G4C, Q28R, E6BY, A72C, S86T, D181N,
D202N, P224L, S3311G, N318Y, D320I, T3351,
D346k, Q349K, T383V, Y422F, N445D, R446G,
196 H468Q, v482i

Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
P224L, 33116, D320I, D346k, Q349K, 7383V,
Y422F, P4425, N445D, R446G, P464PTHAAA,
197 H468L., V4821

Q1L, G4C, Q28R, EBBV, A72C, E183M, 8311,
D348E, Q348K, T303V, Y422F, P4425, N445D,
198 R448G, H468L, V482] .
Q1L, G4C, T7Q, ABS, N1QT, 524T, T27Q, Q28R,
: _ N29T, V41T, G465, Y478, T52D, D575, D64N,
199 EG5V, QB9K, A72C, D181N, P224L, S311D,
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N318Y, D320N, D348A, Q349K, T332M, T393l,
Y422F, N445D, R448G, H468Q, vV482]

Q1L, G4C, Q28R, E65V, A72C, K159KCGRNK,
E183M, P224L, 53113, D3201, D346E, Q349K,
T393V, Y422F, P4425, N445D, R446G,

200 TA57TAAATT, HA68BL, V482]

Q1L, G4C, Q28K, W40R, E65V, A72C, D181N,
E183V, 5192P, D202V, H203R, S311G, D320N,
201 D346E, Q348K T392M, T393A, Y422F, V482]
Q1L G4C, Q28R, EB5V, A72C, G139S5, D181N,
E183M, P224L, 8311G, D320}, D346E, Q349K,
T393V, Y422F, P4425, N445D, R446G, H468L,
202 V482

Q1L, G4C, Q28R, E65V, A72C, S86T, D181N,
E183M, D202N, P224L, 83115, N318Y, T3351,
D346k, Q340K, T393V, Y422F, N445D, R446G,
203 H468L., V482

Q1L, G4C, Q28R, EG5K, A72C, D181N, S311N,
N318Y, D348E, Q340K, T338V, Y422F, N445D,
204 R446G, H468Q, V482]

Q1L, G4C, W4CR, A72C, 51921, D202N, H203R,
P224L, S311N, D3201, T335(, D346V, Q349R,
205 T393l, N445D, B446G, H468Q, V482T

Q1L, G4C, Q28K, E65K, A72C, E183M, D202N,
P224L, 72295, S311G, D320, T3351, D348V,
208 (349K, T383V, H468Q, V482A

1L, G4C, Q28H, GB0A, EB65M, A72C, D181N,
D202N, P224L, S311D, N318Y, D346E, Q349K,
207 T392M, T393V, Y422F, P442S, N445D, R446S
Q1L, G4C, Q28R, E65V, A72C, S68T, E183M,
S311N, T3351, D348E, Q348K, T393V, Y422F,
208 N445D, R448G, H468L, V4827

Q1il., G4C, Q28K, E65K, A72C, D181N, D202N,
S311N, N318Y, T3351, D346E, Q349K, T393V,
208 Y422F, P4428, N445D), R44606, H468L, V4821

210 T243C, A375C, N194C, Y374C
QiL, GAC, Q28K, £65K, A72C, 5867, E183M,
S311G, D346Y, Q349R, T392M, T393V, Y422F,
211 P442S, N445D, R446G, HABBL, S478Y, V482
QiL, GAC, Q28R, E65V, A72C, D181N, E183M,
S311@, D346E, Q349K, T393V, Y422F, P442S,
212 N4450), R448G, H468L, V482|
Qil, G4C, Q28R £65V, A72C, S86T, D1B1N,
D202N, S311N, N318Y, D3201, T3351, D346E,
Q349K, T393!, Y422F, N445D, R446G, H468Q,
213 V482
Q1iL, GAC, Q28R, E65K, A72C, S8BT, E183K,
D202N, P224L, $311G, T335!, D346A, Q349K,
214 T393V, Y422F, N445D, R446G, H468L, V482T
' QiL, G4C, Q28R, E65V, A72C, L120P, D181N,

E183M, P224L, S311G, D320, D346E, Q349K,
T393V, Y422F, P442S, N445D, R446G, HAGEL,
215 V482 .
QiL, GAC, Q28K, E65Y, A72C, 58671, E183M,
S311N, N318H, D320V, D346V, Q349K, T392M,
216 _ T393A, R446S, H468L, V482l

' Q1L, G4C, Q28K, EB5Y, A72C, D202N, H203R,
S311G, T3351, D346V, Q349K, T393A, P442S,
217 R446G, HA68L, V482l
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Q1L, G4C, Q28R, E85V, A72C, E183M, S311G,
D3201, D346E, 349K, T393V, Y422F, P4428,
218 N445D, R446G, H468L, V4821
Q1L, G4C, Q28R, E65K, A72C, D181N, D2G2N,
H203R, P224L, S311D, D346G, Q349K, P44285,
218 R446S, H468Q, V482T
Q1iL, G4C, Q28R, E65M, A72C, D181N, E183M,
S311G, N318Y, D3201, T3351, D346k, Q349K,
D390E, T393V, Y422F, P442S, N445D, R446G,
220 H468Q, V4827
Q1L, G4C, T278, Q28R, E65V, Q69R, A72C,
L.12GP, D181N, E183M, D202N, D247N, 3311G,
D348E, 349K, K355C, T3875, T383V, Y422F,
N445{}, R446G, T4518, G463V, H4B880, V482T,
221 5485T
Q1L, GAC, Q28R, EBBK, A72C, E183V, S192T,
D202N, 8311G, D320V, D348A, Q349K, P4428,
222 N445D, R446G, H468H, V482A
Q1L, G4C, W40R, E65V, A72C, S86T, E183M,
D202N, P224L, S311G, D320V, D346E, Q349R,
223 T3931, P442S, R446G, H468R, V482|
Q1L, G4C, Q28N, EBBK, A72C, D181N, E183h,
D202N, H203R, S311G, N318Y, D320N, Q349R,
T393V, Y422F, P4425, N445D, R446G, H468L,
224 V482]
Q1L, G4C, Q28R, V41T, G468, Y473, T520, E65V,
AT2C, D181N, P224L, S311D, N318Y, D320N,
D346A, Q349K T382M, T393l, Y422F, N445D),
225 R4465, H468Q, V4821
Q1L, G4C, Q28R, E65K, A72C, D18TN, E183M,
P224L, 8311G, D3201, D346E, Q349K, T383V,
226 Y422F, P4425 N445D), R4466G, H468L., V4821
Q1L, G4C, Q28BR, W40R, A72C, SBET, D181N,
S1827, D202N, P224L., 33116, N318Y, D320V,
D346E, Q349K, T302M, T393!, P4428, N445D,
227 H446G, H468Q);, V4B2|
QiL, G4C, A21T7, 7261, G28R, G30A, E65V, ABST,
A72C, Y1550, D181N, Q190K, D202N, P224L,
T228M, S311G, N318Y, D320}, T335], D348k,
Q349K T393V, Y422F, N445D, R446G, R453G,
228 H468Q, v482]
Q1L, G4C, Q28K, W40R, A72C, 886T, D181N,
E183M, 51921, D202Y, T299S, S311N, N318Y,
229 ) 03201, D346V, Q349R, T393i, P4425, H468L
QiL, G4C, Q28R, E&5V, A72C, D181N, E183M,
pP224l, T229M, G231D, M2347, 8311G, D320I,
D346E, 349K, T303V, Y422F, P4425, N445D,
230 R446G, H468L, V4821
QiL, G4C, 824T, 7261, Q28R, N29Y, G304, EB5Y,
ABBT, A72C, Y155C, D181N, E183M, Q190K
pPa24l, T229M, G231D, M234T, 8341G, 3201,
A340S, D346k, Q349K, D39CE, T393V, Y422F,
P4425, N445D, R448G, T448A, R453G, H468L.,
231 ' P480S, v482]
Q1L, G4C, Q28R, EBBV, A72C, D181N, E183M,
P224L, 83115, D320I, D348E, Q349K, T393V,
o Y422F, P4428, N445D, R446G, G483V, H468L.,
232 V482!

Q1L, G4C, Q28R, E65K, A72C, E183M, P224L,
233 S311G, D348E, Q349K T393V, Y422F, P4425,
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N445D, R446G, H468L, V482

Q1iL, G4C, Q28R, EG5V, A72C, S8ET, D181N,
E183M, D202N, P224L, 83116, N318Y, D346E,
Q348K, T393V, Y422F, P4428, N445D, R446G,
234 H468L, V4827

Q1L, G4C, Q28R, W40R, E65V, A72C, S86T,
51927, D202V, H203R, S311N, N318Y, D34&A,
Q349K, T392M, T393A, Y422F, P4425, N445D,
235 V482A

Q1L, G4C, G28R, EBSV, A72C, K159KCGRNK,
E183M, P224L, 8311G, D320, D346E, Q349K
T393V, Y422F, GA34GAAATG, P4428, N44BED),
236 R446G, T457TAAATT, H468L, V4821

Qil, G4C, QzBK, EB5K, A72C, D181N, H203R,
P224L, S311G, D320V, D346G, Q349K, T392M,
237 T303l, P4425, N445D, R446G, H468L, VABZA
Q1L, G4C, Q28R, E65K, A72C, E183M, S311G,
D346E, Q349K, T393V, Y422F, P4425, N445D,
238 R448CG, H468L, V482|

Q1L, G4C, Q28R, E65M, A72C, D181N, E183M,
S311G, N318Y, D346E, Q349K T393V, Y422F,
239 P4425 N445D, R448G, H468Q, V482|

Qil, G4C, Q28R, EB5V, A72C, E183K, D2021,
P224L, S311G, D320, Q340K, T393V, P44285,
240 N445D, R4465, H468L, V482!

Q1L, G4C, Qz8K, A72C, S88T, D181N, E183V,
S1927, D202N, P224L, 8311G, N318Y, D320V,
D346G, Q349R, T382M, Y422F, P4425, N445D,
241 R4463 H468L. V482A '

' G4C, Q28R, EBBK, A72C, 586T, D181N, E183M,
3192L, D202N, H203R, P224L, 5311D, D346E,
Q349R, T382M, T383A, Y422F, P4425, N4450,
242 R4460G, P4B2L, H468L, V482T

Q1iL, G4C, W4O0R, EB5K, AT2C, Q108R, DM81N,
E183M, §51821, D202I, H203R, S245T, D346A,
Q340R, T393A, Y422F, P4425, N445D, R446G,
243 H46B8R, V4824

Q1L, G4C, Q28K, EB5M, A72C, DHB1N, D202N,
8311N, 73351, D346E, Q349K, 73931, Y422F,
244 P4425, N4450D, R446G, H468Q), V4821

Q1L, G4C, N10D, Q28R, EBLY, Q69R, A72C,
D181N, E183M, P224L, S311G, D320, D346E,
Q3498, T3Q3V, N&17Y, Y422F, P442S, N445D,
245 - 1R446G, H468L, V4821

Q1L, G4C, G28R, W40R, £E685V, A72C, D202Y,
H2QO3R, P224L, 72991, N318Y, D320V, D346A,
Q349K T392M, T393A, P442S, N445D, R446G,
248 H468R, V482T

G4C, Q28R, E8BV, A72C, E183M, D202N, P224L.,
8311G, N318Y, D320V, D348G, Q349K, T392M,
247 Y422F, R446G, H468C

’ Q1L, G4C, Q28K, A72C, S88T, E183K, S3114,
D320V, DB46A, Q349R, T302M, T393i, Y422F,
248 P4423, R448S, H468Q

Q1L, G4C, Q28R, E65M, A72C, IDMEB1IN, P224L,
S8311N, D320N, T335l, D348E, Q349K, T392M,
249 Y422F, N445D, R4468, H468L, V4827

Q1iL, G4C, Q28K, EB5V, A72C, D181N, D202N,
S311G, T3351, D346E, Q349K T383V, Y4228,
250 N445D, R446G, H4680, V482l
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Q1l, G4C, Q28R, EB5K, A72C, D181N, E183M,
S311N, N318Y, T3351, D346E, Q349K, T3393V,
251 Y422F, N445D, R448G, H468L, vV482I
Q1L, G4C, Q28R, EBEK, A72C, E183M, 83116,
D3201, D346E, Q349K, T333V, Y422F, P4425,
252 N445D, R446G, H468L, V482]
Q1L, G4C, Q28R, E65Y, A72C, D181N, E183M,
S311G, D320L, D346&, Q348K T393V, Y422F,
253 P4425, N445D, R446G, H468L, V482
Q1L G4C, W40R, EB5Y, A72C, S86T, D181N,
S192T, D202N, H203R, P224L, S311G, N318Y,
T3351, D346G, Q349K, T392M, T393V, Y422F,
254 N4450, H446G, H468Q
Q1l., G4C, Q28R, EB5K, A72C, E183M, S311N,
D320, D346k, Q348K, T393l, Y422F, P442S,
255 N445D, R446G, H468Q), V482T
Q1L, G4C, T7Q, ABS, N10T, Q28R, D575, D&4N,
EB5V, QEoK, AT2C, D181N, P224L, S311D0,
N318Y, D320N, D346A, Q349K, T392M, T393l,
256 Y422F, N445D, R446G, H468Q), v482|
Q1L, G4C, Q28R, E65M, A72C, 3867, D181N,
E183M, D202N, P224L, S311G, D346A, Q349K,
T3931, Y422F, P4425, N44ED, R446G, H468Q,
257 V482T
Q1L, G4C, N10D, Q28R, E65V, Q69R, A72C,
K82R, K118Q, D181N, E183M, D202N, T280A,
S311G, T3351, D345E, Q349K, K355Q), T3875,
7383V, D404N, Y422F, N445D, R4483G, P482L,
258 G463V, H468Q, V4821, S485T
Q1L, G4C, Q28R, £85M, A72C, E183M, D202N,
83116, D320}, T3351, D346E, Q348K T393H,
259 Y422F, N445D, R446G, H468Q, V482!
Q1L G4C, Q28K EBSK, A72C, D181N, E183M,
D202N, 53110, D320V, 73351, 346G, Q349K
260 T393|, Y422F, P4425, N445D), H468L, V482]
Qil, G4C, Q28K, E65K, A72C, S86T, P224L,
S311N, D3201, T3351, D346k, Q3481 T393V,
261 Y422F, N445D, R446G, H468Q, V482T
Q1L, G4C, Q28R, EBBYV, AT2C, 8867, D181N,
E183M, D202N, P224L, S311N, D320, D34sE,
QB349K, T333V, Y422F, P4425, N445D, R446G,
262 H468Q, V48271
G4C, EB5K, A72C, 588T, E183M, D2021, PR24L,
- IS311N, N318Y, D320N, T3351, D346V, Q349R,
263 T393V, Y422F, P4425, R4468, H468L
Q1L, G4AC, Q28R, EB5K, A72C, D202N, S311N,
13351, D348E, Q349K T383|, Y422F, P4425,

284 N4450, R446G, H468L, V482T
Q1L, G4C, 265V, A72C, D181N, E183K, D202G,
265 Q3498

Q1L, G4C, Q28R, EB5K, A72C, E183M, P224L,
5311G, D3201, D346E, Q340K, T383V, Y422F,
266 P4425, N44503, R448G, H468L, V482!

QI1L, G4C, Q28R, E65V, A72C, D181N, E183M,
P224L, F30sL, S311G, D3201, D346E, Q349K,
T393V, Y422F, P4425, N445D, R446G, H468L,
267 V4821

Q1L, G4C. Q28R, B85V, A72C, 386T, D202N,
P224L, 8311G, N318Y, D320, D346A, Q349K,
268 1393l Y422F, N445D, R446G, H468Q), V482T
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Q1L, G4C, Q28K, EB5K, A72C, D181N, E183K,
S192P, P224l., S311G, N318Y, D320V, D346E,
289 Q349R, T392M, T393I1, Y422F P4428, H468Q
G1L, G4C, Q28BK, EB5M, A72C, S88T, E183M,
H203R, 53110, D320V, T335i, D346E, Q349R,
270 T393A, N445D, R446G, H468Q, V482A
QiL, G4C, Q28R, A72C, DT81N, E183V, D202,
M2G3R, P224L, S311D, D320V, D346V, Q349R,
271 T392M, T393l, N445D, H468L
QiL, G4C, Q28K, W40R, 65K, A72C, SBET,
D181N, E183K, 51921, D202i, H203R, 831 1N,
D320N, D346V, Q349K, T392M, T393A, Y422F,
272 N445D, R448S
G4C, B85V, A72C, 586T, Y155H, D181N, E183V,
190K, P224L, S311N, D320V, 346V, (349K,
T392M, T383V, Y422F, P4425, N445D), R4463,
273 H468L, V482A
Q1L, G4C, Q28R, E65M, A72C, S86T, E183M,
D202N, 83110, N318Y, D320N, T335l, D346A,
Q340R, T392M, T393l, Y422F, P4425, N445D,
274 R446G, H468L, V482A
Q1L, G4C, Q28R, EBbV, A72C, Di81N, E183M,
S311N, N318Y, D320t, 73351, D346k, Q349K,
275 1383V, Y422F, N445D, R446G, H468L, V4821
Q1iL, G4C, Q28R, E65K, A72C, S86T, D181N,
D202N, S311G, D346E, Q349K T3931, Y422F,
276 N4450, R446(G, H468L, V482!
Q1L, G4C, Q28R, EB5K, A72C, D181N, D202N,
S311N, N318Y, D320i, D346k, Q348K T3834,
277 Y422F, N445D, R4460G, H468L, V482T
Q1L G4C, T7Q, A8S, N10T, 824T, T27Q, Q28R,
N29T, D575, D64N, EBEV, Q89K, A72C, D181N,
P224L, 8311D, N318Y, D320N, D348A, Q348K,
T392M, T3931, Y422F, N445D, R446G, H468Q,
278 V482!
Q1L G4C, Q28R, E65K, A72C, 586T, D202N,
5311G, N318Y, 03201, D346A, Q349K, T393,
279 Y422F, N445D, R446G, H468L, V482!
Q1L, G4C, Q28R, A72C, D181N, 83114, N318Y,
D320V, D346k, Q340K, T3931, Y422F, P44285,
280 N445D, R446G, H468Q
Q1L, G4C, Q28R, E65K, A72C, D181N, E183M,
S311G, D320t D346E, 348K, T383V, Y422F,
281 P4425, N445D, R446G, H488L, V482!
Q1L, G4C, Q28R, E65K, A72C, D181N, E183M,
5311G, D348E, Q349K 7393V, Y422F, P442S,
282 N445D, R4460G, H468L, v482]
Q1L, G4C, Q28H, EB5V, A72C, E183M, D202N,
S311N, D3201, D346E, Q349K, T393V, Y422F,
283 N445D, R446G, H468Q), V482T
Q1L, G4C, Q28R, E65K, A72C, E183M, 83116,
' T3351, D346k, Q348K, 7393V, Y422F, N445D,
284 R446G, H4B88Q, V482!
Q1L, G4C, Q28R, EB5Y, A72C, S86T, D181N,
DZ202N, S311N, N318Y, T335l, D348k, Q349K,
285 T393V, Y422F, N445D, R446G, H468Q, V482
Q1L, G4C, E65M, A72C, S86T, E183K, D202Y,
S311G, D320N, T3351, D346A, Q349K T383V,
286 Y422F, R446G, H468Q), V4821

287 Q1iL, G4C, Q28R, EB5V, A72C, SBET, E183M,
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D202N, P224l., S311N, D320, T335l, A3408S,
D346A, Q349K, T393V, Y422F, N445D, R446G,
H468Q, V482T
Q1L, G4C, Q28K, E65K, A72C, S86T, D181N,
E183M, H203R, P224L, 5311D, D320I, D346k,
288 Q349R, T392M, Y422F, B446G, H468L
Q1L, G4C, Q28K, EB5V, A72C, 8867, D181N,
E183M, P224L, S311G, D320I, D346E, Q349K,
T383V, Y422F, P4425, N445D, R446G, H468Q,
289 V4821
Q1L, G4C, Q28K N29Y, E65K, A72C, D181N,
S311G, T3351, D346E, Q349K, T393V, Y422F,
290 N445D, R446G, H4680), V482T
Q1L., G4C, Q28K, E65M, A72C, E183M, 33116,
D346E, Q349K, T393V, Y422F, P4423, N445D,
291 R446G, H468L, V4827
Q1L, G4C, Q28K, E65V, A72C, S86T, D181N,
E183K, D202N, S311N, N318Y, D320N, T3351,
D346A, Q349K, T392M, T383V, P442S, N445D,
292 R446G, H468Q
QiL, G4C, Q28K, EB5K, A72C, S86T, D181N,
E183M, D202N, 311G, N318Y, T335[, D346E,
Q349K, T393l, Y422F, N445D, R446@G, H468Q,
293 V482
Q1L G4C, Q28R, EBSBK, A72C, E183V, 3102T,
D202N, 8311G, D320V, D346A, G3409K, T393V,
294 P4425, N445D, H468L., V4B2A
Q1L, G4C, Q28R, E65V, A72C, E183M, D202N,
S311N, N318Y, D320I, T335l, D346E, Q349K,
295 T303V, Y422F N445D, R446G, H488L, VA82T
Q1L, G4C, 5247, Q28R, EB5K, A72C, D202N,
8311G, T3351, D346E, Q349K T383!, Y422F,
296 N445D, 446G, H4680), V482T
Q1L, G4C, A72C, $867, D181N, 51821, D202N,
P224L, S311G, N318Y, D320V, T3351, D346G,
297 Q349K, T3031, R446G, H468Q
Q1L, G4C, Q28R, E65V, A72C, D181N, P224L,
S3110, N318Y, D320N, D346A, Q349K, T382M,
298 T3831, Y422F, N445D), R446G, H468Q, V4821
Q1iL, G4C, Q28BR, E65M, A72C, D181N, E183M,
D202N, P224L, 3311G, D3464A, Q349K T383),
299 Y422F, P4423, N4450, R446G, H468L, V4827
QiL, G4C, Q28K, E65Y, A72C, SBET, E183V,
51921, D202V, D3204, T335l, D345V, Q349K
T392M, T393L, Y422F, P4425, N445D, R446G,
300 H488H, V482A
Q1L, G4C, Q28K EBSM, A72C, 5868T, 181N,
E183M, D202N, P224L, S311G, D23201, T335l,
D346E, Q349K, T393V, Y422F, N445D, R446G,
3 H468Q, V482T
Q1L, G4C, Q28K, A72C, D181N, D202|, 3311D,
' TIN318Y; T335(, D346E, Q349K, T392M. Y422F,
302 R446G, H468L
Q1L, G4C, Q28R E65V, A72C, D181N, E183M,
P224L, S311G, D320N, D346E, Q349K, T393V,
Y422F, T4335, P442S, N445D, R446G, H468L,
303 V482]
QiL, G4C, Q28K, EBBV, AT2C, D181N, E183M,
1 D202N, S311G, N318Y, D346E, Q348K, T393l,
304 Y422F, N445D, R446G, H488Q, V4821
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Q1L, G4C, Q28K, EB5K, A72C, D181N, D202N,
S311G, N318Y, D346A, Q349K, T3931, Y422F,
305 N445D, R446G, H468Q, V482T

Q1L, G4C, Q28R, E65K, A72C, S86T, E183M,
D202N, D320, T335, D346A, Q349K, T392M,
306 Y422F, N445D, R446G, H4B8L, VA482T

Qil, GAC, Q28K, E65M, A72C, S8BT, E183M,
S311N, N318Y, D3201, T335!, D346E, Q349K,
307 T3931, Y422F, P442S, H468Q, V482

Q1L, G4C, E65M, A72C, S86T, E183V, S192L,
D202, H203R, P224L, 5311G, N318Y, D320V,
D346A, Q349K, P442S, N445D, R446G, H4B8R,
308 V482A

Q1L, G4C, T7Q, A8S, N10T, Q28R, E65V, A72C,
D181N, P224L, $311D, N318Y, D320N, D346A,
Q349K, T392M, T3031, Y422F, N445D, R446G,
309 H468Q, V482!

Q1L, G4C, E65K, A72C, S86T, D202V, S311N,
D320V, T3351, D346V, Q3498 T392M, Y422F,
310 N445D, R446G, H468L

Q1L, GAC, G28R, EBSK, A72C, D181N, E183M,
P224L, S311G, D346E, Q349K, T393V, Y422F,
311 P442S, N445D, R446G, Ha68L, V482!

Q1L, G4C, Q28R, D578, DB4N, EB5V, QB9K,
A72C, D181N, P224L, S311D, N318Y, D320N,
D346A, Q349K, T392M, T393!, Y422F, N445D,
312 R446G, H468Q, V482

Q1iL, GAC, Q28R, A72C, S86T, E183M, 51027,
D202N, H203R, P224L, 8311N, T335!, D346V,
Q349R, T392M, T393V, P442S, N445D, R446G,
313 - | H468Q, V4B2A

QiL, G4C, 028K, E65V, A72C, D181N, D202N,
| S311N, 3464, QB49K, T393!, Y422F, N445D,
314 RA4463, H468Q, V4821

Qil, GAC, Q28R, EB5V, A72C, D1B1N, E183M,
Po2dl, S311G, D320, D346E, Q349K, T393V,
Y422F, PA42S, N445D, R446G, H468L, V482!,
315 84857

GAC, Q28K, EB5M, A72C, S8BT, E183M, D202N,
P224L, S311G, T335!, D346E, Q349K, T393V,
316 Y422F, P442S, NA45D, R446G, H4B8L, V482
G434GAAATG, TAS5TTARATT, QIL, GAC, Q28R,
E65V, A72C, E183M, P224L1, 311G, D3204,
D346E, Q349K, T393V, Y422F, P4428, N445D),
317 R446G, H468L, V482) :
G4C, Q28R, E65M, A72C, SB6T, D181N, £183M,
D202Y, P224L, S311N, D346A, Q349K, T393l,
318 Y420F, N445D, RA46S, HABBQ, VAB2A

QiL, GAC, Qe8K, 65V, A72C, S86T, D181N,
£183K, D202N, P224L, S311G, D3201, D346E,
Q349K, T393I, Y422F, P442S, N445D, R446G,
319 H468Q, V482T

Q1L GAC, T27S, Q28R, E65Y, A72C, D1B1N,
E183M, P224L., S311G, D3201, D346E, Q349K,
T393V, Y422F, P442S, N445D, RA46G, H468L,
320 V482

Q1L, G4C, Q28R, E65M, A72C, S86T, D181N,
E183M, P224L, 8311G, T335!, D346A, Q349K,
T393V, Y422F, P442S, N445D, R446G, H468Q,
321 vag2T
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Q2S, G4C, ABL, T7Q, A8S5, N10T, Q28R, EB5V,
A72C, D181N, P224L, S311D, N318Y, D320N,
D346A, Q349K, T302M, T393l, Y422F, N445D,
322 R446G, H468Q, V4821
Q1L, G4C, Q28R, E&5V, A72C, 888T, D202N,
P224L, 5311G, D320(, D346E, Q348K, T383V,
323 Y422F, N445D, B446G, H488Q, V482
Qil, G4C, Q28K, E65V, A72C, £E183M, D202N,
S311G, D3201, D346k, Q349K, T393V, Y422F,
324 P4428, N445D, B446G, H468L, V482
Q1L, GAC, Q28R, EGBK, A72C, D181N, P224L,
S311N, N318Y, D3201, D346k, Q349K T393V,
325 Y422F, N445D, R446G, H468L, v482]
Q1L, G4C, Q28R, E6GBM, A72C, S80F, D181N,
P224L, 8311G, N318Y, D346E, Q349K, T393l,
326 Y422F, P4425, N445D, R446G, H468Q), V482]
G4C, Q28R, A72C, S86T, Di81N, 183V, 51921,
D202V, N248S, 8311D, N318Y, D320V, D346A,
327 Q340K, T303V, P4425, N445D, H468L ) V4824
Q1L, G4C, Q28K, £65V, A72C, D181N, E183M,
D202N, P224L, S311N, N318Y, D320, T335,
D346A, Q349K, T393I, Y422F, N445D, R446G,
328 H468Q, V482T
Q1L, G4C, Q28R, A72C, SBET, E183M, 8192L,
H203R, S311D, D320V, T3351, D346V, Q349K,
329 N4450, H468Q, V4B2A
QiL, G4C, Q28R, TEOM, E65K, AG8T, A72C, 586T,
Di81N, 31921, D202N, H203R, §311D, D320V,
T3351, Q349R, T383A, P4425, N4450, R446G,
330 H4BBL, V482A
Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
DR202N, P224L, 53116, N318Y, T335l, D346E,
QIB348K, T393V, Y422F, P4425, N445D), R448G,
331 H468Q, V482!
Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
P224L, 83116, D320l, D346E, Q348K, K3550,
T303V, Y422F, P442S, N4450, R446G, H468L,
332 V4821
Q1L, G4C, Q28K, EGBV, A72C, D181N, E183M,
P224L, 8311G, N318Y, T3381, D346A, Q348K,
T393V, Y422F, P4425, N445D, R448G, H488L,
333 Va82T
QiL, G4C, Q28R, E65V, A72C, D181N, E183M,
Pz24l, 3311G, D320I, D346E, Q349K, T383V,
Y422F, P4425, N445D, R446G, T448A, R453G,
334 H468L, V4821
Q1L, G4C, Q28R, £E65M, A72C, S86T, 181N,
. E183M, S311N, N318Y, T335|, D346E, Q349K,
335 T383V, Y4221, N445D, R446G, HA88Q, V482]
Q1L., GAC, £65M, A72C, E183M, D2021, P224L,
S3110, N318Y, D320V, T3351, D3464, G3409K,

: ' T383A, Y422F, P4425, N445D, R446G, R4534G, .,
336 _ | H468Q, V482l
QiL, G4C, Q28R, EBLY, A72C, E183M, P224L,
S311Q, D346k, Q349K, T383V, Y422F, P442S,
337 N445[), R446G, H468L., V4821
Q1L, G4C, Q28R, EB5V, A72C, S86T, D181N,
E183M, S311G, N318Y, D346A, Q348K, T333V,
338 Y422F, N445D, R446G, H468L, V482T

339 Q1L, G4C, 5247, T27Q, Q28R, N297, EG5V, A72C,
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D181N, P224L, 8311D, N318Y, D320N, D346A,
Q348K, T302M, T383l, Y422F, N445D, R446G,
H468Q, V482I

Q1L, G4C, EB5V, A72C, D181N, E183M, 51927,
P224L, 3311G, D320V, T3351, D346G, Q349K,
T393A, Y422F, P4425, N445D, R446G, H488L,
340 VAB2T

Q1L, G4C, Q28R, EBEV, A72C, D181N, E183M,
P224L, S311G, D3201, D348k, Q349K, T393V,
341 YA422F, P4423, N445D, R446G, HA6BL, V4821
Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
D202F, 5311G, N318Y, T335l, Q349K, T393V,
342 Y422F, P4423, N445D, R446G, H4680)

Q1L, G4C, Q28K, E65K, A72C, S86T, D181N,
D202N, P224L., S311D, N318Y, D320N, D348A,
Q349R, T3g2M, T383l, Y422F, N445D, R446G,
343 H468R

Q1iL, G4C, Q28R, E6BV, A72C, D181N, D202N,
S311N, D3201, T3351, D346E, Q349K, T393V,
344 Y422F, N445D, R446G, H468Q, V482T

Q1L, G4C, Q28K, 65K, A72C, D181N, D202N,
P224L, S311G, N318Y, T335!, D346E, Q349K,
345 . T303V, Y422F, N445D, R446G, H468Q), V482
Q1iL, G4C, Q28R, E68V, A72C, D181N, E183M,
D202N, P224L, S311G, D3201, D348k, Q349K
T383V, Y422F, P4425, N445D, R446G, H468L,
348 V482

Q1iL, G4C, Q28R, E65Y, A72C, D181N, E183M,
D202N, S311N, T336l, D346A, Q349K, T393V,
347 Y422F, P4425, N445D, R446G, H468L, V482T
Q1L G4C, Q28K, E65K, A72C, 386T, E183M,
FP224L, 8311G, N318Y, D3201, T3351, D346E,
Q349K, TI93V, Y422F, P4428, N445D, R4463G,
348 H468Q, V482T

Q1L, GAC, A21T, T261, Q28R, G30A, EBSV, ABET,
A72C, Y155C, D181N, Q120K, D202N, T229M,
53116, D320, T3351, D346E, Q348K, T393V,
349 Y422F N44505, R446G, H468Q), P480S, V4821
Q1L, G4C, Q28K, £65M, A72C, D181N, E183M,
S311G, T3351, D346k, Q348K, T383V, Y422F,
350 N445D, R446G, H468L, V482T

QiL, G4C, Q28R, £65V, A72C, D181N, E183M,
P224L, S311G, D3201, D346k, 348K, T303V,
D404N, Y422F, P4428, N445D, R448G, T4518,
351 H4e8L, v482]

Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
P224L, 8311G, D3201, D346E, Q348K, T383V,
Y4225, P4425, N445D, R446G, P462L, H468L,
352 V4821

O1L, G4C, Q28R E65Y, A72C, E183M, D202N,
P224l, 83114, N318Y, T3351, D3456E, Q349K,
353 T393V, Y422F, N445D, R446(G, HABBL, V4821
Q1L, G4C, 28R, B85V, A72C, D181N, E183M,
P224i, T280A, S311G, D320l D346E, Q349K,
T393V, Y422F, P4425, N445D, R446G, H468L,
354 V482 ‘

Q1L, G4C, Q28R, E65Y, Q88R, A72C, D181N,
E183M, P224L, 3311G, D320l, D346E, Q349K,
T393V, Y422F, P4425, N445D, R446G, H488L,
355 V4821
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Q1iL, G4C, Q28R, E65Y, A72C, D181N, E183M,
P224L, K275E, 5311G, D320], D346k, Q349K,
T393V, Y422F, P4425, N445D, R446G, H468BL,
356 V482(

Q1L G4C, Q28K, EB5V, A72C, E183K, D202N,
P224L., S311N, D320I, D346E, Q348K, T393V,
357 Y422F, P4425, N445D, R446G, H468L, V482T
Q1L, G4C, Q28K, EB5V, A72C, D181N, E183M,
S311G, N318Y, D3201, D348A, 349K, 73093,
368 Y422F, N445D, R446G, H468Q), V482T

Q1L, G4C, Q28R, EB5Y, A72C, D181N, E183M,
P224L, S311G, D3201, D348E, Q349K, T393V,
YA422F, P4425, N445D, R446G, A455AAAAPA,
359 HA468L, V482l

Qil, G4C, 3247, T26l, Q28R, N29Y, G30A, £E65Y,
A72C, D181N, E183M, P224L, S311G, 3201,
D346E, Q349K, T333V, Y422F, P4425, N445D,
360 R446G, H468L, V482|

QiL, G4C, 28R, E65M, A72C, E183M, S311G,
D3201, D346A, Q349K, T393V, Y422F, N445D,
361 R446G, H468Q, V482|

Q1L, G4C, Q28R, EB5V, A72C, D181N, E183M,
D202N, 8311G, D346E, Q349K, T393I, Y422F,
362 N445D, R446G, H468Q, V482}

Q1L, G4C, Q28R, £65V, A72C, E183M, P224L,
S311G, D320i, D346E, Q349K, T393V, Y422F,
363 P4425, N445D, R446G, H468L, V482]

Q1iL, G4C, 28K, EB5K, A72C, D181N, E183M,
S311G, N318Y, D320, T335], D346E, Q349K,
364 T393V, Y422F, N445D, R446G, H468Q, V482T
Q1L, G4C, Q28R, E6BV, A72C, 33114, N318Y,
D320t, T3351, D348E, QB43K, T393V, Y422F
365 N445D, R448G, H488L, V482T

QiL, G4C, 824C, Q28R, G30A, E&5Y, A?ZC.
Y155C, D181N, Q190K, D202N, P224L, 33114,
T3351, D346k, Q349K, D3B0E, T393V, Y422F,
366 N445D, R446G, R4533G, H468Q), P4B0S, V482|
Q1L, G4C, Q28H, EBSY, A72C, D181N, E183M,
Pa24L, 8311G, D320!1, D346E, Q348K, T393V,
P4025, Y422F, P4428, N445D, R446G, H468l.,
367 V4821

Q1iL, G4C, Q28R, EB5K, A72C, E183M, D202N,
P224L, S311N, N318Y, 73351, D346E, Q349K,
T383V, Y422F, P4425, N445D, R446G, H488Q,
368 V482i

Q1L, G4C, A21T, T26l, Q28R, N28Y, E85V, A72C,
Y155C, D181N, D202N, P224L, M234T, S311G,
D3201, D346E, Q349K, D3G0E, T393V, Y422F,
369 N445D, R4464G, B453G, H468Q, V482

Q1L G4C, Q28R, E65K, A72C, 586T, D202N,
P224L, S311D, D320N, T3351, D346V, Q348K,
370 : T392M, T393V, Y422F, P4425, R4483, H468L
Q1L, G4C, Q28R, E65V, A72C, S86T, E183K,
D202N, S3113, N318Y, D3201, D346A, Q349K
: T383V, Y422F, P4425, N445D, R448G, H468Q,
371 V4821

Q1L, G4AC, W40R, E65M, A72C, S86T, E183V,
S192L, D202, H203R, P224L, 83113, N318Y,
D320V, D346A, Q349K, P442S, N445D, R4463,
372 H468R, V482A
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Q1L, G4C, Q28R, EB5V, A72C, D181N, E183M,
P224l, 8311G, D346E, Q349K, T393V, Y422F,
373 P4428 N445D, R446G, H468L, V482
Q1L, G4C, Q28R, EB5V, A72C, D181N, E183M,
P224L, S311G, D3201, D348E, Q349K, T393V,
YA422F, G434GAAAT G, P442S, N445D, R446G,
374 T457TAAATT, H468L, V4821
QiL, GAC, Q28R, EB5V, A72C, K118Q, D181N,
E183M, P224L., D247N, 8311G, D320l, D346E,
Q349K T393V, Y422F, P442S, N445D, R446G,
375 H468L, V4821
Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
D202N, P224L, 8311N, D320l, D348E, Q349K,
376 T383V, Y422F, N445D, R448G, H468Q, V482|
Q1L, G4C, Q28R, EBLV, A72C, 586T, D202N,
P224L, S311G, N318Y, T335], D346k, Q348K,
377 1393V, Y422F, N445D, R446G, H468L, V482T
Q1L, G4C, Q28K, EBEM, A72C, D181N, E183M,
D202N, 8311G, N318Y, D346A, Q349K, T393V,
378 Y422F, P4425, N445D, R446G, H468L, V482T
Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
P224L, 53113, D320, D346k, Q349K, 7333V,
Y422F, P4425, N445D, R446G, P454PVRPQP,
379 H468L, V482]
Q1il, G4C, Q28R, A72C, D181N, E183V, 5182M,
D202N, P224L, 53110, N318Y, D320N, D346E,
Q348R, T383V, Y422F, P4425, R446G, H468L,
380 P4808
QiL, G4C, Q28R, A72C, 586T, D181N, §192L,
D202N, P2241., S311G, N318Y, D320V, T3354,
D345E, D346A, QB48K, Y422F, P442S, N445D,
381 R4463G, H468Q, H505Q
Q1L G4C, Q28R, EB5V, A72C, S86T, D181N,
E183K, P224L, S311G, N318Y, D320I, D346A,
Q349K, T383V, Y422F, P4428, N445D, R446G,
382 H468L., V482!
Q1L, G4C, Q28R, G30A, E85V, AB8T, A72C,
D181N, E183M, D202N, P224L, D346E, Q348K,
T383V, Y422F, NA45D, R448G, T448A, R453G,
383 H468Q, V482!
Q1L, G4C, Q28R, EBSV, A72C, K2R, L120P,
D181N, E183M, D202N, S236F, T280A, 53116,
D346E, Q349K, K355Q, T387S, T333V, P402S,
D404N, Y422F, N445D, R446G, T4518, G463V,
384 H468Q, V4821, 54857
Q1iL, G4C, Q28R, E6LV, A72C, D181N, D202N,
$5236F, 831G, T2351, D346E, Q349K, T387S,
T393V, Y422F, N445D, R446G, G463V, H468Q,
385 V4821, 54857
Q1iL, G4C, Q28R, ESBM, A72C, D181N, E183K,
D202N, P224L, S311G, D320, D346E, Q1349K,
: | T393V, Y422F, P4425, N445D, R446G, H468Q,
386 V4821
Q1L, G4C, AZ1T, T28!l, Q28F, G30A, £S5V, ABBT,
A72C, Y1550, D181IN, E183M, Q190K, D202N,
S311G, D320l, D348E, Q349K, T383V, Y422F,
387 | N445D, R448G, T448A, H468Q, v482|
Qil, G4C. Q28R, E65V, A72C, D181N, D202N,
S311G, 7335/, D346A, Q349K T393l, Y422F,
388 P4425, N4450), R446G, HAB8BL, V482!
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Q1L, G4AC, Q28R, B85V, A72C, D181N, E183M,
P224L, D247N, 5311G, D320I1, D346E, (348K,
T3873, T3V, Y422F, P4428, N445D, R446G,
389 H468L, V482

Q1L, G4C, Q28R, EB5YV, A72C, D181N, D202N,
P224L, S311G, D346A, Q349K, T383V, Y422F,
390 N445D, R446G, H488L, V4821

Q1L, G4C, Q28R, E65V, A72C, K92R, K118Q,
D181N, E183M, D202N, S236F, S311N, N318l,
D346E, Q349K, K355Q), T3878, T393V, D404N,
3 Y422F, N445D, R446CG, H468Q, V4821

Q1L, G4C, T278, Q28R, E65V, QB9R, A72C,
K118Q, D181N, E183M, D202N, D247N, 1277V,
S311G, T338], D346k, Q349K, K355Q, T393V,
392 Y422F, N4450D, R448G, H468Q), V482T

Q1L, G4C, Q28R, G30A, EBBV, A72C, Y155C,
D181N, E183M, D202N, M234T, 5311G, D346k,
Q349K, T393V, Y422F, N445D, R446G, T4484,
383 R453G, H468Q, V4827

Qil, G4C, Q28R, EBSV, A72C, D181N, E183M,
P224L, S311G, D320i, D346E, Q349K, T333V,
Y422F, G434GAAATG, P442S, N445D), R446G,
394 H468L, V4821

Q1L, G4C, Q28R, EB5V, Q89R, A72C, Kg2K,
D181N, D202N, D247N, 1277V, 8311G, N318D,
T335l, D346k, Q349K, K355Q, T3878, T393V,
385 Y422F, N445D, R446G, G463V, H468Q, V482
Q1L, G4C, T278, Q28R, E65V, Q89R, A72C,
Di81N, D202N, S236F, 1277V, 83114, T3351,
D346E, Q349K, K355Q, T387S, T393V, Y422F,
396 . N445D, R448G, G463V, H468Q, V482

Q1L G4C, N10D, Q28R, £65Y, QB9R, A72C,
KO2R, K118G, D181N, E183M, D202N, S311G,
T335l, D346E, Q349K, T387S, T393V, Y422F,
397 N445D, H446G, P462L, H468C, V482T, 5485T
Qil., G4C, A21T, Q28R, G30A, E85V, A72C,
Y155C, D181N, £E183M, D202N, M234T, 8311G,
Ta35l, D346E, Q349K, T393V, Y422F, N445D,
398 R446G, R453G, H468Q, V482T

Q1L, G4C, Q28R, E6sV, A72C, D181N, E183M,
P224L, 53113, D3204, 0346k, Q349K T393v,
Y422F, P4423, N445D, R446G, TASTTAAATT,
329 - | H468L, V4821

Q1L, G4C, T28l, Q28R, ES5V, AB8T, A72C, Y155C,
D181N, Q190K, D202N, P224L, M234T, 83116,
D3201, D346E, Q349K D390E, T383V, Y422F,
400 : N445D, R4468G, R453G, H468Q), V482

Q1L, G4C, Q28K, EB5V, A72C, S86T, E183K,
S1982L, D202N, D320N, T335t, D346A, Q349R,
401 T393A, Y422F, P4425, R446G, H468R, V4824
Q1L, G4C, Q28R, E65V, A72C, D181N, E183M,
P224L, 5236F, 5311, D3201, D346E, Q348K,
T393V, Y422F, P4425, N445D, R446G, H468L,
402 ' V4821 .

Q1L, G4C, T26l, Q28R, EG5Y, ABBT. A72C, Y155C,
D181N, D202N, M234T, 53116, T3351, D346E,
Q349K, T393V, Y422F, N445D, R446G, H468Q,

403 V4827
Q1l., G4C, A21T, T26l, Q28R, N29Y, E85V, A72C,
404 Y156C, D181N, E183M, D202N, P224L, M234T,
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S311G, D320, T3351, A3408, D346E, Q348K,
D390E, T383V, Y422F, N445D, R446G, T448A,
R453G, H488Q), P480S, V482
Q1L, G4C, Q28R, BEB5K, A72C, D202}, P224L,
S311G, N318Y, D320V, T3351, D348A, Q349R,
405 T392M, TB93A, N445D, R446G, HA68L
Q1L, G4C, E65M, A72C, 586T, £E183V, D202,
P224L, 8311G, N318Y, D320V, D346A, (349K,
406 P4423, N445D, R446G, H468L, V482A
Q1L, G4C, N10D, Q28R, E85V, A72C, K92R,
D181N, E183M, D202N, 8311@G, D346k, Q349K,
T3B7S, T3Y3V, Y422F, N445D, R446G, T4518,
407 P462L, H468Q, V482T
Q28, G4C, ABL, T7Q, ABS, N10T, Q28K, E65M,
A72C, S86T, E183M, D202N, P224L, S311G,
33201, 7335, (DeletionS437-P441), D346k,
348K, T393V, Y422F, N445D, R446G, H468Q,
408 V4827
Q285, G4C, ABL, T7Q, A8S, N10T, 324T, 728,
Q28R, N28Y, G30A, EGBV, A72C, E183M, P224L,
S311G, D320I1, D346E, 348K, T383V, Y422F,
409 P442S, N445D, R446G, H468L, V482]
Q1L, G4C, Q28R, EBBY, A72C, K82R, D181N,
E183M, P224L, 1277V, 5311G, D320[, D346E,
Q348K, T393V, Y422F, P4425, N445D, R446G,
410 H488L, V482|
Q28, G4C, ABL, T7Q, A8S, N10T, Q28R, EBLV,
A72C, E183M, P224L, 8311G, D320!, D346k,
Q348K, T393V, Y422F, P4425, N445D, R446G,
411 H468L, V4821
Q28, G4C, AsL, T7Q, ABS, N10T, 28R, EBBY,
AT2C, E183M, P224L, S311G, D320, D348E,
Q349K T393V, Y422F, P4423, N445D), R446G,
412 P454PVRPGP, H468L, V482]
Q28, G4C, ABL, T7Q, ABS, N10T, G28R, E65Y,
A72C, E183M, P224L, S311@G, D320, D348E,
Q349K, T303V, Y422F, P442S, N445D, R446G,
413 P484THAAA, H4BBL, V482]
Q28, G4C, A6L, T7Q, ABS, N10T, 0288, EB5Y,
A72C, E183M, P224L, 8311, D320l, D346E,
Q349K, T393V, Y422F, P442S, N445D, R446G,
414 P464PTHAAA, HABBL, V4821
Q2S, G4C, AsL, T7Q, ABS, N10T, Qz8R, 85V,
A72C, G151GCGREG, £183M, P224L, 8311G,
D320t, D346E, Q340K, T393V, Y422F, P4425,
415 N445D, H448G, H468L, V4821
Q28, G4C, ABL, T7Q, ABS, N10T, Q28R, E85V,
A72C, K15GKCGRNK, £183M, P224L, 8311G,
DX3201, D346E, Q349K, T393V, Y422F, P4423,
416 N445D, B445G, H468L, V4821
Q23, G4C, AsL, T7Q, A8S, N1CT, Q28R, EB5YV,
A72C, E183M, P224L, S311G, D320I, D346E,
Q349K, T393V, Y422F, P4425, N445D, RH4486G,
417 P4S4ATAAA, H468BL, V482)

' Q28, G4C, AsL, T7Q, ABS, N10T, G28K, EB5K,
A72C, E183M, 8311G, N318Y, D320l T335i,
D346E, Q849K T393V, Y422F, N445D, R446G,

418 H468Q, V482T
28, G4C, ABL, T7Q, ABS, N10T, Q28K, E85Y,
419 A72C, E183M, D202N, P224L, S311G, T335l,
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D348E, 349K, T393V, Y422F, P4425, N445D,
R446G, H468Q, V482|
QRS, G4C, Asl, T7Q, ABS, N10T, Q28R, ESSM,
A72C, 586T, £183M, S311N, N318Y, T335l,
D346E, Q349K, T393V, Y422F, N445D, R446G,
420 H4e80Q, V482
Q28, GAC, ABL, T7Q, ABS, N10T, Q28R, Eg5M,
A72C, E183M, S311G, N318Y, D346E, Q349K,
T393V, Y422F, P442S, N445D, R448G, H468Q,
421 V482]
Q28, G4C, A6L, T7Q, A8S, N10T, Q28R, E65Y,
A72C, E183M, D202N, P224L, S311G, N318Y,
T3351, D346E, Q349K, T393V, Y422F, P4425,
422 N4450, R446G, H468Q, V4821
Q28, G4C, AsL, T7Q, ABS, N10T, G28R, E65Y,
A72C, E183M, P224L, S311G, N318Y, T335],
D348A, Q3409K, T393V, Y422F, P4425, N445D,
423 R448G, H468L, V482T
Q28, G4C, AbL, T7Q, ABS, N10T, Q28R, E6BV,
AT72C, P224L, 8311D, N318Y, D320N, D346A,
Q340K, T382M, T393l, Y422F, N445D, R446G,
424 H4680;, V482
QzS, G4C, AL, T7Q, A85, N10T, Q28R, E65K,
A72C, S31T1N, N318Y, D346E, Q349K, T393V,
Y422F, (DeletionbeiG439-G444), N445D, R446G,
425 H488Q, V482
Q28, G4C, A6L, T7Q, A8S, N1CT, Q28K, N2gY,
EB5K, A72C, 8311G, T3351, D348E, Q349K,
428 T393V, Y422F, N445D, R446CG, H468Q), V4827
Q28, G4C, AsL, T7Q, ABS, N10T, 5247, T26t,
Q28R, N22Y, G30A, EBEV, ABBT, A72C, E183M,
Q190K, P224L, 83311@G, D3201, D346E, Q349K
T383V, Y422F, P4425, N4450), R446C, H468L,
427 VA2
Q28, G4C, A6l T7Q, ABS, N1QT, S824T, T28|,
Q28R, N29Y, (330A, Y47F, EG5Y, ABBT, A72C,
E183M, Q190K P224L, T228M, G231D, M234T,
S5311G, D320, A3405, D346E, Q348K D390E,
T393V, N445D, R446(5, T448A, R453G, H468L.,
428 P4805, V4821, Y422F, P442S
Q25, G4C, ABL, T7Q, ABS, N10T, Q28R, EB5Y,
A72C, K158KCGRNK, E183M, P224L, S311G,
3201, D345k, Q349K, T393V, Y422F, P4425,
429 N445D, B4458G, T457TAAATT, H488L, V4821
Q28, G4C, ABL, T7Q, ABS, N10T, Q28R, E65V,
AT2C, E183M, P224L, 8311G, D320l D346E,
Q340K, T383V, Y422F, P442S, N445D, R4486G,
430 T457TTAAATT, H468L, V4821
G, G4C, A72C, 586T, D181N, E183K, D202V,
: P224L, 3311G, D320V, D346E, Q349R, T3934,
431 Y422F, P442S, N445D, R448G, H468L
Q1L, G4C, Q28R, EB5V, A72C,
K159CGRNKE183M, P224l., 8311G, D320i,
D348E, Q349K, T393V, Y422F, P4423, N4450,
432 R446G, H4868L, V482l
Q28, G4C, AsL, T7Q, ABS, N10T, 5247, Q28R,
EB5K, A72C, D202N, 8311, T3351, D346E,
Q349K T393l, Y422F, N445D, R446G, H468Q,
433 V4827

434 Q25, G4C, ABL, T7Q, ABS, N10T, Q28R, E6EM,
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A72C, E183K, D202N, P224L, 8311G, D320I,
D346E, Q349K, T393V, Y422F, P4425, N445D,
R446G, H468Q), V482|

Q1L, G4C, Q28K, EB5M, A72C, S86T, E183M,
D202N, P224l., 3311G, D320, T335{, D346E,
Q349K, T393V, Y422F, (8437-P441), N445D,
435 R446G, H468Q, V482T

Q1L, G4C, 524T, T2s6l, Q28R, N29Y, G30A, EB5YV,
A72C, £183M, P224L, S311G, D320I, D3486E,
Q349K, T393V, Y422F, P4425, N4450, R448G,
436 H468L, V482

Q1L, G4C, Q28RK, EB5V, A72C, E183M, P224L,
S311G, D320(, D346E, Q348K, T393V, Y422F,
P4425, N445D, R448G, TA57TAAATT, H468L,
437 V4821

Q1L, G4C, Q28R, E65V, A72C, E183M, P224L,
S311G, D3201, D346k, Q349K, T393V, Y422F,
P4428, N445D, R4468G, P454PVRPQP, H488L,
438 V4821

QiL, G4C, Q28R, E6SV, AT2C, E183M, P224L,
S311G, 03201, D346E, Q348K, T393V, Y422F,
P442S, N445D, R446G, P464THAAA, H468L,
439 V4821

Q1iL, G4C, Q28R, EB5V, A72C, E183M, P224L,
S311G, D3201, D346k, Q349K, T393V, Y422F,
P4428, N445D, R446G, PAS4PATAAA, H488L,
440 V482l

Q1tL, G4C, Q28R, EB5V, A72C, E183M, P224L,
S311G, D3201, D346E, Q349K, T393V, Y422F,
G434GAAATG, P4428, N445D, R448G, H488L,
441 V4821

Q1L G4C, Q28R EBSV A72C, D181N, E183M,
P224L, 3311G, D3201, D348E, Q349K, T393V,
YA422F, P4425, N446D, H446G, H46BL, V4821
Q1iL, G4C, Q28R, B85V, A72C, E183M, P224L,
S311G, D320I, D345E, Q348K, T393V, Y422F,
442 P4425, N445D, R448G, H468L, V4821

Q1l., G4C, G28R, 65V, A72C, G151GCGERSG,
F£183M, PR24L, S311G, D320I, D346k, Q349K,
T393V, Y4225, P4425, N445D, R446G, H468L,
443 V482!

Q1iL, G4C, Q28R, EBSV, AT2C, E183M, P224L,
S311G, D320), 346k, Q349K, T383V, Y422F,
P44258, N445D), R448G, PALAATAAA, HABBL,
444 V4821

QiL, G4C, Q281, EB5K, A72C, S311N, NS‘E 8Y,
: [3346E, Q348K, T383V, Y422F, (DG439-

445 G444)N445D, R446G, H468Q, V482!

Q1L, G4C, S24T, T2sl, G28R, N29Y, G30A, EBLV,
ABS8T, A72C, E183M, Q190K, P224L, S311G,
D3201, D346k, Q349K, T393V, Y422F, P442S
446 , N445D, R4468G, H468L, V482i

Q1L, G4C, 5247, T28l, Q28R, N23Y, GSOA Y4T7F,
EB5V, ABBT, A72C, E183M, Q190K, P224L,
T229M, G231D, M234T, 5311G, D3201, A3~4OS,
D348k, Q349K, D300E, T393V, N445D, R446G,
T448A, R453G, H488L, P48CS, V4821, Y422F,

447 P4425
QiL, G4C, A21T, T26l, Q28R, N29Y, G30A, EE5V,
448 AGBT, A72C, D181N, Q190K, D202N, TZ29M,
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M234T, S311G, D320[, A3408, D346E, Q348K,
D390E, T393V, Y422F, N445D, R44806G, T448A,
H468Q, V482

QiL, G4C, N10D, T27S, Q28R, EB5V, A72C, K92R,
K118Q, D181N, D202N, S238F, 1277V, 83115,
D346E, Q349K, K355Q, T387S, T393V, D404N,
N417Y, Y422F, N445D, R446G, P462L, H488Q,
449 V482l, S4857

Q1L, G4C, A21T, T261, Q28R, G30A, EBLV, AB8T,
A72C, Y155C, D181N, Q190K, D202N, P224L,
T229M, S311N, D3201, D348E, Q349K, T393V,
450 Y422F, N445D, R448G, B453G, H468Q), V482
QiL, G4C, N10B, T278, Q28R, £85V, A72C, K92R,
K118Q, D181N, E183M, D202N, D247N, $311G,
D3201, T3351, D346E, Q348K, T393V, Y422F,

451 N445D, R446G, H468Q, V482T

Q1l., G4C, 7261, Q28R, G30A, E65V, A72C,
Y155C, D181N, D202N, T229M, G231D, 8311G,
T3351, D346k, Q349K, TIA3V, Y422F, N445D,
452 R4468G, T448A, H453G, H468Q, V482T

Q1L, G4C, S24R, T261, Q28H, G30A, E&BV, AT2C,
D181N, E183M, D202N, P224L, S311N, T335l,
D348k, Q349K, D380k, T383V, Y422F, N445D,
453 R446G, H468Q, V482T

Q1L, G4C, N10D, T275, Q28R, E65V, Q69R,
AT2C, D181N, E183M, D202N, S236F, D247N,
277V, S311N, T335l, D346E, Q349K T3875,
T393V, NA17Y, Y422F, T4338, N445D, R446Q,
454 P462L, M468Q, V482!

Q1L, G4C, A21T, QRBR, EBSY, A72C, Y155C,
D181N, B202N, P224L., 83114, N318Y, D346E,
Q349K D3S0E, TA83V, Y422F, N445D, R44606,
455 ‘ T448A, H468G, V4821 :

Q1iL, G4C, T26l, Q28R, N28Y, EEBV, ABBT, A72C,
Y155C, D181N, £E183M, D202N, P224L, M234T,
S311N, N318Y, D346k, Q349K, T393V, Y422F,
458 N445D, R446G, T448A, R453G, H468Q, V482!
Q1L, G4C, AZ1T, T261, Q28R, N29Y, E65Y, ABBT,
AT2C, Y155C, D181N, D202N, P224L, T229M,
M2347, 83116, N318Y, D346E, Q348K, T393V,
457 Y422F, N4450, R446G, R453G, H468Q, V4821
Q1L, G4C, N10D, Q28R, EBBV, A72C, KG2R,
K118Q, D181N, E183M, D202N, P224L, S236F,
D247N, F306L, S311G, D346E, Q349K K355Q,
T393V, D404N, N417Y, Y422F, N445D, R446G,
458 : H4680Q, V4821, S485T

Q1L, G4C, N10D, Q28R, EB5V, A72C, K&2H,
K118Q, D181N, E183M, D202N, S236F, D247N,
S5311G, N3181, T33b1, D346k, Q348K, K355Q,
T393V, Y422F, T4338, N445D, R446G, T451S,
459 G463V, H468Q), V482|

G4C, Q28K, EB5M, A72C, S86T, G151GCGRSG,
E183M, D202N, P224L, S311G, T3351, D348E,
QB49K, T383V, Y422F, P4428, N445D, R4463G,
460 H468L, V482! ‘

G4C, Q28K, EB5M, AT2C, 5867, K159KCGRNK,
E183M, D202N, P224L, S311G, T335!, D346E,
Q349K T393V, Y422F, P4425, N445D, R446G,
461 - H468L, V4821

462 _1 G4C, Q28K, EB5M, A72C, 586T, G151GCGRSG,
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K159KCGRNK, E183M, D202N, P224L, S311G,
T3351, D346k, Q349K, T393V, Y422F, P4425,
N445D, BR446G, H468L, V482]

463

G4C, Q28K, E65M, A72C, 586T, G151GCGRSG,
E183M, D202N, P224L, S311G, T3351, D346E,
Q340K, T383V, Y422F, P4428, N445D, R446G,
T4A57TAAATT, H46BL, V4821

464

G4C, Q28K, E85M, A72C, 886T, K159KCGRNK,
E183M, D2G2N, P224L., 8311G, T3351, D346E,
Q349K T393V, Y422F, P442S, N445D, R446G,
TAS57TTAAATT, H488L, V482!

460

GAC, Q28K, EB85M, A72C, 586T, G151GCGRSG,
E183M, D202N, P224L., S311G, T3351, D346k,
Q349K, T393V, Y4221, G434GAAATG, P442S,
N4450, R446G, TAG7TAAATT, H468L., V482

466

G4C, Q28K, EBSM, AT2C, 386T, K159KCGRNK,
E183M, D202N, P224L, 8311G, T335i, D346E,
Q340K, T393V, Y422F, GA34GAAATG, P442S,
N445D, R448G, T457TAAATT, H468L, V4821

467

G4C, Q28K, E85M, A72C, 886T, G151GCGRSG,
K159KCGRNK, E183M, D202N, P224L, S311G,
T3351, D346E, Q348K, T393V, Y422F,
G434GAAATG, P4425, N4450, R446G, HA88L,
VAB2I, TAS7TTAAATT,

468

Q1L, G4C, Q28K £65V, A72C, D1B1N, E183M,
D202N, P224L., 8311@G, T335¢, D346E, Q349K
T393V, Y422F, P4423, N445D, R446G, H468Q,
V482

469

Q1L, G4C, Q28K, EB5V, A72C, 888T, D181N,
E183K, S182L, D202V, 8311G, D320L, D348V,
Q349R, T383A, Y422F, P442S5, N445D, R446G,
H468Q, V482] '

470

Q1L, G4C, Q28R, EB5V, A72C, 586T, D181N,
D202N, P224L, 8311N, N318Y, D320, D348A,
Q348K, T383V, Y422F, N445D, R446G, H468L,
V482T

471

Q1L G4G, A21T, 7261, Q28R, G30A, EB5Y, AGBT,
AT2C, D181N, 183M, D202N, T228M, 83116,
A3405, D346E, Q349K, T393V, Y422F, N445D,
R448G, H468Q, V482T

11.The polypeptide according to one or more of the preceding - claims, which is

expressed and secreted at a level of more than 100 mg/l, more preferably of

more than 200 mg/l, particularly preferably of mare than 500 mg/l, and most

preferably of more than 1 g/l into the supernatant after introduction of a nucleic

acid encoding a polypeptide having an aminoc acid sequence with at least 85%
sequence identity to the SEQ [D NO: 2 into a yeast.

12. A nucleic acid encoding the polypeptide of one or more of claims 5 to

preferably having at ieast 95% identity to SEQ 1D NO: 1.

13. A vector comprising the nucieic acid of claim 12.
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14. A host cell transformed with a vector of claim 13.

15. The host cell of claim 14, wherein the host cell is derived from the group consisting
of Saccharomyces, Schizosaccharomyces, Kluyveromyces, Pichia, Pichia,
Hansenula, Aspergilius, Trichoderma, Penicillium, Chrysosporium,
Chaetomium, Acremonium, Candida and Yarrowina.

16. The host cell of claim 14 or 15, wherein the host cell is capabie of producing
ethanol, preferably a yeast derived from the group of host cells comprising

Saccharomyces cerevisiae, Pichia stipitis, Fachysofen tannophilus.

17. The host cell of any one of claims 14 to 15, wherein the host cell is a methylotrophic
yeast, preferably derived from the group of host celis comprising Pichia
methanolica, Pichia pastoris, Pichia angusta, Hansenula polyrmorpha.

18. The host cell of any one of claims 14 to 15, wherein the host cell is a filamentous
fungi, preferably selected from the of host cells comprising members of the
genus Trichoderma, Aspergillus, Chaetormnium, Chrysosporium Penicillium or
Acremonium, more preferable being selected from one of the species
Trichoderma sp., Trichoderma reesef, Trichoderma longibrachiatum, Aspergilius
niger, Aspergillus oryzae, Chaetomfifm thermophilum or Chrysosporium
fucknowense '

19. A method of producing a celiobiohydrolase protein according fo any one of claims 1
to 11, comprising the steps:
d. obtaining a host cell, which has been transformed with a vector comprising the
nucleic acid as defined in claim 12;
e. cultivation of the host cell under conditions under which the cellobichydrolase
protein is expressed; and '
f.  recovery of the celiobichydrolase p'ro’{ein.'

20. Method for identifying polypeptides having celiobichydrolase activity according to
any one of claims 1 to 11, comprising the steps of:
h. Generating a library of mutant genes encoding mutant proteins by muiagenesis of
a nucleic acid having the sequence defined by SEQ 1D NO; 6 {encoding SEQ ID
NO: 5) or a nucleic acid according to claim 12 , preferably having the sequence
defined by SEQ ID NO: 1;
i. Inserting each mutant gene into an expression vecior;
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j. Transforming yeast cells with each expression vector to provide a library of yeast
fransformants;

k. Cultivation of each yeast transformant under conditions under which the mutant
protein is expressed and secreted;

[.  Incubating the expressed mutant protein with a substrate;

m. Determining the catalytic activity of the mutant protein;

n. Setecting a mutant protein according to the determined catalytic activity.

21.The method of claim 19, wherein a library of mutant genes encoding mutant
proteins by mutagenesis of a nucleic acid a nucleic acid according to claim 12 is
generated, and wherein steps e. {o g. are performed as follows:
e. Incubating the expressed mutant protein with cellulosic material;
f. Determining the amount of released sugar;
g. Selecting a mutant protein according 1o the amount of released sugar.

22. The method of claim 20 or 21, comprising the additional steps of:
h. Sequencing the selected mutant gene or protein;
i. lidentifying the amino acid modification(s) by comparing the sequence of the
selected mutant protein with the amino acid sequence of SEQ ID NO: 2,

23. Method of preparing a polypeptide having cellobiohydrolase activity, comprising
the steps: '

a. Providing a polypeptide having cellobiohydrolase activity comprising an amino
sequence having at least 68 % sequence identity to the catalytic domain of SEQ
ID NO: 2 (SEQ ID NO: 5);

b. ldentifying the amino acids of this polypeptide which correspond to the amino
acids which are modified with respect to the amino acid sequence of
SEQ ID NO: 2, as identified in step 1. of claim 22; and

c. Preparing a mutant polypeptide of the polypeptide provided in step a. by carrying
out the amino acid modification(s) identified in step b. through site-directed
mutagenesis.

24. The method according to claim 23, wherein the polypeptide provided in step a. is a
wild type cellobiohydrolase derived from Trichoderma reesei.

25. Polypeptide having cellobiohydrolase activity, obtainable by the method of claim 23
or 24.
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26. The polypeptide according to claim 1, wherein one or more of the following amino

Position
Q1
Q2
G4
AB
T7
A8
N10
P12
T15
A2
G523
8524
T26
T27
Q28
N29
G30
A31
V32
N37
W40
V4
546
Y47
T48
N49
C50
T52
N54
D57
T59
Y60
D64
EB5
ABE
Q69
A72
V84
586
S89
590
Kaz2
589
Q109
0110
D111
1116
F117
K118

acid residues of the sequence defined by SEQ ID NO: 5 are modified as

indicated in the following table:
Preferred

P.S

ZELZLOworunrnm-nwnoonr
Tt

<<
=
PN

AR
oy

V.KE

ATQ

More Preferred
L

P.S

cC

G,LV

Q

S

T.D

S,T,C
T,CN
I,N

S,Q
LK.RN

SF

VMK
T

K.R
V,C

ATQ

143

Most
Preferred

oromnr

AW
o

K.R

V.MK
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L119 LI
L120 P.M
D129 N
V130 l
G139 3
A145 T
M146 C
G151 GCGRSG
V152 AE
K154 R
Y155 S,CH
N157 S
N158 D
K159 E, KCGRNK
K163 C
G167 C
Q172 Q
F179 |
1180 N
D181 N
E183 VMK
E187 K
G188 C
Q190 LK
S192 LLP,T,M
3193 LPT
N194 G,L,1V,S,C.K.RD,Q,Y
1200 N,F
D202 G,I,V,N,F,Y
H203 R
D211 G
V212 L
A221 Y
P224 L
D228 N
T229 A,S.M
G231 D
T233 S
M234 LLV,T.K
3236 FY

G,ALLV,P,S.CMR.D,QFY,

To43 W
Y244 H,F
5245 T
N246 S,K,D
D247 N
G251 R
F260 C
G266 S
K275 E
1276 vV
1277 Y
T280 A
L290 H
D293 R,H
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GCGRSG

S,CH

KCGRNK

V.MK

LK

LLPT.M
G.LILV.S,CKRDQY

GLV NFY
R

L

ASM
D

LLV,TK

FY
G,ALLV.P.5CMRDQFY,
W
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G294
T295
T297
T299
5301
K304
k306
N310
S311
V313
314
N318
D320
1321
1325
N327
T335
A340
F341
D343
1344
D345
D346
Q349
H350
A354
K355
A358
Qset
Q362
(G363
M364
V367
D373
Y374
A375
A376
P386
1387
D380
T392
T383
P3g4
T400
P402
T403
D404
D410
N417
5418
T421
Y422

TTEUCDOSZO®
-‘Om(
Z

<T

AOMZPOO "~ <P»=Z
Z<

I r
=
m

OIMO <
&
T

MmX» o
wn

AP.S,CRHD
G,LV.T,CMR,D.ENQY

MTO<<GZXOWOO
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APSCRHD
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27. The polypeptide according to claim 26, wherein the polypeptide has an amino acid

sequence selected from the list of the following mutations of SEQ 1D NO: 5:

Consecutive

Number Mutants with respect to Seq. I3 NO:5

1 GAC, A72C, Q348K

2 G4C, A72C, T344M, Q349K

3 G4C, A72C, T344M, D346G, Q349R

4 GAC, A72C, D320V, Q349K

5 GAC, A72C, P224L, F308Y, Q349R

6 G4C, A72C

7 A72V, D346A, T388A

8 GAC, A72C, Q345R

9 G4C, W40R, A72C, T344M, Q349K

10 A72V, D320V, D346A

11 GA4AC, A72C, N194Y, T243L, Q349R, Y3745, A375R
12 G4C, EBSY, A72C, Y244H, Q349R

13 G4C, A72C, D202G, D320N, Q349R, A358E

14 GA4C, A72C, D320V, Q3481

15 G4C, A72C, Q349K, S88T

18 AT2V, T3351, D346A, T393A

17 GAC, AT2C, E183V, K304R, Q348K

18 G4C, A72C, T243G, Q349R, Y374P, A375M

19 G4C, A72C, N194V, T243M, Q348R, Y3744, AR75T
20 GAC, DB4AN, A72C, Q349R, A358E

21 G4C, A72C, Q349K, Q28R, 8193T

22 GAC, A72C, E183K, Q348K

23 G4C, A72C, S311N, Q349K

24 G4C, A72C, N194K, Q349R, Y374P, A375Q

25 G4C, A72C, D181N, Q348K

26 W40R, D320V, Q349K, T393A

27 WA0R, T3354, D346A, T393A

28 Q1L, G4C, A72C, D181N, E183K, N327Y, Q349R
29 A72C, T3351, Q349R

30 G4C, A72C, N194K, T243P, Q349R, Y374H, AS75E
31 GAC, A72V, Q349R, P462de!
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32 G4C, A72C, $236Y, Q349R
33 G4C, A72C, S311G, Q349K
34 A72V, D320V, T335!, D346A, T393A
35 G4C, A72C, S86T, M234V, Q349K
Q1L, G4C, Q28R, EB5V, A72C, K159KCGRNK, D181N,
E183M, P224L, $311G, D320L, D346E, Q349K, T393V,
36 Y420F
37 G4C, A72C, G251R, Q349R
38 G4C, A72C, Q349K, D320V
39 G4C, A72C, E183K, Q349R
40 Q1L, G4C, A72C, H203R, Q349K
41 G4C, W4OR, A72C, Q349K
42 G4C, A72C, Q349R, V367A
Q1L, G4C, ABV, C50S, A72C, 180N, D181N, E183K,
43 Q349R
44 GAC, A72C, $311G, D320V, Q349K
45 Q1L, G4C, A72C, D181N, E183K, T243S, Q349R, P386S
46 Q1lL, G4C, A72C, K154R, Q349K, T393|
47 GAC, A72C, N194G, T243F, Q349R, Y374P, A375R
48 A72V, D320V, D346A, T393A
49 | A72C, Q349K
50 | G4C, A72C, E183V, Q349K
51 G4C, A72C, E183K, N318Y, Q349K
52 W40R, A221V
53 GAC, A72C, K92R, Q349K
54 Q1L, G4C, A72C, S90T, D181N, E183K, Q349R
55 GAC, A72C, Q349R, Y422F
56 G4C, T4BA, A72C, Q349R
57 E187K, D320V
58 G4C, 524N, E65K, A72C, Q349R
59 Q1L, G4C, A72C, $193P, Q349K
60 Q1L G4C, A72C, delV152-K159, D181N, E183K, Q349R
61 Q1L, G4C, A72C, Q349K
62 Q1L, G4C, A72C, D181N, E183K, M234L, V313l, Q3498
63 Q1L, G4C, A72C, Di81N, E183K, 200N, Q349R
64 GAC, A72C, N194K, T243Y, Q349R, A375N
65 Q1L, GAC, Q28R, A72C, Q349K
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66 GAC, EB5V, A72C, Q349R
67 D320V, Q349K
68 Q1L, G4C, A72C, S311G, QR49K
69 GA4C, A72C, T243Q, Q349R, Y374P, A375M
70 Q1L, G4C, A72C, D320V, Q349R
71 Q1L, G4C, T158, A72C, Y244F, Q349K
72 G4C, A72C, E183K, D346E, Q349R
73 Q1L, G4C, A72C, Q349K, T392M
74 G4C, A72C, D202N, S311N, Q349R
75 GA4C, A72C, N194D, T243A, Q349R, Y374P, A375Y
76 GAC, A72C, N194Y, T243V, Q349R, Y374P
77 Q1L, G4C, A72C, Q349R
GAC, Q28R, E65K, A72C, S86T, D202N, H203R, S311N,
78 D3201, A340G, D346A, Q349K, T393A, Y422F
79 G4C, A72C, D202N, Q349R
80 G4C, A72C, P224L, Q349R
81 Q1L, G4C, A72C, D181N, E183K, T229M, A340T, Q3498
82 Q1L, G4C, A72C, D181N, Q3498
83 GAC, A72C, D320V, D346V, Q349K
84 Q1L, G4C, A72C, V1524, Q349K
85 Q1L, GAC, A72C, Q349K, Y422F
86 GAC, A72C, D202V, D320V, Q349K
87 Qi G4C, A72C, Y1555, D181N, E183K, Q349R
88 Q1L, G4AC, A72C, D181N, D247N, Q349K
89 Q1L, G4C, AB8T, A72C, Q349K
90 Q1L, G4C, DB4N, A72C, Q349K
a1 134G, A72C, D181N, P224L, Q349K
92 : GA4C, A72C, N1941, T243Y, QB49R, Y374P, A375R
93 QiL, G4C, A72C, E183K, G349R
94 GAC, A72C, S311G, Q3498
95 Q1L, G4C, A72C, S311N, Q349K
96 Q1iL, G4C, A72C, S86T, Q349R
97 Q1L, G4C, A72C, D181N, £183K, G231D, Q349R
98 Q1L, GAC, A72C, S89IN, D181N, E183K, Q349R
99 QiL, G4C, EB5K, A72C, Q349K
Q1L, Q2P, GAC, W40R, E85M, A72C, 886T, S182L,
100 D202N, H203R, $311D, D320, T3351, D346G, Q340K,

148



WO 2011/098551 PCT/EP2011/052023

T392M, Y422F
Q1L, G4C, 524T, Tesl, Q28R, N29Y, G30A, E65V, ABST,
A72C, Y155C, D181N, E183M, Q190K, P224L, S311G,

101 D3201, D346E, Q349K, T393V, Y422F
102 G4C, A72C, E183K, D202Y, N310D, Q3491
103 G4C, A72C, N1984|, T243D, Q349R, Y374P, A375Y
104 Q1tl, G4C, A72C, D181N, E183K, Q340K
G4C, Q28R, A72C, S86T, E183K, P224L, S311N, N318Y,
105 T3351, D346G, Q3489R, 7303l
106 Q1L, G4C, A72C, D181N, Q349K
107 Q1L, G4C, A72C, D181N, E183K, T243i, N246D, Q349R

Q1L, G4C, G23N, A72C, D110G, 1118V, L1181, D181N,
E183K, D211G, D293R, N310D, Q348R, Q362R, G363P,
108 M3845

Q1iL, G4C, Q28R, EBSY, ABBT, A72C, Y155C, D181N,
E183M, P224L, S311G, D3201, D346k, 349K, T393V,
108 Y4z2F

110 Q1L, GAC, A72C, 5867, D181N, E183K, Q348R, T3938
Q1iL, G4C, G23N, A72C, V84A, D110G, D111H, 1116E,
F117Y, K118A, D181N, E183K, D293R, T2255, Q349R,

111 MaB4L
112 Q1L, G4C, A72C, A145T, H203R, Q349K, T403K
113 QiL, G4C, A72C, D181N, E183K, M234], Q349R
114 QiL, G4C, A72C, D181N, E183K, T297N, Q349R
G4C, Q28R, EB5M, A72C, S88T, E183K, 1921, H203R,
115 S311N, D346E, Q349K, T392M, T3G3A, Y422F
116 Q1L, G4C, A72C, D202N, Q349K
117 Q1iL, G4C, A72C, S99T, D181N, £183K, Q349R
118 QiL, G4C, A72C, 1200F, Q349K
119 QiL, G4C, A31S, A72C, D181N, E183K, Q349R
120 QiL, G4C, Q28L, A72C, D181N, E183K, Q3498
121 Qil, G4C, A72C, D181N, E183K, T233S, Q349R
122 Q1L, GAC, A21T, A72C, D181N, E183K, Q349R
123 Q1L, G4C, A72C, D348Y, Q349K
124 | Q1L, G4C, Y47F, A72C, D181N, E183K, Q349R
125 Q1L, GAC, A72C, D181N, E183K, M234T, Q349R
126 Q1L, G4C, A72C, N157S, D181N, E183K, Q349R
127 G4C, A72C, N194Q, T243V, Q349R, Y374P, A375Y
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128 Q1L, G4C, A72C, D181N, E183K, 1314F, Q349R
128 Q1L, G4C, A72C, Q349K, T382K
130 Q1L, G4C, A72C, D181N, E183K, M234V, Q348R
131 Q1L, G4C, A218, A72C, D181N, E183K, Q349R
Q1L, G4C, Q28R, E85V, A72C, D181N, E183V, D228N,
132 S311N, N318Y, D346k, Q349R, Y422F
133 (G4C, A72C, N124C, Q349R, Y374C
134 Q1L, G4C, A72C, D181N, E183K, Q349R, T400S8
135 Q1L, G4C, 7261, A72C, D181N, E183K, (3348R
136 Q1l, G4C, A72C, D181N, E183K, N310D, Q349R, T3925
Q1L, G4C, A72C, D128N, D1B81N, E183K, Q190L,
137 G266S, 1278V, Q349R, P38sL
138 Q1L, G4C, A72C, D181N, E183K, D202N, Q349R
139 Q1L, G4C, A72C, Y155C, Di81N, E183K, Q348R
Q1L, G4C, Q28R, E65V, A72C, D181N, E183M, P224L,
140 $311G, D3201, D346E, Q349K, T393V, Y422F
141 Q1L, G4C, A72C, D181N, E183K, N246K, Q349R

G4C, W40R, EBSV, A72C, S86T, D181N, £183K, D202,
H203R, S3110, D320N, D346V, Q340R, T392M, T383A,

142 Y422k
143 Q1L, G4C, A72C, Y155C, Q348K
144 Q1L, G4C, Ag8T, A72C, D181N, E183K, Q349R

Qik, G4C, 524T, T26i, Q28R, N29Y, G30A, Y47F, B85V,
AGBT, A72C, Y155C, D181N, E183M, Q190K, P224L.,
T220M, G231D, M234T, 8311G, D320, A340S, D346E,
145 Q348K D390E, T393V, Y422F

Q1L, G4C, WA0OR, £65M, A72C, S8BT, 31921, D202N,
H2G3R, 83110, D3201, T335l, D346G, (349K, T392M,

1486 Y422F

147 Q1L, G4C, A72C, 586T, D181N, E183K, D320V, Q349R
G4C, Q28K, A72C, 5867, E183M, D202N, P224L.,

148 5311G, N318Y, D320N, D346A, Q349R, T392M, 7393l

Q1L, Q2P, G4C, Q28R, W40R, ES5K, A72C, D181N,
S192L, B2021, H203R, P224L, 33113, D3201, D343A,

1489 D346A, Q349K

Q1L, G4C, Q28R, E&5K, A72C, E183M, D202, P224L,
150 D320N, D346V, Q349K, T392M, T383V, Y422F
151 Q1L, G4C, Q28R, E65V, A72C, 886T, E183K, D202V,
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S311G, N318Y, D3201, D346G, Q349K, T383V, Y422F
Q1L, G4C, W40R, E65M, A72C, D181N, E183K, 5192P,
D202N, P224L, 5311D, N318Y, D320V, D3460G, (342K,

152 T392M
Q1L, G4C, EB5V, A72C, D181N, E183K, P224L, 5311G,
153 D320N, D346G, Q349R, T392M, T393l

Q1L, G4C, Q28R, 65V, A72C, G151GCGRSG, D181N,
E183M, P224|., $311G, D3201, D346E, Q349K, T393VY,
154 Y422F

Q1iL, G4C, E6BM, A72C, D181N, E183M, D202Y, P224L,
S5311D, N318Y, D320, T335l, D346A, Q349K, T392M,
155 T393i

Q1iL, G4C, G23A, A72C, D1105, D111H, 1118V, F117Y,
K118A, L120M, D181N, E183K, D293H, G294A, N310E,
156 Q349R, Q3623, M3645

157 Q1L, G4C, A72C, D181N, E183K, Q349R, T421|

G4C, Q28K, E65M, A72C, S86T, V1524, D181N, E183V,
51921, D202N, S311N, D320N, D346k, Q349R, T387A,
158 T382M, T3893l, Y422F

Qil, G4C, W4CR, E65V, A72C, S86T, E183V, G188C,
S5192T, D202Y, H203R, P224L., 8311N, D320V, D348k,

159 QB48K, T383V, Y422F
Q1L, G4C, EB6BM, A72C, 5867, E183M, D202N, P224L,
160 T3351, D348G, Q349K, T392M, T383A

Q1iL, G4AC, Q28R, E85V, A72C, D181N, £E183M, P224L,
S311G, D3201, A3408, D348E, Q349K, D338CE, T393V,

161 Y420F
162 (4G, WAOR, A72C

Q1L, G4C, W4OR, EB5K, A72C, S86T, E183K, S192L,
163 D202Y, P224L, D320I, D346E, Q349R

Q1L, G4C, A21T, T26l, Q28R, EBBV, A88T, A72C,
Y155C, D181N, E183M, Q180K, D202N, P224L, S311G,
164 N318Y, D3201, D346E, Q348K, T393V, Y422F

Q1L, G4C, Q28R, E65V, A72C, 586T, D181N, D202N,
P224l, S311G, N318Y, D320I, T335!, D348E, Q349K
165 T393V, Y422F _

Q1l, G4C, Q28R, £65V, A72C, E183M, S311G, D346E,
166 QR49K, T393V, Y422F
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QiL, G4C, T7Q, ABS, N10T, 824T, T27Q, Q28R, N29T,
V41T, G468, Y478, T52D, D578, D64N, EB5V, QB9K,
A72C, D181N, P224L, 8311D, N318Y, D320N, D346A,

167 QB349K, T392M, T393l, Y422F
Q1L, G4C, Q28R, E&5V, A72C, K159KCGRNK, E183M,
168 F224L, 311G, D320|, D346E, Q349K, T323V, Y422F

Q1L, GAC, Q28K, W4DR, £65V, A72C, D181N, E183V,
S192P, D202V, H203R, S311G, D320N, D346k, Q3409K,

169 T392M, T393A, Y422F
Q1L, G4C, Q28R, 65V, A72C, G1398, D181N, E183M,
170 P224L, 5311G, D320I, D346E, Q349K, T383V, Y422F

QiL, G4C, Q28R, B85V, A72C, S86T, D181N, E183M,
D202N, P224L, 8311G, N318Y, 13351, D346E, Q349K,

171 1393V, Y422F

Q1tL, G4C, Q28R, EBBK, A72C, D181N, S311N, N318Y,
172 D346Ek, Q349K, T383Y, Y422F

Q1L, G4C, W40R, A72C, 51921, D202N, H203R, P224L,
173 S311N, D320[, T3351, D348V, Q349R, T393!

Q1L, G4C, Q28K E68K, A72C, E183M, D202N, P224L,
174 72205, 8311G, D320l, T335], D346V, Q349R, T393V

Q1L., G4C, Q28R, G30A, E65M, A72C, D181N, D202N,
P224L., 53110, N318Y, D346E, Q349K, T382M, 7383V,

175 Y422F

QiL, G4C, Q28R, EBBV, AT2C, S68T, E183M, S311N,
176 T3351, D346E, Q348K T393V, Y422F

Q1L, G4C, G28K, EGSK, A72C, D181N, D202N, S311N,
177 N318Y, T335l, D346E, Q349K, T393V, Y422F
i78 T243C, A375C, N194C, Y374C

Q1L, G4C, Q28K, EB5K, A72C, S86T, E183M, S311G,
179 ' D348V, Q348R, T392M, T383V, Y422F

Q1iL, G4C, Q28R, EebY, A72C, D181N, E183M, 83113,
180 D346E, Q349K T323V, Y422F

Q1L, G4AC, QR8R, 65V, A72C, 5867, D181N, D202N,
S311N, N318Y, D320, T335!, D346k, Q349K, Ta93l,

181 Y422F

Q1L, G4C, Q28R, E65K, A72C, S86T, E183K, D202N,
182 P224i., 83115, T335!, D346A, Q349K, T393V, Y422F
183 Q1L, G4C, Q28R, E65V, A72C, L120P, D181N, E183M,
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P224L, S311G, D320, D346E, Q349K, T3a3V, Y422F
Q1L, G4C, Q28K, EB5V, A72C, S86T, E183M, S311N,

184 N318H, D320V, D346V, Q349K, T392M, T393A

Q1L, G4C, Q28K, EB5Y, A72C, D202N, H203R, S311§,
185 73351, D346V, Q349K, T393A

Q1L, G4C, Q28R, E85V, A72C, E183M, 8311G, D3201,
186 D346E, Q349K, T303V, Y422F

QtL, G4AC, Q28RK, E6BK, A72C, D181N, D202N, H203R,
187 P224L, S311D, D348G, Q349K

Q1iL, G4C, Q28R, E65M, A72C, D181N, E183M, 8311G,
N318Y, DB20[, 73351, D346k, Q349K, D39CE, T393V,
188 Y422F

Q1L, G4C, T275, Q28H, EBSY, Q68R, A72C, L120P,
D181N, E183M, D202N, D247N, S311G, D348k, Q348K

189 K355Q), T387S, T303V, Y422F

Q1iL, G4C, Q28R, E65K, A72C, E183V, 819827, D202N,
180 S5311G, D320V, D348A, Q348K

Qit, G4C, WACR, E65V, A72C, S86T, E183M, D202N,
191 P224L, S311G, D320V, D346k, (349K, T393!

QtL, G4C, Q28N, EBBK, A72C, D181N, E183M, D202N,
192 H203R, 5311G, N318Y, D320N, Q349R, T393V, Y422F

Q1L, G4C, Q28R, V41T, G468, Y473, TH2D, £65Y,
A72C, D181N, P224L, 5311D, N318Y, D320N, 346A,

193 Q349K, T392M, T3831, Y422F
Q1L, G4C, Q28R, £65K, A72C, D181N, E183M, P224L,
194 5311G, D320I1, D346E, Q349K, T383V, Y422F

Q1il., G4C, Q28R, W40R, A72C, 588T, D181N, 5192T,
D202N, P224L., 8311, N318Y, D32CV, D346E, Q349K,
195 T382M, T3831

QiL, G4C, A21T, T26l, Q28R, G30A, EGSY, ABST, A72C,
Y155C, D181N, G190, D202N, P224L, T229M, 531143,
196 N318Y, D320F, T335[, D346k, Q349K, T393V, Y422F
Q1L G4C, Q28K, W40R, A72C, 5867, D181N, E183M,
51921, D202Y, T2998, 8311N, N318Y, D3201, D348V,
167 Q349R, T393!

Q1L, G4C, Q28R, Ee5V, A72C, D181N, E183M, P224L,
T229M, G231D, M234T, 8311G, D320, D346E, Q349K,
198 T393V, Y422F
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Q1L, G4C, S24T, T261, Q28R, N29Y, G30A, EGSY, AGBT,
A72C, Y155C, D181N, E183M, Q190K, P224L, T229M,
G2310, M234T, 85311G, D3201, A340S5, D346E, Q349K,

199 D390E, T393V, Y422F
Q1L, G4C, Q28R, ES5K, A72C, E183M, P224L, S311G,
200 D346k, Q349K, T393V, Y422F

Q1L, G4C, Q28R, EasdV, A72C, 5867, D181N, E183M,
D2C2N, P224L, S311G, N318Y, D3486E, 349K, T393V,
201 YA422F

Q1L, G4C, Q28R, W40R, £65VY, A72C, 886T, S192T,
D202V, H203R, S311N, N318Y, D348A, Q349K, T3g2M,

202 T393A, Y422F

Q1L, G4C, Q28K, EBGEK, A72C, D181N, H203R, P224L,
203 S311G, D320V, D346G, Q349K, T382M, T3931

Q1L, G4C, Q28R, E6SK, A72C, E183M, S311G, D346E,
204 QB49K, T393V, Y422F

Q1iL, G4C, Q28R, E65M, A72C, D181TN, E183M, S311G,
205 N318Y, D346E&, Q340K, T383V, Y422F

Q1L, G4C, Q28R, EBSY, A72C, E183K, D202|, P224L,
206 S311G, D320, 349K, T383V

Q1L, G4C, Q28K, A72C, S86T, D181N, E183V, S192T,
D202N, P224L, 8311G, N318Y, D320V, D346G, Q349R,
207 T382M, Y422F

G4C, Q28R, EBBK, A72C, 586T, D181N, E183M, 8192L,
D202N, H203R, P224L, 83110, D346k, Q349R, T392M,
208 T393A, Y422F

Q1L, G4C, W40R, EB5K, A72C, Q108R, D181N, E183M,
S1921, D2021, H203R, S245T, D346A, Q349R, T393A,

209 Y422F
Q1L G4C, G28K, E6sM, A72C, D181N, D202N, S311N,
210 T335!1, D346k, Q349K, T3831, Y422F

QiL, G4C, N10D, Q28R, Eg5V, Q69R, A72C, 81N,
E183M, P224L S8311G, D320i, D348E, Q349R, 7393V,
211 N417Y, Y422F ‘

Q1L, G4C, Q28R, W40R, E&5V, A72C, D202Y, H203R,
P224L, T2991, N318Y, D320V, D346A, Q349K, T392M,
212 T393A

213 G4C, Q28R, E85Y, A72C, E183M, D202N, P224L,
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5311G, N318Y, D320V, D346G, Q349K, T392M, Y422F
Q1tL, G4C, Q28K, A72C, 586T, E183K, S311G, D320V,

214 D346A, Q349R, T392M, T3931, Y422F

Q1L, G4C, Q28R, EB5M, A72C, D181N, P224L, S311N,
215 D320N, T3351, D346E, Q349K, T392M, Y422F

Q1L, G4C, Q28K, E65V, A72C, D181N, D2C2N, S311G,
216 T335l, D346E, Q349K, T333V, Y422F

Q1L, G4C, Q28R, E65K, A72C, D181N, E183M, S311N,
217 N318Y, T335l, D346E, Q349K, T393V, Y422F

Q1L, G4C, Q28R, EBSK, A72C, E183M, S311G, D320I,
218 D346E, Q349K, 7393V, Y422F

Q1L, G4C, Q28R, E65V, A72C, D181N, E183M, 83113,
219 D320l, D346E, 349K, T393V, Y422F

Q1L, G4C, W40R, EB5V, A72C, 5867, D181N, S192T,
D202N, H203R, P224L, S311G, N318Y, T335al, D346G,

220 Q349K T392M, T393V, Y422F
Q1il, G4C, Q28R, E65K, A72C, £183M, 8311N, D3201,
221 D346E, Q349K, T383l, Y422F

Q1L, G4C, T7Q, A8S, N10T, Q28R, D57S, DE4N, E65YV,
Q69K, A72C, D181TN, P224L, S311D, N318Y, D320N,

222 D346A, Q349K, T382M, T3931, Y422F |
Q1L, G4C, Q28R, EB5M, A72C, S86T, D181N, E183M,
223 D202N, P224L, S311G, D346A, Q3409K, T393l, Y422F

Q1L, G4C, N10D, Q28R, E65Y, Q68R, A72C, K92R,
K118Q, D181N, E183M, D202N, T280A, S311G, T335l,

224 D346E, Q349K, K355Q, T3875, T353V, D404N, Y422F
Q1iL, G4C, Q28R, EG5M, A72C, E183M, D202N, S311G,
225 D3201, T335l, D348k, Q348K T393}, Y422F
Q1L, G4C, Q28K, EBSK, A72C, D181N, E183M, D202N,
226 53110, D320V, T335l, D346G, Q349K, T3g3l, Y422F
Q1L, G4C. Q28K, EG5K, A72C, S86T, P224L, S311N,
227 D3201, T335[, D346E, Q349K, T393V, Y422F

Qil., G4C, QR8R, E65Y, A72C, 586T, D181N, E183M,
D202N, P2241, S311N, D320!, D346E, Q349K, T393V,

228 Y422F

GA4C, EBBK, A72C, 586T, £E183M, D202, P224L, S311N,
229 N318Y, D320N, T335l, D346V, G349R, T393V, Y422F
230 Q1L, G4C, Q28R, EB5K, A72C, D202N, S311N, T335l,
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D346k, 349K, T393l, Y422F

231 QiL, G4C, B85V, A72C, D181N, E183K, D202G, Q349R
QiL, G4C, Q28R, EBSK, A72C, E183M, P224L, S311G,
232 D3201, D346E, (349K, T393V, Y4221
Q1iL, G4C, Q28R, EB5V, A72C, D181N, £183M, P224L.,
233 F306L, S311G, D3201, D346E, Q349K, T393V, Y422F
QiL, G4AC, Q28R, E85V, A72C, S86T, D202N, P224L,
234 S311G, N318Y, 3201, D346A, Q349K, T393I, Y422F

Q1L, G4C, Q28K, EBBK, A72C, D181N, £183K, 5192P,
P224L, S311G, N318Y, D320V, D346k, Q346R, T392M,

235 T3931, Y422F

Q1L, G4C, Q28K, E65M, A72C, SBET, E183M, M203R,
236 53110, D320V, T3351, D346k, 349R, T393A

QiL, G4C, Q28R, A72C, D181N, E183V, b2021, H203R,
237 P224l, S311D, D320V, D346V, Q349R, T392M, T393!

Q1L, G4C, Q28K, W40R, EG5K, A72C, 586T, D181N,
E183K, 81821, D2021, H203R, 8311N, 320N, D348V,
238 (349K, T392M, T393A, Y422F

GAC, E65V, A72C, S86T, Y155H, D181N, E183V, Q190K,
P224L, 311N, D320V, D346V, Q349K, T392M, T303V,
239 Y422F

Q1L, G4C, Q28R, EGEM, AT2C, 86T, E183M, D202N,
S311D, N318Y, D320N, T335i, D346A, Q349R, T392M,

240 T383l, Y4z2F

QiL, G4C, Q28R, £65V, A72C, D181N, E183M, S311N,
241 N318Y, D3201, T335], D346k, Q343K, T393V, Y422F

Q1iL, G4C, Q28R, EB5K, A72C, SB6T, D181N, D202N,
242 S311G, DB46E, Q349K, T393!, Y422F

Q1L, G4C, Q28R, EG5K, A72C, D181N, D202N, S311N,
243 N318Y, D320I, D346E, Q349K, T3831, Y422F

Q1L, G4C, T7Q, A8S, N10T, 5247, T27Q, Q28R, N29T,
D578, DB4N, E65V, QB9K, A72C, D181N, P224L, 83110,

244 N318Y, D320N, D346A, Q349K, T382M, T3931, Y422F
Q1L, G4C, (28R, EB5K, A72C, 5867, D202N, 83116,
245 N318Y, 03201, D348A, 349K, T3931, Y422F
Q1l., G4C, Q28R, A72C, D181N, 8311G, N318Y, D320V,
246 [3346%, (349K, T393], Y422F
247 QiL, G4C, Q28R, E65K, A72C, D181N, E183M, S311G,
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D3201, D346E, Q349K, T393V, Y422F
Q1L, GAC, (28R, £65K, A72C, D181N, E183M, S311G,

248 D346E, Q349K T383V, Yd22F

Q1lL., G4C, Q28R, E65V, A72C, E183M, D202N, S311N,
249 D3201, D346E, 348K, T393V, Y422F

Q1L, G4C, Q28R, E65K, A72C, E183M, S311G, T334,
250 D346E, Q349K, T393V, Y422F

Q1L, G4C, Q28R, EB5Y, A72C, 586T, D181N, D202N,
251 S311N, N318Y, 73351, DI46E, Q349K, T393V, Y422F

Q1L, GAC, E65M, A72C, S86T, E183K, D202Y, S311G,
252 D320N, T3351, D346A, Q349K, T393V, Y422F

Q1L, G4C, Q28R, EB5V, A72C, S86T, E183M, D202N,
P224L, S311N, D320l, T3351, A340S, D346A, 349K,
253 T393V, Y422F

Qil., G4C, Q28K, EBSK, A72C, S86T, D181N, E183M,
H203R, P224L, S311D, D3201, D346E, Q349R, T392M,

254 Y422F

Q1L, G4C, Q28K, B85V, A72C, S86T, D181N, E183M,
255 P224L, 83116, D320, B346E, QB49K, T393V, Y422F

Q1L, G4AC, Q28K, N29Y, E65K, A72C, D181N, S311G,
256 T3351, B346E, Q340K, T383V, Y422F

Q1L, G4C, Q28K, £65M, A72C, E183M, 3311G, D346E,
257 Q349K, T3G3V, Y422F

Q1L, G4C, Q28K, EBBV, A72C, S86T, D181N, E183K,
D202N, 3311N, N318Y, D320N, T3351, D346A, Q349K,
258 T302M, T303V

Q1L, G4C, Q28K, EBSK, A72C, S86T, D181N, E183M,
D202N, 8311G, N318Y, T335!, D346E, 349K, T383l,

259 Y422F

Q1l., G4C, Q28R, E65K, A72C, E183V, S1902T, D202N,
260 S311G, D320V, D346A, Q349K, T383V

Q1L, GAC, Q28R, EB5V, AT2C, E183M, D202N, 8311N,
261 N318Y, 03201, 73351, D346E, Q349K, T393V, Y422F

Q1L, G4C, 5247, Q28R, 65K, A72C, D202N, S311G,
262 13351, D348k, Q349K, T383!, Y422F

Q1L G4C, A72C, SBBT, D181N, $192L, 202N, P224L,
263 S311G, N318Y, D320V, T335!, D346G, Q349K, T393!
264 G, G4C, Q28R, EB5V, A72C, D181N, P224L, S311D,
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N318Y, D320N, D346A, Q349K, T392M, T383l, Y422F
Q1iL, G4C, Q28R, EBSM, A72C, D181N, E183M, D202N,
265 P224L, 5311G, D346A, Q349K, T3931, Y422F

Q1L, G4C, Q28K, EB5V, A72C, 586T, E183V, 5192},
D202V, D3201, T335], D346V, Q349K, T392M, T393|,
266 1 Y422F

Q1L, G4C, Q28K, E65M, A72C, S86T, D181N, E183M,
D202N, P224l., S311G, D3201, T335], D346E, Q349K,

267 T393V, Y422F

Q1L, G4C, Q28K, A72C, D181N, D2021, S311D, N318Y,
268 T23351, D346k, Q349K, T392M, Y422F

QiL, G4C, Q28R, E65V, A72C, D181N, E183M, P224L.,
269 S311G, D320N, D348E, Q349K, T393V, Y422F

QiL, GAC, Q28K, EBSV, A72C, D181N, E183M, D202N,
270 S311G, N318Y, D346k, QB49K, T393l, Y422F

Q1L, G4C, Q28K £65K, A72C, IM81N, D202N, S311G,
271 N318Y, D346A, Q349K, T393I, Y422F

Q1L, G4C, Q28R, EB5K, A72C, S86T, £183M, D202N,
272 D320, T3351, D346A, Q348K, T382M, Y422F

Q1L, G4C, Q28K, £65M, A72C, S86T, E183M, S3T1N,
273 N318Y, 03201, T335l, D346E, QB349K, T3831, Y422F

Q1L, G4C, EBBM, A72C, 588T, E183V, 81921, D202},
274 H203R, P224L, 5311G, N318Y, D320V, D346A, Q345K

Q1L G4C, T7Q, ABS, N1QT, Q28R, ESBV, A72C, D181N,
P224l., 83110, N318Y, D320N, D346A, Q348K, T332M,

275 7383, Y422F
' Q1L, G4C, EBBK, A72C, SBBT, D202V, S311N, D320V,
276 133581, D346V, Q348R, T392M, Y422F
Q1L, G4C, Q28R, E65K, A72C, D181TN, E183M, P224L,
277 | S311G, D346E, Q349K, T393V, Y422F

Q1L, G4C, Q28R, D578, D64N, EBSV, QB9K, A72C,
Di81N, P224L, S311D, N318Y, D320N, D346A, Q349K,
278 T392M, T303I, Y42z2F

Q1L G4C, Q28R, A72C, S86T, E183M, S192T, D202N,
H203R, P224L, S311N, T3351, D346V, Q340R, T392M,

279 T393V
Q1L, G4C, Q28K, E65V, A72C, D181TN, D202N, S311N,
280 D348A, QB49K, T393I, Y422F
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G4C, Q28K, EB5M, A72C, 886T, £183M, D202N, P224L,
281 S311G, T335!, D346k, Q349K T393V, Y422F
G434GAAATG, T4B7TAAATT, QiL, G4C, Q28R, EBLV,
A72C, E183M, P224L, S311G, D320I1, D346E, Q349K,

282 T393V, Y422F
G4C, Q28R, Egs5M, A72C, 586T, D181N, E183M, D202Y,
283 P224L, 8311N, D346A, Q349K, T393l, Y422F

Q1L, G4C, Q28K, E85V, A72C, 386T, D181N, E183K,
D202N, P224L, 53116, D3201, D346k, G349K, T3831,

284 Y422F
Q1L, G4C, T278, 28R, E65V, A72C, D181N, E183M,
285 P224L, S311G, D3201, D346E, Q349K, T393V, Y422F
Q1L, G4C, Q28R, E65M, A72C, 586T, D181N, E183M,
286 P2241, S311G, T335!, D346A, Q349K T393V, Y422F

Q28, G4C, ABL, T7Q, ABS, N1CT, Q28R, EB5V, A72C,
D181N, P224L, 33110, N318Y, D320N, D346A, Q349K

287 T302M, T383l, Y422F

Q1L, G4C, Q28R, EGBV, A72C, 886T, D202N, P224L,
288 331G, D3204, D346E, Q349K, T393V, Y422F

Qil, G4C, 228K, £65V, A72C, E183M, D202N, 3311G,
289 3204, 346E, Q349K, T393V, Y422F

Q1L, G4C, Q28R, E6BK, A72C, D181N, P224L, S311N,
290 N318Y, D320l, D346E, Q348K, 7383V, Y422F

Q1L, G4C, Q28R, EBSM, A72C, S90F, D181N, P224L,
201 53114, N318Y, D346E, Q349K, T303t, Y422F

G4C, 28R, A72C, S86T, 181N, £183V, 51921, D202V,
292 N246S, 83110, N318Y, D320V, D346A, Q349K, T393V

Q1L, G4C, Q28K, EB5V, AT2C, D181N, E183M, D202N,
P224L, 8311N, N318Y, D320, T335l, D346A, Q349K

293 T383I, Y422F
QiL, G4C, Q28R, A72C, S86T, E183M, 31921, H203R,
294 S311D, D320V, T3351, D346V, Q349K

Q1L, G4C, Q28R, T59M, EB5K, ABBT, A72C, SBBT,

1 D1B1N, 51921, D202N, H203R, 8311D, D320V, T335l,
285 : Q349RK, T393A ‘

Q1L, G4C, Q28R, E65V, A72C, D1B1N, E183M, D202N,
P2241., 8311G, N318Y, 73351, D3486E, Q349K, T393V,
296 Y422F
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QiL, G4C, Q28R, EBSY, A72C, D181N, E183M, P224L,

297 S311G, D3201, D346E, Q349K K355Q), T393V, Y422
Q1L, G4C, Q28R, E65V, A72C, D181N, E183M, P224L.,
208 S311G, N318Y, T3351, D346A, Q349K, T383V, Y422F
Q1L, G4C, Q28R, E65M, A72C, SBET, D181N, E183M,
289 S311N, N318Y, T3351, D346E, Q349K T393V, Y422F
Q1L, G4C, EBBM, A72C, E183M, D2021, P224L, S311D,
300 N318Y, D320V, T335i, D346A, 349K, T393A, Y422F
QiL, G4C, Q28R, E65V, A72C, E183M, P224L, S311G,
301 D346E, Q340K T383V, Y422F
Q1L, G4C, Q28R, E65V, A72C, 886T, D18TN, E183M,
302 S311G, N318Y, D346A, Q349K, T393V, Y422F

Q1L, G4AC, S24T, T27Q, Q28R, N29T, EGEV, A72C,
~ D181IN, P224L, 311D, N318Y, D320N, D346A, Q349K,
303 T382M, T393I, Y422F

Q1iL, G4C, EBBV, A72C, D181N, E183M, 51027, P224L,
304 S311G, D320V, T335i, D346G, Q349K, T383A, Y422F

Q1L, G4C, Q28R, EBSY, AT72C, D181N, E183M, D202F,
305 S311G, N318Y, T335!, Q348K, T383V, Y422F

Qik, G4C, Q28K, E65K, A72C, S86T, D181N, D202N,
P224L, S311D, N318Y, D320N, D348A, Q349R, T3%2M,

308 13831, Y422F
Q1iL, G4C, Q28R, E85V, A72C, D181N, D202N, S311N,
307 D3201, T3351, D346E, Q348K, T393V, Y422F
Q1L, G4C, Q28K, EB5K, A72C, D181N, D202N, P224L,
308 S311G, N318Y, T3351, D346E, Q348K, T383V, Y422F
Q1L, G4C, Q28R, £65V, A72C, D181N, E183M, D202N,
308 P224t, S311G, D320t, D346k, Q349K T3G3V, Y422F
Qil, G4C, Q28R EB5V, A72C, D181N, E183M, D202N,
316 S311N, 733561, D346A, Q349K, T393V, Y422F

Q1L, G4C, Q28K, EB5K, A72C, 8867, E183M, P224L,
S311G, N318Y, D3201, T335!, D346E, Q349K, T303V,
311 Y422F

Q1L, G4C, AZ1T, T26l, Q28R, G30A, E65V, ASBT, A72C,
_ Y155C, D181N, Q190K, D202N, T220M, 5311G, D320!,
312 T335!, D346E, 348K, 7383V, Y422F

Q1L, G4C, Q28K, E65M, A72C, D181N, E183M, 8311C,
313 T3351, D346E, Q349K T323V, Y422F
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Q1L, G4C, Q28R, E65V, A72C, D181N, E183M, P224l.,

314 S311G, D3201, D346E, Q349K, T393V, D404N, Y422F
Q1L, G4C, Q28R, E85V, A72C, E183M, D202N, P224L,
315 S311G, N318Y, 1335/, D346k, Q349K, T393V, Y422F
Q1L, G4C, Q28R, E85V, A72C, D181N, E183M, P224L,
316 T280A, S311G, D320L, D346E, Q349K, T393V, Y422F
Q1L, G4C, Q28R, E65V, QE8R, A72C, D181N, E183M,
317 P224L, 3311G, D320}, D346k, Q349K, T393V, Y422F
Q1L, G4C, QR8R, E65V, A72C, D181N, E183M, P224L,
318 K275E, 5311G, D3201, D346k, 349K, T393V, Y422F
QiL, G4C, Q28K, EB5V, A72C, E183K, D202N, P224L,
319 S311N, D320I, D346E, Q340K, T333V, Y422F
Q1L, GAC, Q28K, B85V, A72C, D181N, E183M, 311G,
320 N318Y, D320I, D346A, 349K, T393I, Y422F

Q1L, G4C, 5247, T26l, Q28R, N29Y, G30A, E65V, A72C,
D181N, E183M, P224L, S311G, D320l, D348E, Q348K

321 T383V, Y422F

Q1L, G4C, Q28R, EB5M, A72C, E183M, 3311G, D3201,
322 D346A, Q349K, T383V, Y422F

QiL, G4C, Q28R, £65V, A72C, D181N, E183M, D202N,
323 83113, D346E, Q349K, T393], Y422F

Q1L, G4C, Q28R, B85V, A72C, E183M, P224L, S3114,
324 03201, D346E, Q349K, T393V, Y422F

Q1iL, G4C, Q28K, E65K, A72C, D181N, E183M, 33110,
325 N318Y, D320}, T3351, D346E, Q349K, T393V, Y422F

Q1L, G4C, Q28R, EB5V, A72C, S3114, N318Y, D320,
326 T3351L, D346E, Q340K, T323V, Y422F

Q1iL, G4C, S24C, Q28R, G30A, E65V, A72C, Y155C,
D181N, Q180K, D202N, P224L, 5311G, T335l, D346E,

327 - Q349K, D390E, T393V, Y422F
QiL, G4C, Q28R, EB5V, A72C, D181N, E183M, P224_,
328 S311G, D320(, D348E, Q349K T393V, P4025, Y422F
Q1iL, G4C, Q28R, EGEK, AT72C, E183M, D202N, P224L.,
329 S31IN, N318Y, T3351, D346E, Q349K, T333V, Y422F

Q1L G4C, A21T, T28l, Q28R, N28Y, E65V, A72C,
Y155C, D181N, D202N, P224L, M234T, S311@G, D320,
330 D346E, Q348K, D390E, T383V, Y422F

331 Q1L, G4C, Q28R, E65K, A72C, S86T, D202N, P224L,
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S311D, D320N, T3351, D346Y, Q349K, T382M, T383V,
Y422F

Q1iL, G4C, Q28R, E65Y, A72C, S8BT, E183K, D202N,

332 S311G, N318Y, D320I, D346A, Q349K, T393V, Y422F

G1L, G4C, W4CR, EB5M, A72C, S86T, E183V, 81921,

D2021, H203R, P224L, S311G, N318Y, D320V, D346A,

333 Q348K
Q1L, G4C, Q28R, EBSV, A72C, DM81N, £E183M, P224L,
334 S311G, D346E, Q349K, T393V, Y422F

Q1k, G4C, Q28R, E65BY, A72C, K118Q, D181N, E183M,
P224L, D247N, S311G, D3201, D346E, Q349K, T383V,

335 YA22F
Q1L, G4C, Q28R, EB5V, A72C, D1B1N, E183M, D202N,
336 P224L, S311N, D320I, D346E, Q349K T393V, Y422F
Q1L, G4C, Q28R, EB5V, A72C, S86T, D202N, P2241 |
337 S311(G, N318Y, T3351, D346E, (349K, T383V, Y422F
Q1L, G4C, Q28K, EBEM, A72C, D181N, E183M, D202N,
338 S311G, N318Y, D346A, Q349K, T323V, Y422F

Q1L, G4C, Q28R, E65V, A720, D181N, E183M, P224L,
S311G, D320, D346E, Q349K, T393V, Y422F,

339 P454PVRPQP

Q1L G4C, Q28R, A72C, 181N, E183V, S5182M, D202N,
P224l., S311D, N318Y, D320N, D346E, QB349R, T303V,
340 Y422F

Qil, G4C, Q28R, A72C, S86T, D181N, S192L, D202N,
P224L, S311G, N318Y, D320V, T3351, DI4EE, D346A,
341 Q348K, Y422F

Q1L, G4C, Q28R, EB5Y, A72C, $86T, D181N, E183K,
P224L, S311G, N318Y, D320I, D346A, Q349K, T393V,

342 Y422
Q1L, G4C, Q28R, G30A, £65Y, ABBT, A72C, D181N,
343 E183M, D202N, P224|, D346k, Q349K T393V, Y422F

QtL, G4C, Q28R, EBBV, A72C, KB2R, L120P, D181N,
E183M, D202N, S236F, T280A, S311G, D346E, G349K, -

344 K355Q), T387S, T393V, P4028, D404N, Y420F

Q1L, G4C, Q28R, £65V, A72C, D181N, D202N, S236F,
345 S311G, T3351, D346k, QB349K, TA87S, T393V, Y422F
346 Q1iL, G4C, Q28R, E&5M, A72C, D181N, E183K, D202N,
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P224L, S311G, D320l, D346k, Q349K, T393V, Y422F
Q1L, G4C, A21T, T26l, Q28R, G30A, EB5V, ABBT, A72C,
Y155C, D181N, E183M, Q190K, D202N, 8311G, D320,

347 D346E, Q349K, T393V, Y422F
Q1L, G4C, Q28R, EBSV, A72C, D181N, D202N, S311G,
348 T3351, [X346A, Q349K T393l, Y422F

Q1L, G4C, Q28R, E65V, A72C, D181N, E183M, P224L.,
247N, S311G, D3201, D346k, Q349K, T387S, T393V,

349 Y422F
QiL, G4C, Q28R, E65Y, A72C, D181N, D202N, P224L,
350 5311G, D346A, Q349K, T393V, Y422F

Q1L, G4C, Qz28R, EB5V, A72C, K92R, K118Q, D181N,
E183M, D202N, 5236F, S311N, N318|, D346k, Q349K,
351 K355Q), T3878, T383V, D404N, Y422F

QiL, G4C, T278, Q28R, £65V, Q83R, A72C, K118Q,
D181N, E1830M, D202N, D247N, 1277V, S311G, T335i,
362 D346k, Q349K, K355Q, T393V, Y422F

Q1l, G4C, Q28R, G30A, EBEV, AT2C, Y155C, D181N,
E183M, D202N, M234T, 8311G, D348k, Q348K, T383V,
353 Y422F

Q1L, G4C, Q28R, E65V, Q69R, A72C, K92R, D181N,
D202N, D247N, 1277V, 33116, N318D, T335l, D346k,
354 QB49K, K355Q, T387S, TRG3V, Y422F

QiL, G4C, T275, Q28R, EB5Y, Q69R, A72C, Di81N,
D202N, 5236F, 1277V, S311G, T335(, D346E, Q349K,
355 K355Q, T3875, T383V, Y422F

Q1L, G4C, N10D, Q28R, EB5Y, Q89R, A72C, K92R,
K118G, D181N, £183M, D202N, S311G, T335l, D346E,
356 (349K, T3875, T393V, Y422F

Qil, G4C, A21T, Q28R, G30A, B85V, A72C, Y155C,
D181N, £183M, D202N, M234T, 83116, T335!, D346E,
357 Q349K, T393V, Y422F

QiL, G4C, Q28R, E65V, AT2C, D181N, E183M, P224L,
S311G, D320I, D346E, Q349K T393V, Y422F,

358 TAS57TTAAATT

Q1L, G4C, T2sl, Q28R, E65V, AG8T, A72C, Y155C,
D181N, Q190K, D202N, P224L, M234T, 8311G, D320,
359 D346E, Q349K, D390E, T293V, Y422F
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Q1tL, G4C, Q28K, EBsV, AT2C, S86T, E183K, S122L,

360 D202N, D320N, T3351, D346A, Q349R, T393A, Y422F
Q1iL, G4C, Q28R, E65Y, A72C, D181N, E183M, P224L,
361 S236F, 8311G, D3201, D346E, Q349K, T393V, Y422F

Q1l., G4C, T28l, Q28R, EB5V, AB8T, A72C, Y155C,
D8N, D202N, M234T, 33113, T335l, D346E, G349K,
362 T393V, Y422 F

Q1L, G4C, A21T, T26l, Q28R, N29Y, EB5V, A72C,
Y155C, D181N, E183M, D202N, P224L, M234T, S311G,
23201, T3351, A340S, D346E, Q348K, D380k, T393V,

363 Y422F
Q1L, G4C, Q28R, EBBK, A72C, D202l, P224L, S311G,
364 N318Y, D320V, 73351, D346A, 349K, T392M, T393A
Q1L, GAC, EBBM, A72C, S86T, E183V, D2021, P224L,
365 S311G, N318Y, D320V, D346A, Q348K

Q1L, G4C, N10D, Q28R, Eg5V, AT2C, KI2R, D181N,
E183M, D202N, 83114, D346E, Q349K, T387S, T393V,
366 Y422F

Q25, G4C, ABlL, T7Q, ABS, N10T, Q28K, ES5M, A72C,
S867T, E183M, D202N, P2241, S311G, D3201, 73351,
367 D346E, Q349K, T383V, Y422F

Q23, G4C, ABL, T7Q, ABS, N10T, 5247, T26l, Q28R,
N29Y, G30A, EBBY, AT2C, E183M, P224L, 3311G,
368 D3201, 346K, Q348K T383V, Y422F

Q1iL, G4C, Q28R, E65V, A72C, KO2ZR, D181N, E183M,
P224L, 1277V, 8311G, D320I, D346E, (349K, T323V,
369 Y422F

Q25, G4C, AL, T7Q, ABS, N10T, Q28R, E6BV, A72C,
E183M, P224(., 53113, D320I, D346E, Q349K, T393V,
370 Y422F

QR28S, G4C, A8L, T7Q, ABS, N10T, Q28R, E85V, A72C,
G151GCGRSG, E183M, P224L, S311G, D3201, D346E,
371 | Q349K, T383V, Y422F

Q28, G4C, ABL, T7Q), ABS, N10T, Q28R, EB5Y, A72C,
K159KCGRNK, E183M, P224L, S5311G, D320I, D346E,

372 Q349K, T393V, Y422F
Q25, G4C, AsL, T7Q, ABS, N10T, Q28K, EB5K, A72C,
373 E183M, 5311G, N318Y, D320, T335l, D346E, Q349K,
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T393V, Y422F

Q2S, G4C, A8L, T7Q, ABS, N1OT, Q28K, EB5V, A72C,
E183M, D202N, P224L, 83116, T335!l, D346E, Q340K
374 T393V, Y422F

Q25, G4C, A6l T7Q, A8BS, N10T, Q28R, E65M, A72C,
586T, E183M, $311N, N318Y, T335!, D346E, Q349K,

375 T393V, Y422F
Q28, G4C, AsL, T7Q, A8S, N10T, Q28R, E65M, A72C,
376 E183M, S311G, N318Y, D346E, Q349K, T393V, Y422F

Q285, G4C, ABL, T7Q, ABS, N10T, Q28R, E65V, A72C,
E183M, D202N, P224L, S311G, N318Y, T335l, DI46E,
377 Q348K T383V, Y422F

Q25, G4C, ABL, T7Q, ABS, N10T, Q28R, EB5V, A72C,
E183M, P224L, 8311G, N318Y, 13351, D346A, 349K,
378 T393V, Y422F

Q285, G4C, ABL, T7Q. ABS, N10T, Q28R, E65V, A72C,
P2241, S311D, N318Y, D320N, D346A, Q349K, T392M,

379 T383!l, Y422F

QR2S, G4C, AsL, T7Q, ABS, N10T, Q28R, E&5K, A72C,
380 S311N, N318Y, D346E, Q349K T393V, Y422F

Q2S, G4C, ABL, T7Q, A8S, N10T, Q28K, N29Y, EasK,
381 A72C, S311G, T3351, D346E, Q349K, T383V, Y422F

Q28, G4C, ABL, T7Q, ABS, N10T, 5247, T26i, Q28R,
N29Y, G30A, EBEV, ABBT, AT2C, E183M, 190K, P224L,
382 S3811G, D320}, D346k, Q349K T393V, Y422F

Q2S, G4C, AL, T7Q, ABS, N10T, 824T, 7261, Q28R,
N29Y, G30A, Y47F, EB5V, ABBT, A72C, E183M, Q190K,
P224l, T220M, G231D, M234T, 8311G, D320}, A3405,

383 D346E, Q349K, D300E, T393V, Y422F

Q1L, G4C, A72C, S86T, Di81N, E183K, D202V, P224L,
384 8311G, D320V, D348E, Q349R, T393A, Y422F

Q1L, G4C, Q28R, E65Y, A72C, K159CGRNKE183M,
385 P224L, S311G, D320l, D346k, Q349K, T393V, Y422F

Q25, G4C, ABL, T7Q, ABS, N10T, S24T, Q28R, E6BK,
A72C, D202N, 5311G, T335(, DB46E, Q349K, T3931,

386 Y422F
Q2S, G4C, A8L, T7Q, ABS, N10T, Q28R, E65M, A72C,
387 E183K, D202N, P224L, S311G, 03204, D346k, QB49K,
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T393V, Y422F

Q1L, G4C, Q28K, E65M, A72C, SB6T, E183M, D202N,
P224L, S311G, D320L, T3351, D346E, Q349K, T393V,
388 Y4z22F

Q1t, G4C, S24T, T26l, Q28R, N2gY, G30A, EB5V, A72C,
£183M, P224l., S311G, D320l, D346E, Q349K, T323V,
389 Y422F

Q1tL, G4C, Q28R, EBBV, A72C, D181N, E183M, P224L,
S311G, D3201, D348E, Q349K, T393V, Y422F, Q1L,
G4C, Q28R, EB5V, A72C, E183M, P224L, S311G, D320I,

390 D346E, Q349K, T393V, Y422F
Q1L, G4C, Q28R, EB5V, A72C, G151GCGERSG, E1830,
381 P224L, 5311G, D320I, D346E, Q349K, T393V, Y422F
QiL, G4C, Q28R, EBBK, A72C, 311N, N318Y, D346E,
392 Q348K, T383V, Y422F

Q1L, G4C, 5247, T28l, G28R, N29Y, G30A, EB5V, ABET,
A72C, £E183M, Q180K, P224L, 8311G, D320!, D348E,
363 Q349K, T393V, Y422F

Q1L, G4C, 8247, T261, Q28R, N29Y, G304, Y47F, EG5V,
ABBT, AT2C, E183M, Q190K, P224L, T229M, G231D,
M2347, 3311G, D320, A3408, D346E, Q348K, D390k,
394 T393V, Y422F

Q1L, G4C, A21T, Té6l, Q28R, N29Y, G30A, EB5V, ABST,
A72C, D181N, Q190K, D202N, T228M, M234T, 8311G,
395 D320i, A34085, D346E, Q1349K, D330k, T393V, Y422F
Q1lL, G4C, N10D, T278, Q28R, EB5Y, A72C, K92R,
K118Q, D181N, D202N, S236F, 1277V, S311G, D346E,
306 Qi349K, K355Q, T3875, T393V, D404N, N417Y, Y422F
Q1L, G4C, A21T, 7261, Q28R, G30A, EG5V, ABBT, A72C,
Y1556C, D181N, Q190K, D202N, P224L, T229M, S311N,
397 D3201, D346E, Q349K T393V, Y422F

Q1L, G4C, N10D, T278, Q28R, EB5V, A72C, K92R,
K118Q, D181N, E183M, D202N, D247N, S311G, D320,
398 T3351, D346E, Q349K, T393V, Y422F

Q1L, G4C, T26l, Q28R, G30A, E65V, A72C, Y155C,
D181N, D202N, T228M, G231D, 3311G, T335], D346E,
399 Q348K, T393V, Y422F

400 Q1L, G4C, S24R, 7261, Q28R, G30A, EB5V, A72C,
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B181N, E183M, D202N, P224L, 8311N, T3351, D346E,
Q349K, D39CE, T393V, Y422F

Q1iL, G4C, N10D, T275, Q28R, EB5V, Q89R, A72C,
D181N, E183M, D202N, S236F, D247N, 1277V, S311N,
401 T335l, D346E, Q348K, T3875, T383V, N417Y, Y422F
Q1L, G4C, A21T, Q28R, E85V, A72C, Y155C, D181N,
D202N, P224L, 3311G, N318Y, D346E, Q349K, D390k,
402 T393V, Y422F

Q1iL, G4C, T261, Q28R, N28Y, E65V, AGBT, A72C,
Y185C, D181N, E183M, D202N, P224L, M234T, S311N,
403 N318Y, D346k, Q348K, T393V, Y422F

Q1l, G4C, A21T, Te6l, Q28R, N29Y, EB5V, ABBT, A72C,
Y1550, 181N, D202N, P224L, T228M, M234T, S311G,
404 N318Y, D346k, Q348K, T393V, Y422F

Q1L, G4C, N10D, Q28R, EB5Y, A72C, K2R, K118Q,
D181N, E183M, D202N, P224L, S236F, D247N, F306L,
3311G, D346E, Q340K, K355Q), T393V, D404N, N417Y,
405 YA22F

Q1L, G4C, N10D, Q28R, E65V, A72C, K92R, K118Q,
P181N, £E183M, D202N, S236F, D247N, S311&, N318,
406 T3351, D346k, Q348K, K355Q), T393V, Y422F

G4C, Q28K, E65M, A72C, 386T, G151GCGRSG, E183M,
D202N, P224L, S311G, T3351, D346k, Q349K, T383V,
407 Y422F

GAC, Q28K, EB5M, A72C, 586T, K159KCGRNK, E183M,
D202N, P224L, 8311G, T3351, D346E, Q349K, T383V,
408 Y422F

G4C, Q28K, E65M, A72C, 586T, G151GCGRSG,
K159KCGRNK, £E183M, 202N, P224L, S3114G, T3351,

409 5346E, Q349K, T393V, Y422F
Q1L, G4C, Q28K, EBBV, A72C, D181N, E183M, D202N, -
410 P224L, S311G, T335l, D346E, Q349K, T393V, Y422F

Q1L, G4C, Q28K, E65Y, A72C, 588T, D181N, E183K,
51921, D202V, 53114, D320, D346V, Q340R, T393A,
411 Y422F
Q1L, G4C, Q28R, EB5V, A72C, S86T, D181N, D202N,
P224L, S311N, N318Y, D320, D346A, Q348K, T393V,
412 Y422F
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Q1L, G4C, A21T, T261, Q28R, G30A, E65V, ABBT, A72C,
D181N, E183M, D202N, T229M, S311G, A3408, D346E,
413 Q349K, T393V, Y422F

28. Polypeptide according fo claim 1, wherein the polypeptide comprises an aminc
acid sequence having at least 85 % sequence identity to SEQ ID NO: 12,
wherein one or more of the following amino acid residues of the seguence
defined by SEQ ID NO: 12 are modified by substitution or deletion: Qt, 82, P12,
T15, 821, G23, T28, Q28, T29, G30, V32, N37, W40, T48, C50, N54, L60, E65,
K69, v84, S90, D114, E119, F120, Ti21, L122, L123, D132, V133, G142,
S148, M1489, V155, Y158, N161, T162, K166, G170, G175, F182, 1183, G191,
1203, D214, 1215, A224, T231, G234, 1237, 5248, G254, W263, G269, L282,
T285, G298, Y303, N307, G308, 7310, £E317, L318, 8322, N324, G340, 8341,
D345, 8357, M360, V363, D369, A372, P382, 8388, T389, P380, T399, 5400,
Q406, N413, F423, P425, 1426, G427, T429, P432, G435, N436, P437, G439,
N441, R442, T444, T445, T446, T447, R449, P450, A451, T452, T453, 5456,
S457, P458, G463, P464, S467, H459, C468, G470, G472, 8474, P476, V478,
C479, 5481, G482, T484, V487, 1488, N483, Y491, Y492, Q494, C495, L496.

29. Polypeptide according to claim 28, wherein the polypeptide has the amino acid
sequence of SEQ ID NO: 12 wherein one or more of the following amino acid
residues are modified by substitution or deletion:G1, 82, P12, T15, 321, G23,
T26, Q28, T29, G30, V32, N37, W40, T48, C50, N54, L60, E65, K63, V84, S90,
D114, E119, F120, T121, Li22, L123, D132, V133, G142, $148, M149, V155,
Y158, N161, T162, K166, G170, Q175, F182, 1183, G191, [203, D214, 1215,
AZ24, T231, G234, [237, 5248, G254, W263, G268, L282, T285, G298, Y303,
N307, G308, T310, E317, L318, 8322, N324, G340, 8341, D345, 8357, M360,
V363, D369, A372, P382, 5388, T389, P390, T399, 5400, Q406, N413, F423,
P425, 1426, G427, T429, P432, G435, N436, P437, G439, N441, R442, T444,
T445-, T448, T447, R449, .P450, A451, T452, T453, S458, 3457, P458, G463,
P464, S467, H459, G468, G470, G472, S474, P476, V478, C479, 5481, G482,
T484, VAB7, L488, N489, Y491, Y492, Q494, C495,_ L496.

30. Composition comprising the polypeptide of one or more of claims 1 to 11 or 24 to

29 and one or more endoglucanases and/or one ot more beta-glucosidases

and/or one or more further celiobiohydrolases and/or one or more xylanases.
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31. Use of the polypeptide according to one or more of claims 1 toc 11 or 24 to 29 or of
the composition of cltaim 30 for the enzymatic degradation of lignocellulosic
biomass, and/or for textiles processing and/or as ingredient in detergents and/or

as ingredient in food or feed compositions.
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Figure 2
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Figure 5
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Figure 7
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Figure 8
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Figure 9
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Figure 10

T. reegei CBHI
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SeqiD NO.2
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SeqlD NO.Z2

1
QSACTLOSET
QQAGTATAEN

51
YDGNTWSSTL
YTGNTWDPTY

101
QENVGARLYL
. SNVGSRLYL

151
ADGGVSEYPT
ADGGVESKYPN

201
TGIGGHGECC
TGIGDHGSCC

251
RYGGETCDPLG
RYAGTCDPDG

DTGTLSEIXR

351
. FSDEGGLTQ
DFSOHGGLAK

401
AVRGSCSTSS
IARGTCPTDS

451
RGTTTTRRPA
RGTTTTRRPA

501
YSOCL
¥SOCL

16/10

HPPLTWQKCS
HFPLTWQECT

CPDNETCARKN
CPDDETCAQN

MASDTTYQEF
LODDETYQIF

NTAGAKYGTG
NEKAGAKYGTG

SEMDIWEANS
AEMDVWEANS

CDWNPYRLGN
CDFNPYRMGN

YYVONGVTED
FYTQNSNVIP

FRKEKATSGEMY
MGRAMOOGMY

GVPAQVESQS
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TTTGSSPGEPT
TTTGESPGPT

SGGETCTRQTG
APGSCTTONG

CCLDGRAYAS
CALDGADYEG

TLLGNEFSFD
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YCDSQCPRDL
YCDSQUPRDL

ISEALTPHPC
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TSFYGFGEEF
TSFYGPGK. .

QPNABLGEYS
QPNSDISGVT

LVMSLWDDYY
LVMSLWDDYA

PNAKVTFSNI
PNSYVIYSNT

QSHEYGOCGGT
QSHYGOOGGI
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SVVIDANWRW
AVVLDANWRW

TYGVITTSGNS
TYGEVTESGSS

VDVSQLPCGL
VDVSNLPCGL

FFINGQANVE
KFIDGEANVE

TTVGQEICEG
DTPGQTMCSG

TLDTTKELTV
ITIDTTKRPEFTV

GNELNDDYCT
GNSITTEFCT

ANMLWLDSTY
AOMLWLDSDY

KFGPIGETGN
KFGPIGSTGHN

GYSGPTVCAS
GYSGPTVCAS

50
THATNSSTNC
VHEVNGYTNC

100
LBIGEVTOSA
LELNEVTG. .

150
NGALYFVSMD
NGALYEVAMD

200
GWEPSSNNAN
GWQPSSNNAN

250
DGCGETYSDN
DDCGGETYSND

300
VTQFETSG. .
VIQFLTDDGT

350
AEEAEFGGSS
AQKQAFGDTD

400
PTNETSSTPG
PTDADPTTRG

450
PSGGNPPGGHN
PSGGNPPGGHN

500
GTTCOVLNPY
GTTCQVLNPY
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