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DESCRIPTION

Technical Field

[0001] Disclosed are aminoacyl-tRNA synthetases (ARSs) that aminoacylate tRNA with the
corresponding N-methyl amino acid more efficiently than natural aminoacyl-tRNA synthetases,
and use thereof. More specifically, the disclosed aminoacyl-tRNA synthetases have modified
amino acid sequences, which are able to aminoacylate a tRNA with one of six N-methyl-
substituted amino acids corresponding to the tRNA, namely, N-methyl-phenylalanine, N-
methyl-valine, N-methyl-serine, N-methyl-threonine, N-methyl-tryptophan, and N-methyl-
leucine, more efficiently than natural ARSs, and uses thereof. The aminoacyl-tRNA
synthetases with modified amino acid sequences can be used to produce peptides that
selectively and regioselectively contain N-methyl amino acids with high efficiency.

Background Art

[0002] Generally in organisms on earth, information stored in DNA (= an information-storing
substance) defines, via RNA (= an information-transmitting substance), the structures of
proteins (= functional substances) and functions resulting from the structures. Polypeptides
and proteins are composed of 20 types of amino acids. The information stored in DNA, which
is composed of four kinds of nucleotides, is transcribed into RNA and then translated into
amino acids, which make polypeptides and proteins.

[0003] During translation, tRNA plays the role of an adaptor that matches a stretch of three
nucleotides to one amino acid, and aminoacyl-tRNA synthetase (aminoacyl-tRNA synthetase;
ARS) is involved in the attachment of tRNA to its amino acid.

[0004] ARSs are enzymes that specifically attach an amino acid to its corresponding tRNA.
There are 20 types of ARSs, each corresponding to each of the 20 types of naturally-occurring
amino acids with a few exceptions, in every biological species. Of the 20 kinds of
proteinaceous amino acids, ARS precisely acylates tRNA having an anticodon corresponding
to an arbitrary codon, using the specific amino acid assigned to the codon. In other words, a
tRNA synthetase corresponding to a certain amino acid can distinguish a tRNA corresponding
to that amino acid from tRNAs corresponding to other amino acids, and does not attach other
amino acids.

[0005] In translation of an mMRNA into a polypeptide chain, a tRNA bound to its corresponding
amino acid (aminoacyl-tRNA) pairs with the appropriate codon on the mRNA starting from the
initiation codon and form hydrogen bonds with the mRNA on ribosomes. This is followed by
peptidyl transfer to the amino acid on the adjacent aminoacyl-tRNA bound corresponding to
the next codon. The first tRNA that released the amino acid by the transfer is liberated from the
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MRNA and can reattach its corresponding amino acid catalyzed by ARS. Translation is
terminated upon reaching the mRNA's stop codon and upon arrival of a protein called the
termination factor, which releases the polypeptide chain from the ribosome. Proteins within the
living body are produced via such processes. The proteins then exert important physiological
functions in the living body.

[0006] Meanwhile, in the field of pharmaceuticals of which bioactivities are exerted similarly in
living bodies, the possibility of creating new pharmaceuticals using compounds having a
molecular weight from 500 to 2000, called "middle molecules”, is being anticipated in the field
of drug discovery where it was considered difficult to create drugs with conventional low
molecular weight compounds having a molecular weight less than 500. A representative
example is cyclosporine A, a naturally-derived middle molecule drug, which is a peptide
consisting of 11 residues that is produced by microorganisms, inhibits the intracellular target
cyclophilin, and can be orally administered.

[0007] The Cyclosporine A peptide is characterized by including the non-natural amino acids
"N-methyl amino acids" as components. Triggered by this, multiple studies have recently
reported that the incorporation of N-methyl amino acids into peptides can increase drug-
likeness of the peptides, and this is being further applied to drug discovery (Non Patent
Literature 1, 2, 3). Particularly, it has come to be known that the incorporation of N-methyl
amino acids leads to decrease in hydrogen bond-donating hydrogens, acquisition of protease
resistance, and fixed conformation, and contributes to membrane permeability and metabolic
stability (Non Patent Literature 1, 4, Patent Literature 1).

[0008] This paves way to the conception of drug discovery methods that select pharmaceutical
candidate substances from a library of diverse peptides containing multiple N-methyl amino
acids. In terms of diversity and ease of screening, much anticipated are mRNA display libraries
of N-methyl amino acid-containing peptides, and such, which use a cell-free translation system
(Non Patent Literature 9, 10, Patent Literature 1). First, a display library is constructed, which is
a collection of molecules forming one-for-one pairs between an enormous variety of RNA or
DNA molecules (genotype) or the like and peptides encoded by these molecules (phenotype).
The display library is then allowed to bind to a target protein or the like, followed by washing to
remove non-bound molecules and selecting a molecule in the library, which is contained
scarcely, in extremely small amounts. The selected RNA (DNA) molecule can be then
sequenced to easily obtain the sequence information of the bound peptide. Particularly, an
MRNA display library and a ribosome display library utilizing a cell-free translation system can

be used to easily analyze 10124 diverse types of molecules (Non Patent Literature 11).
Recently, a method that can prepare peptides containing non-proteinaceous amino acids using
a reconstituted cell-free translation system has been also developed, enabling combination
with display techniques to construct an N-methyl amino acid-containing peptide display library
(Non Patent Literature 10).

[0009] Some methods for preparing N-methyl amino acid-containing peptides by translation of
MRNAs are known so far. These methods are performed by separately preparing beforehand
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"N-methyl aminoacyl-tRNAs" and adding these to a translation system.

[0010] First, in the pdCpA method developed by Hecht ef al. (Non Patent Literature 5), an N-
methyl aminoacyl-tRNA is prepared beforehand by ligating pdCpA (5'-phospho-2'-
deooxyribocytidylriboadenosine) acylated with a chemically-synthesized non-natural N-methyl
amino acid to a tRNA lacking 3'-terminal CA obtained by transcription using T4 RNA ligase.
This method has been used to introduce amino acids including N-methylalanine and N-
methylphenylalanine (Non Patent Literature 6). However, when the present inventors
attempted to introduce multiple N-methyl amino acids by preparing several complexes between
non-natural N-methyl amino acids and tRNAs using the pdCpA method and adding the
complexes to a cell-free translation system, translational efficiency decreased. Particularly, N-
methylvaline could not be introduced (unpublished data).

[0011] As a different method, Suga et al. reported a method for aminoacylating tRNAs with N-
methyl amino acids activated in advance by esterification using an artificial RNA catalyst
(Flexizyme) (Patent Literature 2), and successfully introduced multiple types of N-methyl amino
acids by translation. This method can be applied to various side chain structures, but
aminoacylation efficiency of amino acids with nonaromatic side chains is in many cases 40 to
60% which is by no means high, and particularly, N-methylvaline introduction has not been
confirmed as with the pdCpA method (Non Patent Literature 3).

[0012] Moreover, in the method of Szostak et al, aminoacyl-tRNAs are obtained by using
tRNAs extracted from Escherichia coli and wild-type ARSs, and then preparing N-methyl
aminoacyl-tRNAs via a chemical N-methylation reaction consisting of three steps. However,
side chains that are efficiently translated in this method are limited to only the three side chains
valine, leucine, and threonine. This method also requires cumbersome operations and further
results in contamination of trace amounts of natural amino acids (the starting material)
resulting from incomplete progression of the N-methylation reaction. Such difficulties in
controlling the reaction directly affect the purity of products (Non Patent Literature 2).

[0013] Moreover, since these techniques add N-methyl aminoacyl-tRNAs prepared outside a
translation system to a translation reaction solution, N-methyl aminoacyl-tRNAs are not
reproduced in the translation system and thus are only consumed in the translation process.
This requires addition of large amounts of N-methyl aminoacyl-tRNAs, but this addition itself of
large amounts of tRNAs contributes to the reduction of peptide yield (Non Patent Literature 7).
Further, instability of aminoacyl-tRNAs in the translation solution becomes problematic.
Aminoacyl-tRNAs have been shown to be hydrolyzed under physiological conditions at pH 7.5
due to the presence of ester bonds between amino acids and tRNAs (Non Patent Literature
12). Half-life of aminoacyl-tRNAs depends on amino acid side chains, the shortest being 30
minutes. Hydrolysis of aminoacyl-tRNA is suppressed when it forms a complex with an
aminoacyl-tRNA-elongation factor Tu (EF-Tu), but aminoacyl-tRNAs in excess of the
concentration of EF-Tu present in the translation system are hydrolyzed. That is to say, as the
translation reaction proceeds, deacylation of aminoacyl-tRNAs added at the start of translation
proceeds, and at the end, aminoacyl-tRNAs having N-methyl amino acids are exhausted. In
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fact, Szostak et al. perceived this depletion as a problem and added N-methyl aminoacyl-
tRNAs twice, at the start of translation and during the reaction, when synthesizing a
polypeptide containing multiple N-methyl amino acids (Non Patent Literature 2).

[0014] The above-mentioned problems regarding introduction of N-methyl amino acids can be
solved if there are ARSs for N-methyl amino acids having functions similar to natural ARSs for
natural amino acids, but ARSs have an ability to precisely recognize their substrates and thus
have limitations. As an exception, it was reported that natural HisRS and PheRS could be used
to introduce N-methylhistidine and N-methylphenylalanine into peptides in a cell-free
translation system (Non Patent Literature 8, 13). Also, Hartman et al. confirmed that natural
ARSs were used to aminoacylate tRNAs with the six N-methyl amino acids N-methylvaline, N-
methylleucine, N-methyl aspartic acid, N-methylhistidine, N-methyllysine, and N-
methyltryptophan (Non Patent Literature 14). However, even though a subsequent report using
a cell-free translation system and natural ARSs that analyzed translational synthesis of
peptides containing N-methylhistidine and N-methyl aspartic acid by mass spectrum reported a
certain level of yield, in the case of peptides containing N-methylvaline, N-methylleucine, N-
methyllysine, and N-methyltryptophan, it was shown that the efficiency of translational
synthesis (ribosomal synthesis) is very low (Non Patent Literature 8). These reports reveal that
aminoacylation with N-methyl amino acids and translational introduction of N-methyl amino
acids into peptides using natural ARSs has been confirmed substantially in only the three
cases of N-methylphenylalanine, N-methylhistidine, and N-methyl aspartic acid.

[0015] There are some prior art in which natural ARSs have been modified to give them the
function to catalyze the attachment of non-natural amino acids to tRNAs (Patent Literature 3, 4,
5). Even though these are modified ARSs that catalyze the attachment of non-natural amino
acids to tRNAs, and substrates of these modified ARSs are amino acids mainly having side
chain derivatives of phenylalanine and tyrosine, modified ARSs having N-methyl amino acids
as substrates, and modified ARSs that can introduce multiple N-methyl amino acid residues
into peptides have not been known.
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Summary

[Problems to be Solved]

[0018] An objective of the present disclosure is to provide modified ARSs that have been
modified to increase reactivity, and which use N-methyl amino acids as substrates. More
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specifically, an objective of the present disclosure is to provide a novel modified ARS that
catalyzes the acylation reaction in which tRNAs attach non-natural N-methyl amino acids,
particularly N-methyl-phenylalanine, N-methyl-valine, N-methyl-serine, N-methyl-threonine, N-
methyltryptophan, and N-methylleucine, without using large amounts of tRNAs in order to
efficiently produce peptides containing multiple N-methyl amino acids, and uses thereof.

[Means for Solving the Problems]

[0019] The invention relates to the embodiments as defined in the claims. In particular the
invention relates to a modified valyl-tRNA synthetase (ValRS) which incorporates an N-methyl
valine more efficiently than the ValRS having the amino acid sequence SEQ ID NO:24, wherein
said modified ValRS is selected from the following (a) and (b):

1. (a) a ValRS modified at a position(s) corresponding to asparagine at position 43 and/or
threonine at position 45 and/or threonine at position 279 of ValRS from Escherichia coli
having the amino acid sequence SEQ ID NO:24, and

2. (b) a ValRS having (i) glycine or alanine at a position corresponding to asparagine at
position 43 and/or (i) serine at a position corresponding to threonine at position 45
and/or (iii) glycine or alanine at a position corresponding to threonine at position 279 of
ValRS from Escherichia coli having the amino acid sequence SEQ ID NO:24,

wherein the modified ValRS of (a) and (b) comprises an amino acid sequence having at least
90% identity to an amino acid sequence selected from the group consisting of SEQ ID NOs: 3
to 5 and 182 and 183.

[0020] The invention also relates to a polynucleotide encoding the modified ValRS of the
invention.

[0021] The invention further relates to a vector comprising a polynucleotide encoding the
modified ValRS of the invention.

[0022] In addition, the invention relates to a host cell comprising a polynucleotide encoding the
modified ValRS of the invention or a vector comprising a polynucleotide encoding the modified
ValRS of the invention.

[0023] The invention additionally relates to a method producing the modified ValRS of the
invention comprising the step of culturing the host cell as described directly above.

[0024] The invention further relates to a method for producing a tRNA acylated with an N-
methylvaline, comprising the step of contacting the N-methylvaline with a tRNA in the presence

of the modified ValRS of the invention.

[0025] The invention still further relates to a method for producing a polypeptide comprising an
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N-methylvaline, comprising the step of performing translation in the presence of the modified
ValRS of the invention and the N-methylvaline.

[0026] In order to obtain ARSs having increased reactivity with N-methyl amino acids, the
present inventors obtained multiple ARS genes that employ different amino acids as substrates
and introduced mutations into the genes to construct mutated ARS genes encoding ARSs with
altered amino acid sequences. These modified ARSs were expressed and collected, and were
incubated with tRNAs in the presence of unmodified amino acids or N-methyl amino acids to
determine aminoacylation reaction. As a result of estimating the conformation formed in the N-
methyl amino acid-ARS interaction, and after much trial and error, the present inventors
successfully obtained modified ARSs, including multiple ARSs such as phenylalanyl-tRNA
synthetase (PheRS), seryl-tRNA synthetase (SerRS), valyl-tRNA synthetase (ValRS), threonyl-
tRNA synthetase (ThrRS), leucyl-tRNA synthetase (LeuRS), and tryptophanyl-tRNA synthetase
(TrpRS), with increased activity in the aminoacylation reaction with N-methyl amino acids,
compared to wild-type ARSs.

[0027] For example, 0.1 uM wild-type PheRS hardly incorporated N-methylphenylalanine into
ribosomally-synthesized peptides even when 1 mM N-methylphenylalanine was added. On the
other hand, 0.1 uM modified PheRS clearly incorporated N-methylphenylalanine into peptides
even when 0.25 mM N-methylphenylalanine was added (Example 1). The amount of
phenylalanine and N-methylphenylalanine translationally introduced (ribosomally introduced)
into peptides were measured by mass spectroscopy using MALDI-TOF MS. The ratio of the
peak values (the peak intensity of the peptide containing N-methylphenylalanine / the peak
intensity of the peptide containing phenylalanine) at the time of 025 mM N-
methylphenylalanine addition was 0.8 when using wild-type PheRS, whereas it dramatically
increased to 12.4 when using the modified PheRS a subunit (Example 1). When sequences
containing two consecutive and three consecutive phenylalanines were allowed to translate,
peptides containing two consecutive and three consecutive N-methylphenylalanines were
confirmed to be synthesized respectively, and the efficiency was significantly higher than that
using the pdCpA method. Also, ValRS was used to perform translational synthesis in the
presence of 5 mM N-methylvaline, and the peptide products were analyzed with mass
spectroscopy. A peptide incorporated with unmodified valine was detected as the main product
when using wild-type ValRS, whereas a peptide incorporated with N-methylvaline was
observed as the main product when using modified ValRS (Example 2). Furthermore, the
selectivity to N-methylvaline was successfully increased by introducing mutations into the
editing domain of ValRS and decreasing aminoacylation activity with unmodified Val (Example
7). When sequences containing two consecutive and three consecutive valines were allowed to
translate, peptides containing two consecutive and three consecutive N-methylvalines were
confirmed to be synthesized respectively (Example 2). For SerRS, an N-methylserine-
incorporated translation product was detected as the main product when modified SerRS was
used under conditions in which an unmodified serine-incorporated translation product is
detected as the main product when using wild-type SerRS (Example 3). Even for ThrRS, an N-
methyl Thr-incorporated translation product was observed when modified ThrRS was used
under conditions in which an unmaodified Thr-incorporated translation product is detected when
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using wild-type ThrRS; whereas it was demonstrated that translation products incorporated
with unmodified Thr were hardly observed and the peptide with N-methyl Thr introduced was
synthesized with higher purity compared to that achieved with wild-type ThrRS (Example 4).
For TrpRS, unmodified Trp was detected as a main product in using wild-type TrpRS, whereas
the translation product with N-methyl Trp incorporated was observed as a main product using
the modified TrpRS (Example 5). For LeuRS, translation products containing N-methyl Leu
were not observed in using wild-type LeuRS, whereas it is revealed that translation products
with N-methyl Leu incorporated were produced as much as translation products containing
unmodified Leu when modified LeuRSs were used (Example 6). Thus, the modified ARSs as
disclosed herein can be used to introduce N-methyl amino acids into peptides more efficiently
than wild-type ARS.

[0028] The present disclosure provides ARSs having reactivity with N-methyl amino acids.
Specifically, the present disclosure provides an aminoacyl-tRNA synthetase (aminoacyl-tRNA
synthetase; ARS) that has an altered amino acid sequence and is able to incorporate any N-
methyl amino acid, particularly the six N-methyl-substituted amino acids of N-methyl-
phenylalanine, N-methyl-valine, N-methyl-serine, N-methyl-threonine, N-methyltryptophan, and
N-methylleucine more efficiently than natural ARSs and use thereof. The ARS with an altered
amino acid sequence as described herein can be used to produce peptides selectively and
regioselectively containing any N-methyl amino acid from among these N-methyl amino acids
with high efficiency.

[0029] Further disclosed is a method for producing polypeptides containing non-natural amino
acids using a modified ARS as described herein. More specifically, disclosed is a method for
producing polypeptides containing N-methylphenylalanine, N-methylvaline, N-methylserine, N-
methylthreonine, N-methyltryptophan, and N-methylleucine using ARSs for phenylalanine,
valine, serine, threonine, tryptophan, and leucine, respectively, with altered amino acid
sequences.

[Effects of the Disclosure]

[0030] The modified ARSs as disclosed herein can be used to efficiently attach N-
methylphenylalanine, N-methylvaline, N-methylthreonine, N-methylserine, N-methyltryptophan,
and N-methylleucine to tRNAs corresponding to natural phenylalanine, valine, threonine,
serine, tryptophan, and leucine, respectively, without complicated reactions.

[0031] Methods using modified ARSs as disclosed herein require no stoichiometric amount of
tRNA, can synthesize peptides into which multiple N-methyl amino acids are introduced with a
high translational efficiency, and is useful for generating a highly diverse peptide library.

[0032] In order to investigate the effect on translational efficiency provided by the ARS's
characteristic feature of "providing a continuous supply of aminoacyl-tRNA during the
translation reaction”, the present inventors compared the introduction efficiencies of N-
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methylphenylalanine in two methods: a method using the modified PheRS05 (SEQ ID NO: 2)
obtained by the disclosed application and the pdCpA method in which aminoacyl-tRNA is not
expected to be regenerated during the translation reaction. As a result, the translational
efficiency of the method using the modified ARS was higher, and particularly, when two
consecutive and three consecutive N-methylphenylalanines were introduced, the target peptide
was synthesized approximately 4 to 8 times more (unpublished data). Thus, the present
disclosure enables more efficient production of N-methyl amino acid-containing polypeptides,
which were conventionally hard to produce.

Brief Description of Drawings

[0033]

[Figure 1] Figure 1 shows evaluation of aminoacylation activities of modified ARSs. The bands
of the synthetic peptide acylated with N-methylphenylalanine using PheRS04 and PheRS05
were detected more strongly than when using wild-type PheRS (lane 8, 9 vs. 12, 13).

[Figure 2] Figure 2 shows the confirmation by electrophoresis of peptides ribosomally
synthesized using mutant PheRS. The bands of the N-methylphenylalanine-containing peptide
synthesized using the modified PheRS were detected more strongly than that using wild-type
PheRS (lanes 2, 3 vs. 5, 6).

[Figure 3-1] Figure 3-1 shows detection by mass spectroscopy of peptides ribosomally
synthesized using the modified PheRS. Mass spectrum of the peptide ribosomally synthesized
using (a) 0.1 uM wt PheRS and 0.25 mM Phe, (b) 0.1 uM wt PheRS and 0.25 mM MePhe, or
(¢) 0.1 yM wt PheRS and 1 mM MePhe.

[Figure 3-2] Figure 3-2 shows detection by mass spectroscopy of peptides ribosomally
synthesized using the modified PheRS. Mass spectrum of the peptide ribosomally synthesized
using (d) 0.1 uM PheRS05 and 0.25 mM Phe, (e) 0.1 yM PheRS05 and 0.25 mM MePhe, or (f)
0.1 yM PheRS05 and 1 mM MePhe.

[Figure 4] Figure 4 shows aminoacylation reaction performed using modified ValRSs. tRNA
acylated with N-methylvaline using the mutant 13 (ValRS13) was observed more than tRNA
acylated using wild-type ValRS (lane 10).

[Figure 5] Figure 5 shows the results of mass spectrometry analysis of peptides translated
using the modified ValRSs. Mass spectrum of the peptides translated using (a) wild-type ValRS,
(b) ValRS13, or (c) ValRS04. The peptide containing MeVal was observed as a main product
when ValRS13 was used.

[Figure 6] Figure 6 shows aminoacylation reaction performed using ValRS13-11. tRNA acylated
with N-methylvaline using the mutant 13-11 (ValRS13-11) was observed more than tRNA
acylated using wild-type ValRS or the mutant 13 (ValRS13).
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[Figure 7] Figure 7 shows comparison of activities between ValRS13 and ValRS13-11. Mass
spectra of the N-methyl peptide-containing peptides translated using ValRS13 ((a), (¢), (e)) and
ValRS13-11 ((b), (d), (f)). It can be seen that the N-methylvaline-containing target peptide
translated using ValRS13-11 had higher purity.

[Figure 8] Figure 8 shows aminoacylation reaction performed using modified SerRSs. tRNA
acylated with N-methylserine was observed when mutants 03, 35, and 37 were used (lanes 3,
25, 27).

[Figure 9] Figure 9 shows the results of mass spectrometry analysis of peptides ribosomally
synthesized using the modified SerRSs. Mass spectrum of the N-methylserine-containing
peptide translated using (a) wild-type SerRS, (b) SerRS03, (c) SerRS05, (d) SerRS35, or (e)
SerRS37. The MeSer-containing target peptide synthesized using each modified SerRS had
higher purity compared to that synthesized using wild-type SerRS.

[Figure 10] Figure 10 shows the results of mass spectrometry analysis of peptides ribosomally
synthesized using modified ThrRSs. Mass spectrum of the N-methylthreonine-containing
peptide translated using (a) wild-type ThrRS, (b) ThrRS03, or (c) ThrRS14. The MeThr-
containing target peptide synthesized using each modified ThrRS had higher purity compared
to that synthesized using wild-type ThrRS.

[Figure 11] Figure 11 shows the results of mass spectrometry analysis of peptides ribosomally
synthesized using modified TrpRSs. Mass spectrum of the peptide translated using (a) wild-
type TrpRS, (b) TrpRS04, (¢) TrpRS05, or (d) TrpRS18. The MeW-containing peptide was
observed as a main product when TrpRS04, 05, and 18 were used.

[Figure 12] Figure 12 shows the results of mass spectrometry analysis of peptides ribosomally
synthesized using the modified LeuRS. Mass spectrum of the peptide translated using (a) wild-
type LeuRS or (b) LeuRS02. The MeL-containing peptide was observed as a main product
when LeuRS02 was used.

[Figure 13] Figure 13 shows aminoacylation reaction with MeVal using the modified ValRSs
having mutation in the editing domain. The activities of three mutants, 13-11, 66, and 67 were
not much different (lanes 17, 18, 19).

[Figure 14] Figure 14 shows aminoacylation reaction with Val using the modified ValRSs having
mutation in the editing domain. The activities of the mutants 66 and 67 were attenuated
compared to the activity of the mutant 13-11 (lane 17 vs 18, 19).

Mode for Carrying Out the Disclosure

[0034] Disclosed are mutant enzymes with altered enzyme-substrate specificity for aminoacyl-
tRNA synthetase. Also disclosed is the preparation of mutant aminoacyl-tRNA synthetases that
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can efficiently and selectively produce polypeptides containing N-methyl amino acids in large
amounts, by altering the amino acid sequence of natural aminoacyl-tRNA synthetase.

[0035] Disclosed are polypeptides including ARSs that can react with N-methyl amino acids.
More specifically, polypeptides are disclosed comprising modified ARSs that can react with N-
methyl amino acids more efficiently than the original, natural ARSs. Further disclosed are
polypeptides comprising modified ARSs that can incorporate N-methyl amino acids more
efficiently than the original, natural ARSs. The polypeptides as described herein are
polypeptides that have aminoacyl-tRNA synthetase activity and are modified to enhance the
aminoacylation reaction with N-methyl amino acids. As used herein, the phrase "incorporate N-
methyl amino acids" refers to, for example, aminoacylation of tRNAs with N-methyl amino acids
corresponding to the tRNAs and may be attachment of the N-methyl amino acids to the tRNAs
or incorporation of N-methyl amino acids to proteins synthesized in a translation reaction using
the aminoacyl-tRNA produced in the acylation reaction. The phrase "a polypeptide has
aminoacyl-tRNA synthetase activity” includes not only the case in which the polypeptide
exhibits aminoacyl-tRNA synthetase activity by itself, but also the case in which the polypeptide
exhibits aminoacyl-tRNA synthetase activity together with other factors. For example, when an
aminoacyl-tRNA synthetase is composed of multiple subunits, the polypeptide as described
herein may be one subunit or may exhibit aminoacyl-tRNA synthetase activity as a complex
with other subunits. In such a case, when an aminoacyl-tRNA synthetase complex is formed
between a modified polypeptide ads described herein and other wild-type subunits, the
aminoacyl-tRNA synthetase complex can enhance aminoacylation reaction with N-methyl
amino acids more than an aminoacyl-tRNA synthetase complex consisting of wild-type
subunits. That is to say, polypeptides with aminoacyl-tRNA synthetase activity modified to
enhance aminoacylation reaction with N-methyl amino acids include a polypeptide that is one
modified subunit in an aminoacyl-tRNA synthetase complex consisting of multiple subunits and
is modified to enhance aminoacylation reaction with N-methyl amino acids by the aminoacyl-
tRNA synthetase complex.

[0036] A polypeptide comprising a modified ARS refers to a polypeptide comprising the
polypeptide chain of the modified ARS, and specifically the polypeptide is a polypeptide
comprising the amino acid sequence of the modified ARS. The original, natural ARS refers to a
natural ARS from which modified ARS is derived, may be for example a wild-type ARS, and
includes a naturally-occurring polymorphism. The phrase "can react with N-methyl amino
acids" means that modified ARSs can perform an enzymatic reaction with N-methyl amino
acids as substrates. The reaction may be, for example, an acylation reaction of tRNAs with N-
methyl amino acids, and specifically a reaction that catalyzes a coupling reaction between an
N-methyl amino acid and a tRNA. For example, depending on an amino acid used as a
substrate by an ARS, the reaction is performed in the presence of the appropriate N-methyl
amino acid and the appropriate tRNA, and the coupling between the N-methyl amino acid and
the tRNA may be detected. Alternatively, a reaction with N-methyl amino acids may be
incorporation of N-methyl amino acids into polypeptides in translation. Production of N-methyl
amino acid-tRNA by ARSs can be detected by, for example, performing translation in the
presence of the modified ARSs and N-methyl amino acids and detecting incorporation of N-
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methyl amino acids into the polypeptides produced by translation. The reactivity with N-methyl
amino acids is considered to be higher when N-methyl amino acids are frequently incorporated
into polypeptides.

[0037] The phrase "a modified ARS can react more efficiently than the original, natural ARS"
may mean that the modified ARS reacts more efficiently than the original, natural ARS at least
under a certain condition, or that a reaction or reaction product that cannot be observed when
using the original ARS can be observed when using the modified ARS. For example, a
modified ARS is considered to react with an N-methyl amino acid more efficiently than the
original, natural ARS when the modified ARS produces polypeptides containing the N-methyl
amino acid more than the original, natural ARS. A modified ARS is considered to react with its
corresponding N-methyl amino acid more efficiently than the original, natural ARS when, for
example, production of polypeptides containing the N-methyl amino acid that cannot be
observed when using the original, natural ARS can be observed when using the modified ARS.
For example, a modified ARS is considered to react with an N-methyl amino acid more
efficiently than the original, natural ARS when, for example, production of polypeptides
containing 2, 3, or more consecutive N-methyl amino acids cannot be observed when using the
original, natural ARS, but can be observed when using the modified ARS.

[0038] The phrase "can react more efficiently than the original, natural ARS" may mean that a
reactant of interest is purified at least under a certain condition with higher purity compared to
the purity achieved with the original, natural ARS. For example, a modified ARS is considered
to react with its corresponding N-methyl amino acid more efficiently than the original, natural
ARS when the modified ARS produces polypeptides containing its corresponding N-methyl
amino acid more than the original, natural ARS, relative to natural amino acids derived as a
result of contamination, Alternatively, a modified ARS is considered to react with N-methyl
amino acids more efficiently than the original ARS when it is confirmed that reaction efficiency
of the modified ARS for the N-methyl amino acid remains unchanged and reaction efficiency of
the modified ARS for natural amino acids decreases. For example, a modified ARS is
considered to react with its corresponding N-methyl amino acid more efficiently than the
original, natural ARS when reactivity of the modified ARS to the N-methyl amino acid is
relatively higher than reactivity of the modified ARS to natural amino acids.

[0039] N-methyl amino acids are not particularly limited, but are appropriately selected based
on ARSs. For example, when the modified ARS is valine ARS (ValRS), N-methyl amino acid is
N-methylvaline; when the modified ARS is threonine ARS (Thr), N-methyl amino acid is N-
methylthreonine; when the modified ARS is serine ARS (SerRS), N-methyl amino acid is N-
methylserine; when the modified ARS is phenylalanine ARS a subunit (PheRS), N-methyl
amino acid is N-methylphenylalanine; when the modified ARS is tryptophan ARS (TrpRS), N-
methyl amino acid is N-methyltryptophan; when the modified ARS is leucine ARS (LeuRS), N-
methyl amino acid is N-methylleucine.

[0040] For example in ValRS, modified sites of ARS are preferably the position(s)
corresponding to asparagine at position 43 and/or threonine at position 45 and/or threonine at
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position 279 of ValRS from E. coli. Modified sites of ARS are preferably a combination of any
two positions selected from the positions corresponding to asparagine at position 43, threonine
at position 45, and threonine at position 279 (e.g., a combination of position 43 and position
45, position 43 and position 279, or position 45 and position 279), and more preferably a
combination of positions corresponding to asparagine at position 43, threonine at position 45,
and threonine at position 279. SerRS can be modified at the position(s) corresponding to
glutamic acid at position 239 and/or threonine at position 237 of SerRS from E. coli, and more
preferably, can be modified at a combination of the positions corresponding to glutamic acid at
position 239 and threonine at position 237. PheRS a subunit is preferably modified at the
position corresponding to glutamine at position 169 of PheRS from E. coli ThrRS can be
modified at the position(s) corresponding to methionine at position 332 and/or histidine at
position 511 of ThrRS from E. coli. TrpRS can be modified at the position(s) corresponding to
methionine at position 132 and/or glutamine at position 150 and/or histidine at position 153 of
TrpRS from E. coli, preferably can be modified at a combination of any two positions selected
from positions corresponding to methionine at position 132, glutamine at position 150, and
histidine at position 153 (e.g., a combination of position 132 and position 150, position 132 and
position 153, or position 150 and position 153), and more preferably can be modified at a
combination of the positions corresponding to methionine at position 132, glutamine at position
150, and histidine at position 153. LeuRS can be modified at the position corresponding to
tyrosine at position 43 of LeuRS from E. coli. It should be noted that these modified ARSs may
be further modified at other positions. The position numbers in each ARS are indicated taking
the position number of the starting methionine in each ARS from E. coli as 1. Specifically, the
position numbers in each ARS are indicated taking the position number of the first methionine
in the sequences of P07118 (SEQ ID NO: 24) for ValRS, P08312 (SEQ ID NO: 28) for PheRS a
subunit, POABM3 (SEQ ID NO: 29) for ThrRS, POA8SL1 (SEQ ID NO: 26) for SerRS, P00954
(SEQ ID NO: 188) for TrpRS, and P07813 (SEQ ID NO: 189) for LeuRS (UniProt
(http://mww.uniprot.org/) as 1. In a certain ARS, a position corresponding to a certain amino
acid in ARS from E. coli refers to the amino acid located in the site corresponding to the amino
acid in ARS from E. coli and can be identified based on structural similarity between the certain
ARS and ARS from E. coli. For example, the corresponding amino acid can be identified as the
amino acid aligned at the position of the amino acid in ARS from E. coli when the amino acid
sequences of an ARS of interest and ARS from E. coli are aligned. As used herein, a position
corresponding to a certain amino acid in ARS from E. coli is preferably the position sterically
corresponding to the certain amino acid in ARS from E. coli The sterically corresponding
position refers to the position of an amino acid corresponding to the position of the certain
amino acid in ARS from E. coli in the conformation of ARS.

[0041] Those skilled in the art can easily identify the sterically corresponding position by
aligning ARS from E. coli with all known ARSs from other biological species for example using
Multiple  Sequence Alignment with default parameters in  ClustalW ver2.1
(http://clustalw.ddbj.nig.ac.jp). Particularly, ARSs of interest are not limited to those from
prokaryotes. Generally, sequences of ARSs in eukaryotes comprise various functional domains
in addition to catalytic domain, and the sequence identity between ARSs from eukaryotes and
ARSs from prokaryotes is not always high. In contrast, sequences of catalytic sites, including
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amino acid recognition site, and editing domain are highly conserved, and the sterically
corresponding position in ARSs from eukaryotes can be easily identified using publicly-
available alignment techniques.

[0042] For example, the sites corresponding to positions 43 and 45 of E. coli ValRS may be
respectively amino acid sites of "N/Y/T" and "T/S" in PPP(N/Y/T)X(T/S)G motif (SEQ ID NO:
180; "N/Y/T" is preferably N; X is any amino acid, preferably V, |, or P, and more preferably V,
"T/S" is preferably T) present in ValRS from other organisms. More preferably, the sites
corresponding to positions 43 and 45 of E. coli ValRS may be amino acids at N and T
respectively in PPPNXTG motif (SEQ ID NO: 181; X is any amino acid, preferably V, |, or P, and
more preferably V) present in ValRS from other organisms. For example, the position
corresponding to asparagine at position 43 of E. coli ValRS is asparagine at position 345 in
human (Uniprot P26640) and asparagine at position 191 in Saccharomyces cervisiae (Uniprot
P07806).

[0043] Modifications of ARSs include preferably at least one substitution with an amino acid
that causes a decrease of 10 or more in molecular weight. Such modifications include, for
example, a modification of an amino acid selected from the group consisting of amino acids
other than Thr (T), such as GIn (Q), Asn (N), Glu (E), Met (M), Tyr (Y), and His (H), into Ala (A)
or Gly (G) (preferably into Gly), for example, a modification of Thr (T) into Ser (S), and for
example, a modification of Met (M) into Val (V).

[0044] Amino acids to be modified may be appropriately selected. For example in ValRS, the
position corresponding to asparagine at position 43 of ValRS from E. coli is preferably modified
into glycine or alanine, the position corresponding to threonine at position 45 of ValRS from E.
coli is preferably modified into serine, and the position corresponding to threonine at position
279 of ValRS from E. coli is preferably modified into glycine or alanine. In SerRS, the position
corresponding to glutamic acid at position 239 of SerRS from E. coli is preferably modified into
glycine or alanine, and the position corresponding to threonine at position 237 of SerRS from
E. coli is preferably modified into serine. In PheRS, the position corresponding to glutamine at
position 169 of PheRS a subunit from E. coli is preferably modified into glycine or alanine. In
ThrRS, the position corresponding to methionine at position 332 of ThrRS from E. coli is
preferably modified into glycine, and the position corresponding to histidine at position 511 of
ThrRS from E. coli is preferably modified into glycine. In TrpRS, the position corresponding to
methionine at position 132 of TrpRS from E. coli is preferably modified into valine or alanine,
the position corresponding to glutamine at position 150 of TrpRS from E. coli is preferably
modified into alanine, and the position corresponding to histidine at position 153 of TrpRS from
E. coli is preferably modified into alanine. In LeuRS, the position corresponding to tyrosine at
position 43 of LeuRS from E. coli is preferably modified into glycine.

[0045] Specifically, the following polypeptides are disclosed:

1. (a) a polypeptide comprising the amino acid sequence of any of SEQ ID NOs: 3-5, 182,
and 183 (ValRS04, ValRS13, ValRS13-11, ValRS66, and ValRS67); and



DK/EP 3269809 T3

2. (b) a polypeptide that has reactivity with N-methyl Val, has at least 90% identity to the
amino acid sequence of any of SEQ ID NOs: 3-5, 182, and 183, and comprises at least
one amino acid of the following (i) to (iii):

1. (i) Gly or Ala at the amino acid position corresponding to position 43 of SEQ ID
NOs: 3-5, 182, and 183;

2. (ii) Ser at the amino acid position corresponding to position 45 of SEQ ID NOs: 3-
5,182, and 183; and

3. (iii) Gly or Ala at the amino acid position corresponding to position 279 of SEQ ID
NOs: 3-5, 182, and 183.

[0046] Furthermore, the above-mentioned reactivity is preferably higher than the reactivity of a
polypeptide having (i) Asn at the amino acid position corresponding to position 43 and/or (ii)
Thr at the amino acid position corresponding to position 45 and/or (iii) Thr at the amino acid
position corresponding to position 279. For example, the ValRS as described herein preferably
has a reactivity with N-methyl Val higher than the reactivity of a ValRS having Asn at the amino
acid position corresponding to position 43, Thr at the amino acid position corresponding to
position 45, and Thr at the amino acid position corresponding to position 279 of the ValRS.

[0047] Furthermore, the following polypeptides are disclosed:

1. (a) a polypeptide comprising the amino acid sequence of any of SEQ ID NOs: 6-9
(SerRS03, SerRS05, SerRS35, and SerRS37) and
2. (b) a polypeptide that has reactivity with N-methyl Ser, has at least 90% identity to the
amino acid sequence of any of SEQ ID NOs: 6-9, and comprises at least one amino acid
of the following (i) and (ii);
1. (i) Ser at the amino acid position corresponding to position 237 of SEQ ID NOs: 6-
9, and
2. (i) Gly or Ala at the amino acid position corresponding to position 239 of SEQ ID
NOs: 6-9.

[0048] Furthermore, the above-mentioned reactivity is preferably higher than the reactivity of a
polypeptide having (i) Thr at the amino acid position corresponding to position 237 and/or (ii)
Glu at the amino acid position corresponding to position 239. For example, the SerRS as
described herein preferably has a reactivity with N-methyl Ser higher than the reactivity of a
SerRS having Thr at the amino acid position corresponding to position 237 of the SerRS and
Glu at the amino acid position corresponding to position 239 of the SerRS.

[0049] In addition, the following polypeptides are disclosed:

1. (a) a polypeptide comprising the amino acid sequence of any of SEQ ID NOs: 1-2
(PheRS05 and PheRS04); and
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2. (b) a polypeptide that has reactivity with N-methyl Phe, has at least 90% identity to the
amino acid sequence of any of SEQ ID NOs: 1-2, and comprises an amino acid
sequence in which the amino acid at the position corresponding to position 169 of any of
SEQ ID NOs: 1-2 is Gly or Ala. Furthermore, the above-mentioned reactivity is preferably
higher than the reactivity of a polypeptide in which the amino acid at the above-
mentioned position is GIn. The polypeptides as described above represent ARS a
subunit, and therefore the polypeptides can form a complex with B subunit to result in a
functional ARS. B subunit is not particularly limited, but may be, for example, a desired
wild-type subunit. As an example, B subunit that can be used is one comprising the
amino acid sequence of NCBI Reference Sequence WP_000672380 (e.g.,
WP_000672380.1) (wherein the base sequence represents 1897337-1899721 of
GenBank CP009685 (e.g., CP009685.1)).

[0050] In addition the following polypeptides are disclosed:

1. (a) a polypeptide comprising the amino acid sequence of any of SEQ ID NOs: 10-11
(ThrRS03 and ThrRS14); and
2. (b) a polypeptide that has reactivity with N-methyl Thr, has at least 90% identity to the
amino acid sequence of any of SEQ ID NOs: 10-11, and comprises at least one amino
acid of the following (i) and (ii):
1. (i) Gly at the amino acid position corresponding to position 332 of SEQ ID NOs:
10-11; and
2. (i) Gly at the amino acid position corresponding to position 511 of SEQ ID NOs:
10-11.

[0051] Furthermore, the above-mentioned reactivity is preferably higher than the reactivity of a
polypeptide having (i) Met at the amino acid position corresponding to position 332 and/or (ii)
His at the amino acid position corresponding to position 511. For example, the ThrRS as
described herein preferably has a reactivity with N-methyl Thr higher than the reactivity of a
ThrRS having Met at the amino acid position corresponding to position 332 of the ThrRS and
His at the amino acid position corresponding to position 511 of the ThrRS.

[0052] Furthermore, the following polypeptides are disclosed:

1. (a) a polypeptide comprising the amino acid sequence of any of SEQ ID NOs: 184-186
(TrpRS04, TrpRS05, and TrpRS18); and
2. (b) a polypeptide that has reactivity with N-methyl Trp, has at least 90% identity to the
amino acid sequence of any of SEQ ID NOs: 184-186, and comprises at least one amino
acid according to any of the following (i) to (iii):
1. (i) Val or Ala at the amino acid position corresponding to position 132 of SEQ ID
NOs: 184-186;
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2. (ii) Ala at the amino acid position corresponding to position 150 of SEQ ID NOs:
184-186; and

3. (iii) Ala at the amino acid position corresponding to position 153 of SEQ ID NOs:
184-186.

[0053] Furthermore, the above-mentioned reactivity is preferably higher than the reactivity of a
polypeptide having (i) Met at the amino acid position corresponding to position 132 and/or (ii)
GlIn at the amino acid position corresponding to position 150 and/or (iii) His at the amino acid
position corresponding to position 153. For example, the TrpRS as described herein preferably
has a reactivity with N-methyl Trp higher than the reactivity of a TrpRS having Met at the amino
acid position corresponding to position 132 of the TrpRS, GIn at the amino acid position
corresponding to position 150 of the TrpRS, and His at the amino acid position corresponding
to position 153 of the TrpRS.

[0054] Additionally, the following polypeptides are disclosed:

1. (a) a polypeptide comprising the amino acid sequence of SEQ ID NO: 187 (LeuRS02);
and

2. (b) a polypeptide that has reactivity with N-methyl Leu, has at least 90% identity to the
amino acid sequence of SEQ ID NO: 187, and comprises an amino acid sequence in
which the amino acid at the position corresponding to position 43 of SEQ ID NO: 187 is
Gly.

[0055] Furthermore, the above-mentioned reactivity is preferably higher than the reactivity of a
polypeptide having (i) Tyr at the amino acid position corresponding to position 43.

[0056] The identity of amino acid sequence is preferably 93% or more, more preferably 95% or
more, more preferably 97% or more, 98% or more, or 99% or more.

[0057] The N-methyl aminoacyl-tRNA synthetases as described herein are characterized by
the ability to efficiently acylate tRNAs with N-methyl amino acids, which are non-natural amino
acids known to enhance drug-likeness of peptides. The N-methyl aminoacyl-tRNA synthetases
as described herein may be derived from any organism including bacteria such as E. colj,
yeast, animals, or plants, but, because of their versatility, preferable are those that have high
sequence conservation with aminoacyl-tRNA synthetases exemplified in the Examples herein
(SEQ ID NOs: 1-11, 182-187), and thus have mutation site(s) easily identified in other
biological species. For example, polypeptides comprising the modified ARSs as described
herein may be derived from ARSs from eukaryotes or prokaryotes. Eukaryotes include protists
(including protozoan and unicellular green algae), fungi (including ascomycetes and
basidiomycetes), plants (including bryophytes, pteridophytes, and seed plants (gymnosperms
and angiosperms)), and animals (including invertebrates and vertebrates). Prokaryotes include
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archaebacteria (including thermophiles and methane bacteria) and eubacteria (including
cyanobacteria and E. coli). Polypeptides comprising the modified ARSs as described herein
may be derived from mammals (such as human, mouse, rat, guinea pig, rabbit, sheep,
monkey, goat, donkey, cattle, horse, and pig). Polypeptides comprising the modified ARSs as
described herein may be derived from, for example, E. coli or yeast, and preferably derived
from prokaryotes, for example bacteria. The polypeptides as described herein are derived
from, for example, bacteria of the family Enterobacteriaceae, for example, E. coli, including, but
are not limited to, for example, the genera Escherichia (including E. coli E. albertii E.
fergusonii), Shigella (including S. dysenteriae, S. flexneri, S. boydii, S. sonnei, S. enterica, S.
bongori), Citrobacter (including C. rodentium, C. koseri, C. farmeri, C. youngae), Kluyvera
(including K. ascorbata), Trabulsiella (including T. guamensis), Klebsiella, and the like.

[0058] N-methyl aminoacyl-tRNA synthetases from E. coli were used in the Examples herein
as one example, and therefore the modified positions indicated herein are positions in E. coli.
When N-methyl aminoacyl-tRNA synthetases from other organisms are used, positions to be
modified are amino acids at positions corresponding to those in the amino acid sequence of N-
methyl aminoacyl-tRNA synthetases from E. coli based on sequence homology. ARSs are
generally very highly conserved because they are enzymes playing an essential part in the
translation mechanism that exists in all organisms. Accordingly, a desired ARS can be modified
based on the method described herein to obtain a modified ARS with an increased ability to
incorporate an N-methyl amino acid.

[0059] Amino acids to be newly introduced into N-methyl aminoacyl-tRNA synthetases are
selected based on hydrophilicity, hydrogen bonds, and side chain size of amino acids in
consideration of the distance to and interaction with N-methyl group. For example, when
avoiding the steric repulsion between the amino acid at the position and an N-methyl group,
the distance to the N-methyl amino group can be adjusted by, for example, substituting a high
molecular weight amino acid with a low molecular weight amino acid. Specifically, the distance
can be adjusted by reducing the molecular weight, for example, by substituting threonine (Thr)
with serine (Ser).

[0060] For example, when an amino acid to be modified in an N-methyl aminoacyl-tRNA
synthetase is asparagine, the low molecular weight amino acids can include, but are not limited
to, for example, serine, valine, glycine, aspartic acid, and alanine. VWhen an amino acid to be
modified is glutamic acid, the low molecular weight amino acids can include, but are not limited
to, for example, alanine, valine, serine, alanine, and aspartic acid. Moreover, for example,
when an amino acid to be modified is Thr, the low molecular weight amino acids include
preferably, for example, Ser. WWhen an amino acid to be modified is an amino acid other than
the amino acids as described above, the low molecular weight amino acids include preferably,
for example, glycine (Gly) and alanine (Ala), and more preferably glycine (Gly). To give one
specific example, Thr can be substituted with Ser; GiIn, Glu, and Asn can be substituted with
Gly or Ala; and Met, His, GIn, and the like can be substituted with Gly, but the substitutions are
not limited thereto.
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[0061] To give a more specific example, modification of valine aminoacyl-tRNA synthetase
(ValRS) includes, for example, modification of amino acid(s) at position 43 and/or position 45
and/or position 279 of SEQ ID NO: 24 (natural ValRS), or amino acids at positions
corresponding to these positions. Amino acids selected for substitution are not limited, but as
mentioned above, for example, Thr can be substituted with Ser, Ala, or Gly, and amino acids
(e.g., Asn) other than Thr can be substituted with Gly or Ala. For example, preferred are
substitution of the amino acid at position 43 of SEQ ID NO: 24 or an amino acid at a position
corresponding to position 43 of SEQ ID NO: 24 with Gly or Ala, and/or substitution of the amino
acid at position 45 of SEQ ID NO: 24 or an amino acid at the position corresponding to position
45 of SEQ ID NO: 24 with Ser, and/or substitution of the amino acid at position 279 or an
amino acid at a position corresponding to position 279 with Gly or Ala. These substitutions may
be any one of the substitutions, a combination of any of these substitutions (e.g., substitutions
at position 43 and position 45, substitutions at position 43 and position 279, or substitutions at
position 45 and position 279), or all of the substitutions. Other substitutions may be further
combined. As a more specific illustration, N43 and/or T45 and/or T279 of SEQ ID NO: 24, or
amino acids at the positions corresponding to these, are preferably substituted, and preferably
substituted to N43G and/or T45S and/or T279A.

[0062] Modification of serine aminoacyl-tRNA synthetase (SerRS) includes, for example,
modification of amino acid(s) at position 237 and/or position 239 of SEQ ID NO: 26 (natural
SerRS), or amino acids at the positions corresponding to these positions. Amino acids selected
for substitution are not limited, but as mentioned above, for example, Thr can be substituted
with Ser, and amino acids (e.g., Glu) other than Thr can be substituted with Gly or Ala. For
example, preferred are substitution of the amino acid at position 237 of SEQ ID NO: 26 or an
amino acid at the position corresponding to position 237 of SEQ ID NO: 26 with Ser, and/or
substitution of the amino acid at position 239 of SEQ ID NO: 26 or an amino acid at the position
corresponding to position 239 of SEQ ID NO: 26 with Gly or Ala. These substitutions may be
any one or both of the substitutions. Other substitutions may be further combined. As a more
specific illustration, T237 and/or E239 of SEQ ID NO: 26, or amino acids at positions
corresponding to these, are preferably substituted, and preferably substituted to T237S and/or
E239G (or E239A).

[0063] Modification of phenylalanine aminoacyl-tRNA synthetase a subunit (PheRS a) includes,
for example, modification of amino acid at position 169 of SEQ ID NO: 28 (natural PheRS a
subunit), or an amino acid at a position corresponding to position 169 of SEQ ID NO: 28.
Amino acids selected for substitution are not limited, but as mentioned above, for example, Thr
can be substituted with Ser, and amino acids other than Thr can be substituted with glycine
(Gly) or alanine (Ala) (more preferably Gly). For example, preferred is substitution of the amino
acid at position 169 of SEQ ID NO: 28 or an amino acid at the position corresponding to
position 169 of SEQ ID NO: 28 with Gly. Other substitutions may be further combined. As a
more specific illustration, Q169 of SEQ ID NO: 28, or an amino acid at the position
corresponding to Q169 of SEQ ID NO: 28, is preferably substituted, and preferably substituted
to Q169G (or Q169A).
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[0064] Modification of threonine aminoacyl-tRNA synthetase (ThrRS) includes, for example,
modification of amino acid(s) at position 332 and/or position 511 of SEQ ID NO: 29 (natural
ThrRS), or amino acids at positions corresponding to these positions. Amino acids selected for
substitution are not limited, but as mentioned above, for example, Thr can be substituted with
Ser, and amino acids (e.g., Met and His) other than Thr can be substituted with Gly. For
example, preferred is/are substitution of the amino acid at position 332 of SEQ ID NO: 29 or an
amino acid at a position corresponding to position 332 of SEQ ID NO: 29 with Gly and/or
substitution of the amino acid at position 511 of SEQ ID NO: 29 or an amino acid at a position
corresponding to position 511 of SEQ ID NO: 29 with Gly. These substitutions may be any one
or both of the substitutions. Other substitutions may be further combined. As a more specific
illustration, M332 and/or H511 of SEQ ID NO: 29, or amino acids at positions corresponding to
these, are preferably substituted, and preferably substituted to M332G and/or H511G.

[0065] Modification of tryptophan aminoacyl-tRNA synthetase (TrpRS) includes, for example,
modification of amino acid(s) at position 132 and/or position 150 and/or position 153 of SEQ ID
NO: 188 (natural TrpRS), or amino acids at a position corresponding to these positions. Amino
acids selected for substitution are not limited, but as mentioned above, for example, Met can
be substituted with Val or Ala, and amino acids (e.g., GIn) other than Met can be substituted
with Ala. For example, preferred is/are substitution of the amino acid at position 132 of SEQ ID
NO: 188 or an amino acid at a position corresponding to position 132 of SEQ ID NO: 188 with
Val or Ala, and/or substitution of the amino acid at position 150 of SEQ ID NO: 188 or an amino
acid at a position corresponding to position 150 of SEQ ID NO: 188 with Ala, and/or substitution
of the amino acid at position 153 or an amino acid at a position corresponding to position 153
with Ala. These substitutions may be any one of the substitutions, a combination of any of
these substitutions (e.g., substitutions at position 132 and position 150, substitutions at position
132 and position 153, or substitutions at position 150 and position 153), or all of the
substitutions. Other substitutions may be further combined. As a more specific illustration,
M132 and/or Q150 and/or H153 of SEQ ID NO: 188, or amino acids at positions corresponding
to these, are preferably substituted, and preferably substituted to M132V and/or Q150A and/or
H153A.

[0066] Modification of leucine aminoacyl-tRNA synthetase (LeuRS) includes, for example,
modification of the amino acid at position 43 of SEQ ID NO: 189 (natural LeuRS), or an amino
acid at a position corresponding to position 43 of SEQ ID NO: 189. Amino acids selected for
substitution are not limited, but as mentioned above, for example, Thr can be substituted with
Gly. For example, preferred is substitution of the amino acid at position 43 of SEQ ID NO: 189
or an amino acid at a position corresponding to position 43 of SEQ ID NO: 189 with Gly. Other
substitutions may be further combined. As a more specific illustration, Y43 of SEQ ID NO: 189,
or an amino acid at a position corresponding to Y43 of SEQ ID NO: 189, is preferably
substituted, and preferably substituted to Y43G.

[0067] A method for producing a mutant N-methyl aminoacyl-tRNA synthetase, which is
modified by substituting an amino acid at a specific position with another amino acid, in
accordance with the present disclosure, can be performed using any known genetic
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engineering technique. For example, DNA fragments having base sequences encoding amino
acid sequences comprising amino acids at positions of interest are amplified using primers
having base sequences substituted with base sequences encoding amino acid sequences
comprising modified amino acids, resulting in base sequences encoding amino acid sequences
comprising modified amino acids. The amplified DNA fragments are ligated together to obtain a
full-length DNA encoding the mutant aminoacyl-tRNA synthetase. This full-length DNA can be
expressed using a host cell such as E. coli to easily produce the mutant N-methyl aminoacyl-
tRNA synthetase. Primers used in the method are 20 to 70 bases in length, and preferably
about 20 to 50 bases in length. The primers have 1 to 3 base mismatches with the original
unmodified base sequence, and therefore relatively long primers, for example, primers of 20
bases or more in length are preferably used.

[0068] A method for producing a mutant N-methyl aminoacyl-tRNA synthetase, which is
modified by substituting an amino acid at a specific position with another amino acid, according
to the present disclosure, is not limited to the method as described above, and various genetic
engineering techniques, such as known point mutation techniques and gene synthesis
techniques, and methods for introducing modified fragments using restriction enzymes, can be
utilized. Expression hosts are not limited to E. coli, and animal cells and cell-free translation
systems may also be used.

[0069] Modified ARSs as described herein include a polypeptide comprising an amino acid
sequence set forth in any of SEQ ID NOs: 1-11 and 182-187 (PheRS05, PheRS04, ValRS04,
ValRS13, ValRS13-11, SerRS03, SerRS05, SerRS35, SerRS37, ThrRS03, ThrRS14, ValRS66,
ValRS67, TrpRS04, TrpRS05, TrpRS18, and LeuRS02) and polypeptides functionally
equivalent to the polypeptide. "Functionally equivalent polypeptides” are ARSs with a high
structural identity to a polypeptide comprising an amino acid sequence set forth in any of SEQ
ID NOs: 1-11 and 182-187 and have reactivity with N-methyl amino acids. More specifically,
"functionally equivalent polypeptides” are polypeptides that have amino acids modified
according to the above description in ARSs with a high structural identity to a polypeptide
comprising an amino acid sequence set forth in any of SEQ ID NOs: 1-11 and 182-187,
thereby having increased reactivity with N-methyl amino acids compared to unmodified ARSs.
Increased reactivity with N-methyl amino acids may be, for example, increased substrate
specificity to N-methyl amino acids (e.g., increased value of reactivity with N-methyl amino
acids / reactivity with unmodified amino acids).

[0070] Such polypeptides include, for example, a polypeptide in which one or more amino
acids (preferably 1 to 20 amino acids, for example, 1 to 10 amino acids, 1 to 7 amino acids, 1
to 5 amino acids, 1 to 3 amino acids, 1 to 2 amino acids, or 1 amino acid) are substituted,
deleted, inserted, and/or added in an amino acid sequence set forth in any of SEQ ID NOs: 1-
11 and 182-187. Such polypeptides may also be, for example, a polypeptide in which one to
several amino acids are substituted, deleted, inserted, and/or added in an amino acid
sequence set forth in any of SEQ ID NOs: 1-11 and 182-187.

[0071] A polypeptide functionally equivalent to a modified ARS comprising an amino acid
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sequence set forth in any of SEQ ID NOs: 1-11 and 182-187 typically has a high identity to an
amino acid sequence set forth in any of SEQ ID NOs: 1-11 and 182-187. A polynucleotide
encoding a functionally equivalent polypeptide also typically has a high identity to a base
sequence (e.g., SEQ ID NOs: 12-22 and 190-195) encoding an amino acid sequence set forth
in any of SEQ ID NOs: 1-11 and 182-187. High identity (sequence identity) specifically refers to
70% or more, preferably 80% or more, 85% or more, 90% or more, 95% or more, 97% or
more, 98% or more, or 99% or more identity.

[0072] The identity of amino acid sequences or base sequences can be determined using the
BLAST algorithm by Karlin and Altschul (Proc. Natl. Acad. Sci. USA (1993) 90: 5873-7).
Programs called BLASTN and BLASTX have been developed based on the algorithm (Altschul
et al., J. Mol. Biol. (1990)215: 403-10). When a base sequence is analyzed using BLAST-
based BLASTN, parameters are set as, for example, score = 100 and wordlength = 12. When
an amino acid sequence is analyzed using BLAST-based BLASTX, parameters are set as, for
example, score = 50 and wordlength = 3. When BLAST and Gapped BLAST programs are
used, default parameters of each program are used. Specific procedures of these analysis
methods are known (see, information at the website of Basic Local Alignment Search Tool
(BLAST) in National Center for Biotechnology Information (NCBI).

[0073] The described polypeptides include any polypeptide of the following (a) to (d), wherein
the amino acid corresponding to position 43 of SEQ ID NO: 24 (ValRS) is other than Asn,
and/or the amino acid corresponding to position 45 of SEQ ID NO: 24 (ValRS) is other than Thr
and/or the amino acid corresponding to position 279 of SEQ ID NO: 24 (ValRS) is other than
Thr (i.e., a polypeptide in which the amino acid at at least one of these 3 positions is other than
the indicated respective amino acid) and wherein the polypeptide has increased reactivity to N-
methyl Val compared to a polypeptide in which the amino acids corresponding to position 43,
position 45, and position 279 are Asn, Thr, and Thr, respectively:

1. (a) a polypeptide comprising an amino acid sequence having a high identity to an amino
acid sequence set forth in any of SEQ ID NOs: 3-5, 182, and 183 (ValRS04, ValRS13,
ValRS13-11, ValRS66, and ValRS67);

2. (b) a polypeptide comprising an amino acid sequence in which one or more amino acids
are substituted, deleted, inserted, and/or added in an amino acid sequence set forth in
any one of SEQ ID NOs: 3-5, 182, and 183;

3. (c) a polypeptide encoded by a base sequence with high identity to a base sequence set
forth in any one of SEQ ID NOs: 14-16, 190, and 191 (DNA encoding ValRS04, ValRS13,
ValRS13-11, ValRS66, and ValRS67); or

4. (d) a polypeptide encoded by a DNA fragment hybridizing with a strand complementary
to a base sequence set forth in any one of SEQ ID NOs: 14-16, 190, and 191 under
stringent conditions.

[0074] The above-mentioned polypeptides preferably have (i) Gly or Ala at the amino acid
position corresponding to position 43 and/or (ii) Ser at the amino acid position corresponding to
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position 45 and/or (iii) Gly or Ala at the amino acid position corresponding to position 279. Such
polypeptides include natural polypeptides and artificially-modified polypeptides, and preferably
include polypeptides in which (i) the amino acid at the position corresponding to position 43 is
substituted with Gly or Ala and/or (ii) the amino acid at the position corresponding to position
45 is substituted with Ser and/or (iii) the amino acid at the position corresponding to position
279 is substituted with Gly or Ala.

[0075] The described polypeptides include any polypeptide of the following (a) to (d), wherein
the amino acid corresponding to position 237 of SEQ ID NO: 26 (SerRS) is other than Thr
and/or the amino acid corresponding to position 239 of SEQ ID NO: 26 (SerRS) is other than
Glu (i.e., a polypeptide in which the amino acid at at least one of these 2 positions is other than
the indicated respective amino acid) and wherein the polypeptide has increased reactivity with
N-methyl Ser compared to a polypeptide in which the amino acids corresponding to position
237 and position 239 are Thr and Glu respectively:

1. (a) a polypeptide comprising an amino acid sequence having a high identity to an amino
acid sequence set forth in any one of SEQ ID NOs: 6-9 (SerRS03, SerRS05, SerRS35,
and SerRS37);

2. (b) a polypeptide comprising an amino acid sequence in which one or more amino acids
are substituted, deleted, inserted, and/or added in an amino acid sequence set forth in
any one of SEQ ID NOs: 6-9;

3. (c) a polypeptide encoded by a base sequence having a high identity to a base
sequence set forth in any one of SEQ ID NOs: 17-20 (DNA encoding SerRS03,
SerRS05, SerRS35, and SerRS37); or

4. (d) a polypeptide encoded by a DNA fragment hybridizing with a strand complementary
to a base sequence set forth in any one of SEQ ID NOs: 17-20 under stringent
conditions.

[0076] The above-mentioned polypeptides preferably have (i) Ser at the amino acid position
corresponding to position 237 and/or (ii) Gly or Ala at the amino acid position corresponding to
position 239. Such polypeptides include natural polypeptides and artificially-modified
polypeptides, and preferably include polypeptides in which (i) the amino acid at the position
corresponding to position 237 is substituted with Ser and/or (ii) the amino acid at the position
corresponding to position 239 is substituted with Gly or Ala.

[0077] Such polypeptides include any polypeptide of the following (a) to (d), wherein the
polypeptide has any amino acid other than GIn at the position corresponding to position 169 of
SEQ ID NO: 28 (PheRS) and has increased reactivity with N-methyl Phe compared to a
polypeptide in which the amino acid at position 169 of SEQ ID NO: 28 (PheRS) is GIn:

1. (a) a polypeptide comprising an amino acid sequence having a high identity to an amino
acid sequence set forth in any one of SEQ ID NOs: 1-2 (PheRS05 and PheRS04);
2. (b) a polypeptide comprising an amino acid sequence in which one or more amino acids
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are substituted, deleted, inserted, and/or added in an amino acid sequence set forth in
any one of SEQ ID NOs: 1-2;

3. (c) a polypeptide encoded by a base sequence having a high identity to a base
sequence set forth in any one of SEQ ID NOs: 12-13 (DNA encoding PheRS05 and
PheRS04); or

4. (d) a polypeptide encoded by a DNA fragment hybridizing with a strand complementary
to a base sequence set forth in any one of SEQ ID NOs: 12-13 under stringent
conditions.

[0078] The above-mentioned polypeptides preferably have Gly or Ala at the amino acid
position corresponding to position 169. Such polypeptides include natural polypeptides and
artificially-modified polypeptides, and preferably include polypeptides in which the amino acid
at the position corresponding to position 169 is substituted with Gly or Ala.

[0079] The described polypeptides include any polypeptide of the following (a) to (d), wherein
the amino acid corresponding to position 332 of SEQ ID NO: 29 (ThrRS) is other than Met
and/or the amino acid corresponding to position 511 of SEQ ID NO: 29 (ThrRS) is other than
His (i.e., a polypeptide in which the amino acid at at least one of these 2 positions is other than
the indicated respective amino acid) and wherein the polypeptide has increased reactivity with
N-methyl Thr compared to a polypeptide in which the amino acids corresponding to position
332 and position 511 are Met and His, respectively:

1. (a) a polypeptide comprising an amino acid sequence having a high identity to an amino
acid sequence set forth in any one of SEQ ID NOs: 10-11 (ThrRS03 and ThrRS 14);

2. (b) a polypeptide comprising an amino acid sequence in which one or more amino acids
are substituted, deleted, inserted, and/or added in an amino acid sequence set forth in
any one of SEQ ID NOs: 10-11;

3. (c) a polypeptide encoded by a base sequence having a high identity to a base
sequence set forth in any one of SEQ ID NOs: 21-22 (DNA encoding ThrRS03 and
ThrRS 14); or

4. (d) a polypeptide encoded by a DNA fragment hybridizing with a strand complementary
to a nucleotide sequence set forth in any one of SEQ ID NOs: 21-22 under stringent
conditions.

[0080] The above-mentioned polypeptides preferably have (i) Gly at the amino acid position
corresponding to 332 and/or (ii) Gly at the amino acid position corresponding to position 511.
Such polypeptides include natural polypeptides and artificially-modified polypeptides, and
preferably include polypeptides in which the amino acid at the position corresponding to
position 332 is substituted with Gly and/or the amino acid at the position corresponding to
position 511 is substituted with Gly.
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[0081] The described polypeptides include a polypeptide that is any polypeptide of the
following (a) to (d), wherein the amino acid corresponding to position 132 of SEQ ID NO: 188
(TrpRS) is other than Met and/or the amino acid corresponding to position 150 of SEQ ID NO:
188 (TrpRS) is other than GIn and/or the amino acid corresponding to position 153 of SEQ ID
NO: 188 (TrpRS) is other than His (i.e., a polypeptide in which the amino acid at at least one of
these 3 positions is other than the indicated respective amino acid) and wherein the
polypeptide has increased reactivity with N-methyl Trp compared to a polypeptide in which the
amino acids corresponding to position 132, position 150, and position 153 are Met, GIn, and
His, respectively:

1. (a) a polypeptide comprising an amino acid sequence having a high identity to an amino
acid sequence set forth in any one of SEQ ID NOs: 184-186 (TrpRS04, TrpRS05, and
TrpRS 18);

2. (b) a polypeptide comprising an amino acid sequence in which one or more amino acids
are substituted, deleted, inserted, and/or added in an amino acid sequence set forth in
any one of SEQ ID NOs: 184-186;

3. (c) a polypeptide encoded by a base sequence having a high identity to a base
sequence set forth in any one of SEQ ID NOs: 192-194 (DNA encoding TrpRS04,
TrpRS05, and TrpRS18); or

4. (d) a polypeptide encoded by a DNA fragment hybridizing with a strand complementary
to a base sequence set forth in any one of SEQ ID NOs: 192-194 under stringent
conditions.

[0082] The above-mentioned polypeptides preferably have (i) Val or Ala at the amino acid
position corresponding to position 132 and/or (ii) Ala at the amino acid position corresponding
to position 150 and/or (iii) Ala at the amino acid position corresponding to position 153. Such
polypeptides include natural polypeptides and artificially-modified polypeptides, and preferably
include polypeptides in which (i) the amino acid at the position corresponding to position 132 is
substituted with Val or Ala and/or (ii) the amino acid at the position corresponding to position
150 is substituted with Ala and/or (iii) the amino acid at the position corresponding to position
153 is substituted with Ala.

[0083] The described polypeptides include any polypeptide of the following (a) to (d), wherein
the polypeptide has any amino acid other than Tyr at the position corresponding to position 43
of SEQ ID NO: 189 (LeuRS) and has increased reactivity with N-methyl Leu compared to a
polypeptide in which the amino acid corresponding to position 43 is Tyr:

1. (a) a polypeptide comprising an amino acid sequence having a high identity to the amino
acid sequence set forth in SEQ ID NO: 187 (LeuRS02);

2. (b) a polypeptide comprising an amino acid sequence in which one or more amino acids
are substituted, deleted, inserted, and/or added in an amino acid sequence set forth in
any one of SEQ ID NO: 187;

3. (c) a polypeptide encoded by a base sequence having a high identity to the base
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sequence set forth in SEQ ID NO: 195 (DNA encoding LeuRS02); or
4. (d) a polypeptide encoded by a DNA fragment hybridizing with a strand complementary
to the base sequence set forth in SEQ ID NO: 195 under stringent conditions.

[0084] The above-mentioned polypeptides preferably have Gly at the amino acid position
corresponding to position 43. Such polypeptides include natural polypeptides and artificially-
modified polypeptides, and preferably include polypeptides in which the amino acid at the
position corresponding to position 43 is substituted with Gly.

[0085] In the case of polypeptides obtained by modifying natural ARSs, polypeptides according
to the present disclosure are those with increased reactivity to N-methyl amino acids compared
to unmodified ARSs. When the polypeptides are natural ARSs or artificially produced
polypeptides, the polypeptides in accordance with the present disclosure are those with
reactivity to N-methyl amino acids, namely those having an activity to acylate tRNAs with N-
methyl amino acids. WWhen comparing the reactivities of modified ARSs and natural ARSs, and
the ARSs are made up of multiple subunits, subunit(s) other than that/those compared is/are
the same is/are used. These subunits may be natural (or wild-type) or a modified as long as
they are the same in both ARSs.

[0086] High identity (or high sequence identity) refers to, as mentioned above, for example,
70% or more, preferably 80% or more, 85% or more, 90% or more, 95% or more, 97% or
more, 98% or more, or 99% or more identity. The number of amino acids substituted, deleted,
inserted, and/or added may be one or several, for example, 1 to 20, preferably 1 to 15, more
preferably 1 to 10, more preferably 1 to 8, more preferably 1 to 7, more preferably 1 to 6, more
preferably 1 to 5, more preferably 1 to 4, more preferably 1 to 3, more preferably 1 to 2, and
more preferably 1. Stringent hybridization conditions refer to, for example, conditions of about
"1 X SSC, 0.1% SDS, at 37°C", more strictly conditions of about "0.5 X SSC, 0.1% SDS, at
42°C", further more strictly conditions of about "0.2 X SSC, 0.1% SDS, at 65°C", and yet more
strictly conditions of about "0.1 X SSC, 0.1% SDS, at 65°C". It is noted that the conditions of
SSC, SDS, and temperature as described above are only examples of combinations. Those
skilled in the art can achieve stringency similar to those described above by appropriately
combining the above-mentioned or other factors that determine hybridization stringency (such
as probe concentration, probe length, and duration of hybridization).

[0087] Also disclosed polynucleotides encoding the polypeptides as described herein. The
polynucleotides comprise any polynucleotide as long as it comprises a sequence encoding a
polypeptide as described above. The polynucleotides as described herein also comprise any
one of genomic DNA, cDNA, and DNAs artificially produced based on the genomic DNA or
cDNA. Genomic DNA comprises exons and introns. That is to say, genomic DNA may or may
not comprise introns, and may or may not comprise untranslated regions (5' UTR and/or 3'
UTR), transcription control elements, and the like. cDNA is a nucleic acid sequence derived
from a portion of intronic sequence and may comprise a nucleic acid sequence encoding an
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amino acid sequence.

[0088] The polynucleotides also comprise degenerate polynucleotides comprising any codon
that encodes the same amino acid. The described polynucleotides may also be a
polynucleotide derived from desired organisms.

[0089] The described polynucleotides may be obtained using any method. For example, a
complementary DNA (cDNA) prepared from mRNA, a DNA prepared from genomic DNA, a
DNA obtained by chemical synthesis, a DNA obtained by amplifying RNA or DNA as a template
using PCR, and a DNA constructed by appropriately combining these techniques are all
included. The described polynucleotides can be produced by cloning the genomic DNA or RNA
encoding the polypeptide as described herein according to conventional methods and
introducing mutations into the cloned genomic DNA or RNA.

[0090] For example, in a method for cloning cDNA from mRNA encoding a polypeptide as
described herein, first, the mRNA encoding the polypeptide as described herein is prepared
according to conventional methods from any tissue or cell where the polypeptide as described
herein is expressed and produced. For example, total RNA prepared using a method such as
the guanidine thiocyanate method, hot-phenol method, or AGPC method can be subjected to
affinity chromatography on oligo (dT) cellulose, poly U-Sepharose, or the like.

[0091] The obtained mRNA s then used as a template to synthesize a cDNA strand by using a
known method (Mol. Cell. Biol., Vol. 2, p. 161, 1982; Mol. Cell. Biol., Vol. 3, p. 280, 1983; Gene,
Vol. 25, p. 263, 1983), for example, by using reverse transcriptase. The cDNA strand is
converted into a double-stranded cDNA and incorporated into a plasmid vector, phage vector,
cosmid vector, or the like. The vector is used to transform E. coli or to perform in vitro
packaging followed by transfection of E. coli to generate a cDNA library.

[0092] The cDNA library can be screened using a polynucleotide as described herein (e.g.,
SEQ ID NOs: 12-22, 190-195) or a portion thereof as a probe to obtain a gene of interest.
Alternatively, the cDNA library can be directly amplified by PCR using a polynucleotide as
described herein (e.g., SEQ ID NOs: 12-22, 190-195) or a potion thereof as a primer. The sites
and lengths of probes and primers may be appropriately determined.

[0093] Further disclosed are vectors (recombinant vectors) comprising polynucleotides
encoding the polypeptides as described above. The vectors are not particularly limited as long
as they can replicate and can be maintained or can self-proliferate in any host prokaryotic
and/or eukaryotic cell. The vectors include plasmid vectors, phage vectors, viral vectors, and
the like.

[0094] Examples of vectors for cloning include, for example, pUC19, Agt10, Agt11, and the like.
Furthermore, the vectors preferably have a promoter that can express the herein described
polypeptide when cells that can express the polynucleotide in host cells are isolated.
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[0095] The recombinant vectors as described herein can be prepared by simply ligating a
polynucleotide encoding a herein disclosed polypeptide into a vector for recombination (a
plasmid DNA and bacteriophage DNA) available in the art according to conventional methods.

[0096] Examples of recombinant vectors that can be used include, for example, plasmids from
E. coli (such as pBR322, pBR325, pUC12, pUC13, and pUC19), plasmids from yeast (such as
pSH19 and pSH15), and plasmids from Bacillus subitilis (such as pUB110, pTP5, and pC194).

[0097] Examples of phages include bacteriophage such as A phage, and further animal and
insect viruses such as retrovirus, vaccinia virus, nucleopolyhedrovirus, and lentivirus (pVL1393,
from Invitrogen).

[0098] Expression vectors are useful for expressing polynucleotides encoding the herein
described polypeptides and production of the herein described polypeptides. The expression
vectors are not particularly limited as long as they have functions to express polynucleotides
encoding the polypeptides as described herein and produce the polypeptides in any host
prokaryotic and/or eukaryotic cell.

[0099] For example, expression vectors include pMAL C2, pEF-BOS (Nucleic Acid Research,
Vol. 18, 1990, p. 5322, and the like), or pME18S ("Ildenshi Kougaku Handbook (Genetic
Engineering Handbook)", supplementary volume of Jikken Igaku (Experimental Medicine),
1992, and the like).

[0100] Also disclosed are fusion between polypeptides as described herein with another
protein/other proteins. A fusion polypeptide according to the present dislcosure is a fusion
polypeptide between a polypeptide having reactivity with N-methyl amino acids as described
herein and another polypeptide. The fusion polypeptide itself may have no reactivity with N-
methyl amino acids as long as it comprises a polypeptide chain having reactivity with N-methyl
amino acids as described herein. When prepared as a fusion protein with, for example,
Glutathione S-transferase (GST), the fusion polypeptide as described herein can be prepared
by subcloning a cDNA encoding the polypeptide as described herein into, for example, plasmid
pGEX4T1 (from Pharmacia), transforming E. coli DH5a or the like with the plasmid, and
culturing the transformant.

[0101] Alternatively, a fusion polypeptide according to the present disclosure can be prepared
as a fusion with HA (influenza agglutinin), immunoglobulin constant region, B-galactosidase,
maltose-binding protein (MBP), or the like. Moreover, a fusion polypeptide can be prepared as
a fusion with, for example, any known peptide such as FLAG (Hopp, T. P. et al., BioTechnology
(1988) 6, 1204-1210), a tag consisting of several (e.g., six) histidine (His) residues (such as 6 x
His, 10 x His), influenza agglutinin (HA), a human c-myc fragment, a VSV-GP fragment, a
p18HIV fragment, T7-tag, HSV-tag, E-tag, a SV40T antigen fragment, Ick tag, an a-tubulin
fragment, B-tag, a Protein C fragment, Stag, StrepTag, and HaloTag.

[0102] The vectors as described herein preferably comprise at least a promoter-operator
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region, the initiation codon, a polynucleotide encoding the herein described polypeptide, a
termination codon, a terminator region, and a replicable unit when bacteria, particularly E. coli,
are used as host cells.

[0103] The expression vectors preferably comprise at least a promoter, the initiation codon, a
polynucleotide encoding a polypeptide as described herein, and a termination codon when
yeast, animal cells, or insect cells are used as hosts.

[0104] The vectors may also comprise DNA encoding a signal peptide, an enhancer sequence,
5' and 3' untranslated regions of the gene encoding a polypeptide as described herein, a
splicing junction, a polyadenylation site, a selection marker region, a replicable unit, or the like.

[0105] The vectors may also comprise, if desired, a marker gene (such as a gene amplification
gene, a drug-resistant gene) that allows selection of hosts in which gene amplification and
transformation have been achieved.

[0106] Examples of marker genes include, for example, dihydrofolate reductase (DHFR) gene,
thymidine kinase gene, neomycin resistant gene, glutamic acid synthetase gene, adenosine
deaminase gene, ornithine decarboxylase gene, hygromycin B phosphotransferase gene,
aspartate transcarbamylase gene, and the like.

[0107] The promoter-operator region for expressing a polypeptide in bacteria can include, a
promoter, an operator, and Shine-Dalgarno (SD) sequence (such as AAGG).

[0108] An example of a promoter-operator region includes one comprising, for example, Trp
promoter, lac promoter, recA promoter, APL promoter, Ipp promoter, tac promoter, or the like
when the host is a bacterium of the genus Escherichia, for example.

[0109] Promoters for expressing a polypeptide in yeast include PHO5 promoter, PGK promoter,
GAP promoter, and ADH promoter.

[0110] The promoters include SLO1 promoter, SP02 promoter, penP promoter, and the like
when the host is a bacterium of the genus Bacillus.

[0111] The promoters also include promoters derived from SV40, retroviral promoters, heat
shock promoters, and the like when the hosts are eukaryotic cells such as mammalian cells.
The promoters are preferably those derived from SV40 and retroviral promoters. However, the
promoters are not particularly limited to those described above. Also, enhancers can be
effectively used for expression.

[0112] An example of a suitable initiation codon includes the methionine codon (ATG).
Examples of termination codons include common termination codons (e.g., TAG, TGA, and
TAA). Terminator regions that can be used include natural or synthetic terminators generally
used.
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[0113] The replicable unit refers to DNA having an ability to replicate the full DNA sequence of
the replicable unit in host cells, and includes natural plasmids, artificially modified plasmids
(DNA fragments prepared from natural plasmids), synthetic plasmids, and the like. Suitable
plasmids include plasmid pBR322 or an artificially modified pBR322 (a DNA fragment obtained
by digesting pBR322 with a suitable restriction enzyme) for E. coli; yeast 2u plasmid or yeast
chromosomal DNA for yeast; and plasmid pRSVneo (ATCC 37198), plasmid pSV2dhfr (ATCC
37145), plasmid pdBPV-MMTneo (ATCC 37224), plasmid pSV2neo (ATCC 37149), and the like
for mammalian cells.

[0114] Enhancer sequence, polyadenylation site, and splicing junction that can be used are
those commonly used by those skilled in the art, such as for example those derived from SV40.

[0115] The expression vectors can be prepared by ligating at least a promoter as described
above, an initiation codon, a polynucleotide encoding a polypeptide, a termination codon, and
a terminator region to a suitable replicable unit continuously and circularly. Suitable DNA
fragments (e.g., a linker, other restriction enzyme cleavage sites, and the like) can also be
used in conventional techniques such as digestion with restriction enzymes and ligation with T4
DNA ligase, if desired.

[0116] Also disclosed are recombinant cells transformed with the vectors as described above,
and the recombinant cells can be prepared by introducing the expression vectors as described
above into host cells.

[0117] Host cells used in accordance with the disclosure are not particularly limited as long as
they are compatible with the expression vectors described above and can be transformed.
Examples of host cells include various cells including natural cells and artificially-established
recombinant cells commonly used in the technical field, for example, bacteria (Escherichia
bacteria, Bacillus bacteria), yeast (such as Saccharomyces, Pichia), animal cells, insect cells,
and the like.

[0118] The host cells are preferably E. coli or animal cells, and examples include, for example,
E. coli (such as DH5a, TB1, HB101), mouse-derived cells (such as COP, L, C127, Sp2/0, NS-1,
or NIH3T3), rat-derived cells (PC12, PC12h), hamster-derived cells (such as BHK and CHO),
monkey-derived cells (such as COS1, COS3, COS7, CV1, and Velo), human-derived cells
(such as Hela, diploid fibroblast-derived cells, myeloma cells, and HepG2), and the like.

[0119] Introduction of expression vectors into host cells (transformation (transfection)) can be
performed according to conventional methods ([for E. coli, Bacillus subtilis, and the like]: Proc.
Natl. Acad. Sci. USA., Vol. 69, p. 2110, 1972; Mol. Gen. Genet., Vol. 168, p. 111, 1979; J. Mol.
Biol., Vol. 56, p. 209, 1971; [for Saccharomyces cerevisiae]. Proc. Natl. Acad. Sci. USA., Vol.
75, p. 1927, 1978; J. Bacteriol., Vol. 153, p. 163, 1983); [for animal cells]: Virology, Vol. 52, p.
456, 1973; [for insect cells]: Mol. Cell. Biol., Vol. 3, p. 2156-2165, 1983).
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[0120] The polypeptides can be produced by culturing recombinant transformed cells including
expression vectors prepared as described above (hereinafter used to mean inclusion of an
inclusion body) in a nutrient medium according to any conventional method.

[0121] The polypeptides can be produced such as by culturing recombinant cells as described
above, particularly animal cells and allowing the recombinant cells to secrete the polypeptides
into culture supernatant.

[0122] The obtained culture is subjected to filtration, centrifugation, or any other similar
technique to obtain a culture filtrate (supernatant). The polypeptides are purified and isolated
from the culture filtrate according to any conventional method commonly used to purify and
isolate natural or synthetic proteins.

[0123] Isolation and purification methods include, for example, methods utilizing solubility such
as salt precipitation and solvent precipitation, dialysis, ultrafiltration, gel filtration, methods
utilizing the difference in molecular weight such as sodium dodecyl sulphate-polyacrylamide gel
electrophoresis, methods utilizing electric charge such as ion exchange chromatography and
hydroxylapatite chromatography, methods utilizing specific affinity such as affinity
chromatography, methods utilizing the difference in hydrophobicity such as reversed-phase
high-performance liquid chromatography, methods utilizing the difference in isoelectric point
such as isoelectric focusing, and the like.

[0124] Meanwhile, when a polypeptide as described herein is present in periplasm or
cytoplasm of cultured recombinant cells (e.g., E. coli), the culture is subjected to any
conventional method such as filtration or centrifugation to collect bacterial pellets or cells. The
collected bacterial pellets or cells are suspended in a suitable buffer, and cell wall and/or
cytoplasmic membrane is/are disrupted by any method such as for example sonication,
lysozyme, and freeze-thawing. Any method such as centrifugation or filtration is then
performed to obtain membrane fraction containing the protein as described herein. The

membrane fraction is solubilized with any surfactant such as Triton -X100 to give a crude
solution. Then, the crude solution can be isolated and purified using any conventional method
as described previously.

[0125] Also disclosed is a polynucleotide (cDNA or genomic DNA) encoding a polypeptide as
described above or an oligonucleotide hybridizing with a strand complementary to the
polynucleotide. For example, the oligonucleotide is a base sequence at least comprising
modified sites of ARSsas described herein or an oligonucleotide hybridizing with a strand
complementary to the base sequence. An oligonucleotide in accordance with the disclosure is
also a partial fragment of polynucleotides encoding a modified ARS as described herein, and is
preferably a fragment comprising bases in modified sites of the modified ARSs or a strand
complementary to the fragment.

[0126] For example, for a polynucleotide encoding a polypeptide as described herein having
reactivity with N-methyl Val, the oligonucleotide may be an oligonucleotide comprising bases
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encoding the codon(s) for an amino acid corresponding to position 43, and/or an amino acid
corresponding to position 45, and/or an amino acid corresponding to position 279 of the amino
acid sequences set forth in SEQ ID NOs: 3-5, 182, and 183 (ValRS04, ValRS13, ValRS13-11,
ValRS66, and ValRS67), or an oligonucleotide consisting of a sequence complementary to the
oligonucleotide. In this case, an amino acid corresponding to position 43 is preferably Gly or
Ala (more preferably Gly), and an amino acid corresponding to position 45 is preferably Ser,
and an amino acid corresponding to position 279 is preferably Gly or Ala (more preferably Ala).

[0127] For example, for a polynucleotide encoding a polypeptide as described herein having
reactivity with N-methyl Ser, the oligonucleotide may be an oligonucleotide comprising bases
encoding the codon(s) for an amino acid corresponding to position 237 and/or an amino acid
corresponding to position 239 of the amino acid sequences set forth in SEQ ID NOs: 6-9
(SerRS03, SerRS05, SerRS35, and SerRS37), or an oligonucleotide consisting of a sequence
complementary to the oligonucleotide. In this case, an amino acid corresponding to position
237 is preferably Ser, and an amino acid corresponding to position 239 is preferably Gly or Ala
(more preferably Gly).

[0128] For example, for a polynucleotide encoding a polypeptide as described herein having
reactivity with N-methyl Phe, the oligonucleotide may be an oligonucleotide comprising bases
encoding the codon for an amino acid corresponding to position 169 of the amino acid
sequences set forth in SEQ ID NOs: 1-2 (PheRS04 and PheRS05) or an oligonucleotide
consisting of a sequence complementary to the oligonucleotide. In this case, an amino acid
corresponding to position 169 is preferably Gly or Ala.

[0129] For example, for a polynucleotide encoding a polypeptide as described herein having
reactivity with N-methyl Thr, the oligonucleotide may be an oligonucleotide comprising bases
encoding the codon(s) for an amino acid corresponding to position 332 and/or an amino acid
corresponding to position 511 of the amino acid sequences set forth in SEQ ID NOs: 10-11
(ThrRS03 and ThrRS14), or an oligonucleotide consisting of a sequence complementary to the
oligonucleotide. In this case, an amino acid corresponding to position 332 is preferably Gly,
and an amino acid corresponding to position 511 is preferably Gly.

[0130] For example, for a polynucleotide encoding a polypeptide as described herein having
reactivity with N-methyl Trp, the oligonucleotide may be an oligonucleotide comprising bases
encoding the codon(s) for an amino acid corresponding to position 132, and/or an amino acid
corresponding to position 150, and/or an amino acid corresponding to position 153 of the
amino acid sequences set forth in SEQ ID NOs: 184-186 (TrpRS04, TrpRS05, and TrpRS18),
or an oligonucleotide consisting of a sequence complementary to the oligonucleotide. In this
case, an amino acid corresponding to position 132 is preferably Val or Ala (more preferably
Val), an amino acid corresponding to position 150 is preferably Ala, and an amino acid
corresponding to position 279 is preferably Ala.

[0131] For example, for a polynucleotide encoding a polypeptide as described herein having
reactivity with N-methyl Leu, the oligonucleotide be an oligonucleotide comprising bases
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encoding the codon for an amino acid corresponding to position 43 of the amino acid
sequence set forth in SEQ ID NO: 187 (LeuRS02) or an oligonucleotide consisting of a
sequence complementary to the oligonucleotide. In this case, an amino acid corresponding to
position 43 is preferably Gly.

[0132] Length of a partial fragment of polynucleotides encoding the polypeptides as described
herein having reactivity with N-methyl amino acids is not particularly limited, but is for example,
at least 15 consecutive bases, preferably 16 or more consecutive bases, more preferably 17 or
more consecutive bases, more preferably 18 or more consecutive bases, more preferably 20
or more consecutive bases, more preferably 25 or more consecutive bases, more preferably
28 or more consecutive bases, more preferably 30 or more consecutive bases, more
preferably 32 or more consecutive bases, more preferably 35 or more consecutive bases,
more preferably 40 or more consecutive bases, and more preferably 50 or more consecutive
bases.

[0133] In addition to the partial fragment of polynucleotides encoding ARSs as described
above, oligonucleotides may also further comprise (an) oligonucleotide(s) consisting of other
sequences at its/their both or either end(s) (5' and/or 3' end). An oligonucleotide in accordance
with the disclosure is, for example, 500 bases or less in length, more preferably 300 bases or
less in length, more preferably 200 bases or less in length, more preferably 100 bases or less
in length, more preferably 70 bases or less in length, more preferably 60 bases or less in
length, and more preferably 50 bases or less in length.

[0134] The disclosed oligonucleotides are useful for producing nucleic acids encoding the
polypeptides as described herein (e.g., useful for introducing mutations), and also useful for
detecting nucleic acids encoding the polypeptides as described herein. For example, an
oligonucleotide as described herein can also be used as a probe in DNA hybridization or RNA
hybridization operations. An example of a DNA for the purpose of using as a probe include a
partial base sequence of 20 or more consecutive bases hybridizing with a herein described
polynucleotide, preferably, a partial base sequence of 30 or more consecutive bases, more
preferably a partial base sequence of 40 or 50 or more consecutive bases, more preferably a
partial base sequence of 100 or more consecutive bases, more preferably a partial base
sequence of 200 or more consecutive bases, and particularly preferably a partial base
sequence of 300 or more consecutive bases.

[0135] The herein described polypeptides, polynucleotides, and oligonucleotides can be
included in compositions in combination with carriers or vehicles, appropriately. The
compositions can be produced using any method known to those skilled in the art. The
polypeptides, polynucleotides, and oligonucleotides as described herein can be appropriately
combined with, for example, pharmacologically acceptable carriers or vehicles, specifically,
sterile water, physiological saline, vegetable oil, emulsifying agents, suspending agents,
surfactants, stabilizers, flavoring agents, excipients, vehicles, preservatives, bonding agents, or
the like. These can be mixed together to be formulated in unit dosage form required by
generally-accepted pharmaceutical practices.
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[0136] Further disclosed are cells transformed with a polynucleotide (including DNA and RNA)
encoding a mutant N-methyl aminoacyl-tRNA synthetase as described above. Such cells may
be prokaryotic cells or eukaryotic cells.

[0137] When a herein described mutant N-methyl aminoacyl-tRNA synthetase expressed in
cells is directly used for protein synthesis in the cells, cells depending on the intended use can
be used. Any known method can be adopted for the transformation.

[0138] Further disclosed is a method for producing polypeptide containing N-methyl amino
acids using the ARS with an altered amino acid sequence as described above.

[0139] The ARSs with altered amino acid sequences as described herein are used not only in
cells but also in vitro (in a cell-free system).

[0140] In either case, unlike prior art using chemical synthesis such as the pdCpA method,
tRNAs can be acylated repeatedly during a translation reaction, and therefore N-methyl
aminoacyl-tRNAs can be supplied continuously, and addition of a large amount of tRNAs, which
may inhibit translation, can be avoided.

[0141] Accordingly, disclosed is a method for producing non-natural amino acids efficiently,
selectively, in particular regioselectively, and in large amounts.

<General method for preparing a modified ARS >

[0142] A modified ARS as described herein can be produced using any known genetic
recombination technique as mentioned above, and generally can be prepared as follows: first,
site-directed mutation is introduced into a specific position or a specific amino acid by PCR
using a plasmid comprising the natural ARS gene as a template with appropriate primers. The
template plasmid is digested with a restriction enzyme, and then E. coli or the like is
transformed with the digested plasmid. The plasmid into which the desired mutation has been
introduced is cloned.

[0143] If a second amino acid mutation is introduced, subsequently the introduction of site-
directed mutation using the plasmid having the mutation introduced into the specific position as
a template with appropriate primers is repeated as with the description above, which results in
the construction of a plasmid DNA encoding the polypeptide in which the two amino acids are
substituted. A similar procedure can be followed when introducing further amino acid
mutations.

[0144] E. coli BL21 strain or the like is co-transformed with the constructed DNA and the
plasmid pREP4 encoding lac repressor (Lacl) or the like, and the obtained transformed strain
is isolated and cultured followed by expression induction with IPTG. The obtained strain is then
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disrupted, and the supernatant is passed through an affinity column for His-tag to purify the
mutant ARS.

[0145] Alternatively, the following method can be used to prepare a mutant ARS. Specifically, a
sequence of a certain mutant ARS is genetically synthesized and inserted into an expression
vector, and proteins are allowed to be expressed. Affinity columns for different purification tags
are used to purify the protein of interest.

[0146] Methods for producing a mutant N-methyl aminoacyl-tRNA synthetase as described
herein, which is modified by substituting an amino acid at a specific position with another amino
acid, are not limited to the methods as described above, and various genetic engineering
techniques including known point mutation techniques and gene synthesis techniques,
methods for introducing modified fragments using restriction enzymes, and the like may be
used. Also, expression is not limited to expression in E. coli and animal cells and cell-free
translation systems may also be used. Purification methods are also not limited to methods in
an affinity column for polyhistidine, and various peptide-tags and purification columns may be
used.

<Method for confirming substrate specificity of the obtained modified ARS as
described herein>

[0147] Substrate specificity of the obtained modified products can be confirmed by any of the
following three assay methods, for example.

[0148] The first method can confirm by mass spectroscopy that N-methyl amino acids
corresponding to codons on mRNA are introduced into a peptide by performing a translation
reaction in a cell-free translation system reconstituted with the modified ARS rather than wild-
type ARS and further N-methylated amino acids rather than natural amino acids, and
performing aminoacylation with N-methyl amino acids in the translation system.

[0149] In the second method, peptides to be produced are labeled in a translation experiment
using amino acids labeled with radioactive isotopes or fluorescent molecules, and the peptides
are separated and visualized by electrophoresis or an analytical column to estimate yield of the
peptides. In this method, translational introduction efficiency of corresponding N-methyl amino
acids provided by using the modified ARS is increased compared to that provided by using
wild-type ARS, and therefore the radioactivity or fluorescence, which is observed by
electrophoresis or chromatogram, of the peptide produced using the modified ARS is observed
more strongly than that of the peptide produced using wild-type ARS.

[0150] In the third method, three molecules, a modified ARS, a tRNA and an N-methyl amino
acid corresponding to the modified ARS are reacted together in vitro, and the resulting N-
methyl aminoacyl-tRNA is separated from unreacted tRNA by electrophoresis to quantify
efficiency of the acylation reaction. The acylated tRNA produced using the modified ARS is
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detected more than that produced using wild-type ARS.

[0151] As mentioned above, the modified ARSs as described herein have increased reactivity
with N-methyl amino acids compared to unmodified ARSs. The increased reactivity with N-
methyl amino acids may be an increase in reaction rate, an increase in the amount of reaction
products acylated with N-methyl amino acids, or an increase in substrate specificity to N-methyl
amino acids. The increased reactivity with N-methyl amino acids may also be qualitative or
quantitative. For example, the reactivity with N-methyl amino acids is considered to have
increased in a reaction performed under the same conditions except for the use of an
unmodified ARS or a modified ARS when the reactivity (such as reaction rate or the amount of
reaction products) of the modified ARS to the substrate N-methyl amino acid is significantly
increased compared to the reactivity of the unmodified ARS to N-methyl amino acids. Even if
the reaction rate or reaction product amount in a reaction using the modified ARS and an N-
methyl amino acid as substrate does not significantly increase compared to that in a reaction
using the unmodified ARS, the reactivity of the modified ARS to N-methyl amino acids is
considered to have increased when substrate specificity of the modified ARS to the N-methyl
amino acid is increased relative to that in a reaction using unmodified amino acids. Preferably,
the modified ARSs as described herein increase reaction rate or reaction product amount in a
reaction using N-methyl amino acids as substrates compared to unmodified ARSs.

[0152] For example, the modified ARSs as described herein significantly increase the amount
of tRNA aminoacylated with N-methyl amino acids or the amount of peptides incorporating N-
methyl amino acids, as measured under the same conditions except for using either
unmodified ARS or modified ARS, preferably by at least 10%, preferably by 20%, preferably by
1.3 times or more, preferably by 1.5 times or more, preferably by 2 times or more, preferably
by 3 times or more, further preferably by 5 times or more, further preferably by 10 times or
more, further preferably by 20 times or more, further preferably by 30 times or more, further
preferably by 50 times or more, and further preferably by 100 times or more. Alternatively, the
modified ARSs as described herein significantly increase the amount ratio of "products of the
reaction with N-methyl amino acids / products of the reaction with unmodified amino acids”, as
measured under the same conditions except for using either unmodified ARS or modified ARS,
preferably by at least 10%, preferably by 20%, preferably by 1.3 times or more, preferably by
1.5 times or more, preferably by 2 times or more, preferably by 3 times or more, further
preferably by 5 times or more, further preferably by 10 times or more, further preferably by 20
times or more, further preferably by 30 times or more, further preferably by 50 times or more,
further preferably by 100 times or more compared to unmodified ARSs. Alternatively, when a
nucleic acid encoding a polypeptide containing consecutive N-methyl amino acids is allowed to
be translated, the modified ARSs as described herein significantly increase the production
amount of the polypeptide containing consecutive N-methyl amino acids, as measured under
the same conditions except for using either unmodified ARS or modified ARS, preferably by at
least 10%, preferably by 20%, preferably by 1.3 times or more, preferably by 1.5 times or
more, preferably by 2 times or more, preferably by 3 times or more compared to unmodified
ARSs. The consecutive N-methyl amino acids may be, for example, two and/or three
consecutive N-methyl amino acids.
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[0153] The reactivity with N-methyl amino acids can be determined according to a confirmation
method as described above. Specifically, for example, ribosomally-produced peptides are
electrophoresed, and band intensity of peptides that have incorporated N-methyl amino acids
and peptides that have not incorporated N-methyl amino acids can be measured qualitatively
or quantitatively to determine the reactivity. Alternatively, mass spectral peaks can be
measured, and peaks of peptides that have incorporated N-methyl amino acids and peaks of
peptides that have not incorporated N-methyl amino acids can be measured to determine the
reactivity.

[0154] For example, substrate specificity of a modified ARSs as described herein is
significantly increased, preferably by at least 10%, preferably by 20%, preferably by 1.3 times
or more, preferably by 1.5 times or more, preferably by 2 times or more, preferably by 3 times
or more, further preferably by 5 times or more, further preferably by 10 times or more, and
further preferably by 20 times or more compared to unmodified ARSs when peptides are
synthesized in the presence of unmodified amino acids or N-methyl amino acids and the
amount ratio of "products of the reaction with N-methyl amino acids / products of the reaction
with unmodified amino acids” is measured.

[0155] The reaction conditions may be appropriately determined as long as the conditions
used for unmodified ARSs and for modified ARSs are the same. The substrate concentration of
unmodified amino acids and N-methyl amino acids at the reaction may be appropriately
adjusted, and may be any concentration condition as long as reactivity with N-methyl amino
acids is increased. Preferably, unmodified amino acids may not be added (may be only
endogenous amino acids originally contained in a cell-free translation system), or may be
appropriately adjusted in the range from 0.1 uM to 1 mM, for example, 0.1 yM to 500 uM, 0.1
MM to 250 uM, 0.1 pM to 100 uM, or 0.1 pM to 50 uM for reactions. N-methyl amino acids may
be appropriately adjusted in the range from, for example, 50 uM to 10 mM, for example, 100
MM to 5 mM, 200 uM to 2 mM, or 500 uM to 1 mM for reactions.

[0156] Modified ARSs obtained by the preparation method as described above can be used to
produce peptides and peptide-mRNA fusions that have incorporated N-methyl amino acids in a
site-specific manner.

[0157] Moreover, ARSs used herein are highly conserved among biological species.
Therefore, it is clear that the herein described method can be generally applied to modification
of N-methyl amino acid-tRNA synthetases from other biological species.

[0158] The modified ARS as described herein can be used to produce peptides having a
particular amino acid substituted with its non-natural, N-methylated amino acid, in a prokaryotic
translation. Such peptides can be produced using ARSs that are derived from other organisms
and modified in a similar way as disclosed herein.

<Acylation reaction of tRNAs using the modified ARSs >
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[0159] Use of the modified ARSs as described herein makes it possible to employ N-methyl
amino acids as substrates in acylation of tRNAs. The modified ARSs as described herein can
acylate tRNAs with N-methyl amino acids and to ribosomally produce N-methyl amino acid-
containing peptides.

[0160] In order to produce N-methyl aminoacyl-tRNAs using the modified ARSs as described
herein, the modified ARSs, N-methyl amino acids corresponding to the modified ARSs, and
tRNAs may be reacted in vitro as in chemical synthesis such as the pdCpA method. The
products, N-methyl aminoacyl-tRNAs may be isolated using any known nucleic acid purification
technique such as ethanol precipitation, and the isolated product may be added to a translation
system. This leads to production of polypeptides or polypeptide-mRNA fusions that have
introduced N-methyl amino acids at the intended positions.

[0161] Unlike chemical synthesis which requires reactions performed in a reaction solution
comprising only a particular tRNA and the N-methyl amino acid corresponding to the tRNA as
substrates, three molecules, a modified ARS, N-methyl amino acid, and tRNA are used to
precisely and efficiently produce the intended N-methyl aminoacyl-tRNA even in a mixture of
translation reaction solution comprising other tRNAs and other amino acids because the
modified ARSs as described herein have high substrate specificity for tRNAs and amino acids.
Accordingly, the isolation and purification steps as described above are not essential. A
reaction solution in which tRNAs have been acylated with N-methyl amino acids can be directly
used in a translation reaction, or a translation reaction can be performed at the same time as
an acylation reaction of tRNAs with N-methyl amino acids. The modified ARSs as described
herein are very convenient because the reactions using the modified ARSs require no chemical
synthesis of substrates such as pdCpA amino acids and activated amino acids and can be
performed using commercially available reagents.

[0162] The most important characteristics include no requirement of stoichiometric
consideration for a tRNA of interest in performing peptide translation (peptide expression)
using a modified ARS as described herein. In chemical synthesis in which aminoacyl-tRNAs are
supplied, N-methyl aminoacyl-tRNAs are consumed during the reaction, decreasing the
reaction efficiency. However, if ARSs are used, translational efficiency is good even in peptide
synthesis in which multiple N-methyl amino acids are introduced. Aminoacyl-tRNAs are
constantly deacylated in hydrolytic reactions or transpeptidation reactions in translation
systems, but the modified ARSs as described herein recognize released tRNAs and newly
acylate the tRNAs with N-a amino acids, which results in a constant supply of N-a aminoacyl-
tRNAs in the translation system. Therefore, the amount of tRNA required is less than the
amount of produced polypeptide. Addition of large amounts of tRNA itself contributes to
reduction of peptide yield. Therefore, the modified ARSs as described herein are useful for
producing N-a amino acid-containing peptides at a high translational efficiency and producing
highly diverse peptide libraries.
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[0163] Moreover, because the modified ARSs as described herein have increased reactivity
with N-methyl amino acids compared to natural ARSs, the modified ARSs can acylate tRNAs in
the presence of N-methyl amino acids at a concentration lower than a concentration of N-
methyl amino acids used for natural ARSs. In other words, the absolute amount of N-methyl
amino acids required for peptide expression using the modified ARSs is not as much as that of
N-methyl amino acids required for peptide expression using natural ARSs.

[0164] In addition, the modified ARSs as described herein can be used to translate N-methyl
amino acid-containing peptides at a concentration lower than a concentration of natural ARSs
used for translating N-methyl amino acid-containing peptides. In other words, the absolute
amount of the modified ARS as described herein required for peptide expression is significantly
less than in translation of N-methyl amino acid-containing peptides using natural ARSs.

[0165] These characteristics are important for improving orthogonality of aminoacylation
reaction. Namely, in order to translate N-methyl amino acid-containing peptides, the more the
substrate N-methyl amino acid, or an ARS corresponding to the N-methyl amino acid, is
needed at a concentration higher than other natural amino acids, or ARSs corresponding to
the other natural amino acids, the more it makes it easier for non-specific reactions to happen,
such non-specific reactions being: ARS that should be normally using an N-methyl amino acid
as a substrate may use other natural amino acids for acylation reaction; or an N-methyl amino
acid that is present in excess may be used in acylation reactions by ARSs corresponding to
other natural amino acids. This results in the obtained translated peptides being a mixture of
N-methyl amino acid-containing peptides and peptides containing corresponding natural amino
acid, which may cause issues for peptide libraries. However, it is expected that this issue can
be minimized by using the modified ARSs as described herein.

[0166] Accordingly, the characteristics of the modified ARSs disclosed herein can be described
as follows:
modified ARSs that catalyze acylation of tRNAs and comprise

1. (a) a tRNA binding site;

2. (b) a binding site to an N-methyl amino acid substrate; and

3. (c) a catalytically active site having activity to catalyze a reaction in which an acyl group
is transferred from the N-methyl amino acid substrate to 3' end of a tRNA,

wherein the modified ARSs are characterized in that they can correctly recognize tRNAs and
N-methyl amino acids in a translation reaction mixture, acylates the tRNAs, and further reuse
tRNAs released after the transacylation reaction to repeat acylation reactions again.

[0167] Moreover, the modified ARSs may comprise, in addition to (a), (b), and (c) as described
above, (d) an editing site where a tRNA acylated with any undesired amino acid is hydrolyzed.

<Synthesis of acylated tRNAs using the modified ARSs >
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[0168] The modified ARSs as described herein can be used to synthesize tRNAs acylated with
desired N-methyl amino acid substrates.

[0169] A method for producing acylated tRNAs using the modified ARSs as described herein,
comprising the following steps:

1. (a) providing one or more modified ARSs as described herein;

2. (b) providing tRNAs;

3. (¢) providing N-methyl amino acids; and

4. (d) contacting the modified ARSs with the tRNAs and N-methyl amino acids to acylate
the tRNAs.

[0170] In addition to the steps as described above, the method may further comprise the step
of (e) collecting the reaction product comprising the acylated tRNAs. The acylated tRNAs
require no purification in the collecting step, and the reaction mixture can be collected and
used directly. By not separating or purifying the produced aminoacyl-tRNAs from the ARSs,
deacylation can be prevented.

[0171] This method uses N-methyl amino acids as substrates. Particularly preferable N-methyl
amino acids include N-methylphenylalanine, N-methylvaline, N-methylthreonine, N-
methyltryptophan, N-methylleucine, and/or N-methylserine. A substrate of an ARS (an amino
acid corresponding to the ARS) is appropriately selected as N-methyl amino acid used as a
substrate.

[0172] In a method for producing an acylated tRNA using a modified ARS as described herein,
a tRNA that can be used is a tRNA corresponding to an ARS of a corresponding natural amino
acid. The term "corresponding natural amino acid" refers to an amino acid that is not N-
methylated relative to an N-methyl amino acid. For example, for N-methylphenylalanine, the
corresponding amino acid is phenylalanine, and the corresponding tRNA is a tRNA recognizing
the codon UUU or UUC (having the anticodon corresponding to the codon). For N-
methylvaline, the corresponding amino acid is valine, and the corresponding tRNA is a tRNA
recognizing the codon GUU, GUC, GUA, or GUG (having the anticodon corresponding to the
codon). For N-methylserine, the corresponding amino acid is serine, and the corresponding
tRNA is a tRNA recognizing the codon UCU, UCC, UCA, UCG, AGU, or AGC (having the
anticodon corresponding to the codon). For N-methylthreonine, the corresponding amino acid
is threonine, and the corresponding tRNA is a tRNA recognizing the codon ACU, ACC, ACA, or
ACG (having the anticodon corresponding to the codon). For N-methyltryptophan, the
corresponding amino acid is tryptophan, and the corresponding tRNA is a tRNA recognizing
the codon UGG (having the anticodon corresponding to the codon). For N-methylleucine, the
corresponding amino acid is leucine, and the corresponding tRNA is a tRNA recognizing the
codon UUA, UUG, CUU, CUC, CUA, or CUG (having the anticodon corresponding to the
codon). Similarly, for other N-methyl amino acids, tRNAs recognizing codons corresponding to



DK/EP 3269809 T3

the corresponding amino acid (having the anticodons corresponding to the codons) can be
used.

[0173] When a tRNA is acylated by a modified ARS in a solution, a pellet obtained by ethanol
precipitation of the reaction solution may be dissolved in a suitable buffer (such as 1 mM
potassium acetate, pH 5) and added to a translation system. Typical reaction conditions
include, for example, a reaction performed at 37°C for 5 minutes to 1 hour in 0.1 M reaction
buffer (pH 7.5) containing a final concentration of 0.5 uM to 40 uM of a tRNA, 0.1 uM to 10 uM
of a modified ARS as described herein, 0.1 mM to 10 mM of an N-methyl amino acid, 0.1 mM
to 10 mM ATP, and 0.1 mM to 10 mM MgClo.

[0174] Furthermore, for an aminoacylation reaction, a tRNA can be refolded by, for example,
heating 1 to 50 uM tRNA, 10 to 200 (e.g., 50 to 200) mM HEPES-K (pH 7.0 to 8.0 (e.g.,, 7.6)), 1
to 100 (e.g., 10) mM KCI solution at 95°C for 2 minutes and then left at room temperature for 5
minutes or more. This tRNA solution can be added to an acylation buffer (a final concentration
of 25 to 100 (e.g., 50) mM HEPES-K [pH 7.0 to 8.0 (e.g., 7.6)], 1 to 10 (e.g., 2) mM ATP, 10 to
100 (e.g., 100) mM potassium acetate, 1 to 20 (e.g., 10) mM magnesium acetate, 0.1 to 10
(e.g., 1) mM DTT, 0.1 mg/mL Bovine Serum Albumin) to a final concentration of 1 to 40 (e.g.,
10) uM, mixed with a modified ARS (a final concentration of 0.1 to 10 (e.g., 0.5) yM) and an N-
methyl amino acid (a final concentration of 0.1 to 10 (e.g., 1) mM), and incubated at 37°C for 5
to 60 (e.g., 10) minutes.

[0175] Thus, the acylation reaction using a modified ARS as described herein requires no
activated amino acids that need substrates and need to be synthesized. The acylation reaction
can be performed with commercially available N-methyl amino acids and therefore is
convenient. The modified ARSs as described herein can be combined with their substrates to
form a kit product for obtaining acylated tRNAs. The kit may at least comprise (a) one or more
modified ARSs as described herein, (b) N-methyl amino acid(s), and (c) tRNA(s), and may
further comprise a reaction buffer, a reaction vessel, instructions for use, and the like. In the kit,
each of (b) N-methyl amino acid(s) and (c) tRNA(s) acts as a substrate for (a) modified ARSs.
In other words, the tRNAs recognize codons corresponding to natural amino acids equivalent
to the N-methyl amino acids (the tRNAs have anticodons corresponding to the codons).

<Synthesis of N-methyl amino acid-containing polypeptides using the modified ARSs
as described herein>

[0176] N-methyl amino acid-bound tRNAs can be used to produce polypeptides with N-methyl
amino acids introduced into desired sites. The method comprises translating a nucleic acid
encoding a polypeptide of interest in the presence of a modified ARS as described herein.

[0177] More specifically, for example, a method for producing an N-methyl amino acid-
containing polypeptide using a modified ARS(s) as described herein comprises (a) providing
the modified ARS(s) as described herein, (b) establishing a cell-free translation system
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reconstituted with the modified ARS(s) as described herein rather than wild-type ARS(s), (¢)
providing an mRNA having at a desired site(s) codon(s) corresponding to the anticodon(s) of a
tRNA(s) that is the substrate(s) of the modified ARS(s), and (d) adding the mRNA to the cell-
free translation system to produce a polypeptide with an N-methyl amino acid(s) introduced
into a desired site(s). Matters particularly relevant to the production of polypeptide in (d) will be
described below.

[0178] N-methyl amino acids preferably used in acylation of tRNAs with N-methyl amino acids
using the modified ARSs as described herein include N-methylalanine, N-methylleucine, N-
methyltryptophan, N-methylphenylalanine, N-methylvaline, N-methylthreonine, and/or N-
methylserine, and particularly preferably N-methylphenylalanine, N-methylvaline, N-
methylthreonine, N-methyltryptophan, N-methylleucine, and/or N-methylserine.

[0179] Specific methods for polypeptide synthesis may be essentially performed according to
known methods, for example, performed as described in W02013100132, and various
modifications can be made. Generally, the methods can be performed according to the
following description.

[0180] A suitable translation system that can be used is a cell-free translation system, typified
by PURESYSTEM (Registered trademark) (BioComber, Japan), reconstituted with translation
factors. In such a cell-free translation system, components of the translation system can be
controlled flexibly. For example, phenylalanine and the ARS corresponding to phenylalanine
are removed from the translation system and instead, N-methylphenylalanine and the modified
phenylalanine-ARS as described herein can be added. This achieves introduction of N-
methylphenylalanine into a codon, such as UUU and UUC, encoding phenylalanine in a site-
specific manner.

[0181] In a cell-free translation system, ribonucleosides preferably used are ATP and GTP at
0.1 mM-10 mM. A buffer preferably used is HEPES-KOH at 5 mM-500 mM and pH 6.5-8.5.
Examples of other buffers include, but are not limited to, Tris-HCI, phosphate, and the like.
Salts that can be used are acetates such as potassium acetate and ammonium acetate, and
glutamates such as potassium glutamate, which are preferably used at 10 mM-1000 mM. A
magnesium component preferably used is magnesium acetate at 2 mM-200 mM. Examples of
other magnesium components include, but are not limited to, magnesium chloride and the like.
Components in an energy-regenerating system preferably used are creatine kinase at 0.4
pMg/mL-40 pg/mL and creatine phosphate at 2 mM-200 mM. Other energy-regenerating
systems, typified by pyruvate kinase and phosphoenol pyruvate, may also be used. A
nucleoside converting enzyme preferably used is myokinase at 0.1 unit/mL-10 unit/mL or
nucleoside diphosphate kinase at 0.2 ug/mL-20 yg/mL. A diphosphatase preferably used is
inorganic pyrophosphatase at 0.2 unit/mL-20 unit/mL. A polyamine preferably used is
spermidine at 0.2 mM-20 mM. Examples of other polyamines include, but are not limited to,
spermine and the like. A reducing agent preferably used is dithiothreitol at 0.1 mM-10 mM.
Examples of other reducing agents include, but are not limited to, B-mercaptoethanol and the
like. A tRNA preferably used is, for example, E. coli MRE600 (RNase-negative)-derived tRNA
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(Roche) at 0.5 mg/mL-50 mg/mL. Other tRNAs from E. coli may also be used. A formyl donor
and an enzyme preferably used to synthesize formylmethionine used in a translational initiation
reaction are 10-HCO-H4 folate at 0.1 mM-10 mM and methionyl-tRNA transformylase at 0.05
MM-5 pM. A translation initiation factor preferably used is IF1 at 0.5 yM-50 uM, IF2 at 0.1 pM-
50 uM, or IF3 at 0.1 uM-50 uM. A translation elongation factor preferably used is EF-G at 0.1
MM-50 pM, EF-Tu at 1 uM-200 pM, or EF-Ts at 1 uM-200 uM. A translation termination factor
preferably used is RF-2, RF3, or RRF at 0.1 uM-10 yM. Ribosome is preferably used at 1 M-
100 pM. There are 20 types of aminoacyl-tRNA synthetases, but only the enzymes
corresponding to amino acids included in a peptide to be synthesized may be added. For
example, ArgRS, AspRS, LysRS, MetRS, and TyrRS are all preferably used at 0.01 uM-1 pM.
Amino acids used as substrates for peptide synthesis are natural 20 amino acids, which
compose proteins, and derivatives thereof. Only amino acids included in a peptide to be
synthesized are preferably used at 0.25 mM-10 mM. An mRNA as a template for peptide
synthesis is preferably used at 0.1 uM-10 yM. When an mRNA is transcribed from a template
DNA in a cell-free translation system, commercially available enzymes such as T7 RNA
polymerase, T3 RNA polymerase, and SP6 RNA polymerase can be used, and the enzymes
suitable for a promoter sequence in the template DNA may be appropriately selected and are
preferably used at 1 pug/mL-100 yg/mL. In this case, nucleosides CTP and UTP, which are
substrates, are preferably used at 0.1 mM-10 mM. A solution containing mixed these
components can be left, for example, at 37°C for 1 hour to achieve translational synthesis of
peptides. Temperature and reaction time are not limited to those.

[0182] The modified ARSs as described herein can also be used in combination with other
techniques for introducing non-natural amino acids, such as the pdCpA method or the
Flexizyme method. For example, polypeptides containing both N-methylglycine and N-
methylphenylalanine can be synthesized when the aminoacyl-tRNA to which N-methylglycine is
attached by the pdCpA method is added to a translation system at the same time as addition of
N-methylphenylalanine and the modified phenylalanine ARS.

[0183] Alternatively, polypeptides containing N-methyl amino acids can be expressed in cells
by inserting the modified ARSs as described herein into an expression vector or genome,
expressing the modified ARSs in cells, and using N-methyl amino acids added to a medium as
substrates.

[0184] tRNAs that can be used include a tRNA for a natural amino acid corresponding to an N-
methyl amino acid. The tRNAs may be tRNAs that contain modified bases and are purified
from a living body, or tRNAs that do not contain modified bases and are produced using an in
vitro transcription reaction. Mutant tRNAs, which have a mutation in a portion of tRNA other
than the portion recognized by an ARS, can also be used as substrates.

Examples

Example 1: N-methylphenylalanine-accepting ARS
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<Preparation of plasmids for wild-type and mutant PheRSs>

[0185] Using a plasmid (pQE-32(2) 2_wtPheRS) comprising the ORF sequence of wild-type
PheRS a subunit gene of E. coli (SEQ ID NOs: 27, 28) as starting material, mutant PheRS
plasmids (having His-tag (6 x His) at the N-terminus) listed in Table 1 were constructed by
introducing site-directed mutations using PCR. Specifically, 2 uL of 10 ng/uL template, 10 L of
2 x KOD Fx buffer (TOYOBO, KFX-101), 0.6 pyL of 10 pM forward primer, 0.6 pL of 10 yM
reverse primer, 4 yL of 2 mM dNTP, 0.4 pL of KOD FX (TOYOBO, KFX-101), and 2.4 uL of
H>O were mixed together. Thereafter, the resulting reaction solution was heated at 94°C for 2

minutes and then subjected to 10 cycles, each consisting of heating at 98°C for 10 seconds
and heating at 68°C for 7 minutes, to amplify the mutant gene. The combinations of the
template plasmid, forward primer, and reverse primer used are listed in Table 2. Each
sequence of primers "F.F02" through "F.F05" corresponds to SEQ ID NOs: 30-33 in ascending
order, and each sequence of primers "R.F02" through "R.F05" corresponds to SEQ ID NOs:
34-37 in ascending order. 0.5 pL of 10 U/uL Dpnl was then added to the PCR reaction solution
and further incubated at 37°C for 1.5 hours to digest the template DNA, and the resulting
mutant DNA was purified. E. coli XL-1 Blue strain (STRATAGENE, 200236) was then co-
transformed with the resulting mutant gene DNA and pREP4 (Invitrogen, V004-50) encoding
the lacl gene. The transformants were seeded onto agar containing ampicillin and kanamycin.

[0186] The plasmids of interest were purified from the resulting clones. The mutations were

confirmed to be introduced into the plasmids.
[Table 1]

position | position
Name 169 | 171

PheRS02

PheRS03

PheRS04

PheRS05
[Table 2]
Name Template 5' primer 3' primer
PheRS02 PheRS01 (wt) F.FO2 R.FO2
PheRS03 PheRS01 (wt) F.FO3 R.FO3
PheRS04 PheRS01 (wt) F.FO4 R.FO4
PheRS05 PheRS01 (wt) F.FO5 R.FO5
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<Small scale expression of wild-type and mutant PheRSs>

[0187] Next, a plasmid comprising a resulting mutant gene and the gene encoding PheRS B
subunit was introduced into E. coli and a heterodimer comprising the mutant protein was
expressed. First, E. coli BL21 strain transformed with the mutant plasmid and pREP4
(Invitrogen, V004-50) was cultured at 37°C in 4 mL of LB medium containing kanamycin,
ampicillin, and 0.5% glucose. Subsequently, when the OD value at 600 nm reached 0.4 to 0.8,
IPTG was added to a final concentration of 0.5 mM. After further culturing at 37°C for 4 hours,
the bacterial pellets were collected using a centrifuge.

<Small scale purification of wild-type and mutant PheRSs>

[0188] Next, the resulting bacterial pellets were disrupted, and the mutant protein of interest
was purified from the supernatant. Specifically, the bacterial pellets as described above were
suspended in 600 pyL of CHAPS solution (0.5% CHAPS (DOJINDO: 349-04722), 50% TBS
(TaKaRa, T903)) and mixed with 6 pL of 30 U/ul rLysozyme (Novagen, 71110-3), and 2 pL of
2.5 U/uL benzonase nuclease (Novagen, 70746-3) followed by incubation at room temperature
for 30 minutes. Imidazole was then added to a final concentration of 15 mM, and an insoluble
fraction was separated by centrifugation. Then, the mutant protein was purified from the
resulting supernatant using QIAGEN Ni-NTA spin column kit (Qiagen, 31314) according to the
product manual. Finally, excess imidazole was removed using a desalting column, PD miniTrap
G-25 (GE Healthcare, 28-9180-07) according to the product manual.

<Large scale purification of wild-type and mutant PheRSs>

[0189] The mutant protein confirmed to have activity was prepared in large scale. Specifically,
E. coli BL21 strain transformed with a plasmid comprising the mutant a subunit gene and wild-
type B subunit gene and pREP4 (Invitrogen, V004-50) was cultured at 37°C in 3 L of LB
medium containing kanamycin, ampicillin, and 0.5% glucose. Then, when the OD value at 600
nm reached 0.4, IPTG was added to a final concentration of 0.5 mM. After further culturing at
37°C for 4 hours, the bacterial pellets were collected with a centrifuge. The bacterial pellets as
described above were suspended in 1 L of CHAPS solution (0.5% CHAPS (DOJINDO: 349-
04722) and 50% TBS (TaKaRa, T903)), mixed with 10 yL of 30 KU/ul rLysozyme (Novagen,
71110-3), and stirred at room temperature for 10 minutes. Next, 2 mL of 1 M MgCl, and 320

pL of Benzonase Nuclease (Novagen, 70746-3) were added and stirred at room temperature
for 20 minutes. Imidazole was then added to a final concentration of 20 mM, and an insoluble
fraction was separated by centrifugation. Subsequently, the mutant protein was purified from
the resulting supernatant using a column filled with 15 mL of Ni Sepharose High Performance
(GE Healthcare) and AKTA10S (GE Healthcare) with an imidazole concentration gradient
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(initial concentration 20 mM, final concentration 500 mM). Finally, dialysis was performed three
times (2 hours x 2, overnight x 1) using a dialysis cassette (MWCO 10,000, Slide-A-Lyzer G2
Dialysis Cassettes 70mL, Thermo Scientific Pierce) and 3 L of stock solution (50 mM Hepes-
KOH, 100 mM KCI, 10 mM MgCl,, 1 mM DTT, pH 7.6) to obtain the mutant protein.

<Aminoacylation reaction with N-methylphenylalanine using wild-type and mutant
PheRSs>

[Synthesis of E. coli tRNAPhe by in vitro transcription reaction]

[0190] E. coli tRNA (R-tRNAPhe (SEQ ID NO: 39)) was synthesized from a template DNA (D-
tRNAPhe (SEQ ID NO: 38)) by in vitro transcription reaction using RiboMAX Large Scale RNA
production System T7 (Promega, P1300) in the presence of 7.5 mM GMP, and purified using
RNeasy Mini kit (Qiagen).

[0191]

D-tRNAPhe (SEQ ID NO: 38)

tRNAPhe DNA sequence:
GGCGTAATACGACTCACTATAGCCCGGATAGCTCAGTCGGTAGAGCAGGGGATTGA

AAATCCCCOTGTCCTTGGTTCGATTCCGAGTCCGGGCACCA

R-tRNAPhe (SEQ ID NO: 39)

tRNAPhe RNA sequence:
GCCCGGAUAGCUCAGUCGGUAGAGCAGGGGAUUGAAAAUCCCCGUGUCCUUGGU

UCGAUUCCGAGUCCGGGCACCA

<Aminoacylation reaction>

[0192] For the aminoacylation reaction, the solution containing 40 uM transcribed tRNAPhe, 10
mM HEPES-K (pH 7.6), and 10 mM KCI solution was heated at 95°C for 2 minutes and then
left at room temperature for 5 minutes or more to refold the tRNA. This tRNA solution was
added to a final concentration of 10 yM to an acylation buffer (in final concentrations of 50 mM
HEPES-K [pH 7.6], 2 mM ATP, 100 mM potassium acetate, 10 mM magnesium acetate, 1 mM
DTT, 2 mM spermidine, 0.1 mg/mL Bovine Serum Albumin), mixed with wild-type or mutant
PheRS (final concentration 0.5 uM) and phenylalanine (final concentration 0.25 mM, Watanabe
Chemical Industries, Ltd., G00029) or N-methylphenylalanine (final concentration 1 mM,
Watanabe Chemical Industries, Ltd., JO0040), and incubated at 37°C for 10 minutes. Four
volumes of a loading buffer (90 mM sodium acetate [pH 5.2], 10 mM EDTA, 95%(w/w)
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formamide, 0.001%(w/v) xylene cyanol) was added to the reaction solution and analyzed with
acidic PAGE (12 % (w/v) polyacrylamide gel, pH 5.2) containing 6 M urea, and aminoacylation
activity was detected by separating unreacted tRNA and aminoacylated tRNA. RNA was
stained with SYBR Gold (Life Technologies) and detected with LAS4000 (GE Healthcare).

[0193] The activity for the aminoacylation reaction was assessed, and mutants 04 and 05 had
increased activity for aminoacylation with N-methyl-phenylalanine compared to the wildtype
(Figure 1). The base sequence of mutant 04 is set forth in SEQ ID NO: 12, and the amino acid
sequence of mutant 04 is set forth in SEQ ID NO: 1. The base sequence of mutant 05 is set
forth in SEQ ID NO: 13, and the amino acid sequence of mutant 05 is set forth in SEQ ID NO:
2.

<Translational introduction of N-methylphenylalanine using wild-type and mutant
PheRSs>

[Synthesis of template DNA-F by in vitro transcription reaction]

[0194] A template mRNA for translation (R-F (SEQ ID NO: 41)) was synthesized from a
template DNA (D-F (SEQ ID NO: 40)) by in vitro transcription reaction using RiboMAX Large
Scale RNA production System T7 (Promega, P1300) and purified using RNeasy Mini kit
(Qiagen).

[0195]

D-F (SEQ ID NO: 40)
DNA sequence:
GGCGTAATACGACTCACTATAGGGTTAACTTTAACAAGGAGAAAAACATGCGTTTC

CGTGACTACAAGGACGACGACGACAAGTAAGCTTCG

R-F (SEQ ID NO: 41)

RNA sequence:
GGGUUAACUUUAACAAGGAGAAAAACAUGCGUUUCCGUGACUACAAGGACGACG

ACGACAAGUAAGCUUCG

<Cell-free translation system>

[0196] In order to confirm translational introduction of N-methylphenylalanine, a desired
polypeptide containing N-methylphenylalanine was ribosomally synthesized by adding an N-
methyl amino acid and PheRS to a cell-free translation system. The translation system used
was PURE system, a reconstituted cell-free protein synthesis system from E. coli. Specifically,
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wild-type or mutant PheRS and phenylalanine or N-methylphenylalanine were added to a
solution containing a basic cell-free translation solution (1 mM GTP, 1 mM ATP, 20 mM creatine
phosphate, 50 mM HEPES-KOH pH 7.6, 100 mM potassium acetate, 9 mM magnesium
acetate, 2 mM spermidine, 1 mM dithiothreitol, 0.5 mg/ml E. coli MRE600 (RNase negative)-
derived tRNA (Roche), 4 pg/ml creatine kinase, 3 ug/ml myokinase, 2 unit/ml inorganic
pyrophosphatase, 1.1 pg/ml nucleoside diphosphate kinase, 0.6 pM methionyl-tRNA
transformylase, 0.26 yM EF-G, 0.24 yM RF2, 0.17 uM RF3, 0.5 yM RRF, 2.7 yM IF1, 0.4 yM
IF2, 1.5 pM IF3, 40 yM EF-Tu, 44 yM EF-Ts, 1.2 pM ribosome, 0.03 pM ArgRS, 0.13 yM
AspRS, 0.11 uM LysRS, 0.03 uM MetRS, 0.02 uM TyrRS (wherein the proteins prepared by the
inventors were essentially prepared as His-tagged proteins)), and 1 yM template mRNA, each
250 uM arginine, aspartic acid, lysine, methionine, and tyrosine, and left at 37°C for 1 hour to
ribosomally synthesize the peptide.

<Detection by electrophoresis>

[0197] A peptide expression experiment was performed by using aspartic acid labeled with a
radioisotope for detecting peptides into which N-methylphenylalanine is ribosomally introduced.
Specifically, a solution containing 1 uM template mRNA (R-F (SEQ ID NO: 41)), arginine,

lysine, methionine, and tyrosine (each final concentration 250 pM), and '4C-aspartic acid (final
concentration 37 uM, Moravek Biochemicals, MC139) added to the cell-free translation system
as described above was prepared. Wild-type PheRS or the mutant PheRS 05 (final
concentration 0.1 puM) and phenylalanine (final concentration 250 uM) or N-
methylphenylalanine (final concentration 1 mM or 250 yM) were added to the solution and
incubated at 37°C for 60 minutes. An equal volume of 2x sample buffer (TEFCO, cat No. 06-
323) was added to the resulting translation reaction solution and heated at 95°C for 3 minutes
followed by electrophoresis (16% Peptide-PAGE mini, TEFCO, TB-162). After electrophoresis,
the gel was dried using Clear Dry Quick Dry Starter KIT (TEFCO, 03-278), exposed to an
imaging plate (GE Healthcare, 28-9564-75) for about 16 hours, detected using a Bioanalyzer
System (Typhoon FLA 7000, GE Healthcare), and analyzed with ImageQuantTL (GE
Healthcare).

[0198] Almost no bands of peptides that were ribosomally synthesized were observed in the
presence of 0.1 uyM wild-type PheRS when 0.25 mM or 1 mM N-methylphenylalanine was
added (Figure 2). Meanwhile, peptide bands were observed in the presence of 0.1 yM mutant
PheRS 05 even when 0.25 mM N-methylphenylalanine was added. The results can provide
confirmation that the mutant PheRS 05 had increased aminoacylation activity with N-
methylphenylalanine and that peptides containing N-methylphenylalanine were ribosomally
synthesized at a high yield.

<Detection by mass spectroscopy>
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[0199] Mass spectroscopy was performed using MALDI-TOF MS for detecting peptides into
which N-methylphenylalanine is ribosomally introduced. Specifically, a solution containing 1 uM
template mRNA (R-F (SEQ ID NO: 41)) and amino acids, arginine, lysine, methionine, tyrosine,
and aspartic acid (each final concentration 250 yM) added to the cell-free translation system
as described above was prepared. PheRS (final concentration 0.1 yM) and phenylalanine (final
concentration 250 puM) or N-methylphenylalanine (final concentration 1 mM or 250 uM) were
added to the solution and incubated at 37°C for 60 minutes. The resulting translation reaction
products were purified with SPE C-TIP (Nikkyo Technos Co., Ltd) and analyzed with MALDI-
TOF MS. a-Cyano-4-hydroxycinnamic acid was used as a matrix for translation products.

[0200] When a translation experiment was performed as a control experiment in the presence
of 0.1 uM wild-type PheRS (SEQ ID NO: 28) or mutant PheRS 05 (SEQ ID NO: 2) with 250 pM
phenylalanine added, the peak of the peptide into which phenylalanine was introduced
(Calculated [M+H]+ = 1631.7) was detected in both experiments using wild-type PheRS and
the mutant PheRS 05 (Figure 3(a), (d)).

[0201] Translational synthesis was then performed by using wild-type PheRS and adding 0.25
mM N-methylphenylalanine, and the peaks of the peptide containing N-methylphenylalanine
(Calculated [M+H]+ = 1645.7) and the peptide containing phenylalanine were observed (Figure
3 (b)). This phenomenon is thought to be due to wild-type PheRS recognizing phenylalanine
contaminated in N-methylphenylalanine, the subsequent occurrence of the aminoacylation
reaction, and proceeding of translational synthesis. Furthermore, the peak intensity of the
peptide containing N-methylphenylalanine was increased under the condition of 1 mM N-
methylphenylalanine (Figure 3(c)). The ratio of peak intensities at each amino acid
concentration was calculated (the calculating formula: the ratio of peak intensity = the peak
intensity of the peptide containing N-methylphenylalanine / the peak intensity of the peptide
containing phenylalanine) to be 0.8 at 0.25 mM and 2.6 at 1 mM.

[0202] Next, a translational synthesis was performed by using the mutant PheRS 05 and
adding 0.25 mM or 1 mM N-methylphenylalanine, and the peak of the peptide containing N-
methylphenylalanine was strongly detected, and the ratio of peak intensity of the peptide
containing N-methylphenylalanine to the peak intensity of the peptide containing phenylalanine
was 12.4 at 0.25 mM and 16.0 at 1 mM (Figure 3 (e), (f)). These results confirmed that the
mutant PheRS 05 had increased aminoacylation activity with N-methylphenylalanine compared
to wild-type PheRS, and consequently, translational synthesis of the peptide containing N-
methylphenylalanine was promoted.

[0203]
Peptide sequence P-F1 (SEQ ID NO: 42) formylMetArgPheArgAspTyrLysAspAspAspAspLys

Peptide sequence P-MeF1 (SEQ ID NO: 42)
formylMetArg[MePhe]ArgAspTyrLysAspAspAspAspLys

MALDI-TOF MS:

Caln /i THAMIE = 14T 7 (tha nantida sarracnandina +a tha camianaas DRIV
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oA, U4, (AL NIVE]Y T LV L LU VP UMY VULLLOPULITULLLE LU LY DU UVLIVL L TL L )

Calc. m/z: [H+M]+ = 1645.7 (the peptide corresponding to the sequence P-MeF1)

<Comparison with the pdCpA method>

[0204] Incorporation efficiency of N-methylphenylalanine using an ARS as described herein
was compared with that in the pdCpA method. Translation was performed using a sequence
containing one, two consecutive, or three consecutive phenylalanines in a cell-free translation
system, and the synthesized peptide band was detected by electrophoresis. The amount of the
peptide synthesized using a mutant PheRS as described herein (PhrRS05 (SEQ ID NO: 2))
was compared with the amount of the peptide synthesized using the pdCpA method. It is
confirmed that the amount of the peptide synthesized using the mutant PheRS was detected
more than the amount of the peptide synthesized using the pdCpA method in all translations
and that translational efficiency obtained by using the mutant PheRS was also higher than that
obtained by using the pdCpA method. Particularly, it is revealed that the amount of the peptide
produced by translating sequences containing two consecutive and three consecutive N-
methylphenylalanines using the mutant PheRS (PhrRS05) was 4 to 8 times higher than the
amount of the peptide produced using the pdCpA method.

Example 2: N-methylvaline-accepting ARS

<Preparation of plasmids for wild-type and mutant ValRSs>

[0205] The mutant ValRS plasmids (having His-tag (6 x His) at the N-terminus) listed in Table 3
were constructed by introducing site-directed mutations using PCR into the plasmid (PQE-
32(2) 2_wtVALRS) comprising the ORF sequence of wild-type ValRS gene of E. coli (SEQ ID
NOs: 23, 24), which was used as starting material. Specifically, 2 yL of 10 ng/pL template, 10
ML of 2 x KOD Fx buffer (TOYOBO, KFX-101), 0.6 yL of 10 uM forward primer, 0.6 pL of 10 yM
reverse primer, 4 yL of 2 mM dNTP, 0.4 pL of KOD FX (TOYOBO, KFX-101), and 2.4 uL of
H>O were mixed together. Then, the resulting reaction solution was heated at 94°C for 2

minutes and then subjected to 10 cycles, each consisting of heating at 98°C for 10 seconds
and heating at 68°C for 7 minutes, to amplify the mutant gene. The combinations of the
template plasmid, forward primer, and reverse primer used are listed in Table 4. Each
sequence of primers "F.V2" through "F.V19", "F.VV46" through "F.vV48", and "F.V13-01" through
"F.VV13-16" corresponds to SEQ ID NOs: 43-79 in ascending order. Each sequence of primers
"R.V2" through "RV19", "R.V46" through R.V48", and "R.V13-01" through "R.V13-16"
corresponds to SEQ ID NOs: 80-116 in ascending order. 0.5 pyL of 10 U/uL Dpnl was then
added to the PCR reaction solution and further incubated at 37°C for 1.5 hours to digest the



template DNA, and the resulting mutant DNA was purified. E. coli XL-1
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Blue strain

(STRATAGENE, 200236) was then co-transformed with the resulting mutant gene DNA and
pREP4 (Invitrogen, V004-50) encoding the lacl gene. The transformants were seeded onto
agar containing ampicillin and kanamycin. The plasmids of interest were purified from the
resulting clones. The mutations were confirmed to be introduced into the plasmids.

[0206] For plasmid construction requiring multistep mutation introduction, the procedure as
described above was repeated to obtain plasmids into which mutations of interest were
introduced. The combinations of the primers and template for such plasmid construction are
listed in Table 4.

[Table 3]

Name

position
80

position
43

position
41

Name

position
43

position
45

position
85

ValRS001 (wt)

ValRS002

ValRS003

ValRS004

ValRS005

ValRS006

ValRS007

ValRS008

ValRS009

ValRS010

ValRS011

ValRS012

ValRS013

ValRS014

ValRS015

YalRS016

ValRS017

ValRS018

N

ValRS13-01

[

ValRS13-02

ValRS13-03

ValRS13-04

ValRS13-05

ValRS13-06

ValRS13-07

ValRS13-08

ValRS13-09

ValRS13-10

ValRS13-11

ValRS13-12

ValRS13-13

ValRS13-14

ValRS13-15

ValRG13-16
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ValRS021
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ValRS023

ValRS024

ValRS025

ValRS026

ValRS027

ValRS028

ValRS029

ValRS030

YalRS031

ValRS032

ValRS8033

ValR5034

YalRS035

ValRS036

ValRS037

ValRS038

ValRS039

ValRS040

ValRS041

ValRS042

ValRS043

ValRS044

ValRS045

ValRS046

ValRS047
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ValRS048
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[Table 4]
forward primer reverse primer Template
ValRS001
ValRS002 F. V2 R. V2 wild type
ValRS003 F. V3 R. V3 wild type
ValRS004 F. v4 R. V4 wild type
ValRS005 F. V5 R. V5 wild type
ValRS006 F. V6 R. V6 wild type
ValRS007 F. V7 R. V7 wild type
ValRS008 F. v8 R. V8 wild type
ValRS009 F. V9 R. V9 wild type
ValRS010 F. V10 R. V10 wild type
ValRS011 F. V11 R. V11 wild type
ValRS012 F. V12 R. V12 wild type
ValRS013 F. V13 R. V13 wild type
ValRS014 F. V14 R. V14 wild type
ValRS015 F. V15 R. V15 wild type
ValRS016 F. V16 R. V16 wild type
ValRS017 F. V17 R. V17 wild type
ValRS018 F. V18 R. V18 wild type
ValRS019 F. V19 R. V19 wild type
VAIRS020 F. V2 R. V2 ValRS019
ValRS021 F. V3 R. V3 ValRS019
ValRS022 F. v4 R. V4 ValRS019
ValRS023 F. V5 R. V5 ValRS019
ValRS024 F. V6 R. V6 ValRS019
ValRS025 F. V7 R. V7 ValRS019
ValRS026 F. VB R. V8 ValRS019
ValRS027 F. V9 R. V9 ValRS019
ValRS028 F. V10 R. V10 ValRS019
ValRS029 F. V11 R. V11 ValRS019
ValRS030 F. V12 R. V12 ValRS019
ValRS031 F. V13 R. V13 ValRS019
ValRS032 F. V14 R. V14 ValRS019
ValRS033 F. V15 R. V15 ValRS019
ValRS034 F. V16 R. V16 ValRS019
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forward primer reverse primer Template
ValRS035 F. V17 R. V17 ValRS019
ValRS036 F. V18 R. V18 ValRS019
ValRS037 F. V16 R. V16 ValRS046
ValRS038 F. V17 R. V17 ValRS046
ValRS039 F. V18 R. V18 ValRS046
ValRS040 F. V16 R. V16 ValRS047
ValRS041 F. V17 R. V17 ValRS047
ValRS042 F. V18 R. V18 ValRS047
ValRS043 F. V16 R. V16 ValRS048
ValRS044 F. V17 R. V17 ValRS048
ValRS045 F. V18 R. V18 ValRS048
ValRS046 F. V46 R. V46 wt
ValRS047 F. v47 R. v47 wt
ValRS048 F. v48 R. V48 wt
ValRS13-01 F. V13-01 R. V13-01 ValRS13
ValRS13-02 F. V13-02 R. V13-02 ValRS13
ValRS13-03 F. V13-03 R. V13-03 ValRS13
ValRS13-04 F. V13-04 R. V13-04 ValRS13
ValRS13-05 F. V13-05 R. V13-05 ValRS13
ValRS13-06 F. V13-06 R. V13-06 ValRS13
ValRS13-07 F. V13-07 R. V13-07 ValRS13
ValRS13-08 F. V13-08 R. V13-08 ValRS13
ValRS13-09 F. V13-09 R. V13-09 ValRS13
ValRS13-10 F. V13-10 R. V13-10 ValRS13
ValRS13-11 F. V13-11 R. V13-11 ValRS13
ValRS13-12 FV13-12 R. V13-12 ValRS13
ValRS13-13 F. V13-13 R. V13-13 ValRS13
ValRS13-14 F. V13-14 R. V13-14 ValRS13
VaoRS13-15 F. V13-15 R. V13-15 ValRS13
VaoRS13-16 F. V13-16 R. V13-16 ValRS13

<Small scale expression of wild-type and mutant ValRSs>
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[0207] Next, a resulting mutant plasmid was introduced into E. coli, and the mutant protein was
expressed. First, E. coli BL21 strain transformed with the mutant plasmid and pREP4
(Invitrogen, V004-50) was cultured at 37°C in 4 mL of LB medium containing kanamycin and
ampicillin. Then, when the OD value at 600 nm reached 0.4 to 0.8, IPTG was added to a final
concentration of 0.5 mM. After further culturing at 37°C for 4 hours, the bacterial pellets were
collected using a centrifuge.

<Small scale purification of wild-type and mutant ValRSs>

[0208] Next, the resulting bacterial pellets were disrupted, and the mutant protein of interest
was purified from the supernatant. Specifically, the bacterial pellets as described above were
suspended in 600 pyL of CHAPS solution (0.5% CHAPS (DOJINDO: 349-04722), 50% TBS
(TaKaRa, T903)) and mixed with 6 pL of 30 U/ul rLysozyme (Novagen, 71110-3) followed by
incubation at room temperature for 10 minutes. The reaction was further mixed with 2 pL of 2.5
U/uL benzonase nuclease (Novagen, 70746-3) followed by incubation at room temperature for
20 minutes, and an insoluble fraction was separated by centrifugation. The mutant protein was
then purified from the resulting supernatant using QIAGEN Ni-NTA spin column kit (Qiagen,
31314) according to the product manual. Finally, excess imidazole was removed using a
desalting column, PD miniTrap G-25 (GE Healthcare, 28-9180-07) according to the product
manual.

<Aminoacylation reaction with N-methylvaline using wild-type and mutant ValRSs>

[Synthesis of E. coli tRNAVal by in vitro transcription reaction]

[0209] E. coli tRNA (R-tRNAVal2A (SEQ ID NO: 118)) was synthesized from a template DNA
(D-tRNAVal2A (SEQ ID NO: 117)) by in vitro transcription reaction using RiboMAX Large Scale
RNA production System T7 (Promega, P1300) in the presence of 7.5 mM GMP, and purified
using RNeasy Mini kit (Qiagen).

[0210]

D-tRNAVal2A (SEQ ID NO: 117)

tRNAVal2A DNA sequence:
GGCGTAATACGACTCACTATAGCGTCCGTAGCTCAGTTGGTTAGAGCACCACCTTGA

CATGGTGGGGGTCGGTGGTTCGAGTCCACTCGGACGCACCA

R-tRNAVal2A (SEQ ID NO: 118)

tRNAVal2A RNA sequence:
GCGUCCGUAGCUCAGUUGGUUAGAGCACCACCUUGACAUGGUGGGGGUCGGUGG

UUCGAGUCCACUCGGACGCACCA
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<Aminoacylation reaction>

[0211] For the aminoacylation reaction, the solution containing 40 yuM transcribed tRNA, 10
mM HEPES-K (pH 7.6), and 10 mM KCI solution was heated at 95°C for 2 minutes and then
left at room temperature for 5 minutes or more to refold the tRNA. This tRNA solution was
added to a final concentration of 10 yM to an acylation buffer (in final concentrations of 50 mM
HEPES-K [pH 7.6], 2 mM ATP, 100 mM potassium acetate, 10 mM magnesium acetate, 1 mM
DTT, 2 mM spermidine, 0.1 mg/mL Bovine Serum Albumin), mixed with wild-type or mutant
ValRS (final concentration 0.2 yM-1 yM) and N-methylvaline (final concentration 5 mM), and
incubated at 37°C for 10 minutes. Four volumes of a loading buffer (90 mM sodium acetate
[pPH 5.2], 10 mM EDTA, 95%(w/w) formamide, 0.001%(w/v) xylene cyanol) were added to the
reaction solution and analyzed with acidic PAGE containing 6 M urea, and aminoacylation
activity was detected by separating unreacted tRNA and aminoacyl-tRNA. RNA was stained
with SYBR Gold (Life Technologies) and detected with LAS4000 (GE Healthcare) (Figure 4).

[0212] As a result, tRNA acylated with N-methylvaline was observed when mutant 13 was
used. It was demonstrated that mutant 13 had increased activity for aminoacylation with N-
methylvaline compared to wild-type ValRS (Figure 4, lane 2 vs 10).

<Translational introduction of N-methylvaline using wild-type and mutant ValRSs>

[0213] Template mRNAs for translation (R-V, R-V2, and R-V3 (SEQ ID NOs: 120, 122, and
124, respectively)) were synthesized from template DNAs (D-V, D-V2, and D-V3 (SEQ ID NOs:
119, 121, and 123, respectively)) by in vitro transcription reaction using RiboMAX Large Scale
RNA production System T7 (Promega, P1300) and purified using RNeasy Mini kit (Qiagen).

[0214]

D-V (SEQ ID NO: 119)

DNA sequence:
GGCGTAATACGACTCACTATAGGGTTAACTTTAACAAGGAGAAAAACATGCGTGTC

CGTGACTACAAGGACGACGACGACAAGTAAGCTICG

R-V (SEQ ID NO: 120)

RNA sequence:
GGGUUAACUUUAACAAGGAGAAAAACAUGCGUGUCCGUGACUACAAGGACGACG

ACGACAAGUAAGCUUCG

D-V2 (SEQ ID NO: 121)

DNA sequence:
GGCGTAATACGACTCACTATAGGGTTAACTTTAACAAGGAGAAAAACATGCGTGTC
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GTCCGTGACTACAAGGACGACGACGACAAGTAAGCTTCG

R-V2 (SEQ ID NO: 122)

RNA sequence:
GGGUUAACUUUAACAAGGAGAAAAACAUGCGUGUCGUCCGUGACUACAAGGACG

ACGACGACAAGUAAGCUUCG

D-V3 (SEQ ID NO: 123)

DNA sequence:
GGCGTAATACGACTCACTATAGGGTTAACTTTAACAAGGAGAAAAACATGCGTGTC

GTCGTCCGTGACTACAAGGACGACGACGACAAGTAAGCTTCG

R-V3 (SEQ ID NO: 124)

RNA sequence:
GGGUUAACUUUAACAAGGAGAAAAACAUGCGCGUGUCGUCGUCUGACUACAAGG

ACGACGACGACAAGUAAGCUUCG

<Cell-free translation system>

[0215] In order to confirm translational introduction of N-methylvaline, a desired polypeptide
containing N-methylvaline was ribosomally synthesized by adding an N-methylvaline and a
mutant ValRS to a cell-free translation system. The translation system used was PURE system,
a reconstituted cell-free protein synthesis system from E. coli. Specifically, wild-type or mutant
ValRS and N-methylvaline were added to a solution containing a basic cell-free translation
solution (1 mM GTP, 1 mM ATP, 20 mM creatine phosphate, 50 mM HEPES-KOH pH 7.6, 100
mM potassium acetate, 9 mM magnesium acetate, 2 mM spermidine, 1 mM dithiothreitol, 1.5
mg/ml E. coli MRE600 (RNase negative)-derived tRNA (Roche), 0.1 mM 10-HCO-H4 folate, 4
pg/ml creatine kinase, 3 pg/ml myokinase, 2 unit/ml inorganic pyrophosphatase, 1.1 ug/ml
nucleoside diphosphate kinase, 0.6 uM methionyl-tRNA transformylase, 0.26 uM EF-G, 0.24
MM RF2, 0.17 yM RF3, 0.5 pM RRF, 2.7 uyM IF1, 0.4 yM IF2, 1.5 yM IF3, 40 yM EF-Tu, 84 yM
EF-Ts, 1.2 pyM ribosome, 0.03 yM ArgRS, 0.13 yM AspRS, 0.11 pM LysRS, 0.03 pM MetRS,
0.02 uM TyrRS (wherein the proteins prepared by the inventors were essentially prepared as
His-tagged proteins)), and 1 uyM template mRNA, each 250 uM arginine, aspartic acid, lysine,
methionine, and tyrosine, and left at 37°C for 1 hour to ribosomally synthesize the peptide.

<Detection by mass spectroscopy>

[0216] Mass spectroscopy was performed using MALDI-TOF MS for detecting peptides into
which N-methylvaline is ribosomally introduced. Specifically, a solution containing 1 pM
template mMRNA (R-V (SEQ ID NO: 120)) and arginine, lysine, methionine, tyrosine, and
aspartic acid (each final concentration 250 yM) added to the cell-free translation system as
described above was prepared. ValRS (final concentration 0.1 yM-1 uM) and N-methylvaline
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(final concentration 5 mM) were added to the solution and incubated at 37°C for 60 minutes.
The resulting translation reaction products were purified with SPE C-TIP (Nikkyo Technos Co.,
Ltd) and analyzed with MALDI-TOF MS. Translation products were identified with MALDI-TOF
MS spectrometry using a-cyano-4-hydroxycinnamic acid as a matrix.

[0217] As a result of the translation using wild-type ValRS (SEQ ID NO: 24), a peak
corresponding to the peptide sequence P-V1 introduced with valine contaminated in the cell-
free translation system ((Figure 5(a), Peak VI, m/z: [H+M]+ = 1583.6) was observed as main
product. Similar experiments were performed using different mutant ValRSs. When ValRS04
(SEQ ID NO: 3) or ValRS13 (SEQ ID NO: 4) was used, a peak corresponding to the peptide
sequence P-MeV1 with N-methylvaline introduced ((Figure 5(b), Peak MeV1, m/z: [H+M]+ =
1597.5, Figure 5(c), Peak MeV2, m/z: [H+M]+ = 1597.5) was observed as main product. This
demonstrated, also from a view point of translation reaction that ValRS04 and ValRS13 have
increased activity to N-methylvaline compared to wild-type ValRS. Although peaks
corresponding to the peptide P-V1 introduced with valine contaminated in the translation
system (Figure 5(b) Peak V2, (c) Peak V3) were also observed at the same time, the intensity
of the peak in using ValRS13 was weaker than that in using ValRS04. Therefore, it was
suggested that ValRS13 has a higher activity to N-methylvaline (Figure 5(b), (c)).

[0218]

Peptide sequence P-V1 (SEQ ID NO: 125)
formylMetArgValArgAspTyrLysAspAspAspAsplLys

Peptide sequence P-MeV1 (SEQ ID NO: 125)
formylMetArg[MeVal]ArgAspTyrLysAspAspAspAspLys

MALDI-TOF MS:
Calc. m/z; [H+M]+ = 1583.7 (the peptide corresponding to the sequence P-V1)

Calc. m/z: [H+M]+ = 1597.7 (the peptide corresponding to the sequence P-MeV1)

<Production of mutant ValRS13-11 having further increased aminoacylation activity to
N-methylvaline>

[0219] Improvement in activity to N-methylvaline was aimed by further introducing mutations
into ValRS 13 as described above. Plasmids into which the mutations of interest are introduced
were prepared as mentioned above, expressed in E. coli, and purified to prepare mutant
ValRSs (Table 3). As a result of screening by performing aminoacylation reaction and
translational synthesis, ValRS13-11 (SEQ ID NO: 5) exhibited higher activity to N-methylvaline
compared to ValRS13.

[0220] When aminoacylation reactions with N-methylvaline using wild-type ValRS, ValRS13,
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and ValRS13-11 were investigated, it was observed that the amount of aminoacyl-tRNA
synthesized using ValRS13-11 was more than that synthesized using ValRS13 (Figure 6, lane 8
vs lane 9 and lane 12 vs lane 13). Particularly, the amounts of aminoacyl-tRNA synthesized
using ValRS13 and ValRS13-11 with N-methylvaline at the low concentration of 1.25 mM were
greatly different, demonstrating that ValRS13-11 had a high activity.

[0221] Next, mass spectroscopy was performed using MALDI-TOF MS for confirming
translational synthesis of peptides having N-methylvaline using ValRS13 and ValRS13-11.
Specifically, a solution containing 1 uM template mRNA (R-V (SEQ ID NO: 120)) and arginine,
lysine, methionine, tyrosine, and aspartic acid (each final concentration 250 yM) added to the
cell-free translation system as described above was prepared. ValRS (final concentration 4 uM)
and N-methylvaline (final concentration 5 mM) were added to the solution and incubated at
37°C for 60 minutes. Template mRNAs encoding peptide sequences containing two
consecutive or three consecutive N-methylvalines (R-V2 (SEQ ID NO: 122), R-V3 (SEQ ID NO:
124)) were used to perform similar experiments. The resulting translation reaction products
were purified with SPE C-TIP (Nikkyo Technos Co., Ltd) and analyzed with MALDI-TOF MS.

[0222] The intended synthesis of the peptide sequence P-MeV1 containing N-methylvaline
using ValRS13 and ValRS13-11 was confirmed when the template mRNA containing one N-
methylvaline (R-V (SEQ ID NO: 120)) was used (Figure 7(a) Peak MeV1, (b) Peak MeV2). A
peak corresponding to the peptide sequence P-V1 introduced with valine contaminated in the
cell-free translation system was observed weakly (Figure 7(a) Peak VI, (b) Peak V2).

[0223] Next, it was confirmed that the peptide sequence P-MeV2 containing two N-
methylvaline residues was synthesized as main product by both the mutant ValRSs when a
template mRNA containing two consecutive N-methylvalines (R-V2 (SEQ ID NO: 122)) was
used (Figure 7(c) Peak MeV3, (d) Peak MeV5). Meanwhile, the peptide sequence P-MeV4
containing one N-methylvaline residue and one valine residue (Figure 7(c) Peak MeV4, (d)
Peak MeV6) was observed, but the peak intensity was suppressed when using ValRS13-11
compared to ValRS13.

[0224] Finally, template mRNA containing three consecutive N-methylvalines (R-V3 (SEQ ID
NO: 124)) was used to perform translation experiments. When ValRS13 was added, the
synthesis of the target peptide sequence P-MeV3 containing three N-methylvaline residues
was observed (Figure 7(e), Peak MeV7), but the peptide sequence P-MeV5 comprising two N-
methylvaline residues and one valine residue was produced as main product (Figure 7(e),
Peak MeV8). The peptide sequence P-MeV6 comprising one N-methylvaline residue and two
valine residues was also observed (Figure 7(e), Peak MeV9). Meanwhile, when ValRS13-11
was added, it was observed that the target peptide sequence P-MeV3 containing three N-
methylvaline residues was ribosomally synthesized as main product (Figure 7(f), Peak MeV10).
The peptide sequences P-MeV5 and P-MeV6 containing valine were also observed, but the
peak intensity of these peptide sequences was suppressed compared to that obtained when
using ValRS13 (Figure 7(f), Peak MeV11 and MeV12). These results indicate that ValRS13-11
has increased aminoacylation activity to N-methylvaline compared to ValRS13, leading to the
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increase of the ribosomally synthesized amount of the target peptide containing N-

methylvaline.

[0225]

Peptide sequence P-MeV2 (SEQ ID NO: 126)
formylMetArg[MeVal][MeVal]ArgAspTyrLysAspAspAspAspLys

Peptide sequence P-MeV4 (SEQ ID NO: 126)
formylMetArg[MeVal]ValArgAspTyrLysAspAspAspAspLys or
formylMetArgVal[MeVal]ArgAspTyrLysAspAspAspAspLys

Peptide sequence P-MeV3 (SEQ ID NO: 127)
formylMetArg[MeVal][MeVal][MeVallArgAspTyrLysAspAspAspAspLys

Peptide sequence P-MeV5 (SEQ ID NO: 127)
formylMetArg[MeVal][MeVal]ValArgAspTyrLysAspAspAspAsplLys or
formylMetArg[MeVal]Val[MeVallArgAspTyrLysAspAspAspAsplLys or
formylMetArgVal[MeVal][MeVal]ArgAspTyrLysAspAspAspAspLys
Peptide sequence P-MeV6 (SEQ ID NO: 127)
formylMetArg[MeVal]ValValArgAspTyrLysAspAspAspAspLys or
formylMetArgVal[MeVal]ValArgAspTyrLysAspAspAspAspLys or

formylMetArgValVal[MeVallArgAspTyrLysAspAspAspAspLys

MALDI-TOF MS:

[0226]

Calc. m/z: [H+M]+ = 1710.8 (the peptide corresponding to the sequence P-MeV2)
Cale. m/z: [H+M]+ = 1696.8 (the peptide corresponding to the sequence P-MeV4)
Calc. m/z: [H+M]+ = 1823.9 (the peptide corresponding to the sequence P-MeV3)
Calc. m/z: [H+M]+ = 1809.9 (the peptide corresponding to the sequence P-MeV$5)

Calc. m/z: [H+M]+ = 1795.9 (the peptide corresponding to the sequence P-MeV6)
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Example 3: Development of N-methylserine-accepting ARS

<Preparation of plasmids for wild-type and mutant SerRSs>

[0227] The mutant SerRS plasmids (having His-tag (6 x His) at the N-terminus) listed in Table
5 were constructed by introducing site-directed mutations using PCR into a plasmid comprising
the ORF sequence (SEQ ID NOs: 25, 26) of wild-type SerRS gene of E. coli (PQE-32(2)
2_wWtSERRS), which was used as starting material. Specifically, 2.5 yL of 10 ng/uL template,
12.5 yL of 2 x KOD Fx buffer (TOYOBO, KFX-101), 0.75 pL of 10 yM forward primer, 0.75 pL
of 10 uM reverse primer, 5 pL of 2 mM dNTP, 0.5 uL of KOD FX (TOYOBO, KFX-101), and 3
pL of H,O were mixed together. Next, the resulting reaction solution was heated at 94°C for 2

minutes and then subjected to 10 cycles, each consisting of heating at 98°C for 10 seconds
and heating at 68°C for 7 minutes, to amplify the mutant gene. The combinations of the
template plasmid, forward primer, and reverse primer used are listed in Table 6. Each
sequence of primers "F.S2" through "F.S8", "F.815" through "F.S23", and "F.S33" through
"F.S38" corresponds to SEQ ID NOs: 128-149 in ascending order. Each sequence of primers
"R.S2" through "R.S8", "R.815" through "R.S23", and "R.S33" through "R.S38" corresponds to
SEQ ID NOs: 150-171 in ascending order. 0.5 uL of 10 U/uL Dpnl was then added to the PCR
reaction solution and further incubated at 37°C for 1.5 hours to digest the template DNA, and
the resulting mutant DNA was purified. E. coli XL-1 Blue strain (STRATAGENE, 200236) was
then co-transformed with the resulting mutant gene DNA and pREP4 (Invitrogen, VV004-50)
encoding the lacl gene. The transformants were seeded onto agar containing ampicillin and
kanamycin. The plasmids of interest were purified from the resulting clones. The mutations
were confirmed to be introduced into the plasmids.

[0228] For plasmid construction requiring multistep mutation introduction, the procedure as
described above was repeated to obtain plasmids into which mutations of interest were
introduced. The combinations of the primers and template for such plasmid construction are

listed in Table 6.
[Table 5]

Name position 237 | position 239 | position 389

SerRS02
SerRS03
SerRS04
SerkRS05
SerRS06
SerRs07
SerRS508
SerkRS09
SerRS10
SerRS11




SerRS12

SerRS13

SerRS14

SerRS815

SerRS16

SerR&17

SerRS18

SerRS819

SerRS20

SerRS21

SerRS22

SerRS23

SerRS24

SerRS25

SerRS26

SerRS27

SerRS28

SerRS29

SerRS30

SerRS31

SerRS32

<> | B<|Z |0 |< > 0|<]| > ||| > B |<|> | |<|>

SerRS833

SerRS34

SerRS35

SerRS36

SerRS37

SerRS38

[Table 6]

DK/EP 3269809 T3

forward primer

revers primer

Template

SerRS001

SerRS002

F. S2

S2

wt

SerRS003

F. S3

S3

wt

SerRS004

F. S4

S4

wt

SerRS005

F. S5

S5

wt

SerRS006

F. S6

S6

wt

SerRS007

F. S7

S7

wt

SerRS008

F. S8

S8

wt

SerRS009

F. S2

S2

SerRS008

SerRS010

F. S3

S3

SerRS008

SerRS011

F. S4

S4

SerRS008

SerRS012

F. S5

S5

SerRS008

SerRS013

F. S6

S6

SerRS008

SerRS014

F. S7

S7

SerRS008

SerRS015

F. $15

S15

wt

SerRS016

F. S16

DN A A A AN DD DD DD DD

S16

wt
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forward primer revers primer Template
SerRS017 F. S17 R. S17 wt
SerRS018 F.S18 R. S18 wt
SerRS019 F. S19 R. S19 wt
SerRS020 F. S20 R. S20 wt
SerRS021 F. S21 R. S21 wt
SerRS022 F. S22 R. S22 wt
SerRS023 F. S23 R. S23 wt
SerRS024 F. S15 R. S15 SerRS008
SerRS025 F. S16 R. S16 SerRS008
SerRS026 F. S17 R. S17 SerRS008
SerRS027 F.S18 R. S18 SerRS008
SerRS02B F. S19 R. S19 SerRS008
SerRS029 F. S20 R. S20 SerRS008
SerRS030 F. S21 R. S21 SerRS008
SerRS031 F. S22 R. S22 SerRSOOB
SerRS032 F. S23 R. S23 SerRS008
SerRS033 F. S33 R. S33 wt
SerRS034 F. S34 R. S34 wt
SerRS035 F. S35 R. S35 wt
SerRS036 F. S36 R. S36 wt
SerRS037 F. S37 R. S37 wt
SerRS038 F. S38 R. S38 wt

<Small scale expression of wild-type and mutant SerRSs>

[0229] Next, the resulting mutant plasmid was introduced into E. coli to express the mutant
protein. First, E. coli BL21 strain transformed with the mutant plasmid and pREP4 (Invitrogen,
VV004-50) was cultured at 37°C in 4 mL of LB medium containing kanamycin and ampicillin.
Then, when the OD value at 600 nm reached 0.4 to 0.8, IPTG was added to a final
concentration of 0.5 mM. After further culturing at 37°C for 4 hours, the bacterial pellets were
collected with a centrifuge.

<Small scale purification of wild-type and mutant SerRSs>
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[0230] Next, the resulting bacterial pellets were disrupted, and the mutant protein of interest
was purified from the supernatant. Specifically, the bacterial pellets as described above were
suspended in 600 pyL of CHAPS solution (0.5% CHAPS (DOJINDO: 349-04722), 50% TBS
(TaKaRa, T903)) and mixed with 6 pL of 30 U/ul rLysozyme (Novagen, 71110-3) followed by
incubation at room temperature for 10 minutes. The reaction was further mixed with 2 pL of 2.5
U/uL benzonase nuclease (Novagen, 70746-3) followed by incubation at room temperature for
20 minutes, and an insoluble fraction was separated by centrifugation. Then, the mutant
protein was purified from the resulting supernatant using QIAGEN Ni-NTA spin column kit
(Qiagen, 31314) according to the product manual. Finally, excess imidazole was removed
using a desalting column, PD miniTrap G-25 (GE Healthcare, 28-9180-07) according to the
product manual.

<Aminoacylation reaction with N-methylserine using wild-type and mutant SerRSs>

[Synthesis of E. coli tRNASer by in vitro transcription reaction]

[0231] E. coli tRNA (R-tRNASer3 (SEQ ID NO: 173)) was synthesized from a template DNA (D-
tRNASer3 (SEQ ID NO: 172)) by in vitro transcription reaction using RiboMAX Large Scale
RNA production System T7 (Promega, P1300) in the presence of 7.5 mM GMP, and purified
using RNeasy Mini kit (Qiagen).

[0232]

D-tRNASer3 (SEQ ID NO: 172)

tRNASer3 DNA sequence:
GGCGTAATACGACTCACTATAGGTGAGGTGGCCGAGAGGCTGAAGGCGCTCCCCTG

CTAAGGGAGTATGCGGTCAAAAGCTGCATCCGGGGTTCGAATCCCCGCCTCACCGC
CA
R-tRNASer3 (SEQ ID NO: 173)

tRNASer3 RNA sequence:
GGUGAGGUGGCCGAGAGGCUGAAGGCGCUCCCCUGCUAAGGGAGUAUGCGGUCA

AAAGCUGCAUCCGGGGUUCGAAUCCCCGCCUCACCGCCA

<Aminoacylation reaction>

[0233] For the aminoacylation reaction, the solution containing 40 uM transcribed tRNA, 10
mM HEPES-K (pH 7.6), and 10 mM KCI solution was heated at 95°C for 2 minutes and then
left at room temperature for 5 minutes or more to refold the tRNA. This tRNA solution was
added to a final concentration of 10 uM to an acylation buffer (final concentration 50 mM
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HEPES-K [pH 7.6], 2 mM ATP, 100 mM potassium acetate, 10 mM magnesium acetate, 1 mM
DTT, 2 mM spermidine, 0.1 mg/mL Bovine Serum Albumin), mixed with wild-type or mutant
SerRS (final concentration 0.1 yM-2 uM) and N-methylserine (final concentration 1 mM), and
incubated at 37°C for 10 minutes. Four volumes of a loading buffer (90 mM sodium acetate
[pPH 5.2], 10 mM EDTA, 95%(w/w) formamide, 0.001%(w/v) xylene cyanol) were added to the
reaction solution and analyzed with acidic PAGE containing 6 M urea, and aminoacylation
activity was detected by separating unreacted tRNA and aminoacyl-tRNA. RNA was stained
with SYBR Gold (Life Technologies) and detected with LAS4000 (GE Healthcare) (Figure 8).

[0234] As a result, tRNA acylated with N-methylserine was observed when the mutants 03
(SEQ ID NO: 6), 35 (SEQ ID NO: 8), and 37 (SEQ ID NO: 9) were used. It is suggested that
these mutants had increased activity for aminoacylation with N-methylserine compared to wild-
type SerRS (Figure 8, lanes 3, 25, 27).

<Translational introduction of N-methylserine using wild-type and mutant SerRSs>

[0235] Template mRNA (R-S (SEQ ID NO: 175)) was synthesized from a template DNA (D-S
(SEQ ID NO: 174)) by in vitro transcription reaction using RiboMAX Large Scale RNA
production System T7 (Promega, P1300) and purified using RNeasy Mini kit (Qiagen).

[0236]

D-S (CT21) (SEQ ID NO: 174)

DNA sequence:
GGCGTAATACGACTCACTATAGGGTTAACTTTAACAAGGAGAAAAACATGCGTTCC

CGTGACTACAAGGACGACGACGACAAGTAAGCTTCG

R-S (SEQ ID NO: 175)

RNA sequence:
GGGUUAACUUUAACAAGGAGAAAAACAUGCGUUCCCGUGACUACAAGGACGACG

ACGACAAGUAAGCUUCG

<Cell-free translation system>

[0237] In order to confirm translational introduction of N-methylserine, a desired polypeptide
containing N-methylserine was ribosomally synthesized by adding N- methylserine and SerRS
to a cell-free translation system. The translation system used was PURE system, a
reconstituted cell-free protein synthesis system from E. coli. Specifically, wild-type or mutant
SerRS and N-methylserine were added to a solution containing a basic cell-free translation
solution (1 mM GTP, 1 mM ATP, 20 mM creatine phosphate, 50 mM HEPES-KOH pH 7.6, 100
mM potassium acetate, 9 mM magnesium acetate, 2 mM spermidine, 1 mM dithiothreitol, 1.5
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mg/ml E. coli MRE600 (RNase negative)-derived tRNA (Roche), 0.1 mM 10-HCO-H4 folate, 4
pg/ml creatine kinase, 3 pg/ml myokinase, 2 unit/ml inorganic pyrophosphatase, 1.1 ug/ml
nucleoside diphosphate kinase, 0.6 uM methionyl-tRNA transformylase, 0.26 uM EF-G, 0.24
MM RF2, 0.17 yM RF3, 0.5 pM RRF, 2.7 uyM IF1, 0.4 yM IF2, 1.5 yM IF3, 40 yM EF-Tu, 84 yM
EF-Ts, 1.2 pyM ribosome, 0.03 yM ArgRS, 0.13 yM AspRS, 0.11 pM LysRS, 0.03 pM MetRS,
0.02 uM TyrRS (wherein the proteins prepared by the inventors were essentially prepared as
His-tagged proteins)), and 1 uyM template mRNA, each 250 uM arginine, aspartic acid, lysine,
methionine, and tyrosine, and left at 37°C for 1 hour to ribosomally synthesize the peptide.

<Detection by mass spectroscopy>

[0238] Mass spectroscopy was performed using MALDI-TOF MS for detecting peptides into
which N-methylserine is ribosomally introduced. Specifically, a solution containing 1 uM
template mMRNA (R-S (SEQ ID NO: 175)) and arginine, lysine, methionine, tyrosine, and
aspartic acid (each final concentration 250 yM) added to the cell-free translation system as
described above was prepared. SerRS (final concentration 0.1-2 uM) and N-methylserine (final
concentration 5 mM) were added to the solution and incubated at 37°C for 60 minutes. The
resulting translation reaction products were purified with SPE C-TIP (Nikkyo Technos Co., Ltd)
and analyzed with MALDI-TOF MS. Translation products were identified with MALDI-TOF MS
spectrometry using a-cyano-4-hydroxycinnamic acid as a matrix.

[0239] As a result of the translation using wild-type SerRS (SEQ ID NO: 25)), a peak
corresponding to the target peptide peak P-CT21MeSer containing N-methylserine (Figure
9(a), Peak MeS1 m/z: [H+M]+ = 1585.6) was observed, but the peak corresponding to Ser-
containing peptide P-CT21Ser probably derived from Ser contaminated in the translation
system in trace amounts (Figure 9(a), Peak S1 m/z: [H+M]+ =1571.6) was observed as main
product (Figure 9(a)). On the other hand, when similar experiments were performed using the
modified SerRS with mutations introduced (Ser03 (SEQ ID NO: 6), 05 (SEQ ID NO: 7)), the
peak corresponding to P-CT21Ser (Figure 9(b) Peak S2, (c) Peak S3) was observed similarly
but as a side product, and it was revealed that the main product was P-CT21MeSer (Figure
9(b) Peak MeS2, (c) Peak MeS3). Particularly, when SerRS35 and 37 were used, it was
demonstrated that the peak corresponding to P-CT21Ser was not observed and CT21MeSer
was synthesized with high purity (Figure 9(d) Peak MeS4, (e) Peak MeS5). Consequently,
these modified SerRSs were demonstrated to have increased activity to MeSer compared to
wild-type SerRS.

[0240]

Peptide sequence P-CT21Ser (SEQ ID NO: 176)
formylMetArgSerArgAspTyrLysAspAspAspAspLys

Peptide sequence P-CT21MeSer (SEQ ID NO: 176)
formylMetArg[MeSer]ArgAspTyrLysAspAspAspAsplLys
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MALDI-TOF MS:

[0241]
Calc. m/z: [H+M]+ = 1571.7 (the peptide corresponding to the sequence P-CT21Ser)

Calc. m/z: [H+M]+ = 1585.7 (the peptide corresponding to the sequence P-CT21MeSer)

Example 4: Development of N-methylthreonine-accepting ARS

<Preparation of wild-type and mutant ThrRS proteins>

[0242] Expression vectors having a polyhistidine sequence at the N-terminus and comprising
mutations listed in Table 7 were constructed. Subsequently, an expression strain was
transformed with the vectors, and the mutant proteins of interest were purified with a nickel

column from supernatants obtained by disrupting cells.
[Table 7]

N position | position { position | position | position | position
ame 332 334 385 462 484 511

ThrRSO1(wt)
ThrRS02
ThrRS03
ThrRS04
ThrRS05
ThrRS06
ThrRS07
ThrRS08
ThrRS09
ThrRS10
ThrRS11
ThrRS12
ThrRS13
ThrRS14

<Translational introduction of N-methylthreonine using wild-type and mutant ThrRSs>
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[0243] A template mMRNA (R-T (SEQ ID NO: 178)) was synthesized from a template DNA (D-T
(SEQ ID NO: 177)) by in vitro transcription reaction using RiboMAX Large Scale RNA
production System T7 (Promega, P1300) and purified using RNeasy Mini kit (Qiagen).

[0244]

D-T (3lib15#09) (SEQ ID NO: 177)

DNA sequence:
GGCGTAATACGACTCACTATAGGGTTAACTTTAAGAAGGAGATATACATATGAAGG

CTGGTCCGGGTTTTATGACTAAGAGTGGTAGTGGTAGTTAAGCTTCG

R-T (SEQ ID NO: 178)

RNA sequence:
GGGUUAACUUUAAGAAGGAGAUAUACAUAUGAAGGCUGGUCCGGGUUUUAUGAC

UAAGAGUGGUAGUGGUAGUUAAGCUUCG

<Cell-free translation system>

[0245] In order to confirm translational introduction of N-methylthreonine, a desired
polypeptide containing N-methylthreonine was ribosomally synthesized by adding N-
methylthreonine and a mutant ThrRS to a cell-free translation system. The translation system
used was PURE system, a reconstituted cell-free protein synthesis system from E. coli
Specifically, wild-type or mutant ThrRS and N-methylthreonine were added to a solution
containing a basic cell-free translation solution (1 mM GTP, 1 mM ATP, 20 mM creatine
phosphate, 50 mM HEPES-KOH pH 7.6, 100 mM potassium acetate, 9 mM magnesium
acetate, 2 mM spermidine, 1 mM dithiothreitol, 1.5 mg/ml E. coli MRE600 (RNase negative)-
derived tRNA (Roche), 0.1 mM 10-HCO-H4 folate, 4 ug/ml creatine kinase, 3 uyg/ml myokinase,
2 unit/ml inorganic pyrophosphatase, 1.1 pg/ml nucleoside diphosphate kinase, 0.6 uM
methionyl-tRNA transformylase, 0.26 yM EF-G, 0.24 yM RF2, 0.17 pM RF3, 0.5 yM RRF, 2.7
MM IF1, 0.4 pM IF2, 1.5 yM IF3, 40 uyM EF-Tu, 93 uyM EF-Ts, 1.2 yM ribosome, 2.73 yM
AlaRS, 0.13 pM AspRS, 0.09 uyM GIlyRS, 0.11 yM LysRS, 0.03 yM MetRS, 0.68 pM PheRS,
0.16 uM ProRS, 0.25 pM SerRS (wherein the proteins prepared by the inventors were
essentially prepared as His-tagged proteins)), and 1 yM template mRNA, each 250 uM glycine,
proline, alanine, phenylalanine, lysine, methionine, and serine, and left at 37°C for 1 hour to
ribosomally synthesize the peptide.

<Detection by mass spectroscopy>
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[0246] Mass spectroscopy was performed using MALDI-TOF MS for detecting peptides into
which N-methylthreonine is ribosomally introduced. Specifically, a solution containing 1 uM
template mRNA (R-T (SEQ ID NO: 178)) and glycine, proline, alanine, phenylalanine, lysine,
methionine, and serine (each final concentration 250 yM) added to the cell-free translation
system as described above was prepared. ThrRS (final concentration 2 yM) and N-
methylthreonine (final concentration 5 mM) were added to the solution and incubated at 37°C
for 60 minutes. The resulting translation reaction products were purified with SPE C-TIP
(Nikkyo Technos Co., Ltd) and analyzed with MALDI-TOF MS. Translation products were
identified with MALDI-TOF MS spectrometry using a-cyano-4-hydroxycinnamic acid as a
matrix.

[0247] As a result of the translation using wild-type ThrRS (SEQ ID NO: 29), a peak
corresponding to the peptide peak P-3lib15MeThr of interest containing N-methylthreonine
((Figure 10(a), Peak MeT1) and a peak corresponding to a potassium salt of the peptide
(Figure 10(a), Peak MeT2) were observed as main products, but at the same time, a peak
corresponding to the peptide P-3lib15Thr derived from Thr contaminated in the translation
system in trace amounts (Figure 10(a), PeakT1) and a peak corresponding to a potassium salt
of the peptide (Figure 10(a), PeakT2) were also observed, revealing that the purity of the
translation products was adversely affected (Figure 10(a)). On the other hand, when
experiments were performed using the modified ThrRS 03 (SEQ ID NO: 10) and the modified
ThrRS 14 (SEQ ID NO: 11) with mutations introduced, the peaks derived from P-CT21MeThr
(Peak MeT3-6, Figure 10) were similarly observed, and the peak corresponding to the peptide
sequence P-3lib15Thr was only slightly observed (Figure 10(b), (c)). In other words, it was
demonstrated that the peptide with MeThr introduced was synthesized with higher purity using
the modified ThrRSs compared to using wild-type ThrRS, and it was suggested that the
modified ThrRS 03 and 14 are ARSs that can introduce MeThr into peptides more efficiently
compared to wild-type ThrRS.

[0248]

Peptide sequence P-3lib15Thr (SEQ ID NO: 179)
formylMetLysAlaGlyProGlyPheMetThrLysSerGlySerGlySer

Peptide sequence P-3lib15MeThr (SEQ ID NO: 179)
formylMetLysAlaGlyProGlyPheMet[MeThr]LysSerGlySerGlySer

MALDI-TOF MS:

[0249]
Calc. m/z: [H+M]+ = 1470.7, [K+M]+ = 1508 8 (the peptide corresponding to the sequence P-

31ib15Thr)

~ 1 i rew.w oan 4 s a m T w oF A o~ s e 2 . 1 -
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Calc. m/z: [H+M [+ = 14847, |[K+M [+ = 15228 (the peptide corresponding to the sequence P-
31ib15MeThr)

Example 5: Development of N-methyltryptophan-accepting ARS

<Preparation of wild-type and mutant TrpRS proteins>

[0250] Expression vectors having a polyhistidine sequence at the N-terminus and containing
mutations listed in Table 8 were constructed. Then, an expression strain was transformed with
the vectors, and the mutant proteins of interest were purified with a nickel column from

supernatants obtained by disrupting cells.
[Table 8]

position position | position position
128 132 150 153

Name

TrpRSO1(wt) |
TrpRS02
TrpR303
TrpRS04
TrpRS05
TrpRS06
TrpRS07
TrpRS08
TrpRS09
TrpRS10
TrpRS11
TrpRS12
TrpRS13
TrpRS14
TrpRS15
TrpRS16
TrpRS17
TrpRS18
TrpRS19
TrpRS20

P23 (2 >0|> 0
> (> > > 00> 0

<Translational introduction of N-methyltryptophan using wild-type and mutant TrpRSs>
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[0251] A template MRNA(R-W (SEQ ID NO: 197)) was synthesized from a template DNA (D-W
(SEQ ID NO: 196)) by in vitro transcription reaction using RiboMAX Large Scale RNA
production System T7 (Promega, P1300) and purified using RNeasy Mini kit (Qiagen).

[0252]

D-W (CT29) (SEQ ID NO: 196)

DNA sequence:
GGCGTAATACGACTCACTATAGGGTTAACTTTAACAAGGAGAAAAACATGCGTTGG

CGTGACTACAAGGACGACGACGACAAGTAAGCTTCG

R-W (SEQ ID NO: 197)

RNA sequence:
GGGUUAACUUUAACAAGGAGAAAAACAUGCGUUGGCGUGACUACAAGGACGACG

ACGACAAGUAAGCUUCG

<Cell-free translation system>

[0253] In order to confirm translational introduction of N-methyltryptophan, a desired
polypeptide containing N-methyltryptophan was ribosomally synthesized by adding N-
methyltryptophan and a mutant TrpRS to a cell-free translation system. The translation system
used was PURE system, a reconstituted cell-free protein synthesis system from E. coli
Specifically, wild-type or mutant TrpRS and N-methyltryptophan were added to a solution
containing a basic cell-free translation solution (1 mM GTP, 1 mM ATP, 20 mM creatine
phosphate, 50 mM HEPES-KOH pH 7.6, 100 mM potassium acetate, 9 mM magnesium
acetate, 2 mM spermidine, 1 mM dithiothreitol, 1.5 mg/ml E. coli MRE600 (RNase negative)-
derived tRNA (Roche), 0.1 mM 10-HCO-H4 folate, 4 ug/ml creatine kinase, 3 uyg/ml myokinase,
2 unit/ml inorganic pyrophosphatase, 1.1 pg/ml nucleoside diphosphate kinase, 0.6 uM
methionyl-tRNA transformylase, 0.26 yM EF-G, 0.24 yM RF2, 0.17 pM RF3, 0.5 yM RRF, 2.7
MM IF1, 0.4 pM IF2, 1.5 yM IF3, 40 uyM EF-Tu, 84 uyM EF-Ts, 1.2 yM ribosome, 0.03 yM
ArgRS, 0.13 uM AspRS, 0.11 uM LysRS, 0.03 uM MetRS, 0.02 uM TyrRS (wherein the proteins
prepared by the inventors were essentially prepared as His-tagged proteins)), and 1 uM
template mRNA, each 250 uM arginine, aspartic acid, lysine, methionine, and tyrosine, and left
at 37°C for 1 hour to ribosomally synthesize the peptide.

<Detection by mass spectroscopy>

[0254] Mass spectroscopy was performed using MALDI-TOF MS for detecting peptides into
which N-methyltryptophan is ribosomally introduced. Specifically, a solution containing 1 uM
template mRNA (R-W (SEQ ID NO: 197)) and arginine, lysine, methionine, tyrosine, and
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aspartic acid (each final concentration 250 yM) added to the cell-free translation system as
described above was prepared. TrpRS (final concentration 5 yM) and N-methyltryptophan
(final concentration 5 mM) were added to the solution and incubated at 37°C for 60 minutes.
The resulting translation reaction products were purified with SPE C-TIP (Nikkyo Technos Co.,
Ltd) and analyzed with MALDI-TOF MS. Translation products were identified with MALDI-TOF
MS spectrometry using a-cyano-4-hydroxycinnamic acid as a matrix.

[0255] As a result of the translation using wild-type TrpRS (SEQ ID NO: 188), a peak
corresponding to the target peptide peak P-CT29MeTrp containing N-methyltryptophan (Figure
11(a), Peak MeW1) was observed, but a peak corresponding to peptide P-CT29Trp derived
from Trp contaminated in the translation system in trace amounts was observed as main
product (Figure 11(a), PeakW1). On the other hand, when experiments were performed using
the modified TrpRS 04 (SEQ ID NO: 184), the modified TrpRS 05 (SEQ ID NO: 185), and the
modified TrpRS 18 (SEQ ID NO: 186) with mutations introduced, peaks derived from P-
CT29MeTrp (Peak MeW2-4, Figure 11(b)-(d)) were observed as main product. In other words,
it is demonstrated that the peptide introduced with MeTrp was synthesized at a higher purity
using modified TrpRSs compared to using wild-type TrpRS, and it was suggested that these
modified TrpRSs are ARSs that can introduce MeTrp into peptides more efficiently compared
to wild-type TrpRS.

[0256]

Peptide sequence P-CT29Trp (SEQ ID NO: 198)
formylMetArgTrpArgAspTyrLysAspAspAspAsplLys

Peptide sequence P-CT29MeTrp (SEQ ID NO: 199)
formylMetArg[MeTrp]ArgAspTyrLysAspAspAspAspLys

MALDI-TOF MS:

[0257]
Calc. m/z: [H+M]+ = 1670.7 (the peptide corresponding to the sequence P-CT29Trp)

Calc. m/z: [H+M]+ = 1084.7 (the peptide corresponding to the sequence P-CT29MeTrp)

Example 6: Development of N-methylleucine-accepting ARS

<Preparation of wild-type and mutant LeuRS proteins>
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[0258] Expression vectors having a polyhistidine sequence at the N-terminus and containing
mutations listed in Table 9 were constructed. Subsequently, an expression strain was
transformed with the vectors, and the mutant proteins of interest were purified with a nickel
column from supernatants obtained by disrupting cells.

[Table 9]

Name

position position
43 80

position
252

LeuRS01(wt)

LeuRS02

LeuRS03

LeuRS04

LeuRS06

LeuRS07

LeuRS08

LeuRS08

LeuRS10

LeuRS11

LeuRS12

LeuRS13

LeuRS14

QIO IPIOI>P O[> Q

LeuRS15

LeuRS16

LeuRS17

LeuRS18

LeuRS19

LeuRS21

LeuRS22

LeuRS23

>I>>>>P>>

<Translational introduction of N-methylleucine using wild-type and mutant LeuRSs>

[0259] A template MRNA(R-L (SEQ ID NO: 201)) was synthesized from a template DNA (D-L
(SEQ ID NO: 200)) by in vitro transcription reaction using RiboMAX Large Scale RNA
production System T7 (Promega, P1300) and purified using RNeasy Mini kit (Qiagen).

[0260]

D-L (CT23) (SEQ ID NO: 200)
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DNA sequence:
GGCGTAATACGACTCACTATAGGGTTAACTTTAACAAGGAGAAAAACATGCGTCTC

CGTGACTACAAGGACGACGACGACAAGTAAGCTITCG

R-L (SEQ ID NO: 201)
RNA sequence:
GGGUUAACUUUAACAAGGAGAAAAACAUGCGUCUCCGUGACUACAAGGACGACG

ACGACAAGUAAGCUUCG

<Cell-free translation system>

[0261] In order to confirm translational introduction of N-methylleucine, a desired polypeptide
containing N-methylleucine was ribosomally synthesized by adding N- methylleucine and a
mutant LeuRS to a cell-free translation system. The translation system used was PURE
system, a reconstituted cell-free protein synthesis system from E. coli. Specifically, wild-type or
mutant LeuRS and N-methylleucine were added to a solution containing a basic cell-free
translation solution (1 mM GTP, 1 mM ATP, 20 mM creatine phosphate, 50 mM HEPES-KOH
pH 7.6, 100 mM potassium acetate, 9 mM magnesium acetate, 2 mM spermidine, 1 mM
dithiothreitol, 1.5 mg/ml E. coli MRE600 (RNase negative)-derived tRNA (Roche), 0.1 mM 10-
HCO-H4 folate, 4 ug/ml creatine kinase, 3 ug/ml myokinase, 2 unit/ml inorganic
pyrophosphatase, 1.1 pg/ml nucleoside diphosphate kinase, 0.6 pM methionyl-tRNA
transformylase, 0.26 yM EF-G, 0.24 yM RF2, 0.17 uM RF3, 0.5 yM RRF, 2.7 yM IF1, 0.4 yM
IF2, 1.5 pM IF3, 40 yM EF-Tu, 84 yM EF-Ts, 1.2 pM ribosome, 0.03 pM ArgRS, 0.13 yM
AspRS, 0.11 uM LysRS, 0.03 uM MetRS, 0.02 uM TyrRS (wherein the proteins prepared by the
inventors were essentially prepared as His-tagged proteins)), and 1 yM template mRNA, each
250 uM arginine, aspartic acid, lysine, methionine, and tyrosine, and left at 37°C for 1 hour to
ribosomally synthesize the peptide.

<Detection by mass spectroscopy>

[0262] Mass spectroscopy was performed using MALDI-TOF MS for detecting peptides into
which N-methylleucine is ribosomally introduced. Specifically, a solution containing 1 uM
template mRNA (R-L (SEQ ID NO: 201)) and arginine, lysine, methionine, tyrosine, and
aspartic acid (each final concentration 250 yM) added to the cell-free translation system as
described above was prepared. LeuRS (final concentration 0.4-2 yM) and N-methylleucine
(final concentration 5 mM) were added to the solution and incubated at 37°C for 60 minutes.
The resulting translation reaction products were purified with SPE C-TIP (Nikkyo Technos Co.,
Ltd) and analyzed with MALDI-TOF MS. Translation products were identified with MALDI-TOF
MS spectrometry using a-cyano-4-hydroxycinnamic acid as a matrix.

[0263] As a result of the translation using wild-type LeuRS (SEQ ID NO: 189), a peak
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corresponding to the target peptide peak P-CT23MeLeu containing N-methylleucine was not
observed, but the peptide P-CT23Leu derived from Leu contaminated in the translation system
in trace amounts (Figure 12(a), PeakL1) was observed as an almost single product. On the
other hand, when experiments were performed using the modified LeuRS 02 (SEQ ID NO:
187) with mutations introduced, the peak derived from P-CT29Meleu (Peak MelL1, Figure
12(b)) was observed, and the intensity of the peak was as strong as the intensity of the peak of
the peptide P-CT23Leu containing Leu (Peak L2, Figure 12(b)). In other words, it is
demonstrated that the MelLeu-introduced peptide synthesized using the modified LeuRS 02
was more than that using wild-type LeuRS, suggesting that this modified LeuRS is an ARS that
can introduce Meleu into peptides more efficiently compared to wild-type LeuRS.

[0264]

Peptide sequence P-CT23Leu (SEQ ID NO: 202)
formylMetArgLeuArgAspTyrLysAspAspAspAsplLys

Peptide sequence P-CT23MeLeu (SEQ ID NO: 203)
formylMetArg[MeLeu]ArgAspTyrLysAspAspAspAspLys

MALDI-TOF MS:

[0265]
Calc. m/z: [H+M]+ = 1597.7 (the peptide corresponding to the sequence P-CT23Leu)

Calc. m/z; [H+M]+ = 1611.7 (the peptide corresponding to the sequence P-CT23MeLeu)

Example 7: Development of modified ValRSs having increased selectivity to N-
methylvaline achieved by enhancing valine-hydrolyzing ability in the editing domain

<Preparation of wild-type and mutant ValRS proteins>

[0266] Expression vectors for modified ValRSs that have a polyhistidine sequence at the N-
terminus and containing mutations (N44G,T45S) in the catalytic domain and mutation
T279A(G) in the editing domain, which mutations increase activity to N-methylvaline, were
constructed (Table 10). Then, an expression strain was transformed with the vectors, and the
mutant proteins of interest were purified using a nickel column from supernatants obtained by
disrupting cells.

[Table 10]

] ] ] 1
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Catalytic domain domain

Editing l

position | position
43 45

position

Name 979

ValRS13-11 |

ValRS66 G S A
ValRS67 G S G

<Aminoacylation reaction with valine and N-methylvaline using mutant ValRSs>

[Synthesis of E. coli tRNAVal by in vitro transcription reaction]

[0267] E. coli tRNA (R-tRNAVal1 (SEQ ID NO: 205)) was synthesized from a template DNA (D-
tRNAVal1 (SEQ ID NO: 204)) by in vitro transcription reaction using RiboMAX Large Scale RNA
production System T7 (Promega, P1300) in the presence of 7.5 mM GMP, and purified using
RNeasy Mini kit (Qiagen).

[0268]

D-tRNAVal1 (SEQ ID NO: 204)

tRNAVal1 DNA sequence:
GGCGTAATACGACTCACTATAGGGTGATTAGCTCAGCTGGGAGAGCACCTCCCTTAC

AAGGAGGGGGTCGGCGGTTCGATCCCGTCATCACCCACCA

R-tRNAVal1 (SEQ ID NO: 205)

tRNAVal1l RNA sequence:
GGGUGAUUAGCUCAGCUGGGAGAGCACCUCCCUUACAAGGAGGGGGUCGGCGGU

UCGAUCCCGUCAUCACCCACCA

<Aminoacylation reaction>

[0269] For the aminoacylation reaction, the solution containing 50 uM transcribed tRNA, 10
mM HEPES-K (pH 7.6), and 10 mM KCI solution was heated at 95°C for 2 minutes and then
left at room temperature for 5 minutes or more to refold the tRNA. This tRNA solution was
added to a final concentration of 10 yM to an acylation buffer (in final concentrations of 50 mM
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HEPES-K [pH 7.6], 2 mM ATP, 100 mM potassium acetate, 10 mM magnesium acetate, 1 mM
DTT, 2 mM spermidine, 0.1 mg/mL Bovine Serum Albumin), mixed with a mutant ValRS (final
concentration 2 yM) and N-methylvaline (final concentration 0.08 mM-5 mM) or valine (final
concentration 0.031 mM-0.25 mM), and incubated at 37°C for 10 minutes. Four volumes of a
loading buffer (90 mM sodium acetate [pH 5.2], 10 mM EDTA, 95%(w/w) formamide, 0.1%(w/v)
xylene cyanol) were added to the reaction solution and analyzed with acidic PAGE containing 6
M urea, and aminoacylation activity was detected by separating unreacted tRNA and
aminoacyl-tRNA. RNA was stained with SYBR Gold (Life Technologies) and detected with
LAS4000 (GE Healthcare).

[0270] This result proved that the acylation abilities of the mutants 13-11, 66 (SEQ ID NO:
182), and 67 (SEQ ID NO: 183) were not very different at each N-methylvaline concentration
when N-methylvaline was used as substrate (Figure 13, for example, lanes 17-19). On the
other hand, it was proved that when valine was used as a substrate, the acylation abilities of
mutants 66 and 67 reduced compared to mutants 13-11 (Figure 14, for example, lanes 17-19).
This demonstrated that mutants 66 and 67 having mutations newly introduced into the editing
domain are modified ValRSs that have reduced aminoacylation activity to valine and therefore
has increased selectivity to N-methylvaline.

ABSTRACT

[0271] The present invention provides modified valyl-tRNA synthetases (ValRSs) having
increased reactivity with N-methyl valine compared to natural ValRSs. The present invention
enables a more efficient production of polypeptides containing N-methyl valine.

SEQUENCE LISTING

[0272]

<110> CHUGAI SEIYAKU KABUSHIKI KAISHA

<120> Modified aminoacyl tRNA synthetases and their use
<130> AA2504 EP S3

<140> EP 16 76 4874.0
<141>2016-03-11

<150> PCT/JP2016/057707
<151>2015-03-13

<160> 205



<170> PatentIn version 3.5

<210>1
<211> 327
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 1

Met

1

Gln

Gly

Pro

Glu

65

Ala

Pro

Ile

Thr

Ile

145

Asp

Thr

Val

Met

Gly
298

Ser

Ala

Lys

Pro

50

Gln

Ala

Gly

Asp

Gly
130

Pro

Thr

Met

Tyr

Glu

210

Thr

His

Ser

Lys

35

Glu

val

Leu

Arg

Arg

115

Pro

Gly

Thr

Lys

Arg

195

Gly

Leu

Leu

Asp

20

Gly

Glu

Gln

Asn

Arg

100

Ile

Glu

His

Arg

Ala

180

Asn

Leu

His

Ala

val

His

Arg

Gln

Ala

85

Ile

Glu

Ile

His

Leu

165

Gln

Asp

Ile

Asp

Glu

Ala

Leu

Pro

Ala

70

Arg

Glu

Ser

Glu

Pro

150

Leu

Gln

Tyr

Val

Phe
2N

Leu

Ala

Thr

Ala

55

Leu

Leu

Asn

Phe

Asp
135

Ala

Arg

Pro

Asp

Asp

215

Leu

val

Leu

Leu

40

Ala

Asn

Ala

Gly

Phe

120

Asp

Arg

Thr

Pro

Gln

200

Thr

Arg

Ala

Asp

25

Gln

Gly

Ala

Ala

Gly

105

Gly

Tyr

Ala

Ala

Ile

185

Thr

Asn

Asn

Ser

10

Asn

Met

Ala

Arg

Glu

90

Leu

Glu

His

Asp

Thr

170

Arg

His

Ile

Phe

Ala

val

Thr

val

Lys

75

Thr

His

Leu

Asn

His

155

Ser

Ile

Thr

Ser

Phe
IR

Lys

Arg

Thr

Ile

60

Ala

Ile

Pro

Gly

Phe
140

Asp

Gly

Ile

Pro

Phe

220

Glu

Ala

val

Leu

45

Asn

Glu

Asp

Val

Phe

125

Asp

Thr

val

Ala

Met

205

Thr

Glu

Ala

Glu

30

Arg

Glu

Leu

Val

Thr

110

Thr

Ala

Phe

Gln

Pro

190

Phe

Asn

Asp

Ile

15

Tyr

Glu

Ala

Glu

Ser

95

Arg

Val

Leu

Trp

Ile

175

Gly

His

Leu

Leu

Ser

Leu

Leu

Lys

Ser

80

Leu

Thr

Ala

Asn

Phe

160

Arg

Arg

Gln

Lys

Gln
2AN
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Ile

Vval

Gly

Vval

Leu

305

Arg

Arg

Asp

Met

Tyr

290

Arg

Phe

<210>2
<211> 327
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 2

Met
1

Gln

Gly

Pro

Glu

65

Ala

Pro

Ile

Thr

Ser

Ala

Lys

Pro

50

Gln

Ala

Gly

Asp

Gly
130

Phe

Val

Val

275

Ser

Tyr

Leu

His

Ser

Lys

35

Glu

Val

Leu

Arg

Arg

115

Pro

Arg

Met

260

His

Gly

Gly

Lys

Pro

245

Gly

Pro

Phe

val

Gln
325

PV

Ser

Lys

Asn

Ala

Thr

310

Phe

Tyr

Asn

Val

Phe

295

Asp

Lys

Phe

Gly

Leu

280

Gly

Leu

Pro

Lys

Phe

250

Trp

265

Arg

Met

Arg

Gly

Asn

Ser

Thr

Leu

val

Met

Phe

Glu

Glu

Gly

Glu

Pro

Vval

Ile

Leu

Ser Al

25

270

285

300

315

Phe

Arg

Glu

Asp

Leu

Asn

a Glu
5

Gly Cys

Pro Glu

Thr Met

Asp Leu

320

Leu Ala Glu Leu Val Ala Ser Ala Lys Ala Ala Ile Ser

Asp

20

Gly

Glu

Gln

Asn

Arg

100

Ile

Glu

5

Val

His

Arg

Gln

Ala

85

Ile

Glu

Ile

Ala

Leu

Pro

Ala

70

Arg

Glu

Ser

Glu

Ala

Thr

Ala

55

Leu

Leu

Asn

Phe

Asp
135

Leu

Leu

40

Ala

Asn

Ala

Gly

Phe

120

Asp

Asp

25

Gln

Gly

Ala

Ala

Gly

105

Gly

Tyr

10

Asn

Met

Ala

Arg

Glu

Leu

Glu

His

Val

Thr

Val

Lys

75

Thr

His

Leu

Asn

Arg

Thr

Tle

60

Ala

Ile

Pro

Gly

Phe
140

val

Leu

45

Asn

Glu

Asp

Val

Phe

125

Asp

Glu

30

Arg

Glu

Leu

Vval

Thr

110

Thr

Ala

15

Tyr

Glu

Ala

Glu

Ser

Arg

Val

Leu

Leu

Leu

Lys

Ser

80

Leu

Thr

Ala

Asn
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Ile

145

Asp

Thr

val

Met

Gly

225

Ile

val

Gly

val

Leu
305

Arg

Pro

Thr

Met

Tyr

Glu

210

Thx

Arg

Asp

Met

Tyr
290

Arg

Phe

<210>3
<211> 951
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 3

Met Glu Lys

1

His Trp Glu

Glu Ser Phe

His Met Gly

50

Gly His His

Thr Leu

165

Arg

Ala
180

Lys Gln

Arg Asn

195

Asp

Gly Leu Ile

Leu His Asp

Phe Pro

245

Arg

Vval Met

260

Gly

Val His Pro
275

Ser Gly Phe

Tyr Gly Val

Leu Lys Gln
325

Thr Tyr
5

Lys Gln
20

Cys Ile
35

His Ala

Pro

150

Leu

Gln

Tyr

val

Phe

230

Ser

Lys

Asn

Ala

Thr

310

Phe

Asn

Gly

Met

Phe

Ala Arg Ala

Arg Thr Gly

Ile
185

Pro Pro

Gln
200

Asp Thr

Asp Thr Asn

215

Leu Arg Asn

Tyr Phe Pro

Asn Gly Lys

265

Val
280

Phe
295

Asp

Lys

Pro Gln Asp

Tyr Phe Lys

25

Ile Pro Pro

40

Gln
55

Gln Thr

Asp

Thr

170

Arg

His

Ile

Phe

Fhe

250

Trp

His Thr Phe

155

Asp

Ser Gly Vval Gln

Ile Ile Ala Pro

190

Thr Met

205

Pro Phe

Phe Thr

220

Ser Asn

Phe
235

Glu Glu Asp

Thr Glu Pro Ser

Leu Glu Val Leu

270

285

300

315

Ile Glu Gln Pro Leu
10

Pro Asn Gly Asp Glu
30

Pro Ala Val Thr Gly
45

Ile Met Asp Thr Met
60

Trp

Ile

175

Gly

His

Leu

Leu

Ala

255

Gly

Phe

160

Arg

Arg

Gln

Lys

Gln

240

Glu

Cys

Leu Arg Asn Val Gly Ile Asp Pro Glu

Gly Met Gly Met Glu Arg Leu Thr Met

Leu Arg Ser Phe Phe Glu Asn Asp Leu

320

Tyr Glu

15

Ser Gln

Ser Leu

Ile Arg

DK/EP 3269809 T3



Tyr

65

His

Glu

Lys

Met

Met

145

Tyr

Pro

Ser

Lys

Glu

225

Arg

Arg

Thr

Val

Gly

305

Ser

Arg

Leu

Gln

Ala

Glu

Ile

Arg
130

Asp

Lys

Lys

Lys

Thr

210

Thr

Tyr

Arg

Gly

Gly

290

Asp

Asp

Phe

Leu

Arg

Gly

Gly

Trp

115

Arg

Glu

Glu

Leu

Gly

195

Ala

Leu

Lys

Ile

Cys

275

Lys

Ile

Val

Ala

Glu

SEE

Met

Ile

Lys
100

Glu

Leu

Gly

Asp

Arg

180

Ser

Asp

Leu

Asp

Pro

260

Val

Arg

Arg

Tyr

Ala

340

Glu

Gln Gly
70

Ala Thr
85

Thr Arg

Trp Lys

Gly Asn

Leu Ser
150

Leu Ile
165

Thr Ala

Met Trp

Gly Lys

Gly Asp
230

Leu Ile
245

Ile Val

Lys Ile

His Ala

Glu Ser

310

Ser Ser
325

Arg Lys

Ile Lys

Lys

Gln

His

Ala

Ser
135

Asn

Tyr

Ile

Hisg

Asp

215

Thr

Gly

Gly

Thr

Leu

295

Ala

Glu

Ala

Pro

Asn

Met

Asp

Glu

120

Val

Ala

Arg

Ser

Ile

200

Tyr

Gly

Lys

Asp

Pro

280

Pro

Gln

Ile

val

His

Brn

Thr

Val

Tyr

105

Ser

Asp

vVal

Gly

Asp

185

Arg

Leu

vVal

Tyr

Glu

265

Ala

Met

Val

Pro

val

345

Asp

Leu

val

Gly

Gly

Lys

Lys

170

Leu

Tyxr

Val

Ala

Val

250

His

His

Ile

Phe

Ala

330

Ala

Leu

Trp

Glu

Glu

155

Arg

Glu

Pro

val

vVal

235

Ile

Ala

Asp

Asn

Asp

315

Glu

Ala

Thr

Trp

75

Arg

Gly

Glu

Gln

Glu

Thr

Arg Lys

Val

Ala

Ile

95

110

125

Arg Glu

140

vVal

Leu

Val

Leu

Ala

220

Asn

Leu

Asp

Phe

Ile

300

Thr

Phe

val

val

Phe

Val

Glu

Ala

205

Thr

Pro

Pro

Met

Asn

285

Leu

Lys

Gln

Asp

Pro

sere

Gly Thr Asp

80

Ile Ala Ala

Phe Ile Asp

Thr Arg Gln

Arg Phe Thr

Val Arg Leu

Asn

Asn

190

Asp

Thr

Glu

Leu

Glu

270

Asp

Thr

Gly

Lys

Ala

350

Tyr

Trp

175

Arg

Gly

Arg

Asp

val

255

Lys

Tyr

Phe

Asn

Leu

335

Leu

Gly

160

Asp

Glu

Ala

Pro

Pro

240

Asn

Gly

Glu

Asp

Glu

320

Glu

Gly

Asp
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Arg

Arg
385

Asp

Met

His

Arg

val

465

Leu

Arg

Phe

Asp

Gly

545

Asn

Leu

Lys

His

Gly

625

Phe

Glu

Gly
370

Ala

Ile

Arg

Arg

Asn

450

Leu

Trp

Gln

Phe

Glu

530

Leu

Val

Leu

Ile

Gly

610

Arg

Cys

Gly

D2

Gly

Asp

Gln

Asp

Ile

435

Glu

Arg

Thr

Phe

Trp

515

Asn

Ile

Ile

Glu

Arg

595

Thr

Asp

Asn

Gln

val

val

Phe

Ile

420

Pro

Asp

Gln

Phe

His

500

Ile

Gly

Arg

Asp

Lys

580

Lys

Asp

Ile

Lys

Asp
660

val

Leu

Val

405

Gln

Ala

Glu

Asp

Ser

485

Pro

Ala

Lys

Asp

Pro

565

Arg

Arg

Ala

Asn

Leu
645

Cys

Ile

Ala
390

Pro

Asp

Trp

val

Glu

470

Thr

Thr

Arg

Pro

Asp

550

Leu

Thr

Thr

Leu

Trp

630

Trp

Gly

Glu
375

Lys

Lys

Trp

Tyxr

Arg

455

Asp

Leu

Ser

Met

Gln

535

Glu

Asp

Gly

Glu

Arg

615

Asp

Asn

Phe

0V

Pro

Pro

Gln

Cys

Asp

440

Lys

vVal

Gly

Val

Ile

520

Val

Gly

Met

Asn

Lys

600

Phe

Met

Ala

Asn

Met

Ala

Tyr

Ile

425

Glu

Glu

Leu

Trp

Met

505

Met

Pro

Gln

Val

Met

585

Gln

Thr

Lys

Ser

Gly
665

Leu

val

Glu

410

Ser

Ala

Asn

Asp

Pro

490

Val

Met

FPhe

Lys

Asp

570

Met

Phe

Leu

Arg

Arg
650

Gly

Thr

Glu
395

Asn

Arg

Gly

Asn

Thr

475

Glu

Ser

Thr

His

Met

555

Gly

Gln

Pro

Ala

Leu

635

Phe

Glu

Asp
380

Ala

Met

Gln

Asn

Leu

460

Trp

Asn

Gly

Met

Thr

540

Ser

Ile

Pro

Asn

Ala

620

Glu

val

Met

202

Gln

val

Tyr

Leu

Val

445

Gly

Phe

Thr

Phe

His

525

Val

Lys

Ser

Gln

Gly

605

Leu

Gly

Leu

Thr

Trp

Glu

Phe

Trp

430

Tyr

Ala

Ser

Asp

Asp

510

Phe

Tyr

Ser

Leu

Leu

590

Ile

Ala

Tyr

Met

Leu Ser

€70

Tyr

Asn

Ser

415

Trp

val

Asp

Ser

Ala

495

Ile

Ile

Met

Lys

Pro

575

Ala

Glu

Ser

Arg

Asn
655

Val

Gly
400

Trp

Gly

Gly

val

Ala

480

Leu

Ile

Lys

Thr

Gly

560

Glu

Asp

Pro

Thr

Asn

640

Thr

Leu
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Ala

Arg

Tyr

705

Lys

His

Ile

Cys

Asp

785

Lys

Ala

Ala

Arg

Ser

865

Gly

Ala

Glu

Glu

Gln
945

Asp

Glu

690

Glu

Pro

Thr

Ile

Gly

770

Ala

Gln

Pro

Glu

Leu

850

val

Leu

Lys

Gly

Lys
930

Ala

Arg

675

Ala

Phe

val

Leu

Pro

755

Ile

Ser

Ala

Gly

Arg

835

Glu

Thr

Ile

Ile

Phe
915

Leu

val

Trp

Leu

Thr

Met

Val

740

Phe

Thr

Gln

Ile

Lys

820

Arg

Ser

Lys

Asn

Glu

900

Val

Glu

Ile

Ile

Asp

Trp

Asn

725

Thr

Ile

Ala

Val

val

805

Pro

val

Ile

Ile

Lys

885

Gly

Ala

Gly

Ala

Leu Ala

Ser Phe
695

Asn Gln
710

Gly Gly

Val Leu

Thr Glu

Asp Thr
775

Asp Glu
790

Ala Vval

Leu Glu

Asn Glu

Thr val

855

Ile Asp
870

Glu Asp

Glu Ile

Arg Ala Pro Glu Ala Val Ile Ala Lys Glu Arg
920

Tyr Ala GIu Ala Lys Ala Lys Leu Ile Glu Gln

935

Ala Leu
950

Glu

680

Arg

Phe

Thr

Glu

Thr

760

Ile

Ala

Arg

Leu

Asn

840

Leu

Gly

Glu

Ser

Phe

Phe

Cys

Glu

Gly

745

Ile

Met

Ala

Asn

Leu

825

Arg

Pro

Ala

Leu

Arg

905

Asn

Asp

Asp

Ala

730

Leu

Trp

Leu

Leu

Ile

810

Leu

Gly

Ala

Glu

Ala

890

Ile

Gln

Tle

Trp

715

Glu

Leu

Gln

Gln

Ala

795

Arg

Arg

Phe

Asp

Leu

875

Arg

Glu

Thr

Ala

700

Tyr

Leu

Arg

Arg

Pro

780

Asp

Ala

Gly

Leu

Asp

860

Leu

Leu

Asn

Ile

685

Ala

Leu

Arg

Leu

val

765

Phe

Thr

Glu

Cys

Gln

845

Lys

Ile

Ala

Lys

Lys Ala

Gly Ile

Glu Leu

Gly Thr
735

Ala His
750

Lys Val

Pro Gln

Glu Trp

Met Asn
815

Ser Ala
830

Thr Leu

Gly Pro

Pro Met

Lys Glu

895

Leu Ala

910

925

940

Tyr

Leu

Thr

720

Arg

Pro

Leu

Tyr

Leu

800

Ile

Asp

Ala

vVal

Ala

880

Val

Asn
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<210> 4
<211> 951
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 4
Met Glu Lys Thr Tyr Asn Pro Gln Asp Ile Glu Gln Pro Leu Tyr Glu
1 5 10 15

His Trp Glu Lys Gln Gly Tyr Phe Lys Pro Asn Gly Asp Glu Ser Gln
20 25 30

Glu Ser Phe Cys Ile Met Ile Pro Pro Pro Gly Val Thr Gly Ser Leu
35 40 45

His Met Gly His Ala Phe Gln Gln Thr Ile Met Asp Thr Met Ile Arg
50 55 60

Tyr Gln Arg Met Gln Gly Lys Asn Thr Leu Trp Gln Val Gly Thr Asp
65 70 75 80

His Ala Gly Ile Ala Thr Gln Met Val Val Glu Arg Lys Ile Ala Ala
85 S0 95

Glu Glu Gly Lys Thr Arg His Asp Tyr Gly Arg Glu Ala Phe Ile Asp
100 105 110

Lys Ile Trp Glu Trp Lys Ala Glu Ser Gly Gly Thr Ile Thr Arg Gln
115 120 125

Met Arg Arg Leu Gly Asn Ser Val Asp Trp Glu Arg Glu Arg Phe Thr
130 135 140

Met Asp Glu Gly Leu Ser Asn Ala Val Lys Glu Val Phe Val Arg Leu
145 150 155 160

Tyr Lys Glu Asp Leu Ile Tyr Arg Gly Lys Arg Leu Val Asn Trp Asp
165 170 175

Pro Lys Leu Arg Thr Ala Ile Ser Asp Leu Glu Val Glu Asn Arg Glu
180 185 190

Ser Lys Gly Ser Met Trp His Ile Arg Tyr Pro Leu Ala Asp Gly Ala
195 200 205

Lys Thr Ala Asp Gly Lys Asp Tyr Leu Val Val Ala Thr Thr Arg Pro
210 215 220

Glu Thr Leu Leu Gly Asp Thr Gly Val Ala Val Asn Pro Glu Asp Pro
225 230 235 240

Arg Tvr Lys Asp Leu Ile Gly Lys Tvr Val Ile Leu Pro Leu Val Asn



Arg

Thr

val

Gly

305

Ser

Arg

Leu

Arg

Arg

385

Asp

Met

His

Arg

val

465

Leu

Arg

Phe

Asp

Arg

Gly

Gly

290

Asp

Asp

Phe

Leu

Gly

370

Ala

Ile

Arg

Arg

Asn

450

Leu

Trp

Gln

Phe

Glu
530

Ile

Cys

275

Lys

Ile

Val

Ala

Glu

355

Gly

Asp

Gln

Asp

Ile

435

Glu

Arg

Thr

Phe

Trp

515

Asn

Pro

260

val

Arg

Arg

Tyr

Ala

340

Glu

val

Val

Phe

Tle

420

Pro

Asp

Gln

Phe

His

500

Ile

Gly

245

Ile

Lys

His

Glu

Ser

325

Arg

Ile

vVal

Leu

Val

405

Gln

Ala

Glu

Asp

Ser

485

Pro

Ala

Lys

Val

Ile

Ala

Ser

310

Ser

Lys

Lys

Ile

Ala

390

Pro

Asp

Trp

Val

Glu

470

Thr

Thr

Arg

Pro

Gly

Thr

Leu

295

Ala

Glu

Ala

Pro

Glu

375

Lys

Lys

Trp

Tyr

Arg

455

Asp

Leu

Ser

Met

Gln
535

Asp

Pro

280

Pro

Gln

Ile

Val

His

360

Pro

Pro

Gln

Cys

Asp

440

Lys

val

Gly

Val

Ile

520

val

250

Glu His Ala Asp

265

Ala His Asp

Met Tle Asn

Val Phe Asp
315

Pro Ala Glu
330

Phe

Tle

300

Thr

Phe

Val Ala Ala Val

345

Asp Leu Thr Val

Met Leu Thr Asp

380

Ala Val Glu Ala

385

Tyr Glu Asn Met

410

Ile Ser Arg
425

Glu Ala Gly

Glu Asn Asn

Leu Asp Thr
475

Trp Pro Glu
490

Met Val Ser
505

Met Met Thr

Gln

Asn

Leu
460

Trp

Asn

Gly

Met

Met

Asn

285

Leu

Lys

Gln

Asp

Pro

365

Gln

Val

Tyr

Leu

Val

445

Gly

Phe

Thr

Phe

His
525

Pro Phe His Thr Val

540

Glu

270

Asp

Thr

Gly

Lys

Ala

350

Tyr

Trp

Glu

Phe

Trp

430

Tyr

Ala

Ser

Asp

Asp

510

Phe

Tyr

255

Lys

Tyr

Phe

Asn

Leu

335

Leu

Gly

Tyr

Asn

Ser

415

Trp

Val

Asp

Ser

Ala

495

Ile

Ile

Met

Gly

Glu

Asp

Glu

320

Glu

Gly

Asp

val

Gly

400

Trp

Gly

Gly

Val

Ala

480

Leu

Ile

Lys

Thr
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Gly

545

Asn

Leu

Lys

His

Gly

625

Phe

Glu

Ala

Arg

Tyr

705

Lys

His

Ile

Cys

Asp

785

Lys

Ala

Ala

Leu

Val

Leu

Ile

Gly

610

Arg

Cys

Gly

Asp

Glu

690

Glu

Pro

Thr

Ile

Gly

770

Ala

Gln

Pro

Glu

Ile

Ile

Glu

Arg

595

Thr

Asp

Asn

Gln

Arg

675

Ala

Phe

Val

Leu

Pro

755

Ile

Ser

Ala

Gly

Arg
835

Arg

Asp

Lys

580

Lys

Asp

Ile

Lys

Asp

660

Trp

Leu

Thr

Met

val

740

Fhe

Thr

Gln

Ile

Lys

820

Arg

Asp

Pro

565

Arg

Arg

Ala

Asn

Leu
645

Cys

Tle

Asp

Trp

Asn

725

Thr

Ile

Ala

Val

Val

805

Pro

Val

Asp

550

Leu

Thr

Thr

Leu

Trp

630

Trp

Gly

Leu

Ser

Asn

710

Gly

Val

Thr

Asp

Asp

790

Ala

Leu

Asn

Glu

Asp

Gly

Glu

Arg

615

Asp

Asn

Phe

Ala

Phe

695

Gln

Gly

Leu

Glu

Thr

775

Glu

Val

Glu

Glu

Gly

Met

Asn

Lys

600

Phe

Met

Ala

Asn

Glu

680

Arg

Phe

Thr

Glu

Thr

760

Ile

Ala

Arg

Leu

Asn
840

Gln

Val

Met

585

Gln

Thr

Lys

Ser

Gly

665

Phe

Phe

Cys

Glu

Gly

745

Ile

Met

Ala

Asn

Leu

825

Arg

Lys

Asp

570

Met

Phe

Leu

Arg

Arg
650

Gly

Asn

Asp

Asp

Ala

730

Leu

Trp

Leu

Leu

Ile

810

Leu

Gly

Met

555

Gly

Gln

Pro

Ala

Leu

635

Phe

Glu

Gln

Ile

Trp

715

Glu

Leu

Gln

Gln

Ala

795

Arg

Arg

Phe

Ser

Ile

Pro

Asn

Ala

620

Glu

Vval

Met

Thr

Ala

700

Tyr

Leu

Arg

Arg

Pro

780

Asp

Ala

Gly

Leu

Lys

Ser

Gln

Gly

605

Leu

Gly

Leu

Thr

Ile

685

Ala

Leu

Arg

Leu

Val

765

Phe

Thr

Glu

Cys

Gln
845

Ser

Leu

Leu

590

Ile

Ala

Tyx

Met

Leu

670

Lys

Gly

Glu

Gly

Ala

750

Lys

Pro

Glu

Met

Ser

830

Thr

Lys

Pro
575

Gly
560

Glu

Ala Asp

Glu Pro

Ser Thr

Arg Asn

640

Asn Thr
655

Ser

Ala

Ile

Leu

Thr

735

His

Val

Gln

Trp

Asn

815

Ala

Leu

Leu

Tyr

Leu

Thr

720

Arg

Pro

Leu

Tyr

Leu

800

Ile

Asp

Ala
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Arg

Ser

865

Gly

Ala

Glu

Glu

Gln
945

Leu
850

Val

Leu

Lys

Gly

Lys
930

Ala

<210>5
<211> 951

<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 5

Met

1

His

Glu

His

Tyr

65

His

Glu

Lys

Glu

Trp

Ser

Met

50

Gln

Ala

Glu

Ile

Glu Ser

Thr Lys

Ile Asn

Ile Glu

Phe Val Ala Arg Ala Pro Glu Ala Val Ile Ala Lys Glu Arg

915

200

Tle

Ile

Lys

885

Gly

Thr

Ile

870

Glu

Glu

Val Leu

855

Asp Gly

Asp Glu

Ile Ser

920

Pro Ala Asp Asp Lys Gly Pro Val
860

Ala Glu Leu Leu Ile Pro Met Ala

875

880

Leu Ala Arg Leu Ala Lys Glu Val

890

895

Arg Ile Glu Asn Lys Leu Ala Asn

905

910

925

Leu Glu Gly Tyr Ala Glu Ala Lys Ala Lys Leu Ile Glu Gln

935

Val Ile Ala Ala leu

Lys

Glu

Phe

35

Gly

Arg

Gly

Gly

Trp
115

Thr

Lys

20

Cys

His

Met

Ile

Lys

100

Glu

Tyr

Gln

Ile

Ala

Gln

Ala

85

Thr

Trp

950

Asn

Gly

Met

Phe

Gly

70

Thr

Arg

Lys

Pro

Tyr

Ile

Gln

55

Lys

Gln

His

Ala

Gln

Phe

Pro

40

Gln

Asn

Met

Asp

Glu
120

Asp Ile
10

Lys Pro
25

Pro Pro

Thr Ile

Thr Leu

Val val
S0

Tyr Gly
105

Ser Gly

Glu

Asn

Gly

Met

Trp

75

Glu

Arg

Gly

940

Gln

Gly

val

Asp

60

Gln

Arg

Glu

Thr

Pro Leu Tyr Glu
15

Asp Glu Ser Gln
30

Ser Gly Ser Leu
45

Thr Met Ile Arg

Val Gly Thr Asp
80

Lys Ile Ala Ala
95

Ala Phe Ile Asp
110

Ile Thr Arg Gln
125
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Met

Met
145

Tyr

Pro

Ser

Lys

Glu

225

Arg

Arg

Thr

Val

Gly

305

Ser

Arg

Leu

Arg

Arg

385

Asp

Met

Arg
130

Asp

Lys

Lys

Lys

Thr

210

Thr

Tyr

Arg

Gly

Gly

290

Asp

Asp

Phe

Leu

Gly

370

Ala

Ile

Arg

Arg Leu Gly Asn Ser Val Asp Trp Glu Arg Glu Arg Phe Thr

Glu

Glu

Leu

Gly

195

Ala

Leu

Lys

Ile

Cys

275

Lys

Ile

val

Ala

Glu

355

Gly

Asp

Gln

Asp

Gly Leu Ser Asn Ala Val Lys Glu Val Phe Val Arg Leu

Asp

Arg

180

Ser

Asp

Leu

Asp

Pro

260

Val

Arg

Arg

Tyr

Ala

340

Glu

Val

val

Phe

Ile
420

Leu

165

Thr

Met

Gly

Gly

Leu

245

Ile

Lys

His

Glu

Ser

325

Arg

Ile

Val

Leu

val
405

Gln

150

Ile

Ala

Trp

Lys

Asp

230

Ile

Val

Ile

Ala

Ser

310

Ser

Lys

Lys

Ile

Ala

390

Pro

Asp

135

Tyr

Ile

His

Asp

215

Thr

Gly

Gly

Thr

Leu

295

Ala

Glu

Ala

Pro

Glu

375

Lys

Lys

Trp

Arg

Ser

Ile

200

Tyr

Gly

Lys

Asp

Pro

280

Pro

Gln

Ile

Val

His

360

Pro

Pro

Gln

Cys

Gly

Asp

185

Arg

Leu

Val

Tyr

Glu

265

Ala

Met

val

Pro

Val

345

Asp

Met

Ala

Tyr

Ile
425

Lys

170

Leu

Tyr

val

Ala

val

250

His

His

Ile

Phe

Ala

330

Ala

Leu

Leu

val

Glu
410

Ser

140

155

Arg

Glu

Pro

val

val

235

Ile

Ala

Asp

Asn

Asp

315

Glu

Ala

Thr

Thr

Glu

395

Asn

Arg

Leu

val

Leu

Ala

220

Asn

Leu

Asp

Phe

Ile

300

Thr

Phe

Val

val

Asp

380

Ala

Met

Gln

Val

Glu

Ala

205

Thr

Pro

Pro

Met

Asn

285

Leu

Lys

Gln

Asp

Pro

365

Gln

val

Tyr

Leu

Asn

Asn

190

Asp

Thr

Glu

Leu

Glu

270

Asp

Thr

Gly

Lys

Ala

350

Tyr

Trp

Glu

Phe

Trp
430

Trp

175

Arg

Gly

Arg

Asp

val

255

Lys

Tyr

Phe

Asn

Leu

335

Leu

Gly

Tyr

Asn

Ser
415

Trp

160

Asp

Glu

Ala

Pro

Pro

240

Asn

Gly

Glu

Asp

Glu

320

Glu

Gly

Asp

Val

Gly

400

Trp

Gly
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His

Arg

val

465

Leu

Arg

Phe

Asp

Gly

545

Asn

Leu

Lys

His

Gly

625

Phe

Glu

Ala

Arg

Tyr

705

Lys

rs oo

Arg

Asn

450

Leu

Trp

Gln

Phe

Glu

530

Leu

val

Leu

Ile

Gly

610

Arg

Cys

Gly

Asp

Glu
690

Glu

Pro

mun

Ile

435

Glu

Arg

Thr

Phe

Trp

515

Asn

Ile

Ile

Glu

Arg

595

Thr

Asp

Asn

Gln

Arg

675

Ala

Phe

Val

Pro

Asp

Gln

Phe

His

500

Ile

Gly

Arg

Asp

Lys

580

Lys

Asp

Ile

Lys

Asp
660

Trp

Leu

Thr

Met

tra

Ala

Glu

Asp

Ser

485

Pro

Ala

Lys

Asp

Pro

565

Arg

Arg

Ala

Asn

Leu

645

Cys

Ile

Asp

Trp

Asn
725

Trp

val

Glu

470

Thr

Thr

Arg

Pro

Asp

550

Leu

Thr

Thr

Leu

Trp

630

Trp

Gly

Leu

Ser

Asn
710

Gly

ra

Tyr

Arg

455

Asp

Leu

Ser

Met

Gln

535

Glu

Asp

Gly

Glu

Arg

615

Asp

Asn

Phe

Ala

Phe

695

Gln

Gly

..

Asp

440

Lys

val

Gly

val

Ile

520

Val

Gly

Met

Asn

Lys

600

Phe

Met

Ala

Asn

Glu

680

Arg

Phe

Thr

~

Glu

Glu

Leu

Trp

Met

505

Met

Pro

Gln

Val

Met

585

Gln

Thr

Lys

Ser

Gly
665

Phe

Phe

Cys

Glu

o

Ala

Asn

Asp

Pro

490

val

Met

Phe

Lys

Asp

570

Met

Phe

Leu

Arg

Axzg

650

Gly

Asn

Asp

Asp

Ala
730

Gly

Asn

Thr

475

Glu

Ser

Thr

His

Met

555

Gly

Gln

Pro

Ala

Leu

635

Phe

Glu

Gln

Ile

Trp

715

Glu

Asn

Leu

460

Trp

Asn

Gly

Met

Thr

540

Ser

Ile

Pro

Asn

Ala

620

Glu

val

Met

Thr

Ala

700

Tyr

Leu

Val

445

Gly

Phe

Thr

Phe

His

525

val

Lys

Ser

Gln

Gly

€605

Leu

Gly

Leu

Thr

Ile

685

Ala

Leu

Arg

Tyr

Ala

Ser

Asp

Asp

510

Phe

Tyr

Ser

Leu

Leu

580

Ile

Ala

Tyr

Met

Leu
670

Lys

Gly

Glu

Gly

L I

Val

Asp

Ser

Ala

495

Ile

Ile

Met

Lys

Pro

575

Ala

Glu

Ser

Arg

Asn

655

Ser

Ala

Ile

Leu

Thr
735

e oo

Gly

Val

Ala

480

Leu

Ile

Lys

Thr

Gly

560

Glu

Asp

Pro

Thr

Asn

640

Thr

Leu

Tyr

Leu

Thr
720

Arg
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Hnls

Ile

Cys

Asp

785

Lys

Ala

Ala

Arg

Ser

865

Gly

Ala

Glu

Glu

Gln
945

1nr

Ile

Gly

770

Ala

Gln

Pro

Glu

Leu

850

val

Leu

Lys

Gly

Lys
930

Ala

<210>6
<211> 430
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 6

Met Leu Asp Pro Asn Leu Leu Arg Asn Glu Pro Asp Ala Val Ala Glu
15

1

Leu val 1nr val Leu wlu GLy

740 745

Pro Phe Tle Thr Glu Thr Ile
755 760

Ile Thr Ala Asp Thr Ile Met
775

Ser Gln Val Asp Glu Ala Ala
790

Ala Ile Val Ala Val Arg Asn
805

Gly Lys Pro Leu Glu Leu Leu
820 825

Arg Arg Val Asn Glu Asn Arg
835 840

Glu Ser Ile Thr Val leu Pro
855

Thr Lys Ile Ile Asp Gly Ala
870

Ile Asn Lys Glu Asp Glu Leu
885

Ile Glu Gly Glu Ile Ser Arg
900 905

Phe vVal Ala Arg Ala Pro Glu

915 920

Leu Glu Gly Tyr Ala Glu Ala Lys Ala Lys Leu Ile Glu Gln

935

Val Ile Ala Ala Leu
950

5

Leu

Trp

Leu

Leu

Ile

810

Leu

Gly

Ala

Glu

Ala

8390

Ile

Ala

10

Leu

Gln

Gln

Ala

795

Arg

Arg

Phe

Asp

Leu

875

Arg

Glu

val

Arg

Arg

Pro

780

Asp

Ala

Gly

Leu

Asp

860

Leu

Leu

Asn

Ile

neu

Val

765

Phe

Thr

Glu

Cys

Gln

845

Lys

Ile

Ala

Lys

Ala

ALa

750

Lys

Pro

Glu

Met

Ser

830

Thr

Gly

Pro

Lys

Leu

910

Lys

925

940

H1lsS

Val

Gln

Trp

Asn

815

Ala

Leu

Pro

Met

Glu

895

Ala

Glu

¥ro

Leu

Tyr

Leu

800

Ile

Asp

Ala

Vval

Ala

880

Val

Asn

Arg
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Lys

Leu

Ala

Gly

65

Glu

Arg

val

Pro

Met

145

Arg

Ser

Asn

Gln

Glu

225

Pro

Pro

Ser

Lys

Leu
305

Leu

Glu

Glu

50

Glu

Leu

Asp

Gly

Arg

130

His

Phe

Gln

Tyr

Leu

210

Glu

Leu

Ile

Tyr

val

290

Glu

Ala

Glu

35

Arg

Asp

Asp

Ile

Lys

115

Glu

Ser

Val

Phe

Val

195

Pro

Ala

Thr

Lys

Gly

275

Glu

Glu

Arg

20

Arg

Asn

Ile

Ala

Ala

100

Asp

Phe

Gly

vVal

Met

180

Pro

Lys

Asp

Asn

Met

260

Arg

Met

Met

Arg Gly

Arg Lys

Ser Arg

Glu Pro
70

Ala Lys
85

Leu Thr

Glu Asn

Asp Phe

Leu Asp
150

Met Lys
165

Leu Asp

Tyr Leu

Phe Ala

Thr Ser

230

Leu Val

245

Thr Ala

Asp Thr

Val Gln

Thr Gly
310

Phe

Val

Ser

55

Leu

Ala

Ile

Asp

Glu

135

Phe

Gly

Leu

Vval

Gly

215

Asn

Arg

His

Arg

Ile

295

His

Lys

Leu

40

Lys

Arg

Glu

Pro

Asn

120

Val

Ala

Gln

His

Asn

200

Asp

Tyr

Gly

Thr

Gly

280

val

Ala

Leu

Gln

Ser

Leu

Leu

Asn

105

val

Arg

Ala

Ile

Thr

185

Gln

Leu

Ala

Glu

Pro

265

Leu

Arg

Glu

Asp

Val

Ile

Glu

Asp

90

Leu

Glu

Asp

Ala

Ala
170

Glu

Asp

Phe

Leu

Ile

250

Cys

Ile

Pro

Lys

Val

Lys

Gly

val

75

Ala

Pro

val

His

val
155

Asp

Thr

Gln

60

Asn

Leu

Ala

Ser

Val
140

Lys

Arg Met

Gln

Thr

His

Ile

235

ITle

Phe

Arg

Glu

val
315

His

Leu

Thr

220

Pro

Asp

Arg

Met

Asp

300

Leu

45

Lys

Glu

Ala

Lys

Gln

Asp

Arg

Leu

Leu

Asn

Lys

Ala

Glu

95

110

125

Thr

Leu

His

Gly

Tyr

205

Arg

Ser

Glu

Ser

His

285

Ser

Gln

Tyr

190

Gly

Pro

Ala

Asp

Glu

270

Gln

Met

Leu

Trp

Leu

Thr

Arg

Gly Ala

Leu Gln

Ala Arg

Gly Glu

80

Glu Ile

Val Pro

Gly Thr

Gly Glu

Gly Ser

160

Ala Leu

175

Ser

Thr

Leu

Glu

Asp

255

Ala

Phe

Ala

Leu

Glu

Gly

Glu

val

240

Leu

Gly

Asp

Ala

Gly
320
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Leu

Ala

Tyr

Arg

val

385

Ala

Glu

420

Pro

Cys

Arg

Met

370

His

val

Val

<210>7
<211> 430
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 7

Met

1

Lys

Leu

Ala

Gly

65

Glu

Arg

Val

Leu

Leu

Glu

Glu

50

Glu

Leu

Asp

Gly

Tyr

Lys

Glu

355

Gln

Thr

Met

Leu

Asp

Ala

Glu

35

Arg

Asp

Asp

Ile

Lys
115

Arg

Thr

340

Ile

Ala

Leu

Glu

Arg

Pro

Arg

20

Arg

Asn

Ile

Ala

Ala

100

Asp

Lys

325

Tyr

Ser

Arg

Asn

Asn

405

Pro

Asn

Arg

Arg

Ser

Glu

Ala

85

Leu

Glu

Ile

Asp

Ser

Cys

Gly

390

Tyr

Tyr

425

Leu

Gly

Lys

Arg

Pro

70

Lys

Thr

Asn

Ile

Leu

Cys

Arg

375

Ser

Gln

Met

Leu

Phe

Val

Ser

55

Leu

Ala

Ile

Asp

Leu

Glu

Ser

360

Ser

Gly

Gln

Asn

Arg

Lys

Leu

40

Lys

Arg

Glu

Pro

Asn
120

Cys

Vval

345

Asn

Lys

Leu

Ala

Gly

Asn

Leu

25

Gln

Ser

Leu

Leu

Asn

105

val

Thr

330

Trp

val

Ser

Ala

Asp

410

Leu

Glu

10

Asp

val

Ile

Glu

Asp

90

Leu

Glu

Gly Asp

Ile Pro

Trp Asp

Asp Lys
380

Val Gly
395

Gly Arg

Glu Tyr

430

Pro Asp

Val Asp

Lys Thr

Gly Gln

60

Val Asn

75

Ala Leu

Pro Ala

Val Ser

Met

Ala

Phe

365

Lys

Arg

Ile

Ile

45

Ala

Lys

Glu

Ala

Lys

Gln

Asp

Arg

Gly

Gln

350

Gln

Thr

Thr

Glu

Gly

30

val

Leu

Asn

Lys

Leu

Ala

Glu

Phe

335

Asn

Ala

Arg

Leu

val
415

15

95

110

125

Trp

Gly

Thr

Arg

Leu

Val

400

Pro

Ala Glu

Gly Ala

Leu Gln

Ala Arg

Gly Glu

80

Glu Ile

Val Pro

Gly Thr
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Pro

Met

145

Arg

Ser

Asn

Gln

Glu

225

Pro

Pro

Ser

Lys

Leu

305

Leu

Ala

Tyr

Arg

Val

385

Ala

Arg

130

His

Phe

Gln

Tyr

Leu

210

Glu

Leu

Ile

Tyr

Val

290

Glu

Pro

Cys

Arg

Met

370

His

Val

Glu

Ser

Val

Phe

Val
195

Pro

Ala

Thr

Lys

Gly

275

Glu

Glu

Tyr

Lys

Glu

355

Gln

Thr

Met

Phe

Gly

Val

Met

180

Pro

Lys

Asp

Asn

Met

260

Arg

Met

Met

Arg

Thr

340

Ile

Ala

Leu

Glu

Asp

Leu

Met

165

Leu

Tyr

Phe

Thr

Leu

245

Thr

Asp

Val

Thr

Lys

325

Tyr

Ser

Arg

Asn

Asn
405

Phe

Asp

150

Lys

Asp

Leu

Ala

Ser

230

val

Ala

Thr

Gln

Gly

310

Ile

Asp

Ser

Cys

Gly

3%0

Tyr

Glu

135

Phe

Gly

Leu

Val

Gly

215

Asn

Arg

His

Arg

Ile

295

His

Ile

Leu

Cys

Arg

375

Ser

Gln

val

Ala

Gln

His

Asn
200

Asp

Tyr

Gly

Thr

Gly

280

Val

Ala

Leu

Glu

Ser

360

Ser

Gly

Gln

Arg

Ala

Ile

Thr

185

Gln

Leu

Ala

Glu

Pro

265

Leu

Arg

Glu

Cys

val

345

Asn

Lys

Leu

Ala

Asp

Ala

Ala

170

Glu

Asp

Phe

Leu

Ile

250

Cys

Ile

Pro

Lys

Thr

330

Trp

Val

Ser

Ala

Asp
410

His

Val

155

Arg

Gln

Thr

Hisg

Ile

235

Ile

Phe

Arg

Glu

val

315

Gly

Ile

Trp

Asp

Val

395

Gly

val

140

Lys

Met

His

Leu

Thr

220

Pro

Asp

Arg

Met

Asp

300

Leu

Asp

Pro

Asp

Lys

380

Gly

Arg

Thr

Leu

His

Gly

Tyr
205

Arg

Thr

Glu

Ser

His

285

Ser

Gln

Met

Ala

Phe

365

Lys

Arg

Ile

Leu

Thr

Arg

Tyr

190

Gly

Pro

Ala

Asp

Glu

270

Gln

Met

Leu

Gly

Gln

350

Gln

Thr

Thr

Glu

Gly

Gly

Ala

175

Ser

Thr

Leu

Ala

Asp

255

Ala

Phe

Ala

Leu

Phe

335

Asn

Ala

Arg

Leu

val
415

Glu

Ser

160

Leu

Glu

Gly

Glu

Val

240

Leu

Gly

Asp

Ala

Gly

320

Gly

Thr

Arg

Leu

Val

400

Pro
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Glu Val Leu Arg Pro Tyr Met Asn Gly Leu Glu Tyr Ile Gly

420 425 430
<210> 38
<211> 430
<212> PRT
<213> Artificial
<220>

<223> artificially synthesized sequence

<400> 8
Met Leu Asp Pro Asn Leu Leu Arg Asn Glu Pro Asp Ala Val Ala Glu
1 5 10 15

Lys Leu Ala Arg Arg Gly Phe Lys Leu Asp Val Asp Lys Leu Gly Ala
20 25 30

Leu Glu Glu Arg Arg Lys Val Leu Gln Val Lys Thr Glu Asn Leu Gln
35 40 45

Ala Glu Arg Asn Ser Arg Ser Lys Ser Ile Gly Gln Ala Lys Ala Arg

Gly Glu Asp Ile Glu Pro Leu Arg Leu Glu Val Asn Lys Leu Gly Glu

Glu Leu Asp Ala Ala Lys Ala Glu Leu Asp Ala Leu Gln Ala Glu Ile
85 S0 95

Arg Asp Ile Ala Leu Thr Ile Pro Asn Leu Pro Ala Asp Glu Val Pro
100 105 110

Val Gly Lys Asp Glu Asn Asp Asn Val Glu Val Ser Arg Trp Gly Thr
115 120 125

Pro Arg Glu Phe Asp Phe Glu Val Arg Asp His Val Thr Leu Gly Glu
130 135 140

Met His Ser Gly Leu Asp Phe Ala Ala Ala Val Lys Leu Thr Gly Ser
145 150 155 160

Arg Phe Val Val Met Lys Gly Gln Ile Ala Arg Met His Arg Ala Leu
165 170 175

Ser Gln Phe Met Leu Asp Leu His Thr Glu Gln His Gly Tyr Ser Glu
180 185 190

Asn Tyr Val Pro Tyr Leu Val Asn Gln Asp Thr Leu Tyr Gly Thr Gly
195 200 205

Gln Leu Pro Lys Phe Ala Gly Asp Leu Phe His Thr Arg Pro Leu Glu
210 215 220

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



225

Pro

Pro

Ser

Lys

Leu

305

Leu

Ala

Tyr

Arg

Val

385

Ala

Glu

Leun

Ile

Tyr

val

290

Glu

Pro

Cys

Arg

Met

370

His

val

Val

<210>9
<211> 430
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400>9
Met Leu Asp Pro Asn Leu Leu Arg Asn Glu Pro Asp Ala Val Ala Glu

1

Thr

Lys

Gly

275

Glu

Glu

Tyr

Lys

Glu

355

Gln

Thr

Met

Leu

Asn

Met

260

Arg

Met

Met

Arg

Thr

340

Ile

Ala

Leu

Glu

Arg
420

Leu

245

Thr

Asp

val

Thr

Lys

325

Tyr

Ser

Arg

Asn

Asn

405

Pro

5

230

Val

Ala

Thr

Gln

Gly

310

Ile

Asp

Ser

Cys

Gly

390

Tyr

Tyr

Arg

His

Arg

Ile

295

His

Ile

Leu

Cys

Arg

375

Ser

Gln

Met

Gly

Thr

Gly

280

val

Ala

Leu

Glu

Ser

360

Ser

Gly

Gln

Asn

Glu

Pro

265

Leu

Arg

Glu

Cys

Val

345

Asn

Lys

Leu

Ala

Gly
425

Ile

250

Cys

Ile

Pro

Lys

Thr

330

Trp

Val

Ser

Ala

Asp

410

Leu

10

235

Ile

Phe

Arg

Glu

val

315

Gly

Ile

Trp

Asp

Val

395

Gly

Glu

Asp

Arg

Met

Asp

300

Leu

Asp

Pro

Asp

Lys

380

Gly

Arg

Tyr

Glu

Ser

His

285

Ser

Gln

Met

Ala

Phe

365

Lys

Ile

Ile

Asp

Glu

270

Gln

Met

Leu

Gly

Gln

350

Gln

Thr

Thr

Glu

Gly
430

Asp

255

Ala

Phe

Ala

Leu

Phe

335

Asn

Ala

Arg

Leu

val
415

15

240

Leu

Gly

Asp

Ala

Gly

320

Gly

Thr

Arg

Leu

Val

400

Pro

Lys Leu Ala Arg Arg Gly Phe Lys Leu Asp Val Asp Lys Leu Gly Ala
30

20

25

Leu Glu Glu Arg Arg Lys Val Leu Gln Val Lys Thr Glu Asn Leu Gln
45

35

40

DK/EP 3269809 T3



Ala

Gly

65

Glu

Arg

val

Pro

Met

145

Arg

Ser

Asn

Gln

Glu

225

Pro

Pro

Ser

Lys

Leu

305

Leu

Ala

Glu

50

Glu

Leu

Asp

Gly

Arg

130

His

Phe

Gln

Tyr

Leu

210

Glu

Leu

Ile

Tyr

Vval

290

Glu

Pro

Cys

Arg

Asp

Asp

Ile

Lys

115

Glu

Ser

Val

Phe

Val

195

Pro

Ala

Thr

Lys

Gly

275

Glu

Glu

Tyr

Lys

Asn

Ile

Ala

Ala

100

Asp

Phe

Gly

val

Met

180

Pro

Lys

Asp

Asn

Met
260

Arg

Met

Met

Arg

Thr
340

Ser

Glu

Ala

85

Leu

Glu

Asp

Leu

Met

165

Leu

Tyr

Phe

Thr

Leu

245

Thr

Asp Thr

Val Gln

Thr Gly

310

Lys TIle

325

Tyr Asp

Arg

Pro

70

Lys

Thr

Asn

Phe

Asp

150

Lys

Asp

Leu

Ala

Ser

230

val

Ala

Ser

55

Leu

Ala

Ile

Asp

Glu

135

Phe

Gly

Leu

Val

Gly

215

Asn

Arg

His

Arg Gly Leu
280

Ile

295

His

Ile

Leu

Lys

Arg

Glu

Pro

Asn

120

Val

Ala

Gln

His

Asn

200

Asp

Tyr

Gly

Thr

Val Arg

Ala Glu

Leu Cys

Glu val

Ser

Leu

Leu

Asn

105

Val

Arg

Ala

Ile

Thr

185

Gln

Leu

Ala

Glu

Pro
265

Ile

Glu

Asp

g0

Leu

Glu

Asp

Ala

Ala

170

Glu

Asp

Phe

Leu

Ile

250

Cys

Thr

Ile

Pro

Lys

Gly

val

75

Ala

Pro

vVal

His

Val

155

Arg

Gln

Thr

His

Ile

235

Ile

Phe

val

Arg

Glu

Gln

60

Asn

Leu

Ala

Ser

Val

140

Lys

Met

His

Leu

Thr

220

Pro

Asp

Arg

Ala

Lys

Gln

Asp

Arg

125

Thr

Leu

His

Gly

Tyr

205

Arg

Ser

Glu

Ser

Met His

Lys

Leu

Ala

Glu

110

Trp

Leu

Thr

Arg

Tyr

190

Gly

Pro

Ala

Asp

Glu
270

285

Asp Ser

300

315

330

Trp

345

Gly

Ile

Leu GIln

Asp Met

Pro Ala

Ala

Gly

Glu

95

Val

Gly

Gly

Gly

Ala

175

Ser

Thr

Leu

Gly

Asp

255

Ala

Arg

Glu

80

Ile

Pro

Thr

Glu

Ser

160

Leu

Glu

Gly

Glu

val

240

Leu

Gly

Gln Phe Asp

Met Ala Ala

Leu Leu Gly

320

Gly Phe Gly

335

350

Gln Asn Thr
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Tyr Arg Glu Ile Ser Ser Cys Ser Asn Val Trp Asp Phe Gln Ala Arg
355 360 365

Arg Met Gln Ala Arg Cys Arg Ser Lys Ser Asp Lys Lys Thr Arg Leu
370 375 380

Val His Thr Leu Asn Gly Ser Gly Leu Ala Val Gly Arg Thr Leu Val
385 390 395 400

Ala Val Met Glu Asn Tyr Gln Gln Ala Asp Gly Arg Ile Glu Val Pro
405 410 415

Glu Val Leu Arg Pro Tyr Met Asn Gly Leu Glu Tyr Ile Gly

420 425 430
<210>10
<211> 642
<212> PRT
<213> Artificial
<220>

<223> artificially synthesized sequence

<400> 10
Met Pro Val Ile Thr Leu Pro Asp Gly Ser Gln Arg His Tyr Asp His
1 5 10 15

Ala Val Ser Pro Met Asp Val Ala Leu Asp Ile Gly Pro Gly Leu Ala
20 25 30

Lys Ala Cys Ile Ala Gly Arg Val Asn Gly Glu Leu Val Asp Ala Cys
35 40 45

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

Glu Glu Gly Leu Glu Ile Ile Arg His Ser Cys Ala His Leu Leu Gly
65 70 75 80

His Ala Ile Lys Gln Leu Trp Pro His Thr Lys Met Ala Ile Gly Pro

Val Ile Asp Asn Gly Phe Tyr Tyr Asp Val Asp Leu Asp Arg Thr Leu
100 105 110

Thr Gln Glu Asp Val Glu Ala Leu Glu Lys Arg Met His Glu Leu Ala
115 120 125

Glu Lys Asn Tyr Asp Val Ile Lys Lys Lys Val Ser Trp His Glu Ala
130 135 140

Arg Glu Thr Phe Ala Asn Arg Gly Glu Ser Tyr Lys Val Ser Ile Leu
145 150 155 160

Asp Glu Asn Tle Ala His Asp Asp Lvs Pro Glv Leu Tvr Phe His Glu



i

Glu

Cys

Asp

Asp

225

Lys

Gln

Ile

Gln

Glu

305

Ser

His

Leu

Ser

His

385

Ile

Val

Met

Asn

Twva

Tyr

His

Ser

210

Lys

Arg

Glu

Phe

Tyr
290

Lys

Ser

val

Arg

Leu

370

Ile

Arg

val

Trp

Ile
450

Tl

val

His

195

Asn

Lys

Asp

Glu

Arg

275

Gln

Thr

Glu

Gln

Met

355

His

Phe

Leu

Lys

Asp

435

Pro

(oA RE]

Asp

180

Phe

Asn

Ala

His

Ala

260

Glu

Glu

Gly

Asn

Ile

340

Ala

Gly

Cys

Val

Leu

420

Arg

Phe

Dha

Met

Lys

Lys

Leu

Arg

245

Pro

Leu

val

His

Arg

325

Phe

Glu

Leu

Thr

Tyr

405

Ser

Ala

Glu

T

Cys

Leu

Met

Asn

230

Lys

Gly

Glu

Lys

Trp

310

Glu

Asn

Phe

Met

Glu

390

Asp

Thr

Glu

Tyr

T.a1

Arg

Met

Leu

215

Ala

Ile

Met

VvVal

Gly
295

Asp

Tyr

Gln

Gly

Arg

375

Glu

Met

Arg

Ala

Gln
455

Merr

i 2

Gly

Lys

200

Gln

Tyr

Gly

val

Phe

280

Pro

Asn

Cys

Gly

Ser

360

val

Gln

Tyr

Pro

Asp

440

Leu

BRar

— -

Pro

185

Thr

Arg

Leu

Lys

Phe

265

Val

Phe

Tyr

Ile

Leu

345

Cys

Arg

Ile

Ser

Glu

425

Leu

Gly

[l #2-1

170

His

Ala

Ile

Gln

Gln

250

Trp

Arg

Met

Lys

Lys

330

Lys

His

Gly

Arg

Thr

410

Lys

Ala

Glu

T.an

Val

Gly

Tyr

Arg

235

Leu

His

Ser

Met

Asp

315

Pro

Ser

Arg

Phe

Asp

395

Phe

Arg

val

Gly

Ran

Pro

Ala

Gly

220

Leu

Asp

Asn

Lys

Asp
300

Ala

Gly

Tyr

Asn

Thr

380

Glu

Gly

Ile

Ala

Ala
460

Rrrr

Asn

Tyr

205

Thr

Glu

Leu

Asp

Leu

285

Arg

Met

Asn

Arg

Glu

365

Gln

Vval

Phe

Gly

Leu

445

Phe

Ala

Met
190

Trp

Ala

Glu

Tyr

Gly

270

Lys

val

Phe

Cys

Asp

350

Pro

Asp

Asn

Glu

Ser

430

Glu

Tyr

Mo

175

Arg

Arg

Trp

Ala

His

255

Trp

Glu

Leu

Thr

Pro

335

Leu

Ser

Asp

Gly

Lys

415

Asp

Glu

Gly

Nn

Phe

Gly

Ala

Ala

240

Met

Thr

Tyr

Trp

Thr

320

Gly

Pro

Gly

Ala

Cys

400

Ile

Glu

Asn

Pro

Myvra
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465

Gly

Tyr

Ala

Phe

Met

545

Lys

Lys

Met

Arg

Ile

625

Glu

<210> 11

e

Thr

Val

Ile

Ala

530

Asn

Leu

Ile

Leu

Thr

610

Glu

Glu

Vval

Gly

Leu

515

Gly

Ile

Ser

Gly

val

595

Arg

Lys

<211> 642
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 11

Met Pro Val

1

Ala Val Ser

Lys Ala Cys

35

Asp Leu Ile

B e Akl AT A Y A

470

Gln Leu Asp Phe
485

Glu Asp Asn Glu
500

Gly Ser Met Glu

Phe Phe Pro Thr
535

Thr Asp Ser Gln

550

Asn Ala Gly Ile
565

Phe Lys Ile Arg
580

Cys Gly Asp Lys

Arg Gly Lys Asp
615

Leu Gln Gln Glu
630

D

Ser

Arg

Arg
520

Trp

Ser

Arg

Glu

Glu

600

Leu

Ile

~yo

Leu

Lys

505

Phe

Leun

Glu

val

His

585

val

Gly

Arg

Ile Thr Leu Pro Asp Gly

5

Pro Met Asp Val Ala Leu

20

25

Ile Ala Gly Arg Val Asn

40

Glu Asn Asp Ala Gln Leu

Fr v

Pro

490

Val

Ile

Ala

Tyr

Lys

570

Thr

Glu

Ser

Ser

D

475

Ser

Pro

Gly

Pro

Val

555

e N ke G

Arg Leu

Val Met

Ile Leu

525

Val Gln

540

Asn Glu

Ala Asp

Leu Arg

Ser Gly

Met

Asp
620

Arg Ser

635

Leu

Arg

Lys

e

Ser

Ile

510

Thr

vVal

Leu

Arg

Val

[C Yy

Ala

495

His

Glu

Val

Thr

~y e

480

Ser

Arg

Glu

Ile

Gln

560

Asn Glu

575

590

605

Val

Leu

Val

Asn

Lys

Pro Tyr

Ala Vval

Glu val

Gln Leu

640

Ser Gln Arg His Tyr Asp His

10

15

Asp Ile Gly Pro Gly Leu Ala

30

Gly Glu Leu Val Asp Ala Cys

45

Ser Ile Ile Thr Ala Lys Asp

DK/EP 3269809 T3



Glu

65

His

Val

Thr

Glu

Arg

145

Asp

Glu

Cys

Asp

Asp

225

Lys

Gln

Ile

Gln

Glu

305

Ser

His

50

Glu

Ala

Ile

Gln

Lys

130

Glu

Glu

Tyr

His

Ser

210

Lys

Arg

Glu

Phe

Tyr

290

Lys

Ser

Val

Gly

Ile

Asp

Glu

115

Asn

Thr

Asn

Val

His

195

Asn

Lys

Asp

Glu

Arg

275

Gln

Thr

Glu

Gln

Leu

Lys

Asn
100

Asp

Tyr

Phe

Ile

Asp

180

Phe

Asn

Ala

His

Ala

260

Glu

Glu

Gly

Asn

Tle
340

Glu Ile Ile Arg His Ser Cys Ala His Leu Leu Gly
80

70

Gln Leu Trp Pro His Thr Lys Met Ala Ile Gly Pro
90 95

85

Gly Phe Tyr Tyr Asp Val Asp Leu Asp Arg Thr Leu

vVal Glu

Asp Val

Ala Asn
150

Ala His
165

Met Cys

Lys Leu

Lys Met

Leu Asn
230

Arg Lys
245

Pro Gly

Leu Glu

Val Lys

His Trp
310

Arg Glu
325

Phe Asn

55

Ala

Ile

135

Arg

Asp

Arg

Met

Leu

215

Ala

Ile

Met

val

Gly

295

Asp

Tyr

Gln

Leu

120

Lys

Gly

Asp

Gly

Lys

200

Gln

Tyr

Gly

vVal

Phe

280

Pro

Asn

Cys

Gly

60

75

105 110

Glu Lys Arg Met His Glu Leu
125

Lys Lys Val Ser Trp His Glu
140

Glu Ser Tyr Lys Val Ser Ile
155

Lys Pro Gly Leu Tyr Phe His
170 175

Pro His Val Pro Asn Met Arg
185 190

Thr Ala Gly Ala Tyr Trp Arg
205

Arg Ile Tyr Gly Thr Ala Trp
220

Leu Gln Arg Leu Glu Glu Ala
235

Lys Gln Leu Asp Leu Tyr His
250 255

Phe Trp His Asn Asp Gly Trp
265 270

Val Arg Ser Lys Leu Lys Glu
285

Phe Met Met Asp Arg Val Leu
300

Tyr Lys Asp Ala Met Phe Thr
315

Ile Lys Pro Met Asn Cys Pro
330 335

Leu Lys Ser Tyr Arg Asp Leu
345 350

Ala

Ala

Leu

160

Glu

Phe

Gly

Ala

Ala

240

Met

Thr

Tyr

Trp

Thr

320

Gly

Pro
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Leu

Ser

His

385

Ile

val

Met

Asn

Lys

465

Gly

Tyr

Ala

Phe

Met

545

Lys

Lys

Met

Arg

Ile
625

Glu

Arg

Leu

370

Ile

Arg

Val

Trp

Ile

450

Ile

Thr

val

Ile

Ala

530

Asn

Leu

Ile

Leu

Thr
610

Glu

Glu

Met

355

His

Phe

Leu

Lys

Asp

435

Pro

Glu

val

Gly

Leu

515

Gly

Ile

Ser

Gly

Val
595

Arg

Lys

Ala

Gly

Cys

val

Leu

420

Arg

Phe

Phe

Gln

Glu

500

Gly

Phe

Thr

Asn

Phe

580

Cys

Arg

Leu

Glu

Leu

Thr

Tyr

405

Ser

Ala

Glu

Thr

Leu

485

Asp

Ser

Phe

Asp

Ala

565

Lys

Gly

Gly

Gln

Phe

Met

Glu

390

Asp

Thr

Glu

Tyr

Leu

470

Asp

Asn

Met

Pro

Ser

550

Gly

Ile

Asp

Lys

Gln
630

Gly Ser Cys His Arg Asn

360

Arg Val Arg Gly Phe
375

Glu Gln Ile Arg Asp
395

Met Tyr Ser Thr Phe
410

Arg Pro Glu Lys Arg
425

Ala Asp Leu Ala Val
440

Gln Leu Gly Glu Gly
455

Tyr Asp Cys Leu Asp
475

Phe Ser Leu Pro Ser
490

Glu Arg Lys Val Pro
505

Glu Arg Phe Ile Gly
520

Thr Trp Leu Ala Pro
535

Gln Ser Glu Tyr Val
555

Ile Arg Val Lys Ala
570

Arg Glu His Thr Leu
585

Lys Glu Val Glu Ser
600

Thr

380

Glu

Gly

Ile

Ala

Ala

460

Arg

Arg

val

Ile

Val

540

Asn

Asp

Arg

Gly

Glu

365

Gln

Val

Phe

Gly

Leu

445

Phe

Ala

Leu

Met

Leu

525

Gln

Glu

Leu

Arg

Lys
605

Pro

Asp

Asn

Glu

Ser

430

Glu

Tyr

Trp

Ser

Ile

510

Thr

vVal

Leu

Arg

val

590

val

Ser Gly

Asp

Gly

Lys

415

Asp

Glu

Gly

Gln

Ala

495

Gly

Glu

Val

Thr

Asn

575

Pro

Ala

Ala

Cys

400

Ile

Glu

Asn

Pro

Cys

480

Ser

Arg

Glu

Ile

Gln

560

Glu

Tyr

val

Asp Leu Gly Ser Met Asp Val Asn Glu Val

615

Glu Ile Arg Ser Arg Ser Leu Lys Gln Leu

635

620

640
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<210>12
<211> 981
<212> DNA

<213> Artificial

<220>

<223> artificially synthesized sequence

<400> 12

atgtcacatc
gttgecgegt
cagatgacga
aacgaagcga
gctgcactga
attgaaaacg
ggtgagettg
gatgctctga
gacactaccc
cagcagecac
actcacacge
accaacctga
attcgcttce
ggtaaaaacg
cgtaacgttg
cgtectgacta
cgtttectea
<210> 13

<211> 981
<212> DNA

tcgecagaact
tagataatgt
ccctgegtga
aagagcaggt
atgcgcegtct
gcggtcectgea
getttaccgt
acattcctgg
gectgetgeg
cgattcgtat
cgatgtteca
aaggcacgct
gtccttecta
gtaaatggct
gecatcgacce
tgttgegtta

aacagtttaa

<213> Artificial

<220>

ggttgccagt
gcgecgtecgaa
gctgeccgeca
tcagcaggcg
ggcggcggaa
tccggttace
ggcaaccggg
tcaccacccg
taccgcgacc
catcgcgecct
tcagatggaa
gcacgacttc
cttceccgttt
ggaagtgctg
ggaagtttac
cggegteace

a

gcgaaggegg
tatttgggta
gaagagcgtc
ctgaatgcgce
acgattgatg
cgtaccatcg
ccggaaatcg
gcgcgegetg
tctggcgtac
ggccgtgttt
ggtctgattyg
ctgcgtaact
accgaacctt
ggctgeggga
tetggttteg

gacctgegtt

<223> artificially synthesized sequence

<400> 13

atgtcacatc
gttgecgegt
cagatgacga
aacgaagecga
gctgecactga

attgaaaacg

tecgecagaact
tagataatgt
ceectgegtga
aagagcaggt
atgcgegtct

gcggtctgca

ggttgccagt
gcgegtegaa
gctgccgeca
tcagcaggeg
ggcggcggaa

tceggttace

gcgaaggegg
tatttgggta
gaagagcgtc
ctgaatgege
acgattgatg

cgtaccatcg

ccattagcca
aaaaagggca
cggcagctgg
gtaaagcgga
tctctctgee
accgtatcga
aagacgatta
accacgacac
agatccgcac
atcgtaacga
ttgataccaa
tctttgagga
ctgcagaagt
tggtgcatce
ccttegggat

cattcttega

ccattageca
aaaaagggca
cggcagetgg
gtaaagcgga
tctctctgee

accgtatcga

ggcgtcagat
cttaaccctt
tgcggttatc
actggaaagc
aggtcgtcge
aagtttcttc
tcataacttc
tttctggttt
catgaaagcc
ctacgaccag
catcagettt
agatttgcag
ggacgtcatg
gaacgtgttg
ggggatggag

aaacgatctg

ggcgtcagat
cttaaccctt
tgcggttate
actggaaagce
aggtcgtcge

aagtttcttc
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ggtgagettg
gatgctctga
gacactacce
cagcageccac
actcacacgce
accaacctga
attcgettee
ggtaaaaacg
cgtaacgttg
cgtctgacta
cgtttectea
<210> 14

<211> 2853
<212> DNA

getttacegt
acattcctgg
gectgetgeg
cgattegtat
cgatgtteca
aaggcacgct
gteettecta
gtaaatggcet
gcatcgacce
tgttgcgtta

aacagtttaa

<213> Artificial

<220>

ggcaaccggg
tcaccacccg
taccggcace
catcgecgect
tcagatggaa
gcacgacttce
cttceegttt
ggaagtgcetg
ggaagtttac
cggcgtcace

a

ccggaaateg
gegegegetg
toctggegtac
ggccgtgttt
ggtctgattg
ctgcgtaact
accgaacctt
ggctgeggga
tetggttteg

gacctgegtt

<223> artificially synthesized sequence

<400> 14

atggaaaaga
cagggctact
cagecggetyg
accatgatcce
cacgccggga
accecgtcacg
tectggeggea
gaacgcttca

tataaagaag

accgetatet
cgctatecege
actacccegtc
cgttacaaag
ategttggeg
gcgcacgact
ctgacctttg
tctgacgttt

cgtaaagcag

catataaccc
ttaagectaa
tecaceggeag
gctatecageg
tcgectaccca
actacggeccg
ccattacceg
ccatggacga

acctgattta

ctgacctgga
tggctgacgg
cagaaaccct
atctgattgg
acgaacacgc
ttaacgacta
acggcegatat
attccagega

tcgttgecge

acaagatatc
tggcgatgaa
tttgcatatg
catgcagggce
gatggtcgtt
cgaagcttte
tcagatgege
aggcctgtee

ccgtggcaaa

agtegaaaac
tgcgaaaacce
gctgggegat
caaatatgtc
cgacatggaa
tgaagtgggt
ccgtgaaage
aatcecctgea

agttgacgcg

gaacagccge
agccaggaaa
ggtecacgect
aaaaacaccc
gagcgcaaga
atcgacaaaa
cgtcteggea
aatgcggtga

cgcctggtaa

cgcgaatcga
gcagacggta
actggcgtag
attctgeege
aaaggcaceg
aaacgtcacg
gaccaggtgt
gagttccaga

cttggeccectge

aagacgatta
accacgacac
agatccgcac
atcgtaacga
ttgataccaa
tctttgagga
ctgcagaagt
tggtgecatec
ccettegggat

cattcttega

tttacgagca
gtttetgeat
tccagecaaac
tgtggcaggt
ttgccgcaga
tctgggaatg
actccgtcega
aagaagtttt

actgggatcc

aaggttcgat
aagattatct
ccgttaaccc
tggttaaceg
getgegtgaa
cectgecgat
tagataccaa
aactggageg

tggaagaaat

tcataacttc
tttectggttt
catgaaagcce
ctacgaccag
catcagettt
agatttgcag
ggacgtcatg
gaacgtgttg
ggggatggag

aaacgatctg

ctgggaaaag
catgatcccg
catecatggat
cggtactgac
agaaggtaaa
gaaagcggaa
ctgggagcegt
cgttegtetg

gaaactgcgce

gtggcacatc
ggtggtcgeg
ggaagatccg
tegtatteceg
aatcactceceg
gatcaacatc
aggtaacgaa
ttttgetgea

taaaccgcac
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gacctgaccg
cagtggtacg
gacattcagt
caggactggt
gaagcgggta
ggtgetgatg
ctgtggacct
ccaaccagcg
atgatgacca
gtttacatga
aacgttatcg
cgtaccggea
cagttcccga
ctggegtcta
ttetgtaaca
tgcggcttca
ttcaaccaga
gcaggcattc
aagccggtaa
actgtactgg
atctggeage

tteccegeagt

aaacaggcga
cagectggage
cgtggcttee
aaaggtccgg
ggcctcateca
ggtgaaatca
gaagcggtca
ctgattgaac
<210> 15

<211> 2853
<212> DNA

tteccttacgg
tgegtgeccga
tcgtaccgaa
gtatctceteg
acgtttatgt
ttgtectgeg
tctctaccct
tgatggtatc
tgcacttcat
ccggectgat
acccactgga
atatgatgea
acggtattga
ccggtcegtga
agctgtggaa
acggcggcga
ccatcaaagce
tgtatgagtt
tgaacggtgg
aaggtctget
gtgtgaaagt

acgatgcatc

tegttgeggt
tgctgetgeg
tgcaaaccct
tttecegttac
acaaagaaga
gacgtatega
tegegaaaga

agcaggctgt

<213> Artificial

<220>

cgaccgtgge
tgteectggeg
gcagtacgaa
tcagttgtgg
tggeccgeaac
tcaggacgaa
tggctggeeg
tggtttegac
caaagatgaa
tcgtgatgac
tatggttgac
gacgeagetg
gececgeacggt
catcaactgg
cgccagecge
aatgacgctg
gtaccgcgaa
cacctggaac
caccgaagca
gegeoctegeg
actttgeggt

tcaggttgat

acgtaacatc
tggttgcage
ggcgegtcetg
gaagatcatc
tgagctggeg
gaacaaactg
gcgtgagaag

tatecgecegeg

ggcgtagtta
aaaccggegg
aacatgtact
tggggtcacc
gaagacgaag
gacgtteteg
gaaaataccg
atcattttcet
aatggcaaac
gaaggccaga
ggtatttcge
gcggacaaaa
actgacgcge
gatatgaagc
tttgtgetga
tcgetggegyg
gegetggaca
cagttctgtg
gaactgcgeg
catccgatca
atcactgeeg

gaagcecgeac

cgtgcagaaa
gcggatgeag
gaaagtatca
gacggtgeag
cgtctggega
gcgaacgaag
ctggaaggcet

ctg

<223> artificially synthesized sequence

tcgaaccaat
ttgaagcggt
tetectggat
gtatccegge
tgcgtaaaga
atacctggtt
acgccctgeg
tatggattge
cgcaggtgec
agatgtccaa
tgceagaact
tecgtaageg
tgecgettcac
gtctggaagg
tgaacacaga
accgctggat
gctteegett
actggtatect
gtactcgcca
ttcegttcat
acaccatcat

tggccgacac

tgaacatcge
aacgtcgegt
ccgtgctgee
agctgetgat
aagaagtggce
gatttgtege

atgcggaage

gctgaccgac
tgagaacggce
gegegatatt
atggtatgac
aaataacctce
ctettetgeg
tcagttccac
ccgeatgatc
gttecacace
atccaagggt
gctggaaaaa
caccgagaag
cetyggeggcg
ttaccgtaac
aggtcaggat
tctggeggag
cgatategee
cgagctgacc
tacgctggtyg
caccgaaacc
gctgeagecyg

cgaatggetg

gocgggeaaa
aaatgaaaac
tgecegatgac
cccgatgget
gaagattgaa
cogageaceg

gaaagcgaaa
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<400> 15

atggaaaaga
cagggcetact
cegeegggtyg
accatgatcce
cacgccggga
acccgtcacg
tctggeggea
gaacgcttca
tataaagaag
accgctatcet
cgctatecge
actacccogte
cgttacaaag
atecgttggeg
gagecacgact
ctgacctttg
tctgacgttt
cgtaaagcag

gacctgaccg

cagtggtacg
gacattcagt
caggactggt
gaagcgggta
ggtgctgatg
ctgtggacet
ccaaccageg
atgatgacca
gtttacatga
aacgttatcg
cgtaccggea
cagttcccga
ctggegtcta
ttectgtaaca
tgoggetteca
ttcaaccaga

gcaggcatta

catataaccc
ttaagectaa
tcaccggcag
gctatcageg
tegetacceca
actacggccg
ccattacceg
ccatggacga
acctgattta
ctgacctgga
tggetgacgg
cagaaaccct
atctgattgg
acgaacacge
ttaacgacta
acggcgatat
attccagcga
tegttgeege

ttcettacgg

tgegtgoecga
tegtaccgaa
gtatctctcyg
acgtttatgt
ttgtcetgeg
tctetacect
tgatggtatc
tgcacttcat
cecggcctgat
acccactgga
atatgatgca
acggtattga
ceggtegtga
agctgtggaa
acggcggcega
ccatcaaagce

tgtatgagtt

acaagatatc
tggcgatgaa
tttgcatatg
catgcagggce
gatggtcgtt
cgaagctttc
tcagatgcge
aggcctgtec
ccgtggecaaa
agtcgaaaac
tgegaaaace
gctgggcgat
caaatatgtc
cgacatggaa
tgaagtgggt
ccgtgaaagc
aatccctgcea
agttgacgeg

cgacegtgge

tgtcetggeg
gcagtacgaa
tcagttgtgg
tggcegeaac
tcaggacgaa
tggctggceg
tggtttegac
caaagatgaa
tcgtgatgac
tatggttgac
gccgcagcetg
gcegcacggt
catcaactgg
cgccagecge
aatgacgctg
gtaccgcgaa

cacctggaac

gaacageccgc
agccaggaaa
ggtcacgect
aaaaacaccc
gagcgcaaga
atcgacaaaa
cgteteggea
aatgcggtga
cgcetggtaa
cgcgaataga
gcagacggta
actggegtag
attctgeege
aaaggcaccg
aaacgtcacg
gcccaggtgt
gagttccaga
cttggectge

ggcgtagtta

aaaccggcgg
aacatgtact
tggggtcacc
gaagacgaag
gacgttctceg
gaaaataccg
atcattttct
aatggcaaac
gaaggccaga
ggtatttcge
gcggacaaaa
actgacgege
gatatgaagc
tttgtgetga
tecgetggegg
gcgetggaca

cagttctgtg

tttacgagea
gtttoetgeat
tccagcaaac
tgtggcaggt
ttgcegeaga
tctgggaatg
actcegtega
aagaagtttt
actgggatcce
aaggttcgat
aagattatct
ccgttaacce
tggttaaceg
getgegtgaa
ccctgecgat
tcgataccaa
aactggagcg
tggaagaaat

tcgaaccaat

ttgaagcggt
tctectggat
gtatcccgge
tgcgtaaaga
atacctggtt
acgcecetgeg
tctggattge
cgcaggtgece
agatgtccaa
tgececagaact
tccgtaageg
tgcgettcac
gtetggaagg
tgaacacaga
accgetggat
gcttcecgett

actggtatct

ctgggaaaaqg
catgatcceg
catcatggat
cggtactgac
agaaggtaaa
gaaagcggaa
ctgggagegt
cgttegtetg
gaaactgege
gtggcacatc
ggtggtcgeg
ggaagatecg
tcegtattecg
aatcactceg
gatcaacatc
aggtaacgaa
ttttgctgea
taaaccgcac

gctgaccgac

tgagaacggce
gcgegatatt
atggtatgac
aaataacctc
ctettetgeg
tcagttccac
ccgcatgate
gttccacacce
atccaagggt
gctggaaaaa
caccgagaag
cctggceggeg
ttaccgtaac
aggtcaggat
tetggeggag
cgatatcgec

cgagctgacce
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aagccggtaa
actgtactgg
atctggcage
ttccegeagt
aaacaggcga
ccgetggage
cgtggettece
aaaggtccgg
ggcctcatca
ggtgaaatca
gaagceggtca
ctgattgaac
<210> 16

<211> 2853
<212> DNA

tgaacggtgy
aaggtctgcet
gtgtgaaagt
acgatgcatce
tegttgeggt
tgectgetgeg
tgceaaccct
tttecgttac
acaaagaaga
goecgtatega
toegegaaaga

agcaggctgt

<213> Artificial

<220>

caccgaagca
gcgcctegeg
actttgeggt
tcaggttgat
acgtaacatc
tggttgcage
ggcgegtetg
gaagatcate
tgagetggeg
gaacaaactg
gcgtgagaag

tatcgeegeg

gaactgegeg
catccgatca
atcactgecg
gaagccgcac
cgtgcagaaa
gcggatgeag
gaaagtatca
gacggtgcag
cgtetggega
gcgaacgaag
ctggaaggcet

ctg

<223> artificially synthesized sequence

<400> 16

atggaaaaga
cagggctact
cagoegggtyg
accatgatec
cacgccggga
accecgtecacyg
tctggeggea
gaacgcttca
tataaagaag
accgctatct
cgctatecge
actacccgtc
cgttacaaag
atcgttggeg
gegcacgact
ctgacctttg
totgacgttt

cgtaaagcag

catataacce
ttaagcctaa
tetcaggeag
gctatcageg
tcgectaccca
actacggeeg
ccattaceceg
ccatggacga
acctgattta
ctgacctgga
tggctgacgg
cagaaaccct
atctgattgg
acgaacacgc
ttaacgacta
acggcgatat
attccagega

tcattagceac

acaagatatc
tggcgatgaa
tttgeatatg
catgcagggce
gatggtegtt
cgaagcttte
tcagatgcge
aggcctgtcec
ccgtggcaaa
agtcgaaaac
tgcgaaaace
gctgggegat
caaatatgtc
cgacatggaa
tgaagtgggt
ccgtgaaagce
aatcecctgea

agttgacgca

gaacagccogae
agccaggaaa
ggtceacgect
aaaaacaccc
gagcgcaaga
atcgacaaaa
cgteteggea
aatgcggtga
cgcectggtaa
cgcgaatcga
gcagacggta
actggcgtag
attetgeoege
aaaggcaccyg
aaacgtcacg
goccaggtgt
gagttccaga

cttaggectac

gtactcgeca
ttcegtteat
acaccatcat
tggccgacac
tgaacatcge
aacgtcgegt
ccgtgetgee
agctgetgat
aagaagtggce
gctttgtege

atgcggaagce

tttacgageca
gtttctgecat
tccagcaaac
tgtggecaggt
ttgccgeaga
tctgggaatg
actceogtega
aagaagtttt
actgggatcc
aaggttcgat
aagattatct
ccgttaaccc
tggttaaccg
gctgegtgaa
ccctgeegat
tcgataccaa
aactggagcg

tagaagaaat

tacgectggtg
caccgaaacc
gctgcageeqg
cgaatggetg
gccgggceaaa
aaatgaaaac
tgccgatgac
ccegatgget
gaagattgaa
cagegcaceg

gaaagcgaaa

ctgggaaaag
catgatceceqg
catcatggat
cggtactgac
agaaggtaaa
gaaagcggaa
ctgggagcgt
cgttegtetg
gaaactgege
gtggcacatc
ggtggtcgeg
ggaagatccg
tcgtatteeg
aatcactceg
gatcaacatc
aggtaacgaa
ttttgectgea

taaaccgcac
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gacctgaccyg
cagtggtacg
gacattcagt
caggactggt
gaagcgggta
ggtgctgatg
ctgtggacct
ccaaccagcg
atgatgacca
gtttacatga

aacgttatcg

cgtaccggeca
cagttcccga
ctggcgtcta
ttectgtaaca
tgeggettea
ttcaaccaga
gcaggcatte
aagccggtaa
actgtactgg
atctggcage
ttcecegeagt
aaacaggcga
ccgetggage
cgtggettec
aaaggtccgg
ggcctcatca
ggtgaaatca
gaageggtca
ctgattgaac
<210> 17

<211>1290
<212> DNA

ttecttacgg
tgcgtgeega
tegtaccgaa
gtatctcteg
acgtttatgt
ttgteoctgeg
tetetacect
tgatggtatc
tgcacttcat
ceggcctgat

acccactgga

atatgatgca
acggtattga
ccggtegtga
agctgtggaa
acggcggega
ccatcaaagc
tgtatgagtt
tgaacggtgg
aaggtctget
gtgtgaaagt
acgatgeatc
tegttgeggt
tgctgectgeg
tgcaaaccct
tttececgttac
acaaagaaga
gecgtateoga
tecgcgaaaga

agcaggctgt

<213> Artificial

<220>

cgacegtgge
tgtcctggeg
gcagtacgaa
tcagttgtgg
tggccgcaac
tcaggacgaa
tggctggceg
tggtttcgac
caaagatgaa
tcgtgatgac

tatggttgac

gccgeagetg
gcecgcacggt
catcaactgg
cgeccagecge
aatgacgcetyg
gtaccgcgaa
cacctggaac
caccgaagca
gcgectageg
actttgeggt
tcaggttgat
acgtaacatc
tggttgcage
ggcgegtcetg
gaagatcate
tgagectggeg
gaacaaactg
gcgtgagaag

tatcgccegeg

ggcgtagtta
aaaccggcegg
aacatgtact
tggggtcacc
gaagacgaag
gacgttcteg
gaaaataccg
atcattttct
aatggcaaac
gaaggccaga

ggtatttege

gcggacaaaa
actgacgcge
gatatgaagc
tttgtgectga
tcgetggegyg
gcgctggaca
cagttectgtg
gaactgegeg
catacgatca
atcactgceceg
gaagccgeac
cgtgcagaaa
gcggatgeag
gaaagtatca
gacggtgcag
cgtetggega
gcgaacgaag
ctggaaggcet

ctg

<223> artificially synthesized sequence

tcgaaccaat
ttgaagcggt
tctecectggat
gtatccegge
tgcgtaaaga
atacctggtt
acgcectgeg
tctggattge
cgcaggtgcc
agatgtccaa

tgeccagaact

tcecgtaageg
tgcgettcac
gtctggaagg
tgaacacaga
accgctggat
gcttecegett
actggtatct
gtactcgcca
ttecacgttecat
acaccatcat
tggccgacac
tgaacatcge
aacgtcgegt
cegtgetgece
agctgetgat
aagaagtggce
getttgtege

atgcggaage

gctgaccgac
tgagaacggc
gcgegatatt
atggtatgac
aaataaccte
ctcttetgeg
tcagttccac
ccgcatgatc
gttccacacc
atccaagggt

gctggaaaaa

caccgagaag
cctggeggeg
ttaccgtaac
aggtcaggat
tctggcggag
cgatatcgec
cgagctgacc
tacgectggtg
caccgaaacce
gctgcageeg
cgaatggctg
gcegggeaaa
aaatgaaaac
tgecgatgac
cccgatgget
gaagattgaa
ccgogeaceg

gaaagcgaaa
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<400> 17
atgctcgate

cggggettta
caggtcaaaa
gcgaaagcgce
gagctggatg
ctgaccatcc

gttgaagtca

acgctgggtyg
cgetttgtgg
ctggatctgce
caggacacgc
cgtecgetgg
ccgetgacta
accgececaca
ctgatcegta
tcaatggcgg
ctgcegtace
tacgacctgg
aacgtttggg
aaaacccgte
gcagtaatgg
cagtatatga
<210> 18

<211>1290
<212> DNA

ccaatctget
agctggatgt
cggaaaacct
gcggggaaga
cagcaaaagc
ctaacctgece

gccgetgggg

aaatgcactc
taatgaaagg
ataccgaaca
tgtacggtac
aagaagaagc
acctggtgcg
ccccatgett
tgcaccagtt
cgctggaaga
gtaaaatcat
aagtatggat
atttccagge
tggttcatac
daaactatca

acggactgga

<213> Artificial

<220>

gcgtaatgag
agataagctg
gcaagcggag
tatcgagceccet
cgagctggat
tgcagatgaa

tacccegegt

tggcectegac
gcagattgcet
gcatggctac
gggtcaactg
agacaccagt
cggtgaaatc
ccgttctgaa
cgacaaagtt
gatgactggt
cctttgeact
cccggcacag
acgtegtatg
cctgaacggt
gcaggctgat

atatattgge

ccagacgcag
ggcgetettg
cgtaactcce
ttacgtctgg
gotttacagg
gtgecggtag

gagtttgact

tttgecagectg
cgcatgecacce
agtgagaact
ccgaaatttg
aactatgcgc
atcgatgaag
goecggttcat
gaaatggtgc
catgcagaaa
ggcgacatgg
aacacctacc
caggcacgtt
tatggtetgg

ggtegtattg

<223> artificially synthesized sequence

<400> 18
atgctegate

cggggcttta
caggtcaaaa
gcgaaagcgce
gagctggatg

ctgaccatece

P R

ccaatctget
agctggatgt
cggaaaacct
gcggggaaga
cagcaaaagc

ctaacctgece

PR T

gcgtaatgag
agataagctg
gcaagcggag
tatcgagcecct
cgagetggat

tgcagatgaa

ccagacgcag
ggcgetettg
cgtaactcce
ttacgtetgg
gotttacagg

gtgccggtag

———— b e

tcgetgaaaa
aagagcgteg
gatcgaaatc
aagtgaacaa
ctgaaattcg
gtaaagacga

ttgaagttcg

cagttaagcect
gcgecactgtce
atgttccgta
ctggegatcet
tgatcccaag
atgatctgee
atggtcgtga
agatcgtgeg
aagtcctgea
getttggege
gtgagatctc
gccgoagoaa
ctgttggteg

aagtaccaga

tcgcetgaaaa
aagagcgtceg
gatcgaaatc
aagtgaacaa
ctgaaatteg

gtaaagacga

ST Sy

actggcacge
taaagtattg
cattggccag
actgggcgaa
cgatatcgeg
aaatgacaac

tgaccacgtg

gactggttce
gcagtttatg
cctggttaac
gttccatact
tgcagaagtt
aattaagatg
caccegtggt
cccagaagacd
gttgctggge
ttgcaaaact
ttceotgcotece
gtcggacaag
tacgetggtt

agttetgegt

actggcacge
taaagtattg
cattggccag
actgggcgaa
cgatategeg

aaatgacaac

[ DR R,
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grrgaayrca
acgctgggtg
cgetttgtgg
ctggatctge
caggacacgc

cgtcegetgg

cecgetgacta
accgcccaca
ctgatccgta
tecaatggegg
ctgeegtace
tacgacctgg
aacgtttggg
aaaacccgte
gceagtaatgg
ccgtatatga
<210>19

<211>1290
<212> DNA

gecycrgyyy
aaatgcactc
taatgaaagg
ataccgaaca
tgtacggtac

aagaagaagc

acctggtgceg
ccccatgett
tgcaccagtt
cgctggaaga
gtaaaatcat
aagtatggat
atttccaggce
tggttcatac
aaaactatca

acggactgga

<213> Artificial

<220>

racceecgey
tggccteogac
gcagattgcet
gcatggctac
gggtcaactg

agacaccagt

cggtgaaatce
ccgttctgaa
cgacaaagtt
gatgactggt
cctttgecact
cccggcacaqg
acgtcgtatg
cctgaacggt
gcaggctgat

atatattggc

gdagrrrgdaco
tttgcagetg
cgcatgecacce
agtgagaact
ccgaaatttg

aactatgcoge

atcgatgaag
gccggttceat
gaaatggtgc
catgcagaaa
ggcgacatgg
aacacctace
caggcacgtt
tetggtctgg

ggtcgtattg

<223> artificially synthesized sequence

<400> 19
atgctcgatce

cggggcttta
caggtcaaaa
gagaaagcge
gagctggatg
ctgaccatce
gttgaagtca
acgcotgggtg
cgetttgtgg
ctggatctge
caggacacgce
cgtecgetgg
ccgetgacta

accgeccaca

ccaatctgcet
agctggatgt
cggaaaacct
gcggggaaga
cagcaaaagce
ctaacectgec
gecgetgggg
aaatgcactc
taatgaaagg
ataccgaaca
tgtacggtac
aagaagaage
acctggtgeg

cccceatgett

gcgtaatgag
agataagctg
gcaagcggag
tategagecct
cgagctggat
tgcagatgaa
tacceegegt
tggcctegac
gcagattgct
gcatggctac
gggtcaactg
agacaccagt
cggtgaaatc

cegttetgaa

ccagacgcag
ggcgcetcettg
cgtaactcce
ttacgtctgg
gctttacagg
gtgcecggtag
gagtttgact
tttgecagetg
cgecatgeace
agtgagaact
ccogaaatttg
aactatgcege
atcgatgaag

gecggtteat

trgaaygrrey
cagttaagct
gcgcactgte
atgttccgta
ctggegatct

tgatcccaac

atgatctgee
atggtcgtga
agatcgtgcg
aagtcctgea
gctttggege
gtgagatctce
gccgcageaa
ctgttggteg

aagtaccaga

tcgetgaaaa
aagagcgtceg
gatcgaaatc
aagtgaacaa
ctgaaattcg
gtaaagacga
ttgaagttcg
cagttaaget
gcgcactgte
atgttcegta
ctggcgatct
tgatcccaac
atgatctgee

atggtegtga

tgdeedegryg
gactggttcce
gcagtttatg
cctggttaac
gttccatact

ggcagetgtt

aattaagatg
cacccgtggt
cccagaagac
gttgetggge
ttgcaaaact
ttectgetee
gtcggacaag
tacgctggtt

agttctgegt

actggcacgc
taaagtattg
cattggccag
actgggcgaa
cgatatecgeg
aaatgacaac
tgaccacgtg
gactggttece
gcagtttatg
cctggttaac
gttcecatact
ggcaggtgtt
aattaagatg

caccegtggt
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ctgatccgta

tecaatggegyg

ctgcegtace
tacgacctgg
aacgtttggg
aaaacccgtc
gcagtaatgg
cogtatatga
<210> 20

<211>1290
<212> DNA

tgcaccagtt

cgctggaaga

gtaaaatcat
aagtatggat
atttccagge
tggttcatac
aaaactatca

acggactgga

<213> Artificial

<220>

cgacaaagtt

gatgactggt

cctttgeact
cccggcacag
acgtcgtatg
cctgaacggt
gcaggctgat

atatattgge

gaaatggtgc

catgcagaaa

ggcgacatgg

aacacctacc
caggcacgtt
tctggtetgg

ggtegtattg

<223> artificially synthesized sequence

<400> 20
atgctcgatc

cggggcttta
caggtcaaaa
gcgaaagege
gagctggatg
ctgaccatce
gttgaagteca
acgctgggtg
cgetttgtgg
ctggatctge
caggacacgce
cgtecgetgg
ccgetgacta
accgcccaca
ctgatcegta
tcaatggcgg
ctgccgtace
tacgacctgg
aacgtttggg
aaaacccegte

gcagtaatgg

ccaatctgct
agctggatgt
cggaaaacct
geggggaaga
cagcaaaagc
ctaacctgcee
gecgotgggg
aaatgcactc
taatgaaagg
ataccgaaca
tgtacggtac
aagaagaagc
acctggtgeg
ceccatgett
tgcaccagtt
cgctggaaga
gtaaaatcat
aagtatggat
atttccagge
tggttcatac

aaaactatca

gcgtaatgag
agataagctg
gcaagcggag
tategagecet
cgagctggat
tgcagatgaa
tacccegegt
tggcctegac
gcagattget
gcatggctac
gggtcaactg
agacaccagt
cggtgaaatc
ccgttcetgaa
cgacaaagtt
gatgactggt
cctttgecact
ccecggcacag
acgtcgtatg
cctgaacggt

gcaggctgat

ccagacgcag
ggcgetettg
cgtaactcce
ttacgtetgy
gctttacagg
gtgccggtag
gagtttgact
tttgecagetyg
cgcatgecace
agtgagaact
ccgaaatttg
aactatgoge
atcgatgaag
gecggttcat
gaaatggtgc
catgcagaaa
ggcgacatgg
aacacctacce
caggcacgtt
tetggtetgg

ggtegtattg

agatcgtgeg

aagtcctgea

goctttggege
gtgagatctc
gcegeageaa
ctgttggtceg

aagtaccaga

tcgctgaaaa
aagagcgteg
gatcgaaatc
aagtgaacaa
ctgaaattcg
gtaaagacga
ttgaagttcg
cagttaaget
gogecactgte
atgttecegta
ctggegatct
tgatcccaag
atgatctgece
atggtcgtga
agatcgtgeg
aagtcctgca
gctttggege
gtgagatctc
gcecgecagcaa
ctgttggteg

aagtaccaga

cccagaagac

gttgctggge

ttgcaaaact
ttcctgetee
gtcggacaag
tacgetggtt

agttctgegt

actggcacgc
taaagtattg
cattggecag
actgggcgaa
cgatatecgeg
aaatgacaac
tgaccacgtg
gactggttece
gcagtttatg
cctggttaac
gttccatact
tgcaggtgtt
aattaagatg
caccegtggt
cccagaagac
gttgctgggce
ttgcaaaact
ttcectgetee
gtcggacaag
tacgetggtt

agttctgegt
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ccgtatatga acggactgga atatattgge

<210> 21

<211> 1926
<212> DNA

<213> Artificial

<220>

<223> artificially synthesized sequence

<400> 21
atgecceggtta

atggatgteg
aatggtgaac
accgccaaag
catgccatta
ggtttttatt
gaaaaacgta
tggcatgaag
gatgaaaaca
atgtgccgtg
accgcaggtg
acggcatggg
aaacgtgacc
ccgggeatgyg
gtccgcagea
cgegteetgt
agctctgaaa
tttaaccaag
tgccaccgea
caggatgacg
attcgectgg
agcacgegte
ctggcagtgg
ttttacggee

ggtacggtcce

gataatgaac
tttattggta

caggtcgtga

ttaccetgee
cactggatat
tggtcgacge
atgaagaagg
aacagctgtg
acgatgtgga
tgcacgaact
cacgtgaaac
tcgeccacga
gtccgecacgt
catattggcg
ctgataaaaa
accgcaaaat
tgttttggea
aactgaaaga
gggaaaaaac
accgtgaata
gectgaaaag
atgaaccgag
cccatatttt
tctatgatat
cggaaaaacg
ctctggaaga
cgaaaatcga

aactggactt

gtaaagtgce
tectgacega

ttatgaatat

ggacggttcg
tggcecgggt
ttgtgatctg
cctggaaatt
gccgcatacc
cctggatcge
ggccgagaaa
ctttgctaat
tgacaaaccq
tccgaatatg
tggtgacagce
agcgctgaat
tggcaaacag
taacgatggt
atatcagtac
cggtcactgg
ctgcattaaa
ttategtgat
tggctcectg
ctgcacggaa
gtactctacc
catcggectet
aaacaatatt
attcaccctg

cagtctgeeg

ggttatgatt
agaattcgca

caccgatagce

caacgteatt
ctggcaaaag
atcgaaaacg
atccgtcatt
aaaatggcga
accctgacge
aactacgacg
cgcggcgaat
ggcectgtatt
cgcttttgte
aacaataaaa
gectaccetge
ctggatctgt
tggaccatct
caagaagtta
gacaactata
ccgggeaatt
ctgeegetge
catggtctga
gaacaaatcc
tttggtttcg
gacgaaatgt
cogtttgaat
tatgactgece

tecegtetgt

caccgcegeta
ggctttttce

cagtctgaat

acgatcacge
cttgcattge
acgcgcaget
cttgcgegea
ttggccecggt
aggaagatgt
tgattaagaa
catacaaagt
tccatgaaga
atcacttcaa
tgctgecageg
aacgcctgga
atcatatgca
ttegtgaact
aaggeccegtt
aagatgccat
gtcegggteca
gcatggeaga
tgcgtgtteg
gtgacgaagt
aaaaaattgt
gggatcgtge
atcagctggg
tggatcgege

cagcatcegta

tectgggcag
cgacgtgget

atgtgaacga

tgttageeccg
aggcegegtt
gagcattatc
cctgetgggt
catcgacaat
ggaagcgctg
aaaagttagt
ttecgattetg
atacgtggat
actgatgaaa
tatttatggt
agaagcggec
agaagaagcg
ggaagttttc
tatgatggat
gttcaccacg
tgtgcagatc
atteggttce
cggttttace
taacggetgt
ggttaaactg
ggaagccgat
cgagggtgcg
ctggecagtgt
cgtgggegaa

tatggaacgt

ggctceggtt

actgacgcaa
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aaactgtcca atgcaggcat tcgtgttaaa gectgatctge

aaaatccgeg aacataccct gegtecgegte ccgtacatge

gttgaaageg gtaaagtcege ggtgegtacg cgtcogeggea

gtcaacgaag tcattgaaaa actgcaacaa gaaatccgta

gaagaa

<210> 22
<211> 1926
<212> DNA

<213> Artificial

<220>

<223> artificially synthesized sequence

<400> 22
atgeccggtca

atggatgttg
aatggtgaac
accgccaaag
catgccatta
ggtttttatt
gaaaagcgta
tggcatgaag
gatgaaaaca
atgtgcecgtg
accgcaggtg
acggcatggg
aaacgtgace
cagggeatgyg
gtecgecagea
cgcgtectgt
agctctgaaa
tttaaccaag

tgccaccgca

caggatgacg
attcgcctgg
agcacgegte
ctggecagtgg
ttttacggee

aagtacaatce

ttaccctgee
ctctggatat
tggtcgacge
atgaagaagg
agcagetgtyg
acgatgtgga
tgcacgaact
cacgtgaaac
tecgcccacga
gtcecgecacgt
catattggcg
ctgataagaa
accgcaagat
tgttttggea
agctgaaaga
gggaaaagac
accgtgaata
gtctgaaaag

atgaaccgag

cccacatttt
tectatgatat
cggaaaaacg
ctetggaaga
cgaaaatcga

aactagactt

ggatggctct
tggcecgggt
ttgtgatctg
cctggaaatt
gcegeatace
cctggatege
ggccgaaaag
ctttgctaat
tgacaaaccg
tccgaatatg
tggtgacagc
agcgctgaat
tggcaaacag
taacgatggt
atatcagtac
cggtcactgg
ctgcattaag
ttatcgtgat

tggctccctg

ctgcacggaa
gtactctacc
catcggttct
aaacaatatt
attcaccctg

cagtctacca

cagcgtcact
ctggcaaaag
atcgaaaacg
atcegteatt
aaaatggcga
accctgacge
aactatgacg
cgcggcgaat
ggcctgtatt
cgettttgte
aacaataaaa
gcctacctge
ctggatctgt
tggaccatct
caagaagtta
gacaactata
ccgatgaatt
ctgccgetge

catggtctga

gaacaaatca
tttggtttcg
gacgaaatgt
ccegtttgaat
tatgactgce

toccatctat

gcaacgaaaa
tggtgtgtgg
aagacctggg

gecgeteget

acgatcatgce
cttgcattge
acgaegeaget
cttgegegea
ttggcceggt
aggaagatgt
tgatcaaaaa
catacaaggt
tccatgaaga
atcacttcaa
tgctgecageg
aacgcctgga
atcatatgca
ttogtgaact
aaggecccegtt
aagatgccat
gtcecgggeca
gcatggcaga

tgcgtgttcg

gtgacgaagt
aaaagattgt
gggatcgtge
atcagctggg
tggatcgege

cagcatcata

aatcggtttce
cgataaagaa
ttcgatggat

gaaacaactg

ggtctcgeeg
aggccgegtt
gagcattate
cctgetgggt
catcgacaat
ggaagcgetg
gaaagttagt
ttcgattctyg
atacgtggat
gctgatgaaa
tatttatggt
agaagcggec
agaagaagcg
ggaagttttc
tatgatggat
gttcaccacg
tgtgcagatc
attcggttcce

cggctttacce

taacggctgt
ggttaaactg
ggaagccgat
cgagggtgeg
ctggcagtgt

cataagcaaa
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gataatgaac
tttattggca
caggtcgtga
aagctgtcca
aaaatccgeg
gttgaaageg
gtcaacgaag

gaagaa

<210> 23

<211> 2853
<212> DNA

gtaaagtgcce
tectgacega
ttatgaatat
atgcaggcat
aacataccct
gtaaagtcge

tcattgaaaa

<213> E. coli

<400> 23

atggaaaaga
cagggctact
cagoagaacg
accatgatcce
cacgeeggga
acccgtcacg
tetggcggea
gaacgcttca
tataaagaag
accgctatct
cgctatcege
actaccegtc
cgttacaaag

atcgttggeg

gcgecacgact
ctgacctttg
tctgacgttt
cgtaaagecag
gacctgaccg
cagtggtacg
gacattcagt
caggactggt

gaagcgggta

et remtrat o

catataacce
ttaagcctaa
tecaccggcag
gctatcageg
tegetaceaca
actacggccg
ccattacceg
ccatggacga
acctgattta
ctgacctgga
tggctgacgg
cagaaaccct
atctgattgg

acgaacacgce

ttaacgacta
acggcgatat
attccagcga
togttgecge
ttecettacgg
tgegtgecga
tcgtaccgaa
gtatctetcg

acgtttatgt

Lok ok s P Pal P eV

ggttatgatt
agaattegeca
caccgatage
tcgtgttaaa
gcgtegegte
ggtgcgtacg

actgcaacaa

acaagatatc
tggcgatgaa
tttgeatatg
catgcagggce
gatggtegtt
cgaagcttte
tcagatgege
aggcctgtee
ccgtggcaaa
agtcgaaaac
tgcgaaaacc
gctgggegat
caaatatgtc

cgacatggaa

tgaagtgggt
ccgtgaaagc
aatccctgea
agttgacgeqg
cgaccgtggce
tgtectggeg
gcagtacgaa
tcagttgtgg
tggcecgcaac

+rmacmamcaa

ggccgegceta
ggetttttea
cagtctgaat
gctgatetge
cegtacatge
cgtegeggea

gaaatccgct

gaacagcegce
agccaggaaa
ggtcacgect
aaaaacaccc
gagegcaaga
atcgacaaaa
cgtcteggca
aatgcggtga
cgectggtaa
cgcgaatcga
gcagacggta
actggcgtag
attectgeceoge

aaaggcacceqg

aaacgtcacg
gcccaggtgt
gagttccaga
cttggeetge
ggcgtagtta
aaaccggcgg
aacatgtact
tggggtcace

gaagacgaag

Pt Yatasal JPal FePo)

tcctgggtag
cgacgtgget
atgtgaacga
gcaacgaaaa
tggtgtgtog
aagacctggg

cacgctcgcet

tttacgageca
gtttctgecat
tccagcaaac
tgtggcaggt
ttgecegeaga
tctgggaatg
actccgtcga
aagaagtttt
actgggatcc
aaggttcgat
aagattatct
ccgttaaccc
tggttaacecg

gctgegtgaa

cectgecgat
tcgataccaa
aactggagcg
tggaagaaat
tcgaaccaat
ttgaagecggt
totectggat
gtatcecgge
tgcgtaaaga

at ammat e

tatggaacgt
ggctceggtt
actgacgcaa
gattggtttt
cgataaggaa
ttcgatggat

gaaacaactg

ctgggaaaag
catgatceceg
catcatggat
cggtactgac
agaaggtaaa
gaaagcggaa
ctgggagegt
cgttegtetg
gaaactgcege
gtggcacatc
ggtggtcgeg
ggaagatccg
tcgtattecg

aatcacteceg

gatcaacatce
aggtaacgaa
ttttgetgeca
taaaccgcac
gctgaccgac
tgagaacgge
gegegatatt
atggtatgac

aaataacctc

Pl aPal ok olet e Tl
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YYLyLyay
ctgtggacct
ccaaccagcg
atgatgacca
gtttacatga
aacgttatcg
cgtaccggca
cagttceega
ctggegtcta
ttctgtaaca
tgeggettea
ttcaaccaga
gcaggcattce
aagccggtaa
actgtactgg
atctggeage
ttccegeagt
aaacaggcga
ccgetggage
cgtggettee
aaaggtccgg

ggcctcatca

ggtgaaatca
gaagcggtca
ctgattgaac
<210> 24

<211> 951
<212> PRT

Ll LYy
tctctacect
tgatggtatc
tgcacttcat
cceggectgat
acccactgga
atatgatgca
acggtattga
ccggtegtga
agctgtggaa
acggcggcega
ccatcaaage
tgtatgagtt
tgaacggtgg
aaggtctget
gtgtgaaagt
acgatgecatce
tegttgeggt
tgctgetgeg
tgcaaaccct
tttcegttac

acaaagaaga

gecgtatcga
tcgegaaaga

agcaggctgt

<213> E. coli

<400> 24

Met Glu Lys

1

His Trp Glu

Glu Ser Phe

35

His Met Gly

50

Thr Tyr
5

Lys Gln
20

Cys Ile

His Ala

Asn

Gly

Met

Phe

Leayyavyaa
tggetggeeg
tggtttcgac
caaagatgaa
tagtgatgac
tatggttgac
gecegeagetyg
gccgeacggt
catcaactgg
cgccagecgd
aatgacgcetg
gtaccgegaa
cacctggaac
caccgaagca
gcgoctegeg
actttgeggt
tecaggttgat
acgtaacatc
tggttgcage
ggcegegtetg
gaagatcatc

tgagctggeg

gaacaaactyg gcgaacgaag gctttgtege ccgecgcacceg

gcgtgagaag ctggaagget atgcggaage gaaagcgaaa

YAty LLu Ly
gaaaataccg
atcattttcet
aatggcaaac
gaaggccaga
ggtatttcge
gcggacaaaa
actgacgege
gatatgaagce
tttgtgctga
tegetggegg
gogetggaca
cagttctgtg
gaactgegcg
catccgatca
atcactgeceg
gaagccgeac
cgtgcagaaa
gcggatgeag
gaaagtatca
gacggtgcag

cgtctggega

tatcgecegeg ctg

Pro Gln

Tyr Phe

Ile Pro

40

Gln
55

Gln

Asp
10

Lys
25

Pro

Thr

aracciyyLL
acgeccctgeg
tctggattge
cgcaggtgcc
agatgtccaa
tgccagaact
tecgtaageg
tgcgettecac
gtctggaagg
tgaacacaga
accgetggat
gettecgett
actggtatct
gtactegeca
ttcegttcat
acaccatcat
tggccgacac
tgaacatcge
aacgtcogegt
cegtgetgee
agctgectgat

aagaagtggc

Ile Glu Gln Pro Leu

Pro Asn Gly Asp Glu
30

Pro Asn Val Thr Gly

45

Ile Met Asp Thr Met

60

CLLL LU LY Ly
tcagttcecac
ccgcatgatc
gtteocacace
atccaagggt
gctggaaaaa
caccgagaag
ectggeggeg
ttaccgtaac
aggtcaggat
tetggeggag
cgatatcgee
cgagctgacc
tacgctggtyg
caccgaaacc
gctgcagecyg
cgaatggetg
gecgggeaaa
aaatgaaaac
tgcegatgac
cccgatgget

gaagattgaa

Tyr Glu

15

Ser Gln

Ser Leu

Ile Arg
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Tyr

65

His

Glu

Lys

Met

Met

145

Tyr

Pro

Ser

Lys

Glu

225

Arg

Arg

Thr

Val

Gly

305

Ser

Arg

Gln

Ala

Glu

Ile

Arg

130

Asp

Lys

Lys

Lys

Thr

210

Thr

Tyr

Arg

Gly

Gly

290

Asp

Asp

Phe

Arg

Gly

Gly

Trp

115

Arg

Glu

Glu

Leu

Gly

195

Ala

Leu

Lys

Tle

Cys

275

Lys

Ile

val

Ala

Met

Ile

Lys

100

Glu

Leu

Gly

Asp

Arg

180

Ser

Asp

Leu

Asp

Pro

260

val

Arg

Arg

Tyr

Ala
340

Gln

Ala

85

Thr

Trp

Gly

Leu

Leu

165

Thr

Met

Gly

Gly

Leu

245

Tle

Lys

His

Glu

Ser

325

Arg

Gly Lys
70

Thr Gln

Arg His

Lys Ala

Asn Ser

135

Ser Asn
150

Asn

Met

Asp

Glu

120

Val

Ala

Thr

Val

Tyr

105

Ser

Asp

val

Ile Tyr Arg Gly

Ala Ile

Trp His

Lys Asp
215

Asp Thr
230

Ile Gly

Val Gly

Ile Thr

Ala Leu

295

Ser Ala
310

Ser Glu

Lys Ala

Ser

Tle

200

Tyr

Gly

Lys

Asp

Pro

280

Pro

Gln

Ile

Val

Asp
185

Arg

Leu

Val

Tyr

Glu

265

Ala

Met

Val

Pro

Val
345

Leu

val

90

Gly

Gly

Trp

Lys

Lys

170

Leu

Tyr

val

Ala

val

250

His

His

Ile

Phe

Ala

330

Ala

Trp

75

Glu

Arg

Gly

Glu

Glu

155

Arg

Glu

Pro

Val

Val

235

Ile

Ala

Asp

Asn

Asp

315

Glu

Ala

Gln

Arg

Glu

Thr

Arg

140

val

Leu

Val

Leu

Ala

220

Asn

Leu

Asp

Phe

Ile

300

Thr

Phe

Val

val

Lys

Ala

Ile

125

Glu

Phe

val

Glu

Ala

205

Thr

Pro

Pro

Met

Asn

285

Leu

Lys

Gln

Asp

Gly

Ile

Phe

110

Thr

Arg

Val

Asn

Asn

190

Asp

Thr

Glu

Leu

Glu

270

Asp

Thr

Gly

Lys

Ala
350

Thr

Ala

95

Ile

Arg

Phe

Arg

Trp

175

Arg

Gly

Arg

Asp

Val

255

Lys

Tyr

Phe

Asn

Leu

335

Leu

Asp

80

Ala

Asp

Gln

Thr

Leu

160

Asp

Glu

Ala

Pro

Pro

240

Asn

Gly

Glu

Asp

Glu

320

Glu

Gly
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Leu

Arg

Arg

385

Asp

Met

His

Arg

val

465

Leu

Arg

Phe

Asp

Gly

545

Asn

Leu

Lys

His

Gly

625

Phe

Leu

Gly

370

Ala

Ile

Arg

Arg

Asn

450

Leu

Trp

Gln

Phe

Glu

530

Leu

val

Leu

Ile

Gly

610

Arg

Cys

Glu

355

Gly

Asp

Gln

Asp

Ile
435

Glu

Arg

Thr

Fhe

Trp

515

Asn

Ile

Ile

Glu

Arg

595

Thr

Asp

Asn

Glu

val

val

Phe

Ile

420

Pro

Asp

Gln

Phe

His

500

Ile

Gly

Arg

Asp

Lys

580

Lys

Asp

Ile

Lys

Ile

Val

Leu

Val

405

Gln

Ala

Glu

Asp

Ser

485

Pro

Ala

Lys

Asp

Pro

565

Arg

Arg

Ala

Asn

Leu
645

Lys

Ile

Ala

390

Pro

Asp

Trp

Val

Glu

470

Thr

Thr

Arg

Pro

Asp

550

Leu

Thr

Thr

Leu

Trp

630

Trp

Pro

Glu

375

Lys

Lys

Trp

Tyr

Arg

455

Asp

Leu

Ser

Met

Gln

535

Glu

Asp

Gly

Glu

Arg

615

Asp

Asn

His

360

Pro

Pro

Gln

Cys

Asp
440

Lys

Val

Gly

Val

Ile

520

Val

Gly

Met

Asn

Lys

600

Phe

Met

Ala

Asp

Met

Ala

Tyr

Ile

425

Glu

Glu

Leu

Trp

Met

505

Met

Pro

Gln

val

Met

585

Gln

Thr

Lys

Ser

Leu

Leu

val

Glu

410

Ser

Ala

Asn

Asp

Pro

4930

val

Met

Phe

Lys

Asp

570

Met

Phe

Leu

Arg
650

Thr

Thr

Glu

395

Asn

Arg

Gly

Asn

Thr

475

Glu

Ser

Thr

His

Met

555

Gly

Gln

Pro

Ala

Leu

635

Phe

Val

Asp

380

Ala

Met

Gln

Asn

Leu

460

Trp

Asn

Gly

Met

Thr

540

Ser

Ile

Pro

Asn

Ala

620

Glu

val

Pro

365

Gln

val

Tyr

Leu

vVal
445

Gly

Phe

Thr

Fhe

His

525

val

Lys

Ser

Gln

Gly

605

Leu

Gly

Leu

Tyr

Trp

Glu

Phe

Trp

430

Tyr

Ala

Ser

Asp

Asp

510

Phe

Tyr

Ser

Leu

Leu

590

Ile

Ala

Tyr

Met

Gly

Tyr

Asn

Asp

val

Gly
400

Ser Trp

415

Trp Gly

Val

Asp

Ser

Ala

495

Ile

Ile

Met

Lys

Pro

575

Ala

Glu

Ser

Arg

Asn
655

Gly

Val

Ala

480

Leu

Ile

Lys

Thr

Gly

560

Glu

Asp

Pro

Thr

Asn

640

Thr
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Glu

Ala

Arg

Tyxr

705

Lys

His

Ile

Cys

Asp

785

Lys

Ala

Ala

Arg

Ser

865

Gly

Ala

Glu

Glu

Gln
945

Gly

Asp

Glu
690

Glu

Pro

Thr

Ile

Gly

770

Ala

Gln

Pro

Glu

Leu

850

Val

Leu

Lys

Gly

Lys

930

Ala

Gln

Arg

675

Ala

Phe

val

Leu

Pro

755

Ile

Ser

Ala

Gly

Arg

835

Glu

Thr

Ile

Ile

Phe

915

Leu

val

Asp
660

Trp

Leu

Thr

Met

val

740

Phe

Thr

Gln

Ile

Lys

820

Arg

Ser

Lys

Asn

Glu

900

val

Glu

Ile

Cys

Ile

Asp

Trp

Asn

725

Thr

Ile

Ala

val

Vval

805

Pro

Val

Ile

Ile

Lys

885

Gly

Ala

Gly

Ala

Gly

Leu

Ser

Asn

710

Gly

val

Thr

Asp

Asp

790

Ala

Leu

Asn

Thr

Ile

870

Glu

Glu

Arg

Tyr

Ala
950

Phe

Ala

Phe
695

Gln

Gly

Leu

Glu

Thr

775

Glu

val

Glu

Glu

val

855

Asp

Asp

Ile

Ala

Ala

935

Leu

Asn

Glu

680

Arg

Phe

Thr

Glu

Thr

760

Ile

Ala

Arg

Leu

Asn

840

Leu

Gly

Glu

Ser

Pro

920

Glu

Gly
665

Phe

Phe

Cys

Glu

Gly

745

Ile

Met

Ala

Asn

Leu

825

Arg

Pro

Ala

Leu

Arg

905

Glu

Ala

Gly

Asn

Asp

Asp

Ala

730

Leu

Trp

Leu

Leu

Ile

810

Leu

Gly

Ala

Glu

Ala

890

Ile

Ala

Lys

Glu

Gln

Ile

Trp

715

Glu

Leu

Gln

Gln

Ala

795

Arg

Arg

Phe

Asp

Leu

875

Arg

Glu

Val

Ala

Met

Thr

Ala
700

Tyr

Leu

Arg

Arg

Pro

780

Asp

Ala

Gly

Leu

Asp

880

Leu

Leu

Asn

Tle

Lys
940

Thr

Ile

685

Ala

Leu

Arg

Leu

val

765

Phe

Thr

Glu

Cys

Gln

845

Lys

Ile

Ala

Lys

Ala

925

Leu

Leu
670

Lys

Gly

Glu

Gly

Ala

750

Lys

Pro

Glu

Met

Ser

830

Thr

Gly

Pro

Lys

Leu

910

Lys

Ile

Ser

Ala

Ile

Leu

Thr

735

His

Val

Gln

Trp

Asn

815

Ala

Leu

Pro

Met

Glu

895

Ala

Glu

Glu

Leu

Tyr

Leu

Thr

720

Arg

Pro

Leu

Tyr

Leu

800

Ile

Asp

Ala

Val

Ala

880

val

Asn

Arg

Gln
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<210> 25
<211>1290
<212> DNA

<213> E. coli

<400> 25
atgctcgatce

cggggettta
caggtcaaaa
gcgaaagcgao
gagetggatg
ctgaccatcc
gttgaagtca
acgctgggtg
cgetttgtgg
ctggatctge
caggacacgca
cgtccgcetgg
ccgetgacta
accgcceaca
ctgatcecgta
tcaatggegg
ctgcegtace
tacgacctgg
aacgtttggg
aaaaccegte
gcagtaatgg
cagtatatga
<210> 26

<211> 430
<212> PRT

ccaatctget
agctggatgt
cggaaaacct
gcggggaaga
cagcaaaagc
ctaacctgee
gccgctgggg
aaatgcacte
taatgaaagg
ataccgaaca
tgtacggtac
aagaagaagc
acctggtgeg
ceeccatgett
tgcaccagtt
cgctggaaga
gtaaaatcat
aagtatggat
atttccaggce
tggttcatac
aaaactatca

acggactgga

<213> E. coli

<400> 26

gcgtaatgag
agataagctg
gcaagcggag
tatcgagect
cgagetggat
tgcagatgaa
taccccgegt
tggeetegac
gcagattgct
gcatggectac
gggtcaactg
agacaccagt
cggtgaaatc
ccgttctgaa
cgacaaagtt
gatgactggt
cctttgeact
ccecggcacag
acgtegtatg
cctgaacggt
gcaggctgat

atatattggce

ccagacgcag
ggcgetettyg
cgtaactcce
ttacgtctgg
gctttacagg
gtgceggtag
gagtttgact
tttgecagetg
cgcatgcecace
agtgagaact
ccgaaatttg
aactatgcgce
atcgatgaag
gceggtteat
gaaatggtgc
catgcagaaa
ggcgacatgg
aacacctacc
caggcacgtt
tetggtcetgg

ggtcgtattg

tcgcectgaaaa
aagagecgteg
gatcgaaatc
aagtgaacaa
ctgaaatteg
gtaaagacga
ttgaagttcg
cagttaaget
gcgecactgte
atgttccogta
ctggcgatct
tgatcccaac
atgatctgcee
atggtegtga
agatcgtgeg
aagtecctgea
getttggege
gtgagatcte
gccgeageaa
ctgttggtag

aagtaccaga

actggcacge
taaagtattg
cattggececag
actgggcgaa
cgatategeg
aaatgacaac
tgaccacgtg
gactggttec
gcagtttatg
cctggttaac
gttecatact
ggcagaagtt
aattaagatg
cacccgtggt
cccagaagac
gttgetggge
ttgcaaaact
ttcetgetec
gtcggacaag
tacgctggtt

agttetgegt

Met Leu Asp Pro Asn Leu Leu Arg Asn Glu Pro Asp Ala Val Ala Glu

1

5

10

15

Lys Leu Ala Arg Arg Gly Phe Lys Leu Asp Val Asp Lys Leu Gly Ala
25

20

30

Leu Glu Glu Arg Arg Lys Val Leu Gln Val Lys Thr Glu Asn Leun Gln

35

40

45
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1080

1140

1200

1260

1290



Ala

Gly

65

Glu

Arg

Val

Pro

Met

145

Arg

Ser

Asn

Gln

Glu

225

Pro

Pro

Ser

Lys

Leu

305

Leu

Ala

Glu

50

Glu

Leu

Asp

Gly

Arg

130

His

Phe

Gln

Tyr

Leu

210

Glu

Leu

Ile

Tyr

val

290

Glu

Pro

Cys

Arg

Asp

Asp

Ile

Lys

115

Glu

Ser

Val

Phe

Val

195

Pro

Ala

Thr

Lys

Gly

275

Glu

Glu

Tyr

Lys

Asn

Ile

Ala

Ala

100

Asp

Phe

Gly

vVal

Met

180

Pro

Lys

Asp

Asn

Met
260

Arg

Met

Met

Arg

Thr
340

Ser

Glu

Ala

85

Leu

Glu

Asp

Leu

Met

165

Leu

Tyr

Phe

Thr

Leu

245

Thr

Asp Thr

Val Gln

Thr Gly

310

Lys Ile

325

Tyr Asp

Arg

Pro

70

Lys

Thr

Asn

Phe

Asp

150

Lys

Asp

Leu

Ala

Ser

230

val

Ala

Ser

55

Leu

Ala

Ile

Asp

Glu

135

Phe

Gly

Leu

val

Gly

215

Asn

Arg

His

Arg

Ile

295

His

Ile

Leu

Lys

Arg

Glu

Pro

Asn

120

val

Ala

Gln

His

Asn

200

Asp

Tyr

Gly

Thr

Gly

280

val

Ala

Leu

Glu

Ser

Leu

Leu

Asn

105

Val

Arg

Ala

Ile

Thr

185

Gln

Leu

Ala

Glu

Pro
265

Leu

Arg

Glu

Cys

vVal
345

Ile

Glu

Asp

20

Leu

Glu

Asp

Ala

Ala

170

Glu

Asp

Fhe

Leu

Ile

250

Cys

Thr

Ile

Pro

Lys

Gly

Val

75

Ala

Pro

Val

His

Val

155

Arg

Gln

Thr

His

Ile

235

Ile

Phe

Arg

Glu

val

Gln

60

Asn

Leu

Ala

Ser

Val

140

Lys

Met

His

Leu

Thr

220

Pro

Asp

Arg

Ala

Lys

Gln

Asp

Arg

125

Thr

Leu

His

Gly

Tyr

205

Arg

Thr

Glu

Ser

Met His

Lys

Leu

Ala

Glu

110

Trp

Leu

Thr

Arg

Tyr

120

Gly

Pro

Ala

Asp

Glu
270

285

Asp Ser

300

315

330

Trp

Gly

Ile

Leu Gln

Asp Met

Pro Ala

Ala

Gly

Glu

95

Val

Gly

Gly

Gly

Ala

175

Ser

Thr

Leu

Glu

Asp

255

Ala

Arg

Glu

80

Ile

Pro

Thr

Glu

Ser

160

Leu

Glu

Gly

Glu

Val

240

Leu

Gly

Gln Phe Asp

Met Ala Ala

Leu Leu Gly

320

Gly Phe Gly

335

350

Gln Asn Thr
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Tyr

Arg Glu

Ile Ser

355

Arg Met Gln

370

Val
385

Ala

Glu

<210> 27
<211> 981
<212> DNA

His Thr

Val Met

Val Leu

Ala Arg

Leu Asn

Ser

Cys

Gly

Ser
360

Cys

Arg Ser
375

Ser Gly

350

Glu Asn

405

Arg Pro
420

<213> E. coli

<400> 27

atgtcacatc
gttgeccgegt
cagatgacga
aacgaagcga
gctgcactga
attgaaaacg
ggtgagettg

gatgctcotga

gacactacece
cagcagccac
actcacacge
accaacctga
attcgcecttece
ggtaaaaacg
cgtaacgttg
cgtctgacta
cgtttcectea
<210> 28

<211> 327
<212> PRT

tecgecagaact
tagataatgt
ccctgegtga
aagagcaggt
atgcgegtet
gceggtetgea
gcectttacegt

acattectgg

gectgetgeg
cgattcgtat
cgatgttcca
aaggcacgct
gtccttecta
gtaaatggct
gecatcegaccc
tgttgegtta

aacagtttaa

<213> E. coli

<400> 28

Tyr

Tyr

Gln Gln

Met Asn

ggttgccagt
gcgcgtocgaa
gctgecegeca
tcagcaggeg
ggcggcggaa
tceggttace

ggcaaccggg

tcaccacceg

tacccagacc
catcgegecet
tcagatggaa
gcacgactte
cttcecegttt
ggaagtgctg
ggaagtttac
cggcgteace

a

Asn Val Trp

Lys Ser Asp

Ala Val

395

Leu

Ala Asp

410

Gly

Gly Leu Glu

425

gcgaaggcgg
tatttgggta
gaagagcgtc
ctgaatgcecge
acgattgatg
cgtaccatcg

cecggaaatcg

gegegegetg

tectggegtac
ggcegtgttt
ggtctgattg
ctgcgtaact
accgaacctt
ggctgcggga
tetggttteg

gacctgegtt

Asp Phe
365

Lys Lys

380

Gly Arg

Arg Ile

Tyr Ile

Gln Ala Arg

Thr Arg Leu

Thr Leu Val

400

Glu val Pro

415

Gly

430

ccattagccea
aaaaagggca
cggcagctgyg
gtaaagcgga
tectetetgece
accgtatcga
aagacgatta

accacgacac

agatccgceac
atcgtaacga
ttgataccaa
tctttgagga
ctgcagaagt
tggtgcatcc
ccttegggat

cattcttcga

ggcgtcagat
cttaaccett
tgeggttatc
actggaaagc
aggtcgtcge
aagtttcttc
tcataacttc

tttetggttt

catgaaagcce
ctacgaccag
catcagettt
agatttgcag
ggacgtcatg
gaacgtgttg
ggggatggag

aaacgatctg
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Met

Gln

Gly

Pro

Glu

65

Ala

Pro

Ile

Thr

Ile

145

Asp

Thr

Val

Met

Gly

225

Ile

val

Gly

val

Ser

Ala

Lys

Pro

50

Gln

Ala

Gly

Asp

Gly
130

Pro

Thr

Met

Tyr

Glu

210

Thr

Arg

Asp

Met

Tyr
290

His

Ser

Lys

35

Glu

Val

Leu

Arg

Arg

115

Pro

Gly

Thr

Lys

Arg

195

Gly

Leu

Phe

Vval

Val

275

Ser

Leu

Asp

20

Gly

Glu

Gln

Asn

Arg

100

Ile

Glu

His

Arg

Ala

180

Asn

Leu

His

Arg

Met

260

His

Gly

Ala

val

His

Arg

Gln

Ala

Ile

Glu

Ile

His

Leu

165

Gln

Asp

Ile

Asp

Pro

245

Gly

Pro

Phe

Glu

Ala

Leu

Pro

Ala

70

Arg

Glu

Ser

Glu

Pro

150

Leu

Gln

Tyr

Val

Phe

230

Ser

Lys

Asn

Ala

Leu

Ala

Thr

Ala

55

Leu

Leu

Asn

Phe

Asp
135

Ala

Arg

Pro

Asp

Asp

215

Leu

Tyr

Asn

Val

Phe
295

Val

Leu

Leu

40

Ala

Asn

Ala

Gly

Phe

120

Asp

Arg

Thr

Pro

Gln

200

Thr

Arg

Phe

Gly

Leu

280

Gly

Ala

Asp

25

Gln

Gly

Ala

Ala

Gly

105

Gly

Tyr

Ala

Gln

Ile

185

Thr

Asn

Asn

Pro

Lys

265

Arg

Met

Ser

10

Asn

Met

Ala

Arg

Glu

Leu

Glu

His

Asp

Thr

170

Arg

His

Ile

Phe

Phe

250

Trp

Asn

Gly

Ala

val

Thr

val

Lys

75

Thr

His

Leu

Asn

His

155

Ser

Ile

Thr

Ser

Phe

235

Thr

Leu

Val

Met

Lys

Arg

Thr

Ile

60

Ala

Ile

Pro

Gly

Phe
140

Asp

Gly

Ile

Pro

Phe

220

Glu

Glu

Glu

Gly

Glu
300

Ala

val

Leu

45

Asn

Glu

Asp

Val

Phe

125

Asp

Thr

val

Ala

Met

205

Thr

Glu

Pro

val

Ile

285

Arg

Ala

Glu

30

Arg

Glu

Leu

Val

Thr

110

Thr

Ala

Phe

Gln

Pro

190

Phe

Asn

Asp

Ser

Leu

270

Asp

Leu

Ile

15

Tyr

Glu

Ala

Glu

Ser

Arg

vVal

Leu

Trp

Ile

175

Gly

His

Leu

Leu

Ala

255

Gly

Pro

Thr

Ser

Leu

Leu

Lys

Ser

Leu

Thr

Ala

Asn

Phe

160

Arg

Arg

Gln

Lys

Gln

240

Glu

Cys

Glu

Met
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Leu Arg Tyr Gly Val Thr Asp Leu Arg Ser Phe Phe Glu Asn Asp Leu

305 310

Arg Phe Leu Lys Gln Phe Lys
325

<210> 29

<211> 642

<212> PRT

<213> E. coli

<400> 29

Met Pro Val Ile Thr Leu Pro Asp Gly Ser Gln Arg His Tyr Asp His
15

1 5

Ala Val Ser Pro Met Asp Val Ala Leu Asp Ile Gly Pro Gly Leu Ala
30

20

Lys Ala Cys Ile Ala Gly Arg
35

Asp Leu Ile Glu Asn Asp Ala
50 55

Glu Glu Gly Leu Glu Ile Ile
65 70

His Ala Ile Lys Gln Leu Trp
85

Val Ile Asp Asn Gly Phe Tyr
100

Thr Gln Glu Asp Val Glu Ala
115

Glu Lys Asn Tyr Asp Val Ile
130 135

Arg Glu Thr Phe Ala Asn Arg
145 150

Asp Glu Asn Ile Ala His Asp
165

Glu Tyr Val Asp Met Cys Arg
180

Cys His His Phe Lys Leu Met
195

Asp Ser Asn Asn Lys Met Leu
210 215

Asp Lys Lys Ala Leu Asn Ala

Val

40

Gln

Arg

Pro

Tyr

Leu

120

Lys

Gly

Asp

Gly

Lys

200

Gln

Tyr

25

Asn

Leu

His

His

Asp

105

Glu

Lys

Glu

Lys

Pro

185

Thr

Arg

Leu

10

Gly

Ser

Ser

Thr

90

vVal

Lys

Lys

Ser

Pro

170

His

Ala

Ile

Gln

315

Glu

ITle

Cys

75

Lys

Asp

Arg

val

Tyr

155

Gly

Val

Gly

Tyr

Arg

Leu

Tle

60

Ala

Met

Leu

Met

Ser

140

Lys

Leu

Pro

Ala

Gly

220

Leu

Val

45

Thr

His

Ala

Asp

His

125

Trp

Val

Tyr

Asn

Tyr

205

Thr

Glu

Asp

Ala

Leu

Ile

Arg

110

Glu

Hisg

Ser

Phe

Met
190

Trp

Ala

Glu

Ala

Lys

Leu

Gly

95

Thr

Leu

Glu

Tle

His

175

Arg

Arg

Trp

Ala

320

Cys

Asp

Gly

80

Pro

Leu

Ala

Ala

Leu

160

Glu

Phe

Gly

Ala

Ala

DK/EP 3269809 T3



225

Lys

Gln

Ile

Gln

Glu

305

Ser

His

Leu

Ser

His

385

Tle

Val

Met

Asn

Lys

465

Gly

Tyr

Ala

Phe

Arg

Glu

Phe

Tyr

290

Lys

Ser

Val

Arg

Leu

370

Ile

Arg

Val

Trp

Ile

450

Ile

Thr

Val

Tle

Ala
RN

Asp

Glu

Arg
275

Gln

Thr

Glu

Gln

Met

355

His

Phe

Leu

Lys

Asp

435

Pro

Glu

Val

Gly

Leu

515

Gly

His

Ala

260

Glu

Glu

Gly

Asn

Ile

340

Ala

Gly

Cys

Val

Leu

420

Arg

Phe

Phe

Gln

Glu

500

Gly

Phe

Arg
245

Pro

Leu

Val

His

Arg

325

Phe

Glu

Leu

Thr

Tyr

405

Ser

Ala

Glu

Thr

Leu

485

Asp

Ser

Phe

230

Lys

Gly

Glu

Lys

Trp

310

Glu

Asn

Phe

Met

Glu

390

Asp

Thr

Glu

Tyr

Leu

470

Asp

Asn

Met

Pro

Ile

Met

val

Gly

295

Asp

Tyr

Gln

Gly

Arg

375

Glu

Met

Arg

Ala

Gln

455

Tyr

Phe

Glu

Glu

Thr
RRR

Gly

Val

Phe
280

Pro

Asn

Cys

Gly

Ser

360

vVal

Gln

Tyr

Pro

Asp

440

Leu

Asp

Ser

Arg

Arg

520

Trp

Lys

Phe

265

Val

Phe

Tyr

Ile

Leu

345

Cys

Arg

Ile

Ser

Glu

425

Leu

Gly

Cys

Leu

Lys

505

Phe

Leu

Gln
250

Trp

Arg

Met

Lys

Lys

330

Lys

His

Gly

Arg

Thr

410

Lys

Ala

Glu

Leu

Pro

490

Val

Ile

Ala

235

Leu

His

Ser

Met

Asp

315

Pro

Ser

Arg

Phe

Asp

395

Phe

Arg

Val

Gly

Asp

475

Ser

Pro

Gly

Pro

Asp

Asn

Lys

Asp

300

Ala

Met

Tyr

Asn

Thr

380

Glu

Gly

Tle

Ala

Ala

460

Arg

Arg

Val

Tle

Val
RAN

Leu

Asp

Leu
285

Arg

Met

Asn

Arg

Glu

365

Gln

Val

Phe

Gly

Leu

445

Phe

Ala

Leu

Met

Leu

525

Gln

Tyr

Gly

270

Lys

val

Phe

Cys

Asp

350

Pro

Asp

Asn

Glu

Ser

430

Glu

Tyr

Trp

Ser

Ile

510

Thr

Val

His
255

Trp

Glu

Leu

Thr

Pro

335

Leu

Ser

Asp

Gly

Lys

415

Asp

Glu

Gly

Gln

Ala

4585

His

Glu

Val

240

Met

Thr

Tyr

Trp

Thr

320

Gly

Pro

Gly

Ala

Cys

400

Ile

Glu

Asn

Pro

Cys

480

Ser

Arg

Glu

Ile
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Met Asn Ile Thr Asp Ser Glmn Ser Glu Tyr Val Asn
545 550 555

Lys Leu Ser Asn Ala Gly Ile Arg Val Lys Ala Asp
565 570

Lys Ile Gly Phe Lys Ile Arg Glu His Thr Leu Arg
580 585

Met Leu Val Cys Gly Asp Lys Glu Val Glu Ser Gly
595 600

Arg Thr Arg Arg Gly Lys Asp Leu Gly Ser Met Asp
610 615 620

Ile Glu Lys Leu Gln Gln Glu Ile Arg Ser Arg Ser
625 630 635

Glu Glu

<210> 30
<211> 41
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 30
gcctgetgeg tacccagace gegggegtac agatccgeac ¢ 41

<210> 31
<211> 41
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 31
gcctgetgeg tacccagace ggeggegtac agatccgeac ¢ 41

<210> 32
<211> 42
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 32

Glu

Leu

Arg

Lys

605

val

Leu

Leu

Arg

Val

590

Val

Asn

Lys

Thr

Asn

575

Pro

Ala

Glu

Gln

Gln

560

Glu

Tyr

val

val

Leu
640
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ctacccgect getgegtace gegacctetg gegtacagat cc 42

<210> 33
<211> 42
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 33
ctacccgect getgegtace ggcacctcetg gegtacagat cc 42

<210> 34
<211> 41
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 34
ggtgcggatc tgtacgceeg cggtetgggt acgcagecagg ¢ 41

<210> 35
<211> 41
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 35
ggtgcggatc tgtacgeege cggtetgggt acgecagecagg ¢ 41

<210> 36
<211> 42
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 36

ggatctgtac gccagaggtc gecggtacgea gecaggegggat ag 42

<210> 37
<211> 42
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<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 37
ggatctgtac gccagaggtg ccggtacgea gecaggegggt ag 42

<210> 38
<211> 97
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 38
ggcgtaatac gactcactat agcccggata gectcagtcgg tagagcaggg gattgaaaat

ccecgtgtec ttggttcegat tccgagteccg ggecacca

<210> 39
<211>76
<212> RNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 39
gcccoggauag cucagucggu agageagggg auugaaaauc cccguguccu ugguucgauu

ccgaguccgg gcacca

<210> 40
<211> 92
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 40
ggcgtaatac gactcactat agggttaact ttaacaagga gaaaaacatg cgtttcegtg

actacaagga cgacgacgac aagtaagctt cg

<210> 41
<211> 71
<212> RNA

DK/EP 3269809 T3
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<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 41

ggguuaacuu uaacaaggag aaaaacaugc guuuccguga Cuacaaggac gacgacgaca

aguaagcuuc g

<210> 42
<211>12
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> Xaa is phenylalanine or methyl phenylalanine

<400> 42

Met Arg Xaa Arg Asp Tyr Lys Asp Asp Asp Asp Lys
1 5 10

<210> 43

<211> 49

<212> DNA

<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 43
gtttctgeat catgatceeg getccgaacg tcaccggeag tttgeatat 49

<210> 44
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 44
gtttctgeat catgatceeg ggtccgaacg tcaccggeag tttgeatat 49

<210> 45

DK/EP 3269809 T3
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<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 45
gtttctgeat catgatceeg cecgecggcetg tcaccggeag tttgeatat 49

<210> 46
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 46
gtttctgecat catgatceeg getecggetg tcaccggeag tttgcatat 49

<210> 47
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 47
gtttctgeat catgatceeg ggteceggetg tcaccggeag tttgeatat 49

<210> 438
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 48
gtttctgeat catgatceeg cecgecgagtg tcaccggeag tttgeatat 49

<210> 49
<211> 49
<212> DNA
<213> Artificial
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<220>
<223> artificially synthesized sequence

<400> 49
gtttctgeat catgatceeg getccgagtg tcaccggeag tttgeatat 49

<210> 50
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 50
gtttctgcat catgatceeg ggtccgagtg tcaccggeag tttgeatat 49

<210> 51
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 51
gtttctgeat catgatceeg cecgecggtag tcaccggeag tttgeatat 49

<210> 52
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 52
gtttctgeat catgatceeg getccggtag tcaccggeag tttgeatat 49

<210> 53
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 53
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gtttctgcat catgatceeg ggtececggtag tcaccggeag tttgeatat 49

<210> 54
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 54
gtttctgeat catgatceeg cecgecgggtg tcaccggeag tttgeatat 49

<210> 55
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 55
gtttctgeat catgatceeg getcegggtg tcaccggeag tttgeatat 49

<210> 56
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 56
gtttctgeat catgatceceg ggtcegggtg tcaccggeag tttgeatat 49

<210> 57
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 57
gtttctgeat catgatceeg cecgecggatg tcaccggeag tttgeatat 49

<210> 58
<211> 49
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<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 58
gtttctgeat catgatceeg getccggatg tcaccggeag titgeatat 49

<210> 59
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 59
gtttctgcat catgatceeg ggtccggatg tcaccggeag tttgeatat 49

<210>60
<211> 33
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 60
tggcaggtcg gtactgcetca cgecgggate get 33

<210> 61
<211> 33
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 61
tggcaggtcg gtactagtca cgccgggate get 33

<210>62
<211> 33
<212> DNA
<213> Artificial

<220>



<223> artificially synthesized sequence

<400> 62
tggcaggtcg gtactgtaca cgccgggate get 33

<210>63
<211> 33
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 63
tggcaggtcg gtactggtca cgecgggate get 33

<210> 64
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 64
gtactgacca cgccgggatce tatacccaga tggtcgttga geg 43

<210>65
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 65
gtactgacca cgccgggatc tggacccaga tggtcgttga geg 43

<210> 66
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 66
gtactgacca cgccgggatce tcaacccaga tggtcgttga geg 43
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<210> 67
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 67
gtactgacca cgccgggatc atgacccaga tggtcgttga geg 43

<210> 68
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 68
gtactgacca cgccgggatc aaaacccaga tggtcgttga geg 43

<210> 69
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 69
gtactgacca cgccgggatc aacacccaga tggtcgttga geg 43

<210>70
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 70
gtactgacca cgccgggatc gtgacccaga tggtcgttga geg 43

<210> 71
<211> 43
<212> DNA
<213> Artificial
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<220>
<223> artificially synthesized sequence

<400> 71
gtactgacca cgccgggatce ctgacccaga tggtcgttga geg 43

<210>72
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 72
gatccegeceg ccgggtgtet atggeagttt gcatatgggt cac 43

<210>73
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 73
gatccegecg ccgggtgtet ggggceagttt gcatatgggt cac 43

<210> 74
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 74
gatccegecg ccgggtgtet caggeagttt gcatatgggt cac 43

<210>75
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 75



gatccegeceg ccgggtgtca tgggeagttt gcatatgggt cac 43

<210>76
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 76
gatccegecg ccgggtgtca aaggceagttt gcatatgggt cac 43

<210>77
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 77
gatccecgeceg ccgggtgtca acggceagttt gcatatgggt cac 43

<210>78
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 78
gatccecgeceg ccgggtgteg tgggeagttt gcatatgggt cac 43

<210>79
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 79
gatccegecg ccgggtgtee tgggeagttt gcatatgggt cac 43

<210> 80
<211> 49

DK/EP 3269809 T3



<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 80
atatgcaaac tgccggtgac gticggagcec gggatcatga tgcagaaac 49

<210> 81
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 81
atatgcaaac tgccggtgac gttcggacce gggatcatga tgcagaaac 49

<210> 82
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 82
atatgcaaac tgccggtgac ageecggegge gggatcatga tgcagaaac 49

<210> 83
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 83
atatgcaaac tgccggtgac agecggagec gggatcatga tgcagaaac 49

<210> 84
<211> 49
<212> DNA
<213> Artificial

<220>
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<223> artificially synthesized sequence

<400> 84
atatgcaaac tgccggtgac agccggaccce gggatcatga tgcagaaac 49

<210> 85
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 85
atatgcaaac tgccggtgac actcggegge gggatcatga tgcagaaac 49

<210> 86
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 86
atatgcaaac tgccggtgac actcggagcec gggatcatga tgcagaaac 49

<210> 87
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 87
atatgcaaac tgccggtgac actcggaccce gggatcatga tgcagaaac 49

<210> 88
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 88
atatgcaaac tgccggtgac taccggegge gggatcatga tgcagaaac 49
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<210> 89
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 89
atatgcaaac tgccggtgac taccggagcec gggatcatga tgcagaaac 49

<210>90
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 90
atatgcaaac tgccggtgac taccggaccce gggatcatga tgcagaaac 49

<210> 91
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 91
atatgcaaac tgccggtgac accecggegge gggatcatga tgcagaaac 49

<210>92
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 92
atatgcaaac tgccggtgac acccggagcec gggatcatga tgcagaaac 49

<210> 93
<211> 49
<212> DNA
<213> Artificial

DK/EP 3269809 T3



<220>
<223> artificially synthesized sequence

<400> 93
atatgcaaac tgccggtgac acccggaccce gggatcatga tgcagaaac 49

<210> 94
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 94
atatgcaaac tgccggtgac atccggegge gggatcatga tgcagaaac 49

<210>95
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 95
atatgcaaac tgccggtgac atccggagec gggatcatga tgcagaaac 49

<210> 96
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 96
atatgcaaac tgccggtgac atccggacce gggatcatga tgcagaaac 49

<210> 97
<211> 33
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 97
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agcgatcccg gegtgagceag taccgacctg cca 33

<210> 98
<211> 33
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 98
agcgatcccg gegtgactag taccgacctg cca 33

<210> 99
<211> 33
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 99
agcgatcccg gegtgtacag taccgacctg cca 33

<210>100
<211> 33
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 100
agcgatcccg gegtgaccag taccgacctg cca 33

<210> 101
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 101

cgctcaacga ccatctgggt atagatcccg gegtggtcag tac 43

<210> 102
<211> 43
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<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 102
cgctcaacga ccatctgggt ccagatceceg gegtggtcag tac 43

<210> 103
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 103
cgctcaacga ccatctgggt tgagatcecg gegtggtcag tac 43

<210> 104
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 104
cgctcaacga ccatctgggt catgatcceg gegtggtcag tac 43

<210> 105
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 105
cgctcaacga ccatctgggt tttgatcccg gegtggtcag tac 43

<210> 106
<211> 43
<212> DNA
<213> Artificial

<220>



<223> artificially synthesized sequence

<400> 106
cgctcaacga ccatctgggt gttgatcceg gegtggtcag tac 43

<210> 107
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 107
cgctcaacga ccatctgggt cacgatcceg gegtggtcag tac 43

<210> 108
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 108
cgctcaacga ccatctgggt caggatcceg gegtggtcag tac 43

<210> 109
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 109
gtgacccata tgcaaactgc catagacacc cggecggeggg atc 43

<210> 110
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 110
gtgacccata tgcaaactgc cccagacacc cggeggeggg atc 43
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<210> 111
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 111
gtgacccata tgcaaactgc ctgagacacc cggeggeggg atc 43

<210> 112
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 112
gtgacccata tgcaaactgc ccatgacacc cggeggeggg atc 43

<210> 113
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 113
gtgacccata tgcaaactgc ctttgacacc cggeggeggg atc 43

<210> 114
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 114
gtgacccata tgcaaactgc cgttgacacc cggeggeggg atc 43

<210> 115
<211> 43
<212> DNA
<213> Artificial
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<220>
<223> artificially synthesized sequence

<400> 115
gtgacccata tgcaaactgc ccacgacacc cggeggeggg atc 43

<210> 116
<211> 43
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 116
gtgacccata tgcaaactgc ccaggacacc cggeggeggg atc 43

<210> 117
<211> 98
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 117
ggcgtaatac gactcactat agegtccgta getcagttgyg ttagagcace accttgacat

ggtgggggtce ggtggttcga gtccactcgg acgcacca

<210> 118
<<211>77
<212> RNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 118
gcguccguag cucaguuggu uagagcacca ccuugacaug gqugggggucg gugguucgag

uccacucgga cgcacca

<210> 119
<211> 92
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence
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<400> 119
ggcgtaatac gactcactat agggttaact ttaacaagga gaaaaacatg cgtgtcegtg

actacaagga cgacgacgac aagtaagctt cg

<210>120
<211> 71
<212> RNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 120

ggguuaacuu uaacaaggag aaaaacaugc guguccguga cuacaaggac gacgacgaca

aguaagcuuc ¢

<210> 121
<211> 95
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 121
ggcgtaatac gactcactat agggttaact ttaacaagga gaaaaacatg cgtgtegtec

gtgactacaa ggacgacgac gacaagtaag cttcg

<210>122
<211>74
<212> RNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 122
ggguuaacuu uaacaaggag aaaaacaugC gugucguccg ugacuacaag gacgacgacg

acaaguaagc uucg

<210>123
<211> 98
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence
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<400> 123
ggcgtaatac gactcactat agggttaact ttaacaagga gaaaaacatg cgtgtcgtcg 60

tacgtgacta caaggacgac gacgacaagt aagctteg 98

<210> 124
<<211>77
<212> RNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 124

ggguuaacuu uaacaaggag aaaaacaugc gugucgucgu ccgugacuac aaggacgacg 60

acgacaagua agcuucg 77

<210> 125
<211>12
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> Xaa is valine or methyl valine

<400> 125

Met Arg Xaa Arg Asp Tyr Lys Asp Asp Asp Asp Lys
1 5 10

<210> 126

<211> 13

<212> PRT

<213> Artificial

<220>
<223> artificially synthesized sequence

<220>

<221> MISC_FEATURE

<222> (3)..(4)

<223> Xaa is valine or methyl valine

<400> 126
Met Arg Xaa Xaa Arg Asp Tyr Lys Asp Asp Asp Asp Lys
1 5 10
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<210>127
<211> 14
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<220>

<221> MISC_FEATURE

<222> (3)..(5)

<223> Xaa is valine or methyl valine

<400> 127

Met Arg Xaa Xaa Xaa Arg Asp Tyr Lys Asp Asp Asp Asp Lys
1 5 10

<210> 128

<211> 49

<212> DNA

<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 128
gtaactatgc gctgatccca getgcagaag ttccgcetgac taacctggt 49

<210>129
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 129
gtaactatgc gctgatccca agtgcagaag ttccgetgac taacctggt 49

<210>130
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 130
gtaactatgc gctgatccca ggtgcagaag ttccgetgac taacctggt 49



<210> 131
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 131
gtaactatgc gctgatccca acggceagcetg ttcegetgac taacctggt 49

<210> 132
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 132
gtaactatgc gctgatccca acggceagtag ttccgetgac taacctggt 49

<210> 133
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 133
gtaactatgc gctgatccca acggceaagtg ttccgcetgac taacctggt 49

<210> 134
<211> 33
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 134
ctggttcata ccetggetgg tictggtetg get 33

<210> 135
<211> 49
<212> DNA
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<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 135
gtaactatgc gctgatccca getgcagetg ttecgetgac taacctggt 49

<210> 136
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 136
gtaactatgc gctgatccca getgcagtag ttccgetgac taacctggt 49

<210> 137
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 137
gtaactatgc gctgatccca getgcaagtg ttccgetgac taacctggt 49

<210> 138
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 138
gtaactatgc gctgatccca agtgcagcetg ttccgetgac taacctggt 49

<210> 139
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence
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<400> 139
gtaactatgc gctgatccca agtgcagtag ttccgetgac taacctggt 49

<210> 140
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 140
gtaactatgc gctgatccca agtgcaagtg ttccgetgac taacctggt 49

<210> 141
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 141
gtaactatgc gctgatccca ggtgcagcetg ttccgetgac taacctggt 49

<210> 142
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 142
gtaactatgc gctgatccca ggtgcagtag ttccgetgac taacctggt 49

<210> 143
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 143
gtaactatgc gctgatccca ggtgcaagtg ttccgetgac taacctggt 49

<210> 144
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<211> 33
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 144
cagttcgaca aagttgctat ggtgcagatc gtg 33

<210> 145
<211> 33
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 145
atgcaccagt tcgacgctgt tgaaatggtg cag 33

<210> 146
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 146
gtaactatgc gctgatccca acggceaggtg ttccgcetgac taacctggt 49

<210> 147
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 147
gtaactatgc gctgatccca acggcagacg ttccgetgac taacctggt 49

<210> 1438
<211> 49
<212> DNA
<213> Artificial
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<220>
<223> artificially synthesized sequence

<400> 148
gtaactatgc gctgatccca agtgcaggtg ttccgetgac taacctggt 49

<210> 149
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 149
gtaactatgc gctgatccca agtgcagacg ttccgcetgac taacctggt 49

<210> 150
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 150
accaggttag tcagcggaac ttctgcagcet gggatcageg catagttac 49

<210> 151
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 151
accaggttag tcagcggaac ttctgcactt gggatcagceg catagttac 49

<210> 152
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 152
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accaggttag tcagcggaac ttctgcacct gggatcageg catagttac 49

<210> 153
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 153
accaggttag tcagcggaac agctgccgtt gggatcagceg catagttac 49

<210> 154
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 154
accaggttag tcagcggaac tactgccgtt gggatcagceg catagttac 49

<210> 155
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 155
accaggttag tcagcggaac acttgccgtt gggatcagceg catagttac 49

<210> 156
<211> 33
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 156
agccagacca gaaccagcca gggtatgaac cag 33

<210> 157
<211> 49
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<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 157
accaggttag tcagcggaac agctgcagcet gggatcagceg catagttac 49

<210> 158
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 158
accaggttag tcagcggaac tactgcagct gggatcagceg catagttac 49

<210> 159
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 159
accaggttag tcagcggaac acttgcagct gggatcagcg catagttac 49

<210> 160
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 160
accaggttag tcagcggaac agctgcactt gggatcagceg catagttac 49

<210> 161
<211> 49
<212> DNA
<213> Artificial

<220>



<223> artificially synthesized sequence

<400> 161
accaggttag tcagcggaac tactgcactt gggatcagcg catagttac 49

<210> 162
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 162
accaggttag tcagcggaac acttgcactt gggatcagcg catagttac 49

<210> 163
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 163
accaggttag tcagcggaac agctgcacct gggatcageg catagttac 49

<210> 164
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 164
accaggttag tcagcggaac tactgcacct gggatcageg catagttac 49

<210> 165
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 165
accaggttag tcagcggaac acttgcacct gggatcageg catagttac 49
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<210> 166
<211> 33
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 166
cacgatctgc accatagcaa ctttgtcgaa ctg 33

<210> 167
<211> 33
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 167
ctgcaccatt tcaacagcgt cgaactggtg cat 33

<210> 168
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 168
accaggttag tcagcggaac acctgeegtt gggatcageg catagttac 49

<210> 169
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 169
accaggttag tcagcggaac gtctgecgtt gggatcageg catagttac 49

<210>170
<211> 49
<212> DNA
<213> Artificial
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<220>
<223> artificially synthesized sequence

<400> 170
accaggttag tcagcggaac acctgcactt gggatcageg catagttac 49

<210> 171
<211> 49
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 171
accaggttag tcagcggaac gtctgcactt gggatcagceg catagttac 49

<210>172
<211> 114
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 172
ggcgtaatac gactcactat aggtgaggtg geccgagagge tgaaggeget cccctgcetaa

gggagtatgce ggtcaaaagce tgcatccggg gttcgaatcc cecgectcacce geca

<210>173
<211> 93
<212> RNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 173
ggugaggugyg ccgagaggcu gaaggcgeuc cocugcuaag ggaguaugeg gucaaaageu

gcauccgggy uucgaauccc CgcCUucaccg cca

<210> 174
<211> 92
<212> DNA
<213> Artificial

<220>
<223> artificially synthesized sequence
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<400> 174
ggcgtaatac gactcactat agggttaact ttaacaagga gaaaaacatg cgttccegtg

actacaagga cgacgacgac aagtaagctt cg

<210>175
<211> 71
<212> RNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 175

ggguuaacuu uaacaaggag aaaaacaugc guucccguga cuacaaggac gacgacgaca

aguaagcuuc ¢

<210> 176
<211>12
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> Xaa is serine or methyl serine

<400> 176

Met Arg Xaa Arg Asp Tyr Lys Asp Asp Asp Asp Lys
1 5 10

<210> 177

<211> 103

<212> DNA

<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 177
ggcgtaatac gactcactat agggttaact ttaagaagga gatatacata tgaaggcetgg

tccgggtttt atgactaaga gtggtagtgg tagttaaget teg

<210>178
<211> 82
<212> RNA
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<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 178

ggguuaacuu uaagaaggag auauacauau gaaggcuggu ceggguuuua ugacuaagag €0

ugguaguggu aguuaagcuu cg 82

<210>179
<211> 15
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<220>

<221> MISC_FEATURE

<222>(9)..(9)

<223> Xaa is threonine or methyl threonine

<400> 179

Met Lys Ala Gly Pro Gly Phe Met Xaa Lys Ser Gly Ser Gly Ser
1 5 10 15
<210> 180

<211>7

<212> PRT

<213> Artificial

<220>
<223> artificially synthesized sequence

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa is Asn (N), Tyr (Y), or Thr (T).

<220>

<221> MISC_FEATURE
<222> (5)..(5)

<223> Xaa is any amino acid.

<220>

<221> MISC_FEATURE

<222> (6)..(6)

<223> Xaais Thr (T) or Ser (S).
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<400> 180

Pro Pro Pro Xaa Xaa Xaa Gly
1 5

<210> 181
<211>7
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<220>

<221> MISC_FEATURE
<222> (5)..(5)

<223> Xaa is any amino acid.

<400> 181

Pro Pro Pro Asn Xaa Thr Gly
1 5

<210> 182

<211> 951

<212> PRT

<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 182
Met Glu Lys Thr Tyr Asn Pro Gln Asp Ile Glu Gln Pro Leu Tyr Glu
1 5 10 15

His Trp Glu Lys Gln Gly Tyr Phe Lys Pro Asn Gly Asp Glu Ser Gln
20 25 30

Glu Ser Phe Cys Ile Met Ile Pro Pro Pro Gly Val Ser Gly Ser Leu
35 40 45

His Met Gly His Ala Phe Gln Gln Thr Ile Met Asp Thr Met Ile Arg
50 55 60

Tyr Gln Arg Met Gln Gly Lys Asn Thr Leu Trp Gln Val Gly Thr Asp
65 70 75 80

His Ala Gly Ile Ala Thr Gln Met Val Val Glu Arg Lys Ile Ala Ala
85 90 95

Glu Glu Gly Lys Thr Arg His Asp Tyr Gly Arg Glu Ala Phe Ile Asp
100 105 110



Lys

Met

Met

145

Tyr

Pro

Ser

Lys

Glu

225

Arg

Arg

Thr

val

Gly

305

Ser

Arg

Leu

Arg

Arg

385

Asp

lLie

Arg

130

Asp

Lys

Lys

Lys

Thr

210

Thr

Tyr

Arg

Gly

Gly

290

Asp

Asp

Phe

Leu

Gly

370

Ala

Ile

rrp

115

Arg

Glu

Glu

Leu

Gly

195

Ala

Leu

Lys

Ile

Cys

275

Lys

Ile

val

Ala

Glu

355

Gly

Asp

Gln

[CAR Y

Leu

Gly

Asp

Arg

180

Ser

Asp

Leu

Asp

Pro

260

Val

Arg

Arg

Tyr

Ala

340

Glu

Val

Val

Phe

Trp

Gly

Leu

Leu
165

Thr

Met

Gly

Gly

Leu

245

Ile

Lys

His

Glu

Ser

325

Arg

Ile

Val

Leu

Val
405

Lys

Asn

Ser

150

Ile

Ala

Trp

Lys

Asp

230

Ile

Val

Ile

Ala

Ser

310

Ser

Lys

Lys

Ile

Ala

390

Pro

Ala

Ser

135

Asn

Tyr

Ile

His

Asp

215

Thr

Gly

Gly

Ala

Leu

295

Ala

Glu

Ala

Pro

Glu

375

Lys

Lys

Glu sSer

120

Val Asp

Ala Val

Arg Gly

Ser

Ile

200

Tyr

Gly

Lys

Asp

Pro

280

Pro

Gln

Ile

Val

His

360

Pro

Pro

Gln

Asp

185

Arg

Leu

val

Tyr

Glu

265

Ala

Met

Val

Pro

val

345

Asp

Met

Ala

Tyr

GLY GLy

Trp Glu

Lys Glu
155

Lys Arg
170

1nr Lle TNr Arg Gin
125

Arg Glu Arg Phe Thr
140

Val Phe Val Arg Leu
160

Leu Val Asn Trp Asp
175

Leu Glu Val Glu Asn Arg Glu

Tyr Pro

130

Leu Ala Asp Gly Ala
205

Val val Ala Thr Thr Arg Pro

220

Ala Val Asn Pro Glu Asp Pro

235

val Ile
250

240

Leu Pro Leu Val Asn
255

His Ala Asp Met Glu Lys Gly

His Asp

Ile Asn

Phe Asp
315

Ala Glu
330

Ala Ala

Leu Thr

Leu Thr

Val Glu

395

Glu Asn
410

270

Phe Asn Asp Tyr Glu
285

Ile Leu Thr Phe Asp
300

Thr Lys Gly Asn Glu
320

Phe Gln Lys Leu Glu
335

Val Asp Ala Leu Gly
350

Val Pro Tyr Gly asp
365

Asp Gln Trp Tyr Val
380

Ala Val Glu Asn Gly
400

Met Tyr Phe Ser Trp
415
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Met

His

Arg

Val

465

Leu

Arg

Phe

Asp

Gly

545

Asn

Leu

Lys

His

Gly

625

Phe

Glu

Ala

Arg

Tyr

Arg

Arg

Asn

450

Leu

Trp

Gln

Phe

Glu

530

Leu

val

Leu

Ile

Gly

610

Arg

Cys

Gly

Asp

Glu
690

Glu

Asp

Ile

435

Glu

Arg

Thr

Phe

Trp

515

Asn

Ile

Ile

Glu

Arg

595

Thr

Asp

Asn

Gln

Arg
675

Ala

Phe

Ile

420

Pro

Asp

Gln

Phe

His

500

Ile

Gly

Arg

Asp

Lys

580

Lys

Asp

Ile

Lys

Asp
660

Trp

Leu

Thr

Gln

Ala

Glu

Asp

Ser

485

Pro

Ala

Lys

Asp

Pro

565

Arg

Arg

Ala

Asn

Leu

645

Cys

Ile

Asp

Trp

Asp

Trp

val

Glu

470

Thr

Thr

Pro

Asp

550

Leu

Thr

Thr

Leu

Trp

630

Trp

Gly

Leu

Ser

Asn

Trp

Tyr

Arg

455

Asp

Leu

Ser

Met

Gln

535

Glu

Asp

Gly

Glu

Arg

615

Asp

Asn

Phe

Ala

Phe
695

Gln

Cys Ile Ser

425

Asp Glu Ala

440

Lys Glu Asn

Val Leu Asp

Pro
430

Gly Trp

Val Met

505

val

Ile
520

Met Met

Val Pro Phe

Gly Gln Lys

Met Val Asp

570

Met
585

Asn Met

Lys Gln Phe

600

Phe Thr Leu

Met Lys Arg

Ala Ser Arg

650

Asn Gly

665

Gly

Arg Gln Leu

Gly Asn Val
445

Asn Leu Gly
460

Thr Trp Phe
475

Glu Asn Thr

Ser Gly Phe

Thr Met His
525

His Thr Vval
540

Met Ser Lys
555

Gly Ile Ser

Gln Pro Gln

Pro Asn Gly
605

Ala Ala Leu
620

Leu Glu Gly
635

Phe Val Leu

Glu Met Thr

Glu Phe Asn Gln Thr Ile

680

Arg Phe Asp

685

Ile Ala Ala
700

Phe Cys Asp Trp Tyr Leu

Trp Trp Gly

430

Tyr Val Gly

Ala Asp Val

Ala
480

Ser Ser

Ala
495

Asp Leu

Asp Ile Ile

510

Phe Ile Lys

Tyr Met Thr

Ser Lys Gly

560

Pro Glu

575

Leu

Leu Ala

5580

Asp

Ile Glu Pro

Ala Ser Thr

Asn
640

Tyr Arg

Met Asn Thr

655

Leu Ser Leu

670

Lys Ala Tyr

Gly Ile Leu

Glu Leu Thr
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705

Lys

His

Ile

Cys

Asp

785

Lys

Ala

Ala

Arg

Ser

865

Gly

Ala

Glu

Glu

Gln
945

Pro

Thr

Ile

Gly

770

Ala

Gln

Pro

Glu

Leu

850

Val

Leu

Lys

Gly

Lys
830

Ala

val

Leu

Pro

755

Ile

Ser

Ala

Gly

Arg

835

Glu

Thr

Ile

Ile

Phe
915

Leu

val

<210> 183
<211> 951

<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 183

Met

Val

740

Phe

Thr

Gln

Ile

Lys

820

Arg

Ser

Lys

Asn

Glu

900

val

Glu

Ile

710

Asn Gly
725

Thr Val

ITle Thr

Ala Asp

Val Asp
790

Val Ala
805

Pro Leu

Val Asn

Tle Thr

Tle Ile

870

Lys Glu
885

Gly Glu

Ala Arg

Gly Tyr Ala Glu Ala Lys Ala Lys Leu Ile Glu Gln
935

Ala Ala Leu

950

Gly

Leu

Glu

Thr

775

Glu

Val

Glu

Glu

Val

855

Asp

Asp

Ile

Ala

Thr

Glu

Thr

760

Ile

Ala

Arg

Leu

Asn

840

Leu

Gly

Glu

Ser

Pro
920

Glu

Gly

745

Ile

Met

Ala

Asn

Leu

825

Arg

Pro

Ala

Leu

Arg

905

Glu

Ala

730

Leu

Trp

Leu

Leu

Ile

810

Leu

Gly

Ala

Glu

Ala

890

Ile

Ala

715

Glu

Leu

Gln

Gln

Ala

795

Arg

Arg

Phe

Asp

Leu

875

Arg

Glu

Val

Leu

Arg

Arg

Pro

780

Asp

Ala

Gly

Leu

Asp

860

Leu

Leu

Asn

Ile

Arg

Leu

vVal

765

Phe

Thr

Glu

Cys

Gln

845

Lys

Ile

Ala

Lys

Ala
925

940

Gly

Ala

750

Lys

Pro

Glu

Met

Ser

830

Thr

Gly

Pro

Lys

Leu

910

Lys

Thr

735

His

Val

Gln

Trp

Asn

815

Ala

Leu

Pro

Met

Glu

895

Ala

Glu

720

Arg

Pro

Leu

Tyr

Leu

800

Ile

Asp

Ala

Val

Ala

880

Val

Asn

Arg
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Met

His

Glu

His

Tyr

65

His

Glu

Lys

Met

Met

145

Tyr

Pro

Ser

Lys

Glu

225

Arg

Arg

Thr

Val

Glu

Trp

Ser

Met

Gln

Ala

Glu

Ile

Arg

130

Asp

Lys

Lys

Lys

Thr

210

Thr

Tyr

Arg

Gly

Gly
290

Lys

Glu

Phe

35

Gly

Arg

Gly

Gly

Trp

115

Arg

Glu

Glu

Leu

Gly

195

Ala

Leu

Lys

Ile

Cys

275

Lys

Thr

Lys

20

Cys

His

Met

Ile

Lys

100

Glu

Leu

Gly

Asp

Arg

180

Ser

Asp

Leu

Asp

Pro

260

Val

Arg

Tyr

Gln

Ile

Ala

Gln

Ala

85

Thr

Trp

Gly

Leu

Leu
165

Thr

Met

Gly

Gly

Leu

245

Ile

Lys

His

Asn

Gly

Met

Phe

Gly

70

Thr

Arg

Lys

Asn

Ser

150

Ile

Ala

Trp

Lys

Asp

230

Ile

Val

Ile

Ala

Pro

Tyr

Ile

Gln
55

Lys

Gln

His

Ala

Ser

135

Asn

Tyr

Ile

His

Asp

215

Thr

Gly

Gly

Gly

Leu
295

Gln

Phe

Pro

40

Gln

Asn

Met

Asp

Glu

120

Vval

Ala

Arg

Ser

Ile

200

Tyr

Gly

Lys

AsSp

Pro

280

Pro

Asp

Lys

25

Pro

Thr

Thr

vVal

Tyr

105

Ser

Asp

val

Gly

Asp

185

Arg

Leu

Val

Tyr

Glu

265

Ala

Met

Ile

10

Pro

Pro

Ile

Leu

val

90

Gly

Gly

Trp

Lys

Lys

Glu

Asn

Glu

Gly

Met

Trp

75

Arg

Gly

Glu

Glu

Gln

Gly

Val

Asp

Gln

arg

Glu

Thr

Arg

Pro

Asp

Ser

45

Thr

val

Lys

Ala

Ile

30

Leu

Glu

Gly

Met

Gly

Ile

Phe

15

95

110

125

140

155

170

Leu

Tyr

Val

Ala

Val

250

His

His

Ile

Glu

Pro

Val

Val

235

Ile

Ala

Asp

Asn

Arg

val

Leu

Ala

220

Asn

Leu

Asp

Phe

Tle
300

val

Leu

Glu

Ala

205

Thr

Pro

Pro

Met

Asn

285

Leu

Glu

Phe

Val

Asn

190

Asp

Thr

Glu

Leu

Glu

270

Asp

Thr

Thr

Arg

val

Asn

17

Arg

Gly

Arg

Asp

Val

255

Lys

Tyr

Phe

Tyr Glu

Ser Gln

Ser Leu

Ile Arg

Thr Asp

Ala Ala

Ile Asp

Arg Gln

Phe Thr

Arg Leu

160

Trp Asp

5

Glu

Ala

Pro

Pro

240

Asn

Gly

Glu

Asp
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Gly

305

Ser

Arg

Leu

Arg

Arg

385

Asp

Met

His

Arg

Val

465

Leu

Arg

Phe

Asp

Gly

545

Asn

Leu

Lys

Asp

Asp

Phe

Leu

Gly

370

Ala

Ile

Arg

Arg

Asn

450

Leu

Trp

Gln

Phe

Glu

530

Leu

Val

Leu

Ile

Ile

vVal

Ala

Glu

355

Gly

Asp

Gln

Asp

Ile

435

Glu

Arg

Thr

Phe

Trp

515

Asn

Ile

Ile

Glu

Arg
595

Arg

Tyr

Ala

340

Glu

Val

Val

Phe

Ile
420

Pro

Asp

Gln

Phe

His

500

Ile

Gly

Arg

Asp

Lys

580

Lys

Glu

Ser

325

Arg

Ile

val

Leu

Val

405

Gln

Ala

Glu

Asp

Ser

485

Pro

Ala

Lys

Asp

Pro

565

Arg

Arg

Ser

310

Ser

Lys

Lys

Ile

Ala

390

Pro

Asp

Trp

Val

Glu

470

Thr

Thr

Arg

Pro

Asp

550

Leu

Thr

Thr

Ala

Glu

Ala

Pro

Glu

375

Lys

Lys

Trp

Tyr

Arg

455

Asp

Leu

Ser

Met

Gln

535

Glu

Asp

Gly

Glu

Gln

Ile

Val

His

360

Pro

Pro

Gln

Cys

Asp

440

Lys

Val

Gly

vVal

Ile

520

Val

Gly

Met

Asn

Lys
600

val

Pro

Val

345

Asp

Met

Ala

Tyr

Ile
425

Glu

Glu

Leu

Trp

Met

505

Met

Pro

Gln

Val

Met

585

Gln

Phe

Ala

330

Ala

Leu

Leu

val

Glu

410

Ser

Ala

Asn

Asp

Pro

490

Val

Met

Phe

Lys

Asp

570

Met

Phe

Asp

315

Glu

Ala

Thr

Thr

Glu

395

Asn

Arg

Gly

Asn

Thr

475

Glu

Ser

Thr

His

Met

555

Gly

Gln

Pro

Thr

Phe

Val

Val

Asp

380

Ala

Met

Gln

Asn

Leu

460

Trp

Asn

Gly

Met

Thr

540

Ser

Tle

Pro

Asn

Lys

Gln

Asp

Pro

365

Gln

val

Tyr

Leu

Val

445

Gly

Phe

Thr

Phe

His

525

Val

Lys

Ser

Gln

Gly
605

Gly

Lys

Ala

350

Tyr

Trp

Glu

Phe

Trp
430

Tyr

Ala

Ser

Asp

Asp

510

Phe

Tyr

Ser

Leu

Leu

530

Ile

Asn

Leu

335

Leu

Gly

Tyr

Asn

Ser

415

Trp

Val

Asp

Ser

Ala

495

Ile

Ile

Met

Lys

Pro

575

Ala

Glu

Glu

320

Glu

Gly

Asp

val

Gly

400

Trp

Gly

Gly

Val

Ala

480

Leu

Ile

Lys

Thr

Gly

560

Glu

Asp

Pro
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His

Gly

625

Phe

Glu

Ala

Arg

Tyr

705

Lys

His

Ile

Cys

Asp

785

Lys

Ala

Ala

Arg

Ser

865

Gly

Ala

Gly

610

Arg

Cys

Gly

Asp

Glu

690

Glu

Pro

Thr

Ile

Gly

770

Ala

Gln

Pro

Glu

Leu

850

Val

Leu

lys

Thr

Asp

Asn

Gln

Arg
675

Ala

Phe

val

Leu

Pro

755

Ile

Ser

Ala

Gly

Arg

835

Glu

Thr

Ile

Ile

Asp

Ile

Lys

Asp

660

Trp

Leu

Thr

Met

Val

740

Phe

Thr

Gln

Ile

Lys

820

Arg

Ser

Lys

Asn

Glu
900

Ala

Asn

Leu

645

Cys

Ile

Asp

Trp

Asn

725

Thr

Ile

Ala

val

val

805

Pro

Val

Ile

Tle

Lys

885

Gly

Leu

Trp

630

Trp

Gly

Leu

Ser

Asn

710

Gly

Val

Thr

Asp

Asp

790

Ala

Leu

Asn

Thr

Ile

870

Glu

Glu

Arg

615

Asp

Asn

Phe

Ala

Phe

695

Gln

Gly

Leu

Glu

Thr

775

Glu

val

Glu

Glu

Val

855

Asp

Asp

Ile

Phe

Met

Ala

Asn

Glu
680

Arg

Fhe

Thr

Glu

Thr

760

Ile

Ala

Arg

Leu

Asn

840

Leu

Gly

Glu

Ser

Thr

Lys

Ser

Gly

665

Phe

Phe

Cys

Glu

Gly

745

Ile

Met

Ala

Asn

Len

825

Arg

Pro

Ala

Leu

Arg
905

Leu

Arg

Arg

650

Gly

Asn

Asp

Asp

Ala

730

Leu

Trp

Leu

Leu

Ile

810

Leu

Gly

Ala

Glu

Ala

890

Ile

Ala

Leu

635

Phe

Glu

Gln

Ile

Trp

715

Glu

Leu

Gln

Gln

Ala

795

Arg

Arg

Phe

Asp

Leu

875

Arg

Glu

Ala

620

Glu

Val

Met

Thr

Ala

700

Tyr

Leu

Arg

Arg

Pro

780

Asp

Ala

Gly

Leu

Asp

860

Leu

Leu

Asn

Leu

Gly

Leu

Thr

Ile
685

Ala

Leu

Arg

Leu

Val

765

Phe

Thr

Glu

Cys

Gln

845

Lys

Ile

Ala

Lys

Ala

Tyr

Met

Leu

670

Lys

Gly

Glu

Gly

Ala

750

Lys

Pro

Glu

Met

Ser

830

Thr

Gly

Pro

Lys

Leu
910

Ser

Arg

Asn

655

Ser

Ala

Ile

Leu

Thr

735

His

val

Gln

Trp

Asn

815

Ala

Leu

Pro

Met

Glu

895

Ala

Thr

Asn

640

Thr

Leu

Tyr

Leu

Thr

720

Arg

Pro

Leu

Tyr

Leu

800

Ile

Asp

Ala

Val

Ala

880

val

Asn
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Glu Gly Phe Val Ala Arg Ala Pro Glu Ala Val Ile Ala Lys Glu Arg
925

915 920

Glu Lys Leu Glu Gly Tyr Ala Glu Ala Lys Ala Lys Leu Ile Glu Gln

930 935

Gln Ala Val Ile Ala Ala Leu
945 950
<210> 184

<211> 334

<212> PRT

<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 184

Met Thr Lys Pro Ile Val Phe Ser Gly
1 5

Thr Ile Gly Asn Tyr Met Gly Ala Leu
20 25

Asp Asp Tyr His Cys Ile Tyr Cys Ile
35 40

Val Arg Gln Asp Ala Gln Lys Leu Arg

Ala Leu Tyr Leu Ala Cys Gly Ile Asp
65 70

Val Gln Ser His Val Pro Glu His Ala
85

Cys Tyr Thr Tyr Phe Gly Glu Leu Ser
100 105

Lys Ser Ala Arg Tyr Ala Glu Asn Ile
115 120

Pro Val Leu Met Ala Ala Asp Ile Leu
130 135

Pro Val Gly Glu Asp Ala Lys Gln Ala
145 150

Ala Gln Arg Phe Asn Ala Leu Tyr Gly
165

Pro Phe Ile Pro Lys Ser Gly Ala Arg
180 185

Ala

10

Arg

val

Lys

Pro

Gln

20

Arg

Asn

Leu

Leu

Glu

170

val

Gln

Gln

Asp

Ala

Glu

75

Leu

Met

Ala

Tyr

Glu

155

Ile

Met

240

Pro

Trp

Gln

Thr

60

Lys

Gly

Thr

Gly

Gln

140

Leu

Phe

Ser

Ser

val

His

45

Leu

Ser

Trp

Gln

Leu

125

Thr

Ser

Lys

Leu

Gly

Asn

30

Ala

Asp

Thr

Ala

Phe

110

Phe

Asn

Arg

Val

Leu
130

Glu

15

Met

Ile

Thr

Ile

Leu

95

Lys

Asp

Leu

Asp

Pro

175

Glu

Leu

Gln

Thr

Leu

Phe

80

Asn

Asp

Tyr

val

Ile

160

Glu

Pro
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Thr

Leu

Thr

225

Ala

Ser

Leu

Gln

val

305

Leu

Lys

Leu

210

Asp

Gly

Ile

Lys

Glu

290

Met

Lys

Lys

195

Glu

Ser

Val

Pro

Gly

275

Arg

Lys

Ala

<210> 185
<211> 334
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 185

Met Thr Lys Pro Ile Val

1

Met

Asp

Asp

Ser

Glu

260

Glu

Tyr

Asp

vVal

Ser

Pro

Glu

Asn

245

Leu

vVal

His

Gly

Tyr
325

5

Lys

Lys

Pro

230

Leu

Glu

Ala

Arg

Ala

310

Glu

Thr Ile Gly Asn Tyr Met

20

Asp Asp Tyr His Cys Ile

35

Val Arg Gln Asp Ala Gln

50

Ser

Ser

215

Pro

Leu

Lys

Asp

Phe

295

Glu

Ala

Phe

Gly

Tyr

Lys
55

Asp

200

val

Val

Asp

Gln

Ala

280

Arg

Lys

Ile

Ser

Ala

Cys

40

Leu

Asp

Val

val

Ile

Phe

265

Val

Asn

Ala

Gly

Gly

Leu

25

Ile

Arg

Asn

Lys

Arg

Leu

250

Glu

Ser

Asp

Ser

Phe
330

Ala

10

Arg

val

Lys

Arg

Lys

Tyr

235

Ser

Gly

Gly

Glu

Ala

315

vVal

Gln

Gln

Asp

Ala

Asn

Ile

220

Asp

Ala

Lys

Met

Ala

300

His

Ala

Pro

Trp

Gln

Thr
60

Asn

205

Lys

Val

Val

Met

Leu

285

Phe

Ala

Lys

Ser

Val

His

45

Leu

val

Arg

Gln

Thr

Tyr

270

Thr

Leu

Ser

Pro

Gly

Asn

30

Ala

Asp

Ile Gly

Ala Vval

Agn Lys

240

Gly Gln

255

Gly His

Glu Leu

Gln Gln

Arg Thr
320

Glu Leu

Met Gln

Ile Thr

Thr Leu

Ala Leu Tyr Leu Ala Cys Gly Ile Asp Pro Glu Lys Ser Thr Ile Phe
75

65

70

80

Val Gln Ser His Val Pro Glu His Ala Gln Leu Gly Trp Ala Leu Asn
95

85

20
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Cys

Lys

Pro

Pro

145

Ala

Pro

Thr

Leu

Thr

225

Ala

Ser

Leu

Gln

vVal
305

Leu

Tyxr

Ser

Val

130

val

Gln

Phe

Lys

Leu

210

Asp

Gly

Tle

Lys

Glu

290

Met

Lys

Thr

Ala

115

Leu

Gly

Arg

Ile

Lys

195

Glu

Ser

Val

Pro

Gly

275

Arg

Lys

Ala

<210> 186
<211> 334
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 186

Met Thr Lys Pro Ile Val Phe Ser Gly Ala Gln Pro Ser Gly Glu Leu
15

1

Tyr

100

Arg

Ala

Glu

Phe

Pro

180

Met

Asp

Asp

Ser

Glu

260

Glu

Tyr

Asp

val

Phe

Tyr

Ala

Asp

Asn

165

Lys

Ser

Pro

Glu

Asn

245

Leu

Val

His

Gly

Gly

Ala

Ala

Gln

150

Ala

Ser

Lys

Lys

Pro

230

Leu

Glu

Ala

Arg

Ala
310

Glu

Glu

Asp

135

Lys

Leu

Gly

Ser

Ser

215

Pro

Leu

Lys

Asp

Phe

295

Glu

Leu

Asn

120

Ile

Gln

Tyr

Ala

Asp

200

Val

Val

Asp

Gln

Ala

280

Arg

Lys

Ser

105

Ile

Leu

His

Gly

Arg

185

Asp

Val

Val

Ile

Phe

265

Val

Asn

Ala

Arg

Asn

Leu

Leu

Glu

170

Val

Asn

Lys

Arg

Leu

250

Glu

Ser

Asp

Ser

Met

Ala

Tyr

Glu

155

Ile

Met

Arg

Lys

Tyr

235

Ser

Gly

Gly

Glu

Ala
315

Thr

Gly

Gln

140

Leu

Phe

Ser

Asn

Ile

220

Asp

Ala

Lys

Met

Ala

300

His

Gln

Leu

125

Thr

Ser

Lys

Leu

Asn

205

Lys

Val

Val

Met

Leu

285

Phe

Ala

Phe

110

Phe

Asn

Arg

val

Leu

190

Val

Arg

Gln

Thr

Tyr

270

Thr

Leu

Ser

Lys

Asp

Leu

Asp

Pro

175

Glu

Ile

Ala

Asn

Gly

255

Gly

Glu

Gln

Arg

Tyr Glu Ala Ile Gly Phe val Ala Lys Pro

325

5

330

10

Asp

Tyr

Val

Ile

160

Glu

Pro

Gly

Val

Lys

240

Gln

His

Leu

Gln

Thr
320
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Thr

Asp

Vval

Ala

65

val

Cys

Lys

Pro

Pro

145

Ala

Pro

Thr

Leu

Thr

225

Ala

Ser

Leu

Gln

Val

Ile

Asp

Arg

50

Leu

Gln

Tyr

Ser

val

130

Val

Gln

Phe

Lys

Leu

210

Asp

Gly

Ile

Lys

Glu

290

Mot

Gly

Tyr

35

Gln

Tyr

Ser

Thr

Ala

115

Leu

Gly

Arg

Ile

Lys

195

Glu

Ser

val

Pro

Gly
275

Arg

Tws

Asn

20

His

Asp

Leu

His

Tyr

100

Arg

val

Glu

Phe

Pro
180

Met

Asp

Asp

Ser

Glu

260

Glu

Tyr

Aan

Tyr Met

Cys Ile

Ala Gln

Ala Cys
70

Val Pro
85

Phe Gly

Tyr Ala

Ala Ala

Asp Ala
150

Asn Ala
165

Lys Ser

Ser Lys

Pro Lys

Glu Pro

230

Asn Leu

245

Leu Glu

Val Ala

His Arg

R1xzr ATa

Gly

Tyr

Lys

55

Gly

Glu

Glu

Glu

Asp

135

Lys

Leu

Gly

Ser

Ser

215

Pro

Leu

Lys

Asp

Phe

295

1n

Ala

Cys

40

Leu

Ile

His

Leu

Asn

120

Ile

Gln

Tyr

Ala

Asp

200

val

Vval

Asp

Gln

Ala

280

Arg

Tors

Leu

25

Tle

Arg

Asp

Ala

Ser

105

Ile

Leu

Ala

Gly

Arg
185

Asp

val

val

Ile

Phe

265

Val

Asn

Ala

Arg

Val

Lys

Pro

Gln

90

Arg

Asn

Leu

Leu

Glu

170

Val

Asn

Lys

Arg

Leu

250

Glu

Ser

Asp

Sor

Gln

Asp

Ala

Glu

75

Leu

Met

Ala

Tyr

Glu

155

Ile

Met

Arg

Lys

Tyr

235

Ser

Gly

Gly

Glu

Ala

Trp

Gln

Thr

60

Lys

Gly

Thr

Gly

Gln

140

Leu

Phe

Ser

Asn

Ile

220

Asp

Ala

Lys

Met

Ala

300

Hisx

Val

His

45

Leu

Ser

Trp

Gln

Leu

125

Thr

Ser

Lys

Leu

Asn

205

Lys

val

Val

Met

Leu

285

Phe

Ala

Asn

30

Ala

Asp

Thr

Ala

Phe

110

Phe

Asn

Arg

Val

Leu
130

Val

Arg

Gln

Thr

Tyr

270

Thr

Leu

Kar

Met

Ile

Thr

Ile

Leu

95

Lys

Asp

Leu

Asp

Pro

175

Glu

Ile

Ala

Asn

Gly

255

Gly

Glu

Gln

Arer

Gln

Thr

Leu

Phe

80

Asn

Asp

Tyr

val

Ile

160

Glu

Pro

Gly

Val

Lys

240

Gln

His

Leu

Gln

Thr
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T eewn emy w eamlr ) esmia W mm] W emmmwe A e semmwe  cemmtr  eommue A sy - ees

315

305

310

Leu Lys Ala Val Tyr Glu Ala Tle Gly Phe Val Ala Lys Pro
330

<210> 187
<211> 860
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 187
Met Gln Glu

1

His

Glu

His

Tyr

65

Ala

Pro

Lys

Thr

Lys

145

Asn

Trp

Ile

Leu

Trp

Lys

Met
50

Gln

Phe

Ala

Met

Pro

130

Lys

Asp

Arg

Lys

Asp
210

Asp

Tyr

35

Gly

Arg

Gly

Pro

Leu

115

Glu

Gly

Gln

Cys

Ile

195

His

Gln

Glu
20

Tyr

His

Met

Leu

Trp

100

Gly

Tyr

Leu

Thr

Asp

180

Thr

Trp

325

Tyr Arg Pro
5

Lys Arg Thr

Cys Leu Ser

Val Arg Asn
55

Leu Gly Lys
70

Pro Ala Glu
85

Thr Tyr Asp

Phe Gly Tyr

Tyr Arg Trp
135

Val Tyr Lys
150

Val Leu Ala
165

Thr Lys Val

Ala Tyr Ala

Pro Asp Thr
215

Glu

Phe

Met
40

Tyr

Asn

Gly

Asn

Asp

120

Glu

Lys

Asn

Glu

Asp

200

Val

Glu

Glu

25

Leu

Thr

val

Ala

Ile

105

Trp

Gln

Thr

Glu

Arg

185

Glu

Lys

Ile

10

val

Leu

Ala

S0

Ala

Ser

Lys

Ser

Gln

170

Lys

Leu

Thr

Pro

Ile

15

320

Glu Ser Lys Val Gln Leu

Thr Glu Asp Glu Ser Lys

Gln

75

val

Tyr

Arg

Phe

Ala

155

Val

Glu

Leu

Met

60

Pro

Lys

Met

Glu

Phe

140

val

Ile

Ile

Asn

Gln
220

45

Ile

Asn

Lys

Leu

125

Thr

Asn

Asp

Pro

Asp

205

Arg

30

Gly

Asn

Asn

110

Ala

Glu

Trp

Gly

Gln

190

Leu

Asn

Trp

Thr

95

Gln

Thr

Leu

Cys

Cys

175

Trp

Asp

Trp

Gly Pro Ser Gly Arg Leu

Gly Asp Val Ile Ala Arg

Asp

80

Ala

Leu

Cys

Tyr

Pro

160

Cys

Phe

Lys

Ile
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Gly

225

Asn

Thr

Glu

Lys

Thr
305

Trp

Ala

Gly

Asp

Gly

385

Asp

Leu

Pro

Gln

Ser

465

Met

Ser

Leu

Arg

Thr

Tyr

Asn

val

290

Gly

Ala

Val

Leu

Leu

370

Glu

Lys

Arg

Met

Leu

450

Pro

Pro

Trp

Asp

Ser

Leu

Len

Asn

275

Ala

Phe

Ala

Pro

Asn

355

Ser

Phe

Leu

Asp

Val

435

Pro

Ile

Ala

Tyr

Ser
515

Glu

Thr

Ala

260

Pro

Glu

Lys

Asn

Gly

340

Ile

Gln

Asn

Thr

Trp

420

Thr

val

Lys

Leu

Tyr

500

Glu

Gly

Val

245

val

Glu

Ala

Ala

Phe

325

His

Lys

Gln

Gly

Ala

405

Gly

Leu

Ile

Ala

Arg

485

Ala

Ala

Val

230

Tyr

Ala

Leu

Glu

val
310

Val

Asp

Pro

Ala

Leu

390

Met

Val

Glu

Leu

Asp

470

Glu

Arg

Ala

Glu

Thr

Ala

Ala

Met

295

His

Leu

Gln

val

Leu

375

Asp

Gly

Ser

Asp

Pro

455

Pro

Thr

Tyr

Asn

Ile

Thr

Gly

Ala

280

Ala

Pro

Met

Arg

Ile

360

Thr

His

val

Arg

Gly

440

Glu

Glu

Asp

Thr

Tyr
520

Thr

Arg

His

265

Phe

Thr

Leu

Glu

Asp

345

Leu

Glu

Glu

Gly

Gln

425

Thr

Asp

Trp

Thr

Cys

505

Trp

Phe

Pro

250

Pro

Ile

Met

Thr

Tyr

330

Tyr

Ala

Lys

Ala

Glu

410

Arg

Val

Val

Ala

Fhe

490

Pro

Leu

Asn

235

Asp

Leu

Asp

Glu

Gly
315

Gly

Glu

Ala

Gly

Ala

395

Arg

Tyr

Met

Val

Lys

475

Asp

Gln

Pro

Val

Thr

Ala

Glu

Lys

300

Glu

Thr

Phe

Asp

val

380

Phe

Lys

Trp

Pro

Met

460

Thr

Thr

Tyr

val

Asn

Phe

Gln

Cys

285

Lys

Glu

Gly

Ala

Gly

365

Leu

Asn

Val

Gly

Thr

445

Asp

Thr

Phe

Lys

Asp
525

Asp

Met

Lys

270

Arg

Gly

Ile

Ala

Ser

350

Ser

Phe

Ala

Asn

Ala

430

Pro

Gly

Val

Met

Glu

510

Ile

Tyr

Gly

255

Ala

Asn

val

Pro

Val

335

Lys

Glu

Asn

Ile

Tyr

415

Pro

Asp

Ile

Asn

Glu

495

Gly

Tyr

Asp

240

Cys

Ala

Thr

Asp

val
320

Met

Tyr

Pro

Ser

Ala

400

Arg

Ile

Asp

Thr

Gly

480

Ser

Met

Ile
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Gly

His

545

Lys

Val

val

Gly

Asn

625

Thr

Glu

val

Leu

val

705

Thr

Ala

Ala

Cys

Ala

785

Leu

Pro

Gly
530

Lys

Gln

Gly

Glu

His

610

Asn

val

Trp

Trp

Asn

690

His

Phe

Lys

Leu

Phe

770

Pro

Val

Val

Ile

Leu

Leu

Glu

Arg

595

Glu

Gly

Arg

Gln

Lys

675

val

Lys

Asn

Ala

Leu

755

Thr

Trp

Vval

Asp

Glu

Met

Leu

Asn

580

Asp

Leu

Ile

Leu

Glu

660

Leu

asp

Thr

Thr

Pro

740

Ala

Leu

Pro

Val

Ala

His

Arg

Cys
565

Gly

Glu

Val

Asp

Phe

645

Ser

Val

Ala

Ile

Ala

725

Thr

val

Trp

val

Gln

805

Thr

Ala

Asp

550

G1ln

Glu

Lys

Tyr

Pro

630

Met

Gly

Tyr

Leu

Ala

710

Ile

Asp

vVal

Gln

Ala

790

Val

Glu

Ile
535

Ala

Gly

Arg

Gly

Thr

615

Gln

Met

Val

Glu

Thr

695

Lys

Ala

Gly

Arg

Glu

775

Asp

Asn

Glu

Met

Gly

Met

Asn

Arg

600

Gly

val

Phe

Glu

His

680

Glu

val

Ala

Glu

Met

760

Leu

Glu

Gly

Gln

His Leu

Met Val

Vval Leu
570

Trp Val
585

Ile Val

Met Ser

Met val

Ala Ser
650

Gly Ala
665

Thr Ala

Asn Gln

Thr Asp

Ile Met

730

Gln Asp
745

Leu Asn

Lys Gly

Lys Ala

Lys Val

810

Val Arg

Leu

Asn

555

Ala

Ser

Lys

Lys

Glu

635

Pro

Asn

Lys

Lys

Asp

715

Glu

Arg

Pro

Glu

Met

795

Arg

Glu

Tyr
540

Ser

Asp

Pro

Ala

Met

620

Arg

Ala

Arg

Gly

Ala

700

Ile

Leu

Ala

Phe

Gly

780

vVal

Ala

Arg

Phe

Asp

Ala

Vval

Lys

605

Ser

Tyr

Asp

Phe

Asp

685

Leu

Gly

Met

Leu

Thr

765

Asp

Glu

Lys

Ala

Arg Phe

Glu Pro

Phe Tyr
575

Asp Ala
590

Asp Ala

Lys Ser

Gly Ala

Met Thr
655

Leu Lys
670

Val Ala

Arg Arg

Arg Arg

Asn Lys

735

Met Gln
750

Pro His

Ile Asp

Asp Ser

Ile Thr

815

Gly Gln

Phe

Ala

560

Tyr

Ile

Ala

Lys

Asp

640

Leu

Arg

Ala

Asp

Gln

720

Leu

Glu

Ile

Asn

Thr

800

vVal

Glu
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g4u

VLD

a1V}

His Leu Val Ala Lys Tyr Leu Asp Gly Val Thr Val Arg Lys Val Ile

835

840

Tyr Val Pro Gly Lys Leu Leu Asn Leu Val Val Gly

850

<210> 188
<211> 334
<212> PRT
<213> E. coli

<400> 188
Met Thr Lys

1

Thr

Asp

val

Ala

65

Val

Cys

Lys

Pro

Pro

145

Ala

Pro

Thr

Leu

Ile

Asp

Arg

50

Leu

Gln

Tyr

Ser

Val

130

Val

Gln

Phe

Lys

Len

Gly

Tyr

35

Gln

Tyr

Ser

Thr

Ala

115

Leu

Gly

Arg

Ile

Lys
195

Glu

Pro

Asn

20

His

Asp

Leu

His

Tyr

100

Arg

Met

Glu

Phe

Pro

180

Met

AsD

Ile

Tyr

Cys

Ala

Ala

Val

85

Phe

Tyr

Ala

Asp

Asn

165

Lys

Ser

Pro

val

Met

Tle

Gln

Cys

70

Pro

Gly

Ala

Ala

Gln

150

Ala

Ser

Lys

Lvs

855

Phe

Gly

Tyr

Lys

55

Gly

Glu

Glu

Glu

Asp

135

Lys

Leu

Gly

Ser

Ser

Ser

Ala

Cys

40

Leu

Ile

His

Leu

Asn

120

Ile

Gln

Tyr

Ala

Asp
200

Val

Gly

Leu

25

Ile

Arg

Asp

Ala

Ser

105

Ile

Leu

His

Gly

Arg

185

Asp

Val

Ala

10

Arg

Val

Lys

Pro

Gln

90

Arg

Asn

Leu

Leu

Glu

170

val

Asn

Livs

Gln

Gln

Asp

Ala

Glu

75

Leu

Met

Ala

Tyr

Glu

155

Ile

Met

Arg

1vs

860

Pro

Trp

Gln

Thr

60

Lys

Gly

Thr

Gly

Gln

140

Leu

Phe

Ser

Asn

Ile

845

Ser

val

His

45

Leu

Ser

Trp

Gln

Leu

125

Thr

Ser

Lys

Leu

Asn
205

Lvs

Gly

Asgn

30

Ala

Asp

Thr

Ala

Phe

110

Phe

Asn

Arg

Val

Leu

190

Val

Ara

Glu

15

Met

Ile

Thr

Ile

Leu

95

Lys

Asp

Leu

Asp

Pro

175

Glu

Ile

Ala

Leu

Gln

Thr

Leu

Phe

80

Asn

Asp

Tyr

val

Ile

160

Glu

Pro

Gly

val
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Thr

225

Ala

Ser

Leu

Gln

Val

305

Leu

210

Asp

Gly

Ile

Lys

Glu

290

Met

Lys

Ser

Val

Pro

Gly

275

Arg

Lys

Ala

<210> 189
<211> 860
<212> PRT
<213> E. coli

<400> 189
Met Gln Glu

1

His

Glu

His

Tyr

65

Ala

Pro

Lys

T v

Trp

Lys

Met

50

Gln

Phe

Ala

Met

Asp

Tyr

35

Gly

Arg

Gly

Pro

Leu
115

[ KT

——

Asp

Ser

Glu

260

Glu

Tyr

Asp

Val

Gln

Glu

20

Tyr

His

Met

Leu

Trp
100

Gly

Merwn

Glu

Asgn

245

Leu

val

His

Gly

Tyr
325

Tyr

Lys

Cys

Val

Leu

Pro
85

Thr

Phe

Meyw

Pro

230

Leu

Glu

Ala

Arg

Ala

310

Glu

Arg

Arg

Leu

Arg

Gly

70

Ala

Tyr

Gly

B e

215

Pro

Leu

Lys

Asp

Phe

295

Glu

Ala

Pro

Thr

Ser

Asn

55

Lys

Glu

Asp

Tyr

val

Asp

Gln

Ala

280

Arg

Lys

Ile

Glu

Phe

Met

40

Tyr

Asn

Gly

Asn

Asp
120

[ah KT

Val Arg

Ile Leu
250

Phe Glu
265

Val Ser

Asn Asp

Ala Ser

Gly Phe
330

Glu Ile
10

Glu Val
25

Leu Pro

Thr Ile

Val Leu

Ala Ala
20

Ile Ala
105

Trp Ser

Pim Tera

Tyr

235

Ser

Gly

Gly

Glu

Ala

315

val

Glu

Thr

Tyr

Gly

Gln

75

220

Asp

Ala

Lys

Met

Ala

300

His

Ala

Ser

Glu

Pro

Asp

60

Pro

Val Lys

Tyr Met

Arg Glu

Dha Dha

[

Val

Val

Met

Leu

285

Phe

Ala

Lys

Lys

Asp

Ser

45

vVal

Ile

Asn

Lys

Leu
125

L) SRRy

-—— 3

Gln

Thr

Tyr

270

Thr

Leu

Ser

Pro

Vval

Glu

30

Gly

Ile

Gly

Asn

Asn

110

Ala

fah FTY

Asn Lys
240

Gly Gln
255

Gly His

Glu Leu

Gln Gln

Arg Thr
320

Gln Leu
15

Ser Lys

Arg Leu

Ala Arg

Trp Asp

80

Thr Ala
95

Gln Leu

Thr Cys

T Ata Merwn
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Lo

Lys

145

Asn

Trp

Ile

Leu

Gly

225

Asn

Thr

Glu

Lys

Thr
305

Trp

Ala

Gly

Asp

Gly

385

Asp

Leu

L

130

Lys

Asp

Arg

Lys

Asp

210

Arg

Thr

Tyr

Asn

val

290

Gly

Ala

val

Leu

Leu

370

Glu

Lys

Arg

[C NNy

Gly

Gln

Cys

Ile

195

His

Ser

Leu

Leu

Asn

275

Ala

Phe

Ala

Pro

Asn

355

Ser

Phe

Leu

Asp

LyL

Leu

Thr

Asp

180

Thr

Trp

Glu

Thr

Ala

260

Pro

Glu

Lys

Asn

Gly

340

Ile

Gln

Asn

Thr

Trp
420

Ly

Val

val

165

Thr

Ala

Pro

Gly

Val

245

val

Glu

Ala

Ala

Phe

325

His

Lys

Gln

Gly

Ala

405

Gly

Sy

Tyr

150

Leu

Lys

Tyr

Asp

Val

230

Tyr

Ala

Leu

Glu

Val
310

val

Asp

Pro

Ala

Leu

390

Met

Val

L

135

Lys

Ala

val

Ala

Thr

215

Glu

Thr

Ala

Ala

Met

295

His

Leu

Gln

Vval

Leu

375

Asp

Gly

Ser

Lys

Asn

Glu

Asp

200

val

Ile

Thr

Gly

Ala

280

Ala

Pro

Met

Arg

Ile

360

Thr

His

val

Arg

[C NS

Thr

Glu

Arg

185

Glu

Lys

Thr

Arg

His

265

Phe

Thr

Leu

Glu

Asp

345

Leu

Glu

Glu

Gly

Gln
425

ay >

Ser

Gln

170

Lys

Leu

Thr

Phe

Pro

250

Pro

Ile

Met

Thr

Tyr

330

Tyr

Ala

Lys

Ala

Glu

410

Arg

e

Ala

155

val

Glu

Leu

Met

Asn

235

Asp

Leu

Asp

Glu

Gly
315

Gly

Glu

Ala

Gly

Ala

395

Arg

Tyr

e

140

Val

Ile

Ile

Asn

Gln

220

Val

Thr

Ala

Glu

Lys

300

Glu

Thr

Phe

Asp

val

380

Phe

Lys

Trp

Lara

Asn

Asp

Pro

Asp

205

Arg

Asn

Phe

Gln

Cys

285

Lys

Glu

Gly

Ala

Gly

365

Leu

Asn

val

Gly

[CENFY

Trp

Gly

Gln

150

Leu

Asn

Asp

Met

Lys

270

Arg

Gly

Ile

Ala

Ser

350

Ser

Phe

Ala

Asn

Ala
430

Cys

Cys
175

Trp

Lys

Pro
160

Cys

Phe

Asp Lys

Trp Ile

Tyr Asp

240

Gly Cys

255

Ala Ala

Asn Thr

Val

Asp

Pro Val

Val

335

Lys

Glu

Asn

Ile

Tyr

415

Pro

320

Met

Tyr

Pro

Ser

Ala

400

Arg

Ile
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Pro

Gln

Ser

465

Met

Ser

Leu

Gly

His

545

Lys

val

Vval

Gly

Asn

625

Thr

Glu

Vval

Leu

Val

705

Thr

Al=a

Met

Leu

450

Pro

Pro

Trp

Asp

Gly

530

Lys

Gln

Gly

Glu

His

610

Asn

val

Trp

Trp

Asn

690

His

Phe

T

Val

435

Pro

Ile

Ala

Tyr

Ser

515

Ile

Leu

Leu

Glu

Arg

595

Glu

Gly

Arg

Gln

Lys

675

Val

Lys

Asn

Ala

Thr

Val

Lys

Leu

Tyr

500

Glu

Glu

Met

Leu

Asn

580

Asp

Leu

Ile

Leu

Glu

660

Leu

Asp

Thr

Thr

Leu

Tle

Ala

Arg

485

Ala

Ala

His

Arg

Cys
565

Gly

Glu

Val

Asp

Phe

645

Ser

Val

Ala

Ile

Ala

725

Thr

Glu

Leu

Asp

470

Glu

Arg

Ala

Ala

Asp

550

Gln

Glu

Lys

Tyr

Pro

630

Met

Gly

Tyr

Leu

Ala

710

Ile

Aan

Asp

Pro

455

Pro

Thr

Tyr

Asn

Ile

535

Ala

Gly

Arg

Gly

Thr

615

Gln

Met

Val

Glu

Thr

695

Lys

Ala

[eA R

Gly

440

Glu

Glu

Asp

Thr

Tyr

520

Met

Gly

Met

Asn

Arg

600

Gly

Val

Phe

Glu

His

680

Glu

Val

Ala

=11

Thr

Asp

Trp

Thr

Cys

505

Trp

His

Met

Val

Trp

585

Tle

Met

Met

Ala

Gly

665

Thr

Asn

Thr

Ile

=1n

Val

Val

Ala

Phe

490

Pro

Leu

Leu

vVal

Leu
570

val

Val

Ser

val

Ser

650

Ala

Ala

Gln

Asp

Met

730

Aan

Met

Val

Lys

475

Asp

Gln

Pro

Leu

Asn

555

Ala

Ser

Lys

Lys

Glu

635

Pro

Asn

Lys

Lys

Asp

715

Glu

Arer

Pro

Met

460

Thr

Thr

Tyr

Val

Tyr

540

Ser

Asp

Pro

Ala

Met

620

Arg

Ala

Arg

Gly

Ala

700

Ile

Leu

Ala

Thr

445

Asp

Thr

Phe

Lys

Asp

525

Phe

Asp

Ala

val

Lys

605

Ser

Tyr

Asp

Phe

Asp

685

Leu

Gly

Met

T.an

Pro

Gly

Val

Met

Glu

510

Ile

Arg

Glu

Phe

Asp

590

Asp

Lys

Gly

Met

Leu

670

val

Arg

Arg

Asn

Mat

Asp

Ile

Asn

Glu

495

Gly

Tyr

Phe

Pro

Tyr
575

Ala

Ala

Ser

Ala

Thr

655

Lys

Ala

Arg

Arg

Lys

735

=1

Asp

Thr

Gly

480

Ser

Met

Ile

Phe

Ala

560

Tyr

Ile

Ala

Lys

Asp

640

Leu

Arg

Ala

Asp

Gln

720

Leu

(e B ]

DK/EP 3269809 T3



P T L T

Ala Leu

755

Leu

Phe
770

Cys Thr

Ala
785

Pro Trp

Leu Val Val

Pro Val Asp

His Leu

val
850

Tyr

<210>190
<211> 2853
<212> DNA

val
835

Pro

P

740

Ala

Leu

Pro

Ceia sape

Val val

Trp Gln

Val 2la

B

saaygy

745

Met
760

Arg

Glu
775

Leu

Asp Glu

790

Val
805

Ala
820

Ala

Gly

<213> Artificial

<220>

Gln Val

Thr Glu

Asn Gly

Glu Gln

Leu

Lys

Lys

Lys

Val

Asn Pro

Gly Glu

Ala Met

795

Val
810

Arg

Arg Glu

825

840

855

<223> artificially synthesized sequence

<400> 190

atggaaaaaa
caaggctact
cegeegggeg
accatgatcce
catgcaggta
accegtcacg
agtggcggta
gaacgcttta
tataaagaag
accgccattt
cgctatecge
accacgegte
cgctataaag
atcgtgggtg

gcccatgatt

P T Lae ok % e

cctataatce
ttaaaccgaa
tgtcaggtte
gttatcagecg
tcgetacgea
actacggtcg
ccattacgeg
ccatggatga
atctgatcta
ctgatctgga
tggcggatgg
cggaaacgct
atctgattgg
acgaacacgc

ttaacgacta

e e e i

gcaagacatt
cggcgatgaa
gctgecatatg
catgcaaggt
aatggtggtt
cgaagegttt
tcagatgegt
aggtctgage
ccgtggcaaa
agttgaaaat
cgccaaaace
gctgggcegat
caaatacgtg
ggatatggaa

tgaagtcggc

gaacaaccgce
agtcaggaat
ggccacgcegt
aaaaacacgc
gaacgtaaaa
attgataaaa
cgectgggta
aatgcagtta
cgectggtga
cgtgaatcaa
gcagatggta
aceggtgtgg
atcetgecge
aaaggcaccg

aaacgtcacg

P e L Taes et

aaae

Val

Ala

Arg

e w s e

750

Thr
765

Phe Pro

Gly Ile

780

Asp

Glu Asp

Lys Ile

Ala Gly

830

845

Lys Leu Leu Asn Leu Val Val Gly

8860

tgtatgaaca
ccttttgeat
tccagcaaac
tgtggecaggt
ttgcggecga
tctgggaatg
actcegtgga
aagaagtttt
actgggaccce
aaggttcgat
aagactacct
ccgttaacce
tggttaateg
gttgcegttaa

ccctgecgat

e o

s

His Ile

Asn

Asp

Thr
800

Ser

Thr
815

Val

Gln Glu

Lys Tyr Leu Asgp Gly Val Thr Val Arg Lys Val Ile

ctgggaaaaa
tatgatteecg
gattatggat
tggcaccgat
agaaggcaaa
gaaagccgaa
ctgggaacgt
cgteoaegtetg
gaaactgcge
gtggcatatc
ggtcgtggea
ggaagacccyg
tcgeattecyg
aattgecgeceg

gattaatatc

P . TN ST

DK/EP 3269809 T3

60
120
180
240
300
360
420
480
540
600
660
720
780
840

900

achn



Giyasyiiiy
tcegatgtgt
cgcaaagcag
gacctgacgg
cagtggtatg
gatattcagt

caggactggt

gaagctggeca
ggtgeggatg
ctgtggacct
ccgaccageg
atgatgacca
gtgtatatga
aacgttatcg
cgcacgggta
cagtttccga
ctggecatcaa
ttttgcaata
tgtggtttta
ttcaatcaaa
geccggecatce
aaaccggtga
accgttetgg
atctggecage
tteccgeaat
aaacaagcaa
ccgctggaac
cgtggettte
adaggtccgg
ggtctgatta
ggcgaaatta
gaagcagtta

ctgattgaac

<210> 191
<211> 2853
<212> DNA

aryysyavar
acagctctga
ttgtcgecage
ttecegtatgg
tgegegeega
ttgtgeccgaa

gtatctcgeg

acgtctacgt
tegtgetgeg
tcagtacgcet
ttatggtete
tgcattteat
ccggectgat
atccgcectgga
acatgatgca
atggcattga
cceggtegtga
aactgtggaa
acggcggtga
cgattaaagce
tgtatgaatt
tgaatggegg
aaggtctgct
gegtcaaagt
atgacgcaag
ttgttgetgt
tgctgectgeg
tgcagacgcet
tgtetgttac
acaaagaaga
gecgecatecga
tcgetaaaga

aacaagcggt

<213> Artificial

Liysyaaayt
aatcccggcecg
agtcgatgeca
tgatcegtgge
tgtcetgget
acaatacgaa

tcaactgtgg

gggtcgtaat
ccaggatgaa
gggctggceg
tggtttecgac
caaagatgaa
ccgtgatgac
catggtcgat
gccgcaactg
accgcatggt
cattaattgg
cgectcacgt
aatgacecctg
gtaccgtgaa
tacctggaac
taccgaageg
gcgtetggece
gctgtgtggt
tcaggttgat
ccgtaacatc
tggttgttcc
ggcacgcctg
caaaattatc
cgaactggeg
aaacaaactg
acgcgaaaaa

tatcgcagea

yuacagyroe
gaatttcaaa
ctgggtctge
ggtgtggtta
aaaceggcgg
aacatgtact

tggggccatc

gaagacgaag
gacgttectgg
gaaaacacgg
attatetttt
aacggcaaac
gaaggtcaaa
ggtattagcce
gcggataaaa
acggatgcgc
gatatgaaac
ttegtgetga
togetggecag
gcectggact
cagttctgcg
gaactgegtg
cacacgatta
attacggegg
gaagcagate
cgegeggaaa
gcagatgctg
gaaagcatta
gatggegcag
cgtetggeca
gctaatgaag
ctggaaggtt

ctg

Luyasassaa
aactggaacg
tggaagaaat
tcgaaccgat
tcgaagecgt
tctecatggat

gcattcecgge

tgegcaaaga
acacctggtt
atgcegectacg
tctggattge
cgcaggtecce
aaatgagcaa
tgccggaact
tcecgtaaacg
tgcgtttcac
gcectggaagg
tgaatacgga
accgetggat
cttttcegett
attggtacct
gcaccegeca
tceegtttat
ataccatcat
tggctgatac
tgaatattgce
aacgtcgegt
ccagttetgee
aactgctgat
aagaagtggce
gttttgtgge

acgcagaagce

yyyraaryaa
tttcgcaget
taaaccgceat
gctgacecgac
ggaaaacggt
gcgtgatatt

atggtatgat

aaacaatctg
tagttccgea
tcagtttcac
ccgcatgatc
gttccacacg
atctaaaggc
gctggaaaaa
caccgaaaaa
cctggecaget
ttatcegeaac
aggccaggat
cctggetgaa
cgatattgeg
ggaactgacg
tacgetggtg
taccgaaacg
goctgecageaeg
cgaatggetg
ccegggeaaa
gaacgaaaat
ggctgatgac
ccagatgget
azaaattgaa
gcgtgecceg

adaagccaaa

DK/EP 3269809 T3

1020
1080
1140
1200
1260

1320

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820

2853



<220>

<223> artificially synthesized sequence

<400> 191

atggaaaaaa
caaggctact
ccgecgggeg
accatgatcc
catgcaggta
acccgtcacg
agtggcggta
gaacgcttta
tataaagaag
accgecattt
cgctateege
accacgcgte
cgctataaag
atcgtgggtg
gcccatgatt
ctgacgtttg
tecgatgtgt
cgcaaagcag
gacctgacgg
cagtggtatg
gatattcagt
caggactggt
gaagcetggea
ggtgcggatg
ctgtggacct
ccgaccagcg
atgatgacca
gtgtatatga
aacgttatag
cgcacgggta
cagtttccga

ctggcatcaa

ttttgcaata

tagtggtttta

cctataatce

ttaaaccgaa
tgtcaggttc
gttatcageg
taogetacgea
actacggtecg
ccattacgeg
ccatggatga
atctgatcta
ctgatctgga
tggcggatgg
cggaaacgct
atctgattgg
acgaacacgc
ttaacgacta
atggcgacat
acagctetga
ttgtcgecage
ttcecgtatgg
tgcgegeega
ttgtgccgaa
gtatctcgeg
acgtctacgt
tcgtgetgeg
tcagtacgect
ttatggtctce
tgcatttcat
ccggectgat
atccgctgga
acatgatgca
atggcattga

ccggtcgtga

aactgtggaa

acggcggtga

gcaagacatt

cggcgatgaa
gctgcatatg
catgcaaggt
aatggtggtt
cgaagcgttt
tcagatgegt
aggtctgage
cegtggeaaa
agttgaaaat
cgccaaaacce
gctgggegat
caaatacgtg
ggatatggaa
tgaagtcggc
tcgecgaaagt
aatcccggeg
agtcgatgeca
tgatcgtgge
tgtactgget
acaatacgaa
tcaactgtgg
gggtegtaat
ccaggatgaa
gggctggeeg
tggtttegac
caaagatgaa
ccgtgatgac
catggtegat
gocgecaactg
accgcatggt

cattaattgg

cgcctcacgt

aatgaccctg

gaacaaccgce tgtatgaaca ctgggaaaaa

agtcaggaat
ggccacgcgt
aaaaacacgc
gaacgtaaaa
attgataaaa
cgcotgggta
aatgcagtta
cgeetggtga
cgtgaatcaa
gcagatggta
accggtgtgg
atcctgeege
aaaggcaccg
aaacgtcacg
gcacaggtct
gaatttcaaa
ctgggtcetge
ggtgtggtta
aaaccggcgg
aacatgtact
tggggccatc
gaagacgaag
gacgttetgg
gaaaacacgg
attatctttt
aacggcaaac
gaaggtcaaa
ggtattagece
goggataaaa
acggatgcgce

gatatgaaac

ttegtgectga tgaatacgga aggccaggat

tecgectggcag accgectggat cctggctgaa

ccttttgeat
tccagcaaac
tgtggcaggt
ttgeggecga
tctgggaatg
actccgtgga
aagaagtttt
actgggacce
aaggttcgat
aagactacct
ccgttaacce
tggttaatcg
gttgegttaa
ccctgecgat
tcgacaccaa
aactggaacg
tggaagaaat
tecgaaccgat
tcgaagcegt
tetcatggat
gcattcegge
tgcgcaaaga
acacctggtt
atgcgectgeg
tetggattge
cgcaggtece
aaatgagcaa
tgccggaact
tecgtaaacyg
tgecgtttcac

gectggaagg

tatgattccg
gattatggat
tggcaccgat
agaaggcaaa
gaaagccgaa
ctgggaacgt
cgtecgtcotg
gaaactgecge
gtggcatatc
ggtcgtggea
ggaagacccg
tegeattecyg
aattggtccg
gattaatatc
gggtaatgaa
tttegecaget
taaaccgcat
gctgaccgac
ggaaaacggt
gcgtgatatt
atggtatgat
aaacaatctg
tagttccgeca
tcagtttcac
ccegeatgate
gttecacacyg
atctaaagge
gctggaaaaa
caccgaaaaa
cctggecaget

ttategecaac

DK/EP 3269809 T3

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860

1920

1980

2040



ttcaatcaaa
gocggecatcce
aaaccggtga
accgttetgg
atctggeage
ttccegeaat
aaacaagcaa
ccgctggaac
cgtggcettte
aaaggtecgg
ggtctgatta
ggcgaaatta
gaagcagtta

ctgattgaac

<210> 192

<211> 1002
<212> DNA

cgattaaage
tgtatgaatt
tgaatggcgg
aaggtctgcet
gcegtcaaagt
atgacgcaag
ttgttgetgt
tgctgectgeg
tgcagacgcet
tgtctgttac
acaaagaaga
gccgcatcga
tcgectaaaga

aacaagcggt

<213> Artificial

<220>

gtaccgtgaa
tacctggaac
taccgaagcg
gcgtetggec
gctgtgtggt
tcaggttgat
ccgtaacatce
tggttgttcc
ggcacgcctg
caaaattatc
cgaactggeg
aaacaaactg
acgcgaaaaa

tatcgcagea

gccctggact
cagttetgeg
gaactgegtg
cacccgatta
attacggcgg
gaagcagctce
cgegeggaaa
gcagatgctg
gaaagcatta
gatggcgeag
cgtctggeca
gctaatgaag
ctggaaggtt

ctg

<223> artificially synthesized sequence

<400> 192

atgacgaaac
tacatgggtyg
atcgtggatc
ctggatacgce
gtgcagtcge
tttggcgaac
attaatgcgg
accaacctgg
gaccageget
aaaagcggcyg

gacaaccgeca

aaacgtgegg
gatggtgtet
ctggaaaaac

gtgtccggta

cgattgtett
ctectgegeca
aacacgccat
tggeccctgta
atgttccgga
tgtcacgtat
gtctgtttga
tteaeggtegg
tcaatgeact
cccgtgtgat

acaatgttat

tcaccgattce
caaatctgcet
aattcgaagg

tgctgaccga

ctetggtget
gtgggtgaac
taccgttegt
tectggecatge
acacgctcaa
gacgcagttc
ttaccecggtg
cgaagatgea
gtacggtgaa
gtctectgcetg

tggcctgetg

tgacgaaceg
ggatattctg
caaaatgtac

actgcaggaa

caaccgtctg
atgcaggatg
caggacgctc
ggtattgacc
ctgggttggg
aaagataaat
ctgatggegg
aaacaagcac
atttttaaag
gaaccgacca

gaagatccga

caggtegtge
agtgcagtga
ggtcatctga

cgttatcacc

attttaegett
attggtacct
gcacccgcca
teceecgtttat
ataccatcat
tggctgatac
tgaatattge
aacgtcgcgt
cegttetgee
aactgctgat
aagaagtggce
gttttgtgge

acgcagaagce

gtgaactgac
actatcattg
aaaaactgceg
cggaaaaatc
cgctgaactg
cggctcecgeta
ccgacatcct
tggaactgag
tcecggaace
agaaaatgag
aaagcgtggt
gctatgatgt
cgggccagte

aaggcgaagt

gttttcgcaa

cgatattgeg
ggaactgacg
tacgectggtg
taccgaaacg
gctgeagecg
cgaatggctg
cccgggcaaa
gaacgaaaat
ggctgatgac
cccgatgget
aaaaattgaa
gcgtgccceg

aaaagccaaa

gattggtaac
catttactgt
caaagcgacc
aacgatcttt
ttatacctac
tgcggaaaac
gctgtatcag
ccgtgacate
gttecateceg
caaatctgat

gaagaaaatt

tcagaacaaa
catceccggaa
cgcagatget

tgatgaagcc

DK/EP 3269809 T3

2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820

2853

60
120
180
240
300
360
420
480
540
600

660

720
780
840

900



ttcctgecage aagttatgaa agacggecgeca gaaaaagega gtgcccacge atcccegeacy

ctgaaagcgg tctacgaage aatcggettt gtggecgaaac cg

<210> 193
<211> 1002
<212> DNA

<213> Artificial

<220>

<223> artificially synthesized sequence

<400> 193

atgacgaaac
tacatgggtg
atcgtggatc
ctggatacge
gtgcagtege
tttggecgaac
attaatgcgg
accaacctgg
gcccageget
adaagcggeqg
gacaaccgca
aaacgtgcgg
gectggtgtet
ctggaaaaac
gtgtccggta
ttcctgeage
ctgaaagcgg
<210> 194

<211> 1002
<212> DNA

cgattgtectt
ctetgegeca
aacacgeecat
tggcectgta
atgttcecgga
tgtcacgtat
gtctgtttga
tteceggtegyg
tcaatgcact
cccgtgtgat
acaatgttat
tcaccgattc
caaatctgcet
aattcgaagg
tgctgaccega
aagttatgaa

tctacgaagc

<213> Artificial

<220>

ctotggtget
gtgggtgaac
taccgttegt
tctggecatge
acacgctcaa
gacgcagttc
ttacccggtg
cgaagatcag
gtacggtgaa
gtetectgetg
tggcetgetg
tgacgaaccg
ggatattctg
caaaatgtac
actgcaggaa
agacggcgca

aatcggcttt

caacegtetg
atgcaggatg
caggacgctce
ggtattgacc
ctgggttggy
aaagataaat
ctggeggegg
aaacaacatc
atttttaaag
gaaccgacca
gaagatccga
cecggtcegtge
agtgcagtga
ggtcatctga
cgttatcace
gaaaaagcga

gtggcgaaac

<223> artificially synthesized sequence

<400> 194

atgacgaaac cgattgtett ctetggtget caaccgtcetg

tacatgggtg ctctgegeca gtgggtgaac atgcaggatg

atcgtggatc aacacgccat taccgttcegt caggacgetce

ctggatacge tggcccoctgta tectggecatge ggtattgace

gtgaactgac
actatcattg
aaaaactgcg
cggaaaaatce
cgotgaactg
cggctegeta
ccgacateccet
tggaactgag
tccecggaace
agaaaatgag
aaagegtggt
gctatgatgt
cgggccagtce
aaggcgaagt
gttttegeaa
gtgceccacge

cg

gtgaactgac
actatcattg
aaaaactgeg

cggaaaaatc

gattggtaac
catttactgt
caaagcgacc
aacgatcttt
ttatacctac
tgcggaaaac
gctgtatcag
ccgtgacatc
gttcatcceg
caaatctgat
gaagaaaatt
tcagaacaaa
catcccggaa
cgcagatgct
tgatgaagec

atccegeacyg

gattggtaac
catttactgt
caaagcgacce

aacgatcttt

DK/EP 3269809 T3
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1002

60

120
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240
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360
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gtgcagtcgc
tttggcgaac
attaatgegg
accaacctgg
gcecageget
aaaagcggeg
gacaaccgca
aaacgtgcgg
gctggtgtet
ctggaaaaac
gtgtccggta
ttcocctgcoage
ctgaaagegg
<210> 195

<211> 2580
<212> DNA

atgttccgga
tgtcacgtat
gtctgtttga
ttceggtegyg
tcaatgcact
cccgtgtgat
acaatgttat
tcaccgattce
caaatctget
aattcgaagyg
tgctgaccga
aagttatgaa

tectacgaage

<213> Artificial

<220>

acacgctcaa
gacgcagttc
ttaccecggtg
cgaagatgca
gtacggtgaa
gtctetgetg
tggcetgetg
tgacgaaccg
ggatattctg
caaaatgtac
actgcaggaa
agacggcgca

aatcggcettt

ctgggttggg
aaagataaat
ctggtggcgg
aaacaagccce
atttttaaag
gaaccgacca
gaagatccga
ccggtegtge
agtgcagtga
ggtcatctga
cgttatcace
gaaaaagcga

gtggcgaaac

<223> artificially synthesized sequence

<400> 195

atgcaagaac
aaacgcacct
ctgcegggtce
gttatcgcge
gcatttggte
acgtatgata
tggtctegtg

accgaactgt

aatgatcaaa
accaaagttg
gaactgctga
cgtaattgga
aacaccctga
gtggcagetyg
tttattgatg

aaaggcgtgg

aataccgccc
ttgaagtcac
cgtctggtcg
gttaccagceyg
tgecggetga
acatcgcata
aactggcgac

acaaaaaagg

cggtcctgge
aacgcaaaga
acgatctgga
ttggeegeag
cggtctacac
gtcacccget
aatgtcgcaa

atacgggttt

ggaagaaatc
ggaagacgaa
tctgcatatg
catgectgggt
aggcgeggec
catgaaaaat
ctgtacgceg

tctggtctac

caacgaacaa
aatcccgecag
caaactggat
cgaaggtgtt
cacgcgtccg
ggctcagaaa
taccaaagtg

taaagctgte

gaaagtaaag
tctaaagaaa
ggtcacgtge
aaaaatgttc
gtgaaaaaca
cagctgaaaa
gaatattacc

aagaaaacca

gtgattgatg
tggtttatta
cattggccgg
gaaatcacet
gataccttca
gcagcagaaa
gcagaagcetg

catcecgetga

cgctgaactg
cggctcgceta
ccgacatcct
tggaactgag
tcececggaace
agaaaatgag
aaagegtggt
gctatgatgt
cgggccagte
aaggcgaagt
gttttegeaa
gtgcccacge

cg

tccaactgca
aatattactg
gcaactatac
tgcaaccgat
ataccgcacce
tgctgggett
gctgggaaca

gcgeggtgaa

gectgetgttg
aaatcacggc
acaccgtgaa
ttaacgtcaa
tgggttgcac
acaatccgga
aaatggcaac

ceggtgaaga

ttatacctac
tgcggaaaac
gctgtatcag
ccgtgacate
gttcatceeg
caaatctgat
gaagaaaatt
tcagaacaaa
catecccggaa
cgecagatget
tgatgaagce

atcoccgeacg

ctgggatgaa
cctgageatg
cattggcgat
tggctgggac
ggctecegtgg
cggttatgac

aaaatttttc

ctggtgeceg

gegttgtgac
gtatgccgat
aacgatgcag
tgattatgac
gtacctggca
actggcagcet

catggagaaa

aatcceggtyg
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300
360
420
480
540
600
660
720
780
840
900
960

1002

60
120
180
240
300
360
420

480

540
600
660
720
780
840
900

960



tgggcggeea
cacgatcage
ctggcagetg
ctgtttaact
gacaaactga
ggtgtgtege
accgttatge
gacggtatta
atgceggege
gceegetata
tggctgeegg
tttegtttet
aaacagetge
ggtgaacgta
atcgtcaaag
agtaaatcca
accgttegec
tcecggegtgg
accgcaaaag
ctgegtegeg
acctttaaca
accgatggtg

ctgaaccegt

gatatcgaca
ctggttgtcg
acggaagaac

ggcgtcacqgg

<210> 196
<211> 92
<212> DNA

acttcgttct
gtgactatga
atggctcaga
caggcgaatt
cagegatggg
gtcagegtta
cgacgccgga
ccagcccegat
tgegtgaaac
cgtgeccgea
ttgacattta
ttcataaact
tgtgtcaagg
attgggtttc
ccaaagatge
aaaacaacgyg
tgtttatgat
aaggtgccaa
gcgatgtgge
atgtccacaa
cggcgattge
aacaggaccg

ttacccegea

atgccccegtg
tgcaggtcaa
aagtgcgtga

tcecgecaaagt

<213> Artificial

<220>

gatggaatat
atttgcctec
accggacctg
caatggtctg
cgttggtgaa
ctggggtgea
tgaccaactg
caaagctgat
cgatacgttt
gtacaaagaa
catcggeggt
gatgegegat
catggtectg
gaocggtegat
ggccggtcac
tatcgatceg
gttegegagt
cagttttotg
agctctgaac
aaccattgca
ggecatecatg
tgcactgatg

tatttgettc

gccggttgeg
tggtaaagtg
acgcgcgggc

catctatgtt

ggtacgggtg
aaatacggtc
togeagcaag
gatcatgaag
cgcaaagtca
ccegattecga
ceggttatcee
ccggaatggg
gacaccttea
ggcatgetgg
attgaacatg
gcecggtatgg
gcagatgett
gogattgttg
gaactggtgt
caggttatgg
ccggecgata
aaacgcgtgt
gttgacgcac
aaagtgacgyg
gaactgatga
caagaagcac

acgectgtgge

gatgaaaaag ccatggtcga agacagtacc
cgcgcgaaaa ttaccgtgee ggttgatgce
caagaacacc tggttgccaa atatctggat

ccgggtaaac tgctgaatet ggtcogttggt

<223> artificially synthesized sequence

<400> 196

ggcgtaatac gactcactat agggttaact ttaacaagga gaaaaacatg cgttggegtg

actacaagga cgacgacgac aagtaagctt cg

cagtcatgge
tgaatattaa
cactgaccga
cggccttcaa
attateogtet
tggtgaccct
tgccggaaga
ccaaaaccac
tggaaagctce
atagcgaagce
cgatcatgca
tgaattcaga
tetattacgt
aacgtgacga
ataccggecat
tegaacgtta
tgacgetgga
ggaaactggt
tgacggaaaa
atgacatcgg
ataaactgge
tgctggetgt

aggaactgaa

tgtgccgggt
accggttatce
aaaaggtgtg
cgcgattgece
gegegattgg
ggaagatggce
tgtggttatyg
ggtgaatgge
ttggtattac
agctaactat
cctgctgtat
cgaaccggcet
gggcgaaaac
aaaaggtecge
gagcaaaatg
cggcgcggac
atggcaagaa
ttatgaacat
tcagaaagct
tcgtegecaa
gaaagcaceg
cgtgecgeatg

aggcgaaggt
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1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
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1800
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1920
1980
2040
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2220
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2340

2400
2460
2520

2580

60
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<210> 197
<211> 71
<212> RNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 197

ggguuaacuu uaacaaggag aaaaacaugc guuggcguga cuacaaggac gacgacgaca

aguaagcuuc g

<210> 198
<211>12
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 198

Met Arg Trp Arg Asp Tyr Lys Asp Asp Asp Asp Lys
1 5 10

<210> 199

<211>12

<212> PRT

<213> Artificial

<220>
<223> artificially synthesized sequence

<220>

<221> misc_feature

<222> (3)..(3)

<223> Xaa is methyl tryptophan

<400> 199

Met Arg Xaa Arg Asp Tyr Lys Asp Asp Asp Asp Lys
1 5 10

<210> 200

<211>92

<212> DNA

<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 200
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ggcgtaatac gactcactat agggttaact ttaacaagga gaaaaacatg cgtctccgtg

actacaagga cgacgacgac aagtaagctt cg

<210> 201
<211> 71
<212> RNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 201

ggguuaacuu uaacaaggag aaaaacaugc gucuccguga cuacaaggac gacgacgaca

aguaagcuuc g

<210> 202
<211>12
<212> PRT
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 202

Met Arg Leu Arg Asp Tyr Lys Asp Asp Asp Asp Lys
1 5 10

<210> 203

<211>12

<212> PRT

<213> Artificial

<220>
<223> artificially synthesized sequence

<220>

<221> misc_feature

<222> (3)..(3)

<223> Xaa is methyl leucine

<400> 203

Met Arg Xaa Arg Asp Tyr Lys Asp Asp Asp Asp Lys
1 5 10

<210> 204

<211> 97

<212> DNA

<213> Artificial

<220>
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<223> artificially synthesized sequence
<400> 204
ggcgtaatac gactcactat agggtgatta gectcagetgg gagagcacct cccttacaag 60

gagggggtceg geggttcgat cccgtcatca cccacca 97

<210> 205
<211>76
<212> RNA
<213> Artificial

<220>
<223> artificially synthesized sequence

<400> 205
gggugauuag cucagcuggg agagcaccuc c¢cuuacaagg agggggucgg cgguucgauc 60
ccocgucaucac ccacca 76
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Patentkrav

1. Modificeret valyl-tRNA-syntetase (ValRS) som inkorporerer en N-methylvalin
mere effektivt end ValRS’en med aminosyresekvensen SEQ ID NO:24, hvor

nevnte modificerede ValRS er valgt fra fglgende (a) og (b):

10

15

20

25

30

(a) en ValRS modificeret ved en position(er) svarende til asparagin ved
position 43 og/eller threonin ved position 45 og/eller threonin ved position
279 af ValRS fra Escherichia coli med aminosyresekvensen SEQ ID NO:24,
0g
(b) en ValRS med (i) glycin eller alanin ved en position svarende til
asparagin ved position 43 og/eller (ii) serin ved en position svarende til
threonin ved position 45 og/eller (iii) glycin eller alanin ved en position
svarende til threonin ved position 279 af ValRS fra Escherichia coli med
aminosyresekvensen SEQ ID NO:24,
hvor den modificerede ValRS af (a) og (b) omfatter en aminosyresekvens med
mindst 90% identitet med en aminosyresekvens valgt fra gruppen bestdende af
SEQ ID NOs: 3 til 5 0g 182 og 183.

2. Den modificerede ValRS ifglge krav 1, hvor modifikationen omfatter mindst en

aminosyresubstitution, som forarsager en reduktion pa 10 eller mere i

molekylevaegt.

3. Den modificerede ValRS ifglge kravene 1 eller 2, hvor ValRS’en omfatter
aminosyrer valgt fra gruppen bestdende af SEQ ID NOs: 3 til 5 og 182 og 183.

4. Polynukleotid som koder for den modificerede ValRS ifglge et hvilket som helst

af kravene 1 til 3.

5. Vektor omfattende polynukleotidet ifglge krav 4.

6. Veertscelle omfattende polynukleotidet ifalge krav 4 eller vektoren ifglge krav 5.



10

15
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2

7. Fremgangsmade til fremstilling af den modificerede ValRS ifglge et hvilket som
helst af kravene 1 til 3, omfattende trinnet til dyrkning af vaertscellen ifglge krav
6.

8. Fremgangsmade til fremstilling af et tRNA acyleret med en N-methylvalin,
omfattende trinnet at bringe N-methylvalinen i kontakt med et tRNA i
tilstedevaerelsen af den modificerede ValRS ifglge et hvilket som helst af kravene
1 til 3.

9. Fremgangsmade til fremstilling af et polypeptid omfattende en N-methylvalin,
omfattende trinnet at udfgre translation i tilstedeveerelsen af den modificerede
ValRS ifglge et hvilket som helst af kravene 1 til 3 og N-methylvalinen.

10. Fremgangsmaden ifglge krav 9, hvor trinnet at udfgre translation udfgres i et

cellefrit translationssystem.
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DRAWINGS
[Figure 1]
0. 25mM Phe 1 mM MePhe
PheRS (=) ot 01 07 03 o4 05 01 Of 02 03 MOD5 (-
¥t ¥t - it W N

Aminoacy! ~{Rj{A —>
tRNA —>

S s K

4

Llane 41 2 3 4 56 7 8 910 1112 13 1

[Figure 2]

Peptide sequence : fIMRXRDYKDDDDK (X = Phe or MePhe, f = formyl)
(SEQ ID NO. 42)

PheRS wt, 0.1 uM  05,0.1 pM
Phe MePhe Phe MePhe
ConcentrationmM  0.250.25 1 0.250.25 1

14C-Asp-labeled
peptide

Free “C-Asp. —3 |

lLane 4 2 3 4 5 6
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[Figure 3-1]
Calculated [M+H]+

Peptide sequence : fMRPheRDYKDDDDK ~ (f= formyl )  1631.72
(SEQ ID NO: 42)
fMRMePheRDYKDDDDK (f= formyl )  1645.73

0.1 uM PheRS wt

(a) 0.25 mM Phe / 1631.83, Phe
100 i (Peak Int.=12659) )
14000
= 80
2 60
4
=20
04 . - i, Ul‘. I Y |
1500 1660 1620 1680 1740 1800

(b) 0.25 mM MePhe

100 164584, MePhe 4848
80 (Peak Int.=3369)
o 1631.83, Phe -~ .

P

% Intensity

‘Z‘g (Peak Int.=4257) (MePhe/phe) = 0.8

1500 1560 1620 1680 1740 1800

(€©) 1 mM MePhe - 1645.84, MePhe

100 & (Peak Int.=10462) 12000
80

601 1631.83, Phe — ; _

38 (Peak Int.=3969) "‘J li 0 (mephe/phe) = 2.6

04
1500 1560 1620 /7 1680 1740 1800

% Intensity
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[Figure 3-2]
0.1 uM PheRSO5
(d) 0.25 mM Phe y 1631.83, Phe
100 v (Peak Int.=12873)
= 80 14000
jé 60 | 1
= 40 HL
20
0-. s k., hlk.. i i
1500 1560 1620 1680 1740 1800
(e} 0.25 mM MePhe / 1645.85, MePhe
100 (Peak Int.=15433) 7000
= 8]  1631.83, Phe
g 60 Peak Int.= 1240 ,
= 4 ( ) Ratio 1\ 1ephe/phe) = 12.4 I
zg . MI ]Il, N e I
1500 1560 1620 1680 1740 1800
(f) 1 mM MePhe 1645.86, MePhe
100 / (Peak Int.=16849) 1
2 80 1631.83, Phe }18000
g 60 Peaklnt 1054 .
:;: 40 ( ) Ratio (MePhe/Phe) = 16.0 i
W L |

ol - : \
1500 1560 1620 1680 1740 1800
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[Figure 4]

5mM MeVal
ARS No. {+) 9& 0203204 06 070809 13 14

« Acylated IRNA
< Non-acylated tRNA

ARS concentraton(yuM) 0 1 1 1 08 1 1091 1 1
Lane 1 2 3 4 5 6 7 8 9 10 11



[Figure 5]

(a) ValRSO1(wt

100
80
60
40
20

HF

)

Peak v1 —__ 1583.5626

|

|
3
,556 i 4§ 1615.5494

| I

ik]ukmmww i !

i, ka,\_,g.u
T

DK/EP 3269809 T3

384

0
1500

(b) ValRS513
100
80
60
40
20

1540

1620 1660

Mass(m/z)

m'\lﬂ. }‘:“\
1580

1597.4966

Peak MeV1

088 |
Peak V?.\gsmaael*E

[J' ]‘J

1700

872

0
1500

(c} ValRS04
100
80
60
40
20

1620 1660

Mass(m/z)

1540 1580

1597.5365
‘ S~ Peak MeV?2
~ (583521

,lu

Peak v3

|
ivpingd it putad WMHW‘NM

YR S\;\j 5 Ux?.n e RN B e,
: T T

1700

74.7

1620
Mass(m/z)

1540 1580 1660

1700



DK/EP 3269809 T3

[Figure 6]

EmM MeVal 2.5mM MeVal 1.25mM MeVal
ARS No. {-} 01 13 1313-1101 13 13 13-1101 13 13 13-11

Acylated tRNA
< Non-acylated tRNA

e
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[Figure 7]
{a) mRNA R-V, ValRS13
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[Figure 8]
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[Figure 9]
(a) SerRSO1(wt)
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[Figure 10]
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[Figure 11]
(a) TrpRSO1({wt)
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[Figure 12]
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[Figure 13]
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[Figure 14]

VNH! pajejAoe-uoN -
YNy} pajejfoy —2

0¢ 61 8T LT 9T &T #1

() /9 99TT-ETLIM () 79 9QTI-EL M (-) /O QOTL-ETIM (-) /9 99 TTEL IM

€ETCTTTIT O 6 8 £ 9 G ¥ € ¢ T sue

WWTECO WWESD'0 WWET0

WWISZ'O uonenuacuod [eA



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - DESCRIPTION
	Page 62 - DESCRIPTION
	Page 63 - DESCRIPTION
	Page 64 - DESCRIPTION
	Page 65 - DESCRIPTION
	Page 66 - DESCRIPTION
	Page 67 - DESCRIPTION
	Page 68 - DESCRIPTION
	Page 69 - DESCRIPTION
	Page 70 - DESCRIPTION
	Page 71 - DESCRIPTION
	Page 72 - DESCRIPTION
	Page 73 - DESCRIPTION
	Page 74 - DESCRIPTION
	Page 75 - DESCRIPTION
	Page 76 - DESCRIPTION
	Page 77 - DESCRIPTION
	Page 78 - DESCRIPTION
	Page 79 - DESCRIPTION
	Page 80 - DESCRIPTION
	Page 81 - DESCRIPTION
	Page 82 - DESCRIPTION
	Page 83 - DESCRIPTION
	Page 84 - DESCRIPTION
	Page 85 - DESCRIPTION
	Page 86 - DESCRIPTION
	Page 87 - DESCRIPTION
	Page 88 - DESCRIPTION
	Page 89 - DESCRIPTION
	Page 90 - DESCRIPTION
	Page 91 - DESCRIPTION
	Page 92 - DESCRIPTION
	Page 93 - DESCRIPTION
	Page 94 - DESCRIPTION
	Page 95 - DESCRIPTION
	Page 96 - DESCRIPTION
	Page 97 - DESCRIPTION
	Page 98 - DESCRIPTION
	Page 99 - DESCRIPTION
	Page 100 - DESCRIPTION
	Page 101 - DESCRIPTION
	Page 102 - DESCRIPTION
	Page 103 - DESCRIPTION
	Page 104 - DESCRIPTION
	Page 105 - DESCRIPTION
	Page 106 - DESCRIPTION
	Page 107 - DESCRIPTION
	Page 108 - DESCRIPTION
	Page 109 - DESCRIPTION
	Page 110 - DESCRIPTION
	Page 111 - DESCRIPTION
	Page 112 - DESCRIPTION
	Page 113 - DESCRIPTION
	Page 114 - DESCRIPTION
	Page 115 - DESCRIPTION
	Page 116 - DESCRIPTION
	Page 117 - DESCRIPTION
	Page 118 - DESCRIPTION
	Page 119 - DESCRIPTION
	Page 120 - DESCRIPTION
	Page 121 - DESCRIPTION
	Page 122 - DESCRIPTION
	Page 123 - DESCRIPTION
	Page 124 - DESCRIPTION
	Page 125 - DESCRIPTION
	Page 126 - DESCRIPTION
	Page 127 - DESCRIPTION
	Page 128 - DESCRIPTION
	Page 129 - DESCRIPTION
	Page 130 - DESCRIPTION
	Page 131 - DESCRIPTION
	Page 132 - DESCRIPTION
	Page 133 - DESCRIPTION
	Page 134 - DESCRIPTION
	Page 135 - DESCRIPTION
	Page 136 - DESCRIPTION
	Page 137 - DESCRIPTION
	Page 138 - DESCRIPTION
	Page 139 - DESCRIPTION
	Page 140 - DESCRIPTION
	Page 141 - DESCRIPTION
	Page 142 - DESCRIPTION
	Page 143 - DESCRIPTION
	Page 144 - DESCRIPTION
	Page 145 - DESCRIPTION
	Page 146 - DESCRIPTION
	Page 147 - DESCRIPTION
	Page 148 - DESCRIPTION
	Page 149 - DESCRIPTION
	Page 150 - DESCRIPTION
	Page 151 - DESCRIPTION
	Page 152 - DESCRIPTION
	Page 153 - DESCRIPTION
	Page 154 - DESCRIPTION
	Page 155 - DESCRIPTION
	Page 156 - DESCRIPTION
	Page 157 - DESCRIPTION
	Page 158 - DESCRIPTION
	Page 159 - DESCRIPTION
	Page 160 - DESCRIPTION
	Page 161 - DESCRIPTION
	Page 162 - DESCRIPTION
	Page 163 - DESCRIPTION
	Page 164 - DESCRIPTION
	Page 165 - DESCRIPTION
	Page 166 - DESCRIPTION
	Page 167 - DESCRIPTION
	Page 168 - DESCRIPTION
	Page 169 - DESCRIPTION
	Page 170 - DESCRIPTION
	Page 171 - DESCRIPTION
	Page 172 - DESCRIPTION
	Page 173 - DESCRIPTION
	Page 174 - DESCRIPTION
	Page 175 - DESCRIPTION
	Page 176 - DESCRIPTION
	Page 177 - DESCRIPTION
	Page 178 - DESCRIPTION
	Page 179 - DESCRIPTION
	Page 180 - DESCRIPTION
	Page 181 - DESCRIPTION
	Page 182 - DESCRIPTION
	Page 183 - DESCRIPTION
	Page 184 - DESCRIPTION
	Page 185 - DESCRIPTION
	Page 186 - DESCRIPTION
	Page 187 - DESCRIPTION
	Page 188 - DESCRIPTION
	Page 189 - DESCRIPTION
	Page 190 - CLAIMS
	Page 191 - CLAIMS
	Page 192 - DRAWINGS
	Page 193 - DRAWINGS
	Page 194 - DRAWINGS
	Page 195 - DRAWINGS
	Page 196 - DRAWINGS
	Page 197 - DRAWINGS
	Page 198 - DRAWINGS
	Page 199 - DRAWINGS
	Page 200 - DRAWINGS
	Page 201 - DRAWINGS
	Page 202 - DRAWINGS
	Page 203 - DRAWINGS
	Page 204 - DRAWINGS
	Page 205 - DRAWINGS

