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' A A SPECIFICATION

DNA CODING FOR DECARBAMYLASE
IMPROVED IN THERMOSTABILITY AND USE THEREOF

Technical Field

The present invention relates to a DNA fragment, and
more particularly, it relates to a DNA fragment coding for a
thermostability-imprerd enzyme capable of converting D-N-
carbamoyl-a-amino acids into the corresponding D-c-amino
acids (hereinafter referred to as decarbamylasef. The pres-
ent invention also relates to a process for_preparing the DNA
fragment, a vector comprising the DNA fragment, a trans-
formant obtained by transformation with the vector, a decar-
bamylase improved in thermostability and its production
process, and an improved process for producing amino acids
using the decarbamylase. fhe present invention further
relates to a method for increasing, by one or more, the
number of mutations in amino acids related to the thermo-
s;ability of a decarbamylase.
Background Art |
‘ Optically active D-a-amino acids are important com-
pounds as intermediates of medicaments, and in particular,
D-phenylglycine, D-parahydroxyphenylglycine and the like,
which are intermediates for the production of semi-synthetic
penicillins and semisynthetic sepharospolines, are useful
coﬁpounds from an industrial point of view. As the produc-
tion process for such D-a-amino acids, a process is known in

which these compounds are obtained by the removal of carbamo-
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yl groups of the corresponding D-N-carbamoyl-a-amino acids,
wherein the removal of carbamoyl groups is effected by a
chemical method (the specification of the Japanese Patent
Publication No. 58-4707) or by the utilization of enzyme
reactions of microorganisms (the specifications of the Japa-
nese Patent Publication Nos. 57-18793, 63-20520 and 1-48758,
and the Japanese Patent Application No. 2—407922).

However, because a mineral acid such as sulfuric acid
is used at great amounts in the chemical method employed for
the removal of cArbamoyl groups, serious problems on the
environment may occur in relation to thextreatment thereof
and the like. On the other hand, the method utilizing an
enzyme reaction has disadvantages that the amount of enzyme
produced is not satisfactory and there are some difficulties
in its properties even if mass production is made possible,
so that enzymes with reactivity to substrates and enzyme
stability have not yet been found.

In general, some enzymes have poor stability, and when
such an enzyme is prepared, a stabilizing agent is added or a
means of preventing inactivation such as treatment at low
temperatures is employed. When an enzyme is used in an
actual reaction at ordinary or high temperatures, attention
will be directed to the stability of the enzyme. In particu-
lar case where an enzyme is used on an industrial scale, its
stability often has an effect upon the product cost. Also,
in particular case where an enzyme is used on an industrial
scale, as a means of alldwing-the enzyme reaction to proceed

with advantage, the enzyme is repeatedly used in the reaction
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as a so-called bioreactor such as an immobilized enzyme or

immobilized bacterial cells, and even at this time, the
stability of the enzyme will give a limitation to the number
of use and have an important effect upon the product cost.

In the present invention, attention is paid to the
thermostability as an index of the enzyme stability and an
improvement in the thermostability of an enzyme is achieved
using a genetic engineering means, whereby the stability of
this enzyme is increased and this makes it possible to pro-
duce a stabilized enzyme having excellent advantages for.
~industrial applications.

To solve such a problem, the present invention has an
object to prepare a decarbamylase with high reactivity to
D-N-carbamoyl-c-amino acids as the substrate and excellent
stability by an improvement of currently available decarbam-
ylases and to produce D-c-amino acids using this enzyme with
high efficiency.

Summary of the Invention

That is, the present invention provides an improved
process for producing D-a-amino acids, comprising converting
D-N-carbamoyl-a-amino acids into the corresponding D-c-amino
acids in an aqueocus medium by the action of an enzyme and
collecting the D-c-amino acids produced, said enzyme being
produced by a transformaﬁt which has been obtained by the
transformation of a host bacterial cell selected from the
microorganisms of the genus Escherichia, Pseudomonas, Flavo-
bacterium, Bacillus, Serratia, Corynebacterium or Brevi-

bacterium with a gene which has been obtained by a process
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comprising subjecting a DNA fragment containing a decarbam-

vlase gene to chemical or enzyme mutagénesis, introdﬁcingla
recombinant DNA having a vector DNA ligated with this DNA
fragment into a host cell and screening a strain capable of
producing an enzyme iﬁproved in thermostability.

Thus, the present invention also provides a DNA frag-
ment for conducting the improved process for producing D-a-
amino acids according to the present invention, its produc-
tion process and an expression vector containing the frag-
ment, a transformed microorganism obtained by transformatiqn
with the expression vector, as well as a decarbamylase im- |
proved in thermostability and its production process. The
present invention further provides a method for increasing,
by one or more, the number of mutations iﬁlamino acids relat-
ed to the thermostability of decarbamylases.

Brief Description of fhe Drawings

The present invention will hereinafter be illustrated
by reference to the accompanying drawings.

Figure 1 is a graph showing the thermostable activity
of a decarbamylase after thermal treatment, which is obtained
by the use of a strain capable of producing the decarbamylase
improved in thermostability according to the present inven-
tion.

Figure 2 is a graph showing the results of stability
obtained by a repeated continuous test on the thermostability
‘'using a resin having immobilized thereon a decarbamylase
improved in thermostability according to the present inven-

tion.
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Figure 3 shows restriction maps of plasmids pKK233-2
| and pKK NE. |

Figure 4 shows restriction maps of plasmids pAD108 énd
PAD1086.

Figure 5 shows restriction maps of plasmids pAD402 and
pAD4021.

Figure 6 shows restriction maps of plasmids pAD429 and
pAD455. |

Figure 7 is a graph showing the relationship between -
the reaction temperature of a decarbamyiase produced by E.
coli JM109 pAD108 or E. coli JM109 pAD455 and its activity.

Figure 8 is a graph showing the stability against pH,
of a decarbamylase produced by E. coli JM109 pAD416 or E.
coli JM109 pAD45S.

Figure 9 shows a process for preparing vector pUC NT
for the introduction of a foreign gene and vector pNT4553 for
the expression of a decarbamylase improved in thermostabil-
ity. -

Figure 10 shows a restriction map of plasmid pUC NT
and pNT4553.

Detailed Description of the Invention

In general, it is known that the thermostability and
stability of an enzyme are correlated with each other. It is
also known that various enzymes produced by thermophiles are
those which have high thermostability and also have high sta-
bility with almdst no exception, and that enzymes having
thermostability given by the substitution of amino acids

according to a gene recombination technique also have excel-
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lent stability (Kagawa et al., Saibo Kogaku, vol. 7, 509-571

i
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(1988)).

As the method for making an enzyme-thermostdble, there
can be employed a method in which an amino acid sequence of
the enzyme protein is changed or a method in which the enzyme
is modified by chemical treatment, enzyme reaction or the
like. As the method for improving the thermostability by a
change in the amino acid sequence of the enzyme protein,
there can be employed a method in which baéterial cells are
allowed to cause some mutation with a chemically mutagenic
agent such as nitrosoguanidine (NTG) or by ultraviolet rays,
followed by screening, or a method in which a gene of inter-
est is obtained by a gene recombination technique and then
allowed to cause some chemical or enzyme mutation, followed

by returning it into the bacterial cell and then screening.
When a gene is obtained and allowed to cause some mutation,
it is more effective to subject a DNA fragment coding for a
decarbamylase protein to mutagenesis in the form of a single
strand. To make the fragment into a single-stranded form,
there can be employed, for example, a method for incorporat-
ing the fragment into phage particles. As the single-strand-
ed DNA, there can be used either a DNA strand containing the
codons corresponding to the amino écid sequence of a decar-
bamylase protein or the complementary strand thereof. More-
over, as to the mutation sites, there can be employed a
method for introducing random mutations or a method for
.introducing site-specific mutations.

As the agent for allowing a gene to cause some random
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mutation and thereby introducing some mutation into the'amino
acid seqﬁence of an enzyme protein, there can be used hydrox-
ylamine hydrochloride, sodium nitrite, forﬁic acid, hydrazine
or the like.

For example, in the mutagenesis using hydroxylamine
hydrochloride, a decarbamylase gene is first ligated with the
double-stranded DNA of an M13 phage such as M13mplS, with
which E. coli JM109 or the like is infected, and this bacte-
rial culture is incubated to prepare phage particles for use
in the mutagenesis. The mutation can be effected by the
reaction using hydroxylamine hydrochloride in a concentration
of 0.1 to 2 M, desirably 0.25 M, at a pH of 6.0 to 8.0, pref-
erably 6.0, at a temperature of 37°C for a period of 1 to 24
hours. The phage particles undergoing such a mutagenic reac-
tion are used for the infection of E. coli and recovered as a
double-stranded recombinant DNA, followed by the transfer of
such a mutant decarbémylase gene to a plasmid.

In the mutagenesis using sodium nitrite, formic acid,
hydrazine or the like, there can be basically used a method
as described by R.M. Myers, et al. (Science, 229, 242-247
(1985)). This method can be conducted by the preparation of
a single-stranded DNA from the recombinant M13 phage having a
decarbamylase gene incorporated thereinto and the subsequent
mutagenesis. The mutation with sodium nitrite can be effect-
ed by the reaction using sédium nitrite in a concentration of
0.5 to 2 M, preferably 1 M, at a pH on the acidic side, pref-
erably pH 4.3, at a temperature of 4°C to 37°C, preferably

25°C, for a period of 1 minute to 5 hours, preferably 30 min-
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utes. The mutation with formic acid can be effected by the
reaction using 12 M formic acid at 4°C to 37°C, preferably
15°c, for a period of 2 to 10 minutes. The mutation with
hydrazine can be.effected by the treatment using hydrazine in
a concentration of 20% to 60% at 25°C for 3 to 10 minutes.
These mutant single-stranded DNAs are made into double-
stranded forms using E. coli DNA polymerase Klenow fragment,

SequenaseR and the like, followed by incorporation into a

plasmid, which makes it possible to produce a mutant
decarbamylase gene. |
As the method for causing some random mutation using
enzyme reaction, there can be employed a method using PCR
(polymerase chain reaction) (D.W. Leung et al., A Journal of
'Methods in Cell and Molecular Biology, 1, 11-15 (1989)) or
the like. This is a method in which TagDNA polymerase is
used for the synthesis of a gene from a synthetic DNA (DNA
primer) having the sequences at both ends of the gene, at
which time a mutant decarbamylase gene can be prepared by
causing an error in the gene synthesis using TagDNA polymer-
ase under the reaction conditions such as higher concentra-

tions of MgCl, and substrates (dNTPs) as compared with oxdi-

nary reaction or an extremely lowered concentration of only
one substrate in four kinds of substrates.

As the method for introducing a mutation into a gene,
which is specific to the site of a enzyme protein, there can
be employed an in vitro method for introducing a site-specif-

ic mutation using an oligonucleotide, a method for replacing
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a cassette at the mutation site, a method using PCR or the
like. The in vitro method for introducing a site-specific
mutation using an oligonucleotide can be conducted by prepar-
ing a single-stranded DNA from a recombinant M13 phage having
a decarbamylase gene incorporated thereinto, and making the
DNA into a double-stranded form using a synthetic DNA primer
containing a sequence, after the mutation, of a gene parﬁ to
be allowed to cause some mutation and using an enzyme such as
a DNA polymerase Klenow fragment, followed by introduction
into E. coli. These reactions can readily be effected using

a commercially available kit, for example, “MutanTM—K" or

™

"Mutan” -G" available from Takara Shuzo, or "Oligonucleotide-

directed in vitro mutagenesis System, version 2.0” from
Amersham Japan. The method for replacing a cassette at the
mutation site can be conducted by replacing the whole re-
striction enzyme fragment containing the site to be allowed
to cause a mutation, with a synthetic DNA containing such a
mutation. The method using a PCR reaction can be conducted
according to the method of W. Ito, et al., Gene, 102, 67-70
(1991) or the like. 1In this method, PCR reaction is effected
using a synthetié DNA primer containing the mutation and a
synthetic DNA corresponding to the end of the gene, after
which the resulting DNA fragment is allowed to hybridize with
the full-length DNA of the gene, followed by another PCR |
reaction for the enzyme elongation of the fragment to its
full length.

In the present invention, the mutant decarbamylase
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gene prepared in the above-described manner is ligated to a
plasmid vector such as pUC19 or pKK-233-2, and the resulting
recombinant vector is incorporated into E. coli, such as
JM109, followed by colony formation on a plate containing an
antibiotic and the like. Then, this colony is replicated
onto a sterilized filter paper, and the plate is stored.
The filter paper, after drying, is immersed in a solution
containing lysozyme and Triton X-100 or repeatedly put in and
out of an acetone-dry ice bath (freeze and thaw),;thereby
causing lysis. Then, this filter paper is immersed in a
water bath thermostated at a temperature such as 65°C or 70°C
for a constant period of time, for example, 5 minutes, and
then dried, after which this filter paper is immersed in a
reaction solution capable of making color development by
decarbamylase activity. As the reaction solution, there can
be used, for example, those which contgin a'carbamyl-D—amino
acid as the substrate and also contains phenol, 4-aminocanti-
pyrine, D-amino acid oxidase and pefoxidase. The colony
exhibiting color development can be separated as a thermo-
stability-acquiring strain. |

First, as an index indicating the thermostability of
an enzyme, thermostable temperature is defined. The thermo-
stable temperature is defined as the treatment temperaﬁure at
which the activity of an enzyme is 50% inactivated by the
thermal treatment for 10 minutes. As the source of a decar-
bamylase gene, microorganisms which are known to have a

v

decarbamylase (e.g., microorganisms disclosed in the Interna-

tional Publication No. W092/10579) can usually be used. The
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thermostable temperature is different with the respective
decarbamylases of these microorganisms. To attain excellent
stability tolerable to repeated use by an improvement in the
thermostability, various properties other than thermostabil-
ity should, of course, be taken into consideration, and it is
desirable to use a decarbamylase exhibiting high thermostable
temperature, for example, in the range of 60° to 63éc, from
the first. From this point of view, a deca:bamylase'produced
by Agrobacterium radiobacter KNK712 (FERM BP-1900) is pre-
ferred because of its relatively higher thermostable tempéra-
ture of about 62°C. The decarbamylase from KNK712 and the
DNA fragment coding for this enzyme have the amino acid
sequence and the DNA sequence, respectively, shown in Se-
quence Listing, SEQ ID NO: 1. The decarbamylase improved in
thermostability obtained by the mutagenesis of this decarbam-
ylase gene was found to contain a replacement of 57-histi-
dine, 203-proline or 236-valine with a different amino acid,
as shown in Sequence Listing, SEQ ID NOs: 2-16. Therefore,
amino acids at at least three positions are related to the
thermostability. High thermostability can be obtained not
only by the replacement of one amino acid but also by the
combined replacement of two or three amino acids. In the
present invention, the thermostable temperature could be
increased by at least 2°C, mostly ébout 5°C or higher, and in
some cases, by 10°C or higher.

For example, it is possible to obtain a decarbamylase
improved in thermostability by the substitution of leucine or

tyrosine for 57-histidine; of leucine, asparagine, glutamic
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acid, threonine or serine for 203-proline; or of alanine,

threonine or serine for 236-valine, as the different amino
acid (Sequence Listing, SEQ ID NOs: 2-30). As the DNA
sequences coding for these decarbamylases improved in thérmé-
stability, there were obtained those which contain a substi-
tution of TAT, CTT or CTA for CAT, i.e., 401- to 403-nucleo-
tides corresponding to 57-histidine; of TCT, CTT, GAA, AAC
or ACC for CCT, i.e., 839~ to 84l-nucle6tides corresponding
to 203-proline; of GCG, GCT, ACC, ACG, TCA, TCG or AGT for
GTG, i.e., 938~ to 940-nucleotides corresponding to 236-
valine (Sequence Listing, SEQ ID NOs: 2-30). Once the
thermostability-related amino acids are identified, the ﬁse
of site-specific mutagenesis makes it possible to substitute
many amino acids for these amino acids by the substitution of
various bases. Thus, the DNA fragment coding for the decar-
bamylase improved in'thermostability can be subjected to
mutagenesis for a further improvement in the thermostability.

In case of Agrobacterium radiobacter KNK712 (FERM BP~-
1900), the derivative having two or three amino acid muta-
tions in three amino acids which have been found to have a
relation to the thermostability, i.e.,.57—histidine, 203~
proline and 236-valine (multiple mutant) is produced, for
example, as follows.

In the gene structures of pAD108 (coding for a natu-
rally occurring decarbamylase) and pAD402 (coding for a
decarbamylase having Tyr substituted for 57-His), respective-
ly, as shown in Figs. 4 and 5, SphI and Sall are close to

each other in the vicinity of the decarbamylase gene; there-
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codon of the decarbamylase gene by the PCR method. Thus,
57-amino acid is present on the NdeI-SacI DNA fragment of
about 190 bp; 203-amino acid on the SalI-Clal DNA fragment
of about 170 bp; and 236-amino acid on the ClaI-SphI DNA
fragment of about 75 bp.

The multiple mutant is prepared by the replacement of
these mutation-free DNA fragments with DNA fragments having
some mutation in the thermostablllty-related amino acids.

The DNA fragment hav1ng some amino ac1d mutation is prepared
from the transformant or expreSSLOn vector as obtained in
Example 3 or 8.

On the other hand, an NdeI-EcoRI DNA fragment of about
1.6 kb containing a decarbamylase gene (which is naturally
occurring or contains one aminc acid mutation) is obtained by
cleaving pAD108, pAD402 or the like, which has been conferred
an NdeI restriction site, and theﬁ incorporated into an
appropriate vector having Ndel and EcoRI restriction sites,
such as pKK NE (prepared from pKK233-2 shown in Fig. 3j
described in Example 9 and shown in Fig. 3, thereby obtaining
a plasmid (e.g., pAD 1086 shown in Fig. 4 from pADlOS; and
PAD4021 shown in Fig. 5 from pAD402). The DNA fragments of
this plasmid, which have no mutation site for the above-
mentioned three amino acids, are replaced with DNA fragments
containing such amino acid mutation sites, thereby obtaining
an expression vector for multiple mutants .

In general, the multiple mutants thus prepared have

improved thermostability in an additive manner depending upon
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the degree of thermostability improvement obtained by a
single mutation. For the decarbamylase having two -or more
amino acid mutations in three kinds of amino acids, it is-.
possible to select any combinatibn of the substituted amino
acids as described above.

The above-described method is not limited to the case
of Agrbbacterium radiobacter KNK712 (FERM BP-1900), and it
can be used, in general, for a further improvement in the
thermostability of a decarbamylase enzyme. That is, accord-
ing to the method for making an enzyme thermostable as de-
scribed above, several kinds of decarbamylases improved in
thermostability can be obtained by the replacement of an
amino acid, from which the thermostability-related amino
acids are identified, and still another replacement of this
amino acid makes it possible té find other amino acids givihg
an improvement in the thermostability. Under the éircum—
stances that DNA fragments corresponding to the respective
thermostable decarbamylases have already been obtained,
simultaneous mutations can be introduced into plural amino
acid sites related to the thermostability improvement by the
operations in the following steps 1) to 5) (multiple mutant),
which afforded a decarbamylase.additively improved in
thermosﬁability.

1) Restriction enzymes are found out, each of which
can yield a DNA fragment comprising a DNA portion coding for
one of the thermostability-related amino acids by cleavage
for the DNA fragment.

2) A DNA fragment comprising a DNA portion coding for
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one amino acid mutation site is obtained from the DNA frag-
ments each coding for a thermostable decarbamylase having at
least one amino acid mutation or from the vectors comprising
the fragments with the corresponding restriction enzyme in
step 1).

3) The corresponding DNA fragment but having no amino
acid mutation is removed by cleaving a DNA fragment coding
for a decarbamylase or a vector comprising the fragment with
the same restriction enzyme as described above.:

4) The mutation-containing DNA fragment obtained in
step 2) is incorporated into the remaining DNA fragment after
the cleavage for removing the corresponding DNA fragment in
step 3) or into the vector comprising the remaining fragment.

5) The operations in steps 2) to 4) are repeated, if
necessary. '

According to this series of operations, it is possible
to increase, by one or more, the number of mutations in the
thermostability-related amino acids.

In case of Agrobacteriﬁﬁ radiobacter KNK712 (FERM BP-
1900), as the vector in step 2), any vector can be used so
long as it has been prepared by giving an NdeI restriction
site in an expression vector which is pUCl9 having incorpo-
rated thereinto one of the DNA fragments shown in Sequence
Listing, SEQ ID NOs: 2-30. As the vector containing a
decarbamylase gene'in step 3), various vectors, including
PAD4021 and pAD1086, can be used which are obtained using pKK
NE in the same operations as for pAD4021 from the vector

prepared by giving an NdeI restriction site in any vector
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selected from various examples of the expression vegtor.as
recited below, except for the vectors each containing a DNA
fragment coding for a decarbamylase having already received
an amino acid substitution for an improvement in the thermo-
stability at every one of three thermostability-related sites
(i.e., triple mutation-containing pAD426, pAD427, pAD454,
PAD455 and pAD456). The DNA ffagments ob;ained with restfic-
tion enzymes are NdeI-SacI, SalI-Clal and;ClaI—SphI in any
case of step 2) or step 3). |

The preparation of DNA fragments each coding for a
decarbamylase, expression vectors obtainable by incorporating
each of the DNA fragments into a vector, and transformants
obtainable by incorporating each of the expression vectors
into a host cell cah be conducted using a gene manipulation
technique as described in, for example, International Publi-
cation.No. W092/10579.

From the expression vector obtained by the incorpora-
tion of a DNA fragment shown in Sequence Listing, SEQ ID NOs: .
2-34 into pUCl19 or pKK NE, for example, the incorporation
into pUC19 gives pAD402, pAD404, pPAD406, pAD416, pAD428,
PAD429, pAD431, pAD434, pAD435, PAD439, pAD441, pAD44S,
PAD447, pAD448, pAD450, pAD451, pAD452, pAD453, pAD454 or
PAD456; the incorporation into pKK NE gives pAD421, pAD422,
PAD423, pAD424, pAD425, pAD426, pAD427, pAD461 and pAD455;
and the incorporation into pUC NT (Fig. 10, upper part) gives
PNT4553 (Fig. 10, lower part). The replacement of amino
acids at the thermostability-related sites makes no change in

the above-described restriction sites for restriction en-
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zymes; therefore, the expression vector obtained by incorpo-

ration into pUC1l9 has the same restriction map as that of

PAD423 (Fig. 6, upper part) and the expression vector ob-

tained by incorporation into pKK NE has the same restriction

map as that of pAD455 (Fig. 6, lower part). These expression

vectors were used for the transformation of Escherichia coli

JM109 or HB10l, which afforded the following transformants

capable of producing a decarbamylase improved in thermosta-

bility.

coli
coli
coli
coli
coli
coli
coli
coli
. coli
coli
coli
coli

. coli

g & ¢ &8 &8 &8 &8 &8 8 8 @© S B 6

coli
coli
coli

coli

(<o I < I < I < |

coli

E. coli

JM109
JM109
JM109
JM109
JM109
JM109
JM109
JM109
JM109
JM109
JM109
JM109
JM109
JM109
JM109
JM109
JM109
JM109

JM109

pAD402 (FERM BP-3912),
pAD404 (FERM BP-3913),
pAD406 (FERM BP-3914),
pAD416 (FERM BP-3915),
pAD428,
pAD429 (FERM BP-4035),
pAD431,
pAD4 34,
pAD435,
pAD439,
pAD441,
PAD445,
pAD447,
pAD448,
PAD450,
§AD421,

pPAD422,

pAD423,

pAD424 (FERM BP-4034),
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. coli JM109 pAD425,
coli JM109 pAD426,

coli JM109 pAD427,

E

E

E

E. coli JIM109 pAD451,

E. coli JM109 pAD452,

E. coli JM109 pAD453,

E. coli JM109 pPAD461,

E. coli JM109 pAD454,

E. coli JM109 pAD455 (FERM BP-4036),

E. coli JM109 pAD456,

E. coli JM109 pAD468,

E. coli JM10S9 pAD469,

E. coli JM109 pPAD470 or

E. coli HB10l pNT4553 (FERM BP-4368). |

For these decarbamylases of the improved ty§e, the
amount of such an enzyme of interest produced by a trans-
formant can be increased by incorporating the correséonding
gene downstream the strong promotor of a vector.

The transformant can be cultured on a conventional
nutrient medium to express a transformaﬁt DNA which has been
introduced thereinto. In case where the transformant DNA has
been conferred with certain properties originating in the
genetic or vector DNA, the medium may be supplemented with
various agents depending upon the properties.

The transformant thus produced can be obtained as an
enzyme source only by culture preparation on a conventional
medium; if necessary; various treatments may be employed for

enzyme induction, such as the addition of hydantoin com-
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pounds, D-N-carbamoyl-c-amino acids, isoprdp&l;l—thio-B—D—
galactoside (IPTG) or the like, and a temperature increase.

The medium to be used for the culture preparation of a
transformant may usually be a conventional medium containing
carbon sources, nitrogeﬁ sources and inorganic ions. If
organic micronutrients such as vitamins and amino acids are
added thereto, preferred results are often obtained. As the
carbon sources, carbohydrates such as glucose and sucrose,
organic acids such as acetic acid, alcohols and,the like are
suiﬁably used. As the nitrogen sources, ammonia gas, ammonla
water, ammonium salts and the like are used. As the lnorgan-
ic salts, phosphate ion, magnesium ion, potassium ion, ferric
ion and the like may be used. -

The culture preparation may be conducted under aerobic
conditions for 1 to 10 days while making an appropriate
adjustment to the pH range of 4 to 8 and the temperature
range of 25° to 45°C, which makes it possible to obtain
desirable results. The enzyme produced by a transformant can
be applied as a culture solution of the transformant, bacte-
rial cells, treated bacterial cells, enzyme extracts from
bacterial cells, immobilized bacterial cells or the like.

As the bacterial cells, there can be used any one of
the forms such as an untreated culture solution after comple-
~tion of the culture preparation, bacterial cells separated
from the culture solution and washed bacterial cells. As the
treated bacterial cells, there can be used lyoéhilized bacte-
rial cells, acetone-dried bacterial cells, toluene- or sur-

factant-contacted bacterial cells, lysozyme-treated bacterial
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cells, ultrasonicated bacterial cells, mechanically-disrupted
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bacterial cells, enzyme extracts having an enzyme activity to
convert D-N-carbamoyl-c-amino acids into the corresponding
D-a-amino acids by removal of the carbamoyl groups, which
have been obtained from these treated bacterial cells; immo-
bilization products of these bacterial cells; insolubiliza-
tion products of the treated bacterial cells; immobilization
products of the treated bacterial cells on a supbort for the
immobilization of an enzyme protein (e.g., anion exchange
resin), or the like. Foﬁ the method for immobilization,
reference is made to the specification of the Japanese Patent
Laid-open Publiﬁation No. 63-185382.

' As the support to be used for immobilization, various
anion exchange resins having various amine-, ammonium salt-
or diethanolamine-type functional groups are suitable, such
as phenol-formaldehyde anion exchange resins, for example,
Duclite AS568 and DS17186 (Rohm & Haas; registered trade
names), and polystyrene resins, for example, Amberlite
IRA935, IRA945, IRA901 (Rohm & Haas; registered trade
names), Lewatatit OCl1037 (Bayer; registered trade name) and
Diaion EX-05 (Mitsubishi Chemical Inductries; registered
trade name). In addition to thesé, any other support such as
DEAE-cellulose can also be used.

Further, to ensure firm and stable.adsorbtion of an
enzyme, a crosslinking agent is usually used, and a preferred
example thereof is glutaraldehyde. As the enzyme to be used,
there can be applied, in addition to purified enzymes, those

which have been purified to various degrees, such as partial-
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ly-purified enzymes, solutions containing disrupted bacterial
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cells and cell-free extracts.

For the preparation of an immobilized enzyme, conven-
tional methods can be used, which comprises, for example,
allowing an enzyme to be adsorbed from an enzyme solution on
a support and then subjecting the support to crosslinking
treatment.

D-N-carbamoyl-a-amino acids used as the substrate of
an enzyme reaction in the present invention can: be expressed

by the formula: R-CH(NHCONH,)-COOH, and their forms to be

subjected to the reaction in actual cases are as follows: in
case where the enzyme to be used has strict stéreoselectivity
on the D-N-carbamoyl-a-amino acids, they can be used as the
D-form or a mixture of the D- and L-forms; and in case where
the enzyme has loose stereoselectivity because of its action
even on L-carbamoylamino acids, or in case where it is used
as an enzyme mixture capable of acting even on the L-amino
acids, it is preferred that they are used only in the D-form
for the production of a-amino acids in the D-form.

The substituent R can be selected within a wide range
as described in the specifications of the Japanese Patent
Publication Nos. 57-18793, 63-20520 and 1-48758. In particu-
lar, to provide useful compounds from an industrial point of
view, such as intermediates for medicaments, it is preferred
that R is phenyl, hydroxy-substituted phenyl, alkyl, substi-
tuted alkyl, aralkyl or thienyl. When R is hydroxy-substi-

tuted phenyl, it may be substituted with one or more hydroxy
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groups at the o-, m- and/or p-positions, and the typical

example thereof is p-hydroxyphenyl. The term alkyl refers to
a group of 1 to 4 carbon atoms, the corresponding amino acid
of which is D-alanine, D-valine, D-leucine, D-isoleucine or
the like. The term substituted alkyl refers to an alkyl |
group of 1 to 4 carbon atoms, which is substituted with
hydroxy, alkylthiq, carboxyl, amino, phenyl, hydroxy-substi-
tuted phenyl, amide or the like, the corresponding amino acid
of which is D-serine, D—thrednine, D-methionine, D-cysteine,
D-asparagine,'D-glutamine, D-tyrosine, D-tryptophan, D-aspar-
tic acid, D-glutamic acid, D-histidine, D-lysine, D-arginine,
D-citrulline or the like. The term aralkyl refers to a group
of 7 to 8 carbon atoms, such as benzyl or phenetyl, the cor-
responding amino acid of which is D-phenylalanine or the
like.

As the aqueous medium, there can'be_used water, buffer
or those which contain an organic solvent such as ethanol.

If necessary, various additives such as nutrients needed for
the growth of microorganisms, antioxidants, surfactants,
coenzymes, hydroxylamine and metals can also be added to the
aqueoué medium.

In case where the bacterial cells of the above-de-
scribed microorganism are cultured in an aqueous medium,
during'which the bacterial cells are brought into contact
Qith D-N~carbamoyl-a-amino acids for the reaction, D-N-car-
bamoyl-a-amino acids and nutrients needed for the growth of
the microorganism, such as carbon sources, nitrogen sources

and inorganic ions, are contained in the aqueous medium used.
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If organic micronutrients such as vitamins and amino acids
are added thereto, preferred results are often obtained. As
the nitrogen sources, carbohydrates such as glucose and
sucrose, organic acidslsuch as acetic acid, alcohols and the
like are suitably used. As the nitrogen sources, ammonia -
gas, ammonia water, ammonium salts and the like are used. As
the inorganic salts, phosphate ion, magnesium ion, potassium
ion, ferric ion and the like may be used.

The culture preparation may be conducted under aerobic
conditions for 1 to 10 days while making an appropriate
adjustment to the pH range of 4 to 8 and the temperature
range of 25°C to 45°C, which makes it possible.that D-N-car-
bamoyl-c-amino acids are converted only into D-c-amino acids
with high efficiency.

| In contrast, when the reaction of an untreated culture
solution of the above-described microorganism, cultured
bacterial cells, treated bacterial cells, enzyme extracts,
immobilization products of baéterial éells, insolubilization
products of bacterial cells or immobilization products of
enzyme proteins is effected in an aqueous medium containing
D-N-carbamoyl-a-amino acids dissolved or suspended therein,
the reaction system may be allowed to stand or stirred for a
time, while the temperature is adjusted to an appropriate
range of 10°C to 80°C and the pH is kept in the range of 4 to
9.5. In this manner, after the lapse of 5 to 100 hours,
D-a-amino acids are produced in great amounts and accumulated
in the aqueous medium. The D-N-carbamoyl-c-amino acids may

be added in separated portions according as the reaction pro-
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ceeds. The D-a-amino acids produced can be separated and
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purified by a conventional separation method.
The D~a-amino acids obtained herein can be expressed
by the formula:

R-CHNH, -COOH

(wherein R is as defined above).

The following will describe the typical embodiments of
the present invention. The detection and gquantitative analy-
sis of D-a-amino acids produced were conducted by high per-
formance liquid chromatography (HPLC) or thin layer chréﬁa-
tography (TLC).

Example 1

Mutagenesis of Agrabacterium radiobacter KNK712
decarbamylase géne with hydroxylamine

Plasmid pAD108 having a KNK712 decarbamylase gene was
digested with restriction enzymes HindIII and EcoRI, which
was mixed and ligated with the digest of an M13mpl8 double-
stranded DNA with HIndIII and EcoRI. This was transformed
into E. coli JM109, which was mixed with 2 ml of H top agar
medium (10 g/l bactotrypton, 8 g/l NaCl, 8 g/l bactoagar)
containing 100 mM isopropyl—B-D—thiogalactopyranoside (IPTG)
and 0.2% S5-bromo-4-chloro-3-indolyl-B-D-galactoside (X-Gal)
added both in an amount of 40 ul, and then plated on an H
agar plate (10 g/l bactotrypton, 8 g/l NaCl, 12 g/l bacto-
agar), followed by incubation at 37°C and separation of a
white plaque. This recombinant phage was cultured on 100 ml

of 2YT medium (16 g/l bactotrypton, 10 g/l bactoyeast ex-
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tract, 5 g/l NaCl), and a PEG-NaCl (20% polyethylene glycol
6000, 2.5 M NaCl) solution was added to the supernatant at a
1/5 volume, so that phage particles were precipitated énd

collected by centrifugation. These recombinant phage parti-

cles were treated in NH,OH having a final concentration of

0.25 M (pH 6.0) at 37°C for 1 to 8 hours. The phage parti-
cles were precipitated with a PEG-NaCl solution, and then
dissolved in sterilized water, with which E. cqli JM109 was
infected. The microorganism was cultufed on 800 ml of 2YT
medium, and a double-stranded DNA having some mutation was
prepared by the alkaline-SDS method and CsCl ultracentrifuga—
tion method. This was digested with HindIII and EcoRI, and
then incorporated into pUCl9, which was transformed into E.
coli JM109, and then plated on a 2YT agar plate containing
50 pg/ml ampicillin. Thus, about 15,000 E. coli trans-
formants each having a mutant decarbamylase gene were ob-
tained. |

Example 2

Mutagenesis of Agrobacterium radiobacter KNK712 decar-
bamylase gene with nitrous acid |

The recombinant phage particles obtained by incorpo-
rating a KNK712 decarbamylase gene into M13mpl8 as prepared
in Example 1 were cultured on 800 ml of 2YT medium for prepa-
ration, and then subjected to phenol extraction and ethanol
precipitation, which afforded a single-stranded phage DNA.

This single-stranded DNA was treated with NaNO, having a

final concentration of 0.9 M (pH 4.3) at 25°C for 30 minutes,
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allowing a gene to cause some mutation. This was made into a

double-stranded form by the use of SequenaseR ver. 2.0 (Unit-

ed States Biochemical) and AMV reverse transcriptase (Life
Science). This waé digested with restriction enzymes HindIII
and EcoRI, and incorporated into pUCl19, which was transformed
into E. coli JM109 and then plated on a 2YT plate (containing
ampicillin). Thus, about 7600 E. coli transformants each
having a mutant decarbamylase gene were obtained.

Example 3

Screening of decarbamylase-producing strain impro&ed
in thermostability

The colony of the E. coli transformants each having a
mutant decarbamylase gene on the plate were replicated onto a
filter paper (Toyo Roshi, 5C, ¢83 mm), which was soaked with
1.5 ml of lytic solution (20 mM Tris-HCl (pH 7.5), 10 mM
EDTA, 2 mg/ml lysozyme, 1% Triton X-100), followed by a
reaction at 37°C for 30 minutes, washing with water and
drying. This filter paper was immersed in hot water at 65°C
for thermal treatment, and after drying, it was soaked with
1 ml of color development reaction solution (30 mM K-phos-
phate buffer (pH 7.4), 0.3% carbamyl-D-phenylglycine, 0.25%
phenol, 10 mg/ml D-amino acid oxidase (Sigma), 2.36 pg/ml
peroxidase (derived from horseradish, CALZYME Lab.),
0.1 mg/ml 4—aminoantipyrine), followed by a reaction at 37°C
for.30 minutes. Colonies corresponding to the red-color
developed spots wefe separated, as the strain improved in

thermostability, from the original plate.
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From 27,000 mutants as prepared by mutagenesis with

hydroxylamine in Example 1 and 7600 mutants as prepared by
mutagenesis with nitrous acid in Example 2, twelve and seven
mutants improved in thermostability were obtained, respec-
tively.

Example 4

Thermostability evaluation of decarbamylase improved
in thermostability

A shaken culture containing one of four decarbahylase-
Producing strains improved in thermostability as obtained in
Example 3 (three mutants obtained by mutagenesis with hydrox-
ylamine and one mutant obtained by mutagenesis with nitrous
acid), together with recombinant E. coli JM109 pAD108 (FERM
BP-3184) having a KNK712 decarbamylase gene, was prepared in
10 ml of 2YT liquid medium (containing 50 Hg/ml ampicillin
and 1 mM IPTG) and incubated overnight. After harvested, the
bacterial cells were washed Qith 0.1 M K-phosphate buffer (pH
7.0), and suspended in 1 ml of the same buffer, after which
the suspension Qas disrupted with  an ultrasonic disrupting
apparatus (Tomy Seiko, model-UR-zoP) and the residue was
removed by centrifugation. One part of this crude enzyme
solution was subjected to thermal treatment at a temperature
such as 55°C, 60°C, 65°C, 70°C and 75°C for 10 minutes, and
some denatured insolubilized protein was removed by centrifu-
gation. Then, the decarbamylase activity before and after
the thermal treatment were measured. In the measurement,
using 1% carbamyl-D-hydroxy-phenylglycine as the substrate,

the reaction was effected in 0.1 M K-phosphate buffer (pH



Sheet Has Been Replaced L

. \\lI\lI\\lIl\I\\ll\lHII\

7.0) at 40°C for 20 minutes, followed by protein denaturation
with 5% TCA and removal thereof, after which the amount of
D-hydroxyphenylglycine produced was determined by high per-
formance liquid chromatography. The results are shown in |
Fig. 1.

Example 5

Gene analysis of decarbamylase improved in thermdsta-
bility |

The gene analysis was conducted for the ﬁutant decar-
bamylase improved in thermostability, to presume the mutation
sites of the decarbamylase protein. The plasmid having a
gene for the decarbamylase improved in thermostability was
reacted in a programmable incubator (ASTEC, model PC-700)
using Tag Dye DeoxyTM Terminator Cycle Sequencing Kit (Applied
Biosystems), followed by removal of excess Dye Deéxy using
Bio Spin 30 (BIO-RAD). This sample was subjected to electro-
phoresis and data anélysis with DNA sequencer model 373A
(Applied Biosystems). As the result,.the mutation sites were
found as shown in Table 1. In every cases, the thermostabil-

ity was improved by one amino acid mutation.
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Table 1
Mutant toerenstaoktty| BMition | Amino.acid
(m 61.8 none none
Escherichia coli
JH109 pAD4? 67: 3 401C—>T 5THis— Tyr
JH109 pAD404 68.0 ~ [ 840C—T | 203Pro—Leu
JM109 pAD406 | 66.5 839C—T 203Pro—Ser
JN109 pADA416 71. 4 939T—C | 236Val—Ala

Example 6

‘Immobilization of decarbamylase improved in
thermostability on resin

A shaken culture containing one of four decarbamylase-
producing strains improved in thermostability, together with
recombinant E. coli JM109 pAD108 (FERM BP-3184) having a
KNK712 decarbamylase gene, was prepared in 1 liter of 2YT
medium (containing 50 pg/ml ampicillin and 1 mM IPTG) and
incubated overnight. After harvested, the bacterial cells
were washed with 0.1 M K-phosphate buffer (pH 7.0), and
suspended in 100 ml of the same buffer, after which the
suspension was disrupted with an ultrasonic diérupting appa-
ratus (BRANSON, Sonifier model 250) and the residue was
removed by centrifugation to yield a crude enzyme solution.

To this, Duolite A-568 (Rohm & Haas) equilibrated with 0.1 M



/—/’,—

Becn Replaced

\ \\\l\\\\ TS

K-phosphate buffer (pH 7.0) was added at a ratio of 1 g resin
to 40 mg protein, and the mixture'was stirred under a nitro-
gen seal at 4°C for 20 hours to ensure the adsorption. This
enzyne-adsorbing resin was washed with 0.1 M K-phosphate
buffer (pH 7.0) and 10 mM dithiothreitol (DTT), and reacted
in 0.2% glutaraldehyde and 0.1 M K-phosphate buffer (pH 7.0)
at 4°C for 10 minutes for the protein crosslinking, which
afforded an immobilized enzyme-containing resin. The activi-
ties of thé resins thus obtained are shown in Table 2.

Table 2

E.coli E.coli  E.coli Ecoli i
¥utant JN109  JN109  JN109  JH10S i TI2
pAD402 pAD404  pAD406  pAD416 i

Activity :
(u/g resin) | 12.4 9.4 10. 0 14.6 : 9.6

Example 7'

Repeated continuous reaction using immobilized decar-
bamylase

The mutant decarbamylase improved in thermostability
was evaluated by the repeated continuous reaction using the
immobilized enzyme-containing resin as obtained in Example 6.
The reaction was effected (100 ml of reaction mixture) using
50 units of the immobilized decarbamylase and 3% carbamyl-D-
HPG as the substrate at 40°C with stirring under a stream of
nitrogen gas while the pH was adjusted to 7.0. The sample

was taken for the activity measurement after 10 and 60 min-
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utes, and the reaction was continued for 23.5 hours in total.
The reaction mixture was removed by suction, after which
another fresh reaction mixture was charged and allowed to
react in the same manner as described above; such an opera-
tion was repeated 15 times, and the change in the activity of
the immobilized decarbamylase was examined. The results are
shown in Fig. 2. All the decarbamylases improved in
thermostability were found to have improved stabilities when
used in the reaction as the immobilized enzyme-containing
resin, as compared with those before the mutagenesis.

Example 8

Amino acid replacement at thermostability-related
sites

Various amino acids were substituted for three sites
found to be related to thérmostability, i.e., histidine which'
is 57-amino acid, proline which is 203-amino acid, and valine
which is 236-amino acid, to prepare various derivatives. The
preparation of these derivatives was conducted by the use of
a method utilizing polymerase chain reaction (PCR) (W. Ito,
et al., Gene, 102, 67-70 (1991)). For each of the thermo-
stability-related sites, various synthetic primers were
prepared with a mixed solution of A, T, G and C by the DNA
synthesizer model 391 (Applied Biosystems), said primers
having about 1l0-base sequence portions which were the same as
the complimentary gene sequences on both sides of the gene
portion corresponding to the amino acid at each site and also
having any combination of A, T, G and C in the 3-base portion

corresponding to the amino acid to be replaced, so that any
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kind of amino acid was incorporated into this 3-base portion
after the replacement. With the use of pAD108. as the tem-
plate, and using this primer and M13RV primer (Takara Shuzo),
the PCR was effected by the programmable incubator model PC-
700 (ASTEC). A DNA fragment containing the full-length
~decarbamylase gene fragment (1785 bases) and short-length
sequences on both sides and having a mutation at every
HindIITI restriction siﬁes so as not to be cleaved was pre-
pared by the PCR reaction using pAD108 and MUTF3 and M13M4
primers (both, Takara Shuzo). These two kinds of PCR prod-
ucts were mixed together, and heated at 94°C for 10 minutes,
after which the mixture was gradually cooled for annealing,
which afforded a combined form of these two kinds of DNas.
Using Taq DNA polymerase, single-stranded DNA portions were
made into double-stranded forms. Using this DNA and M13M4
and M13RV primers, the PCR reaction was effected, and the DNA
produced was simultaneously digested with HindIII and EcoRI.
The digest was ligated with pUC1l9 which had been digested in
the same manner as described above, and transformed into E.
coli. According to the method as described in Example 3,
only the strains improved in thermostability were screened,
and it was found that derivatives having a substitution of
leucine for 57-histidine, derivatives having a substitution.
of asparagine, glutamic acid, threonine, alanine, isoleucine
or histidine for 203-proline, and derivatives having a sub-
stitution of threonine or serine for 236-valine had improved

thermostability, as shown in Tables 3 and 4.
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Table 3
Thermostable DNA Amino acid
Mutant temperature(°CY} mutation mutation
(7112 61.8 none none
Escherichia coli

JN109  pAD434 67.5 | 402A—T | 57His—Leu
403T—A

TN109 pAD435 67.0 | 402A—T | 57His—Ley

JH109 pAD431 67.0 838C—A 203Pro— Asn
' 840C—A
841T—C

JN109 pAD429 70.0 839C—G 203Pro—Glu
840C—A
841 T—A

TN109 pAD445 67.5 |839C—A | 203Pro—Thr
841T—C

J¥109 pAD468 67.7 839C—G 203Pro—Ala

J4109 pAD469 67.2 839C—A 203Pro— 1 le
840C—T

JH109 pAD470 65. 2 840C—A | 203Pro—His
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Yutant @ﬁﬁﬂ?ﬁ%ﬁ?ﬁ?) Bﬂ%atlon ﬁrg%gglggld
(712) 61.8 none none
Escherichia coli _
JH109 pAD428 70.0 939T—C | 236Val—Ala
940G—C
J¥109 pAD439 71.3 939T—C 236Val—Ala
940G—T
JH109 pAD441 71.5 938G —A 236 Val— Ser
939T—G
940G—T
I.MIOQ pAD447 72.0 938G—T 236 Val— Ser
939T—C
940G— A
JN109 pAD448 72.0 938G —=T" 236Val—Ser
939T—C
IJN109 pAD450 89.5 938G —A 236 Val—Thr
939C—C




This Sheet Has Been Replaced 5

T I

Example 9

Multiple mutation at thermcstability-reiated sité

Derivatives (multiple mutants) having a.combination of
two or three amino acid mutations which had been found to
improve the thermostability, at three sites which had been
found to be related to the thermostability, i.e., histidine
which is 57-amino acid, proline which is 203-amino acid, and
valine which is 236-amino acid, were prepared as follows.

| The multiple mutants were prepared by replacing the

mutation-free DNA fragments of a native gene with the re-
striction enzyme-digested DNA fragments each containing some
mutation site of a mutant decarbamylase gene which had been
improved in thermostability by a single amino acid substitu-
tion, as obtained in Example 3 or 8. First, because pAD108,
PAD402 and other plasmids, which had the same restriction
sites, each have two SalI and two SphI restriction sites for
use in the replacement of the above-described DNA fragments,
it is necessary to make these sites into a single restriction
site. Therefore, as a new vector for gene incorporation, pKK
NE was prepared, into which a decarbamylase gene fragment was
incorporated, thereby constructing an expression vector to be
used for the DNA fragment replacement. |

Plasmid pKK NE was prepared as follows. Plasmid
PKK233-2 (Pharmacia) shown in Fig. 3 was digested with EcoRI
and NdeI, and subjected to agarose gel electrophoresis to
separate a 2.7-kb DNA fragment, after which the cohesive end
of the DNA fragment was changed to the blunt end with a DNA

blunting kit (Takara Shuzo), followed by ligation and trans-
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formation into E. coli JM109.

The Ncol restriction site of the vector thus prepared
was changed to the Ndel restriction site using the PCR meth-
od. The resulting plasmid was digested with HindIII, and the
cohesive end thereof was changed to the blunt end, followed
by ligation with pEcoRI linker (Takara Shuzo), which afforded
PKK NE as shown in Fig. 3. Next, into the initiation codon
portion of the decarbamylase gene in plasmid pAD108 or
pAD402, the Ndel restriction site was generated by the PCR
method. The resulting NdeI-EcoRI DNA fragment of 1.6 kb was
then incorporated into pKK NE, which afforded expression
vectors pAD1086 (derived from pAD108; shown in Fig. 4) and
pAD4021 (derived from pAD402; shown in Fig. 5).

The S7-amino acid mutation is positioned on the Ndel-
SacI DNA fragment of about 190 bp; the 203-amino acid muta-
tion on the SalI-Clal DNA fragment of about 170 bp (this DNA
fragment is hereinafter referred to as fragment A); and the
236~-amino acid mutation on the ClaI-SphI DNA fragment of
about 75 bp (hereinafter referred to as fragment B). There-
fore, fragment A of pAD4021 was removed, into which site the
same fragment of pAD404 or pAD406 was incorporated, resulting
in pAD421 or pAD422, respectively. Also, fragment B of
PAD1086, pAD4021, pAD421 or pAD422 was replaced with the same
fragment of pAD416, resulting in pAD4161, pAD423, pAD426 or
PAD427, respectively. Further, fragment A of pAD4161 was
replaced with the same fragment of pAD404, pAD406 or pAD429,
resulting in pAD424, pAD425 or pAD461, respectively; frag-

ment A of pAD402 or pAD423 was replaced with the same frag-
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ment of pAD429, resulting in pAD451 or pAD455 (shown in Figq.
6), respectively; £fragment B of pAD402, pAD429 (shown in
Fig. 6), pAD451 or.pAD421 was replaced with the same fragment
of pAD447, resulting in pAD452, pAD453, pAD454 or pAD456,
respectively.

The expression vectors prepared in the above-described
manner were separately transformed into E. coli JM109, from
which the extracts of disrupted bacterial cells were prepared
and examined for the thermostability.

As shown in Tables 5 and 6, for the multiple mutants,
it was found that the thermostability was additively improved
accoxding to the degree of an improvement in the thermosta-
bility attained by a single mutation. For the decarbamylase
produced by E. coli JM109 pAD455_(FERM PB-4036) having high-
est thermostability, it was found that the thermostability
was improved even by about 19°C, as compared with the

decarbamylase before the mutagenesis.
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Table 5
Mutant Amino acid mutation %2553?2%3?%?@
(712 none 61.8
Escherichia coli
JM109 pAD421 5THis—Tyr 71.5
203Pro—Leu
JN109 pAD422 5THis—Tyr 70.0
203Pro—Ser
THI09 pAD423 57His— Tyr 75.4
236Val—Ala
JN109 pAD424 203Pro—Leu 7T7.5
236Val—Ala
JN109 pAD425 203Pro—Ser 75.9
236 Val—Ala
TH109 pAD426 STHis—Tyr 78.8
203Pro—Leu
236 Val—Ala
JN109 pAD427 5THis—Tyr 77.8
203Pro— Ser
236Val—Ala

qﬁmmd
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.Table 6
Mutant Amino acid mutation Egﬁgg‘r’g%ﬁ%&)
(112) none 61.8
Escherichia coli
JH109 pAD451 5THis—=Tyr 74.0
203F ro—Glu
JHI09 pAD452 STHis—Tyr 75.3
236Val—Ser
JH109 pAD453 203Pro—Glu 76.0
236Val—Ser
- TH109 PAD461 203P ro—Glu 79.0
236 Val—Ala
JH109 pAD454 STHis—Tyr 80.4
203Pro—Glu
236Val—Ser
TH109 pAD4S5 57H is—>Tyr 80.8
203Pro—Glu
236Val—Ala
JN109 pAD456 5THis—Tyr 78.5
203Pro— Leu
236 Val—Ser
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Example 10

Reaction temperature characteristics of decarbamylase
improved in thermostability

A shaken culture containing a thermostability-improved
decarbamylase-producing strain, E coli JM109 pAD108 (FERM
BP-3184) or E. coli JM109 pAD455 (FERM BP-4036), was prepared
in 10 ml of 2YT medium and incubated overnight. After har-
vested, the bacterial cells were washed with 0.1 M K-phos-
phate buffer (pH 7.0), and then suspended in 1 ml of the same
buffer, after which the suspension was disrupted with an
ultrasonic disrupting apparatus (Tomy Seiko, model UR-20P)
.and the residue was removed by centrifugation to yield a
clude enzyme solution. This crude enzyme solution was
10-fold diluted with a solution obtained by the addition of
5 mM dithiothreitol to the same buffer. Several 1 ml sub-
strate solutions (1% carbamyl-D-p-hydroxyphenylglycine, 0.1%
K-phosphate buffer (pH 6.5)) were kept at various tempera-
tures of 30°C to 85°C for 3 minutes, respectively, to which
100 ul of the diluted crude enzyme solution (or when the
temperature was in the range of 50°C to 80°C for higher
thermostability (the temperature was in the range of 50°C to
65°C for the crude enzyme solution of E. coli JM109 pAD108),
100 pl of the enzyme solution which had been further 2- to
3-fold diluted) was added, followed by a reaction at the re-
spective temperatures for 20 minutes. Then, the reaction was
allowed to- stop by adding 250.ul of 20% trichloroacetic acid
solution, followed_by centrifugation, after which.the super-

natant was analyzed by high performance liquid chromatography

1
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(Nakalai tesque, Cosmosil 5C18-AR column). Taking the activ-
ity at 40°C as 100%, the relative activity at each tempera-
ture is shown in Fig. 7. As can be seen from Fig. 7, the
enzyme produced by E. coli JM109 pAD455 exhibits the highest
activity at a temperature around 75°C and has extremely
improved stability, indicating that it was improved into an
enzyme capable of acting at higher temperatures, as compared
‘with the enzyme éroduced by E. coli JM109 pAD108.

Example 11

pH stability of decarbamylase improved in thermosta-
bility

A shaken culture containing a thermostability-improved
decarbamylase-producing strain, E. coli JM109 pAD416 (FERM
BP-3915) or E. coli JM109 pAD455 (FERM BP-4036), was prepared
in 10 ml of 2YT medium and incubated overnight. After har-
&ested, the bacterial cells were washed with 10 mM K-phos-
phate buffer (pH 7.0; cohtaining 0.5 mM dithiothreitol), and
suspended in 1 ml of the same buffer, after which the suspen-
sion was disrupted with a small-sized ultrasonic disrupting
apparatus and the residue was removed by centrifugation to
yield a clude enzyme solution. Various buffers for the
respective pHs were prepared from 0.1 M K-phosphate buffer
(PH 5.5, 6, 7, 8), Tris<HCl buffer (pH 7.5, 8, 9) and sodium
‘carbonate buffer (pH 9, 10, 11). To 800 pul of each of these
buffers, 200 pl of the crude enzyme solution was added, and
the mixture was incubated at 40°C for 12.5 hours. Then,
100 ul of the mixture was added to 1 ml of substrate solution

(1% carbamyl-D—p—hydroxyphenylglycihe, 0.1% K-phosphate
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buffer (pH 7.0)), followed by a reaction at 40°C; after which
the reaction mixture was analyzed in the same manner as de-
scribed in Example 10. Taking the activity at pH 7.0 as
100%, the relative activity of the treated saméle at each pH
is shown in Fig. 8.

Example 12

Preparation and expression of expression vector for
decarbamylase improved in thermostability

(1) Preparétion of vector for expression.of foreign
gene

First, a vector was prepared for the incorporation of
a thermostability-improved decarbamylase gene and exéression
thereof (Fig. 9). From pUCl9, HindIII-Cfrl0I fragment of
1.3 kb was prepared by the PCR method, at which time as the
PCR primer, a primer having a sequence designed so that an
NdeI restriction site was formed at the initiation codon site
of a lacZz gene inside the HindIII restriction site and the
sequence could be further digested with HindIII and Cf£frl0I,
was used for the reaction. This DNA fragment obtained by the
PCR was digested with HindIII and Cfrl0I, followed by liga-
tion with 1.4-kb fragment obtained by removal of the corre-
sponding 1.3-kb fragment from pUC19, resulting in plasmid
pUC-Nde which corresponds pUCl9 having an NdeI restriction
site added thereto. Next, from pTrc99A (commercially avail-
able from Pharmacia), an EcoRI-EcoRV fragment of 0.6 kb was
prepared by the PCR method, at which time as the PCR primer,
a primer having a sequence designed so that an Ndel restric-

tion site was substituted for the NcoI restriction site
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'inside the EcoRI restriction site and the sequence could be

further digested with EcoRI and EcoRV, was used for the reac-
tion. This DNA fragment obtained by the PCR was digested
with EcoRI and EcoRV, followed by ligation with 3.6-kb frag-
ment obtained by removal of the corresponding Q.6—kb fragment
from pTrc99A, resulting in piasmid pTrcNde which corresponds
pTrc99A having an Ndel restriction site added thereto. Then,
a 2.0-kb fragment obtained by the digestion of pUC Nde with
NdeI and SspI was ligated with a 0.6-kb fragment.obtained by
the digestion of pTrc Nde with NdeI and SspI, which afforded
expression vector plasmid pUCNT for the expression of foreign
genes (Fig. 10).

(2) Incorporatioh of thermostability-improved
decarbamylase gene into vector

From pAD455 having a gene for one kind of decarbam-
ylases improved in thermostability, only the gene poftion
coding for the decarbamylase was prepared by the PCR method,
at - which time as thé PCR primer, a primer having a sequence
designed so that an NdeI restriction site was formed in the
initiation codon portion of the gene and a PstI restriction
site was made just after the termination codon of the gene,
was used for the reaction. A 0.9-kb DNA fragment obtained by
this PCR was digested with Ndel and PstI, followed by liga-
tion with pUCNT which was also digested with NdeI and PstI,
which afforded expression vector'plasmid pNT4553 (Fig. 10)
for the decarbamylase improved in thermostability.

(3) Expression of thermostability-improved

decarbamylase expression vector
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The pNT4553 as prepared above was transformed into
Escherichia coli HB10l by the calcium chloride method. A
shaken culture of this transformant E. coli HB101l pNT4553
(FERM BP-4368) was prepared on a 2YT medium and incubated at~
37°C for 16 hours. After the bacterial cells were harvested,
a crude enzyme solution was prepared by the method as shown
in (Example 10), and the decarbamylase activity was measured
to be 5.6 unltes/ml per culture solution.

According to the present invention, DNA fragments each
coding for a decarbamylase protein improved in thermostabil-
ity can be obtained, from which a decarbamylase having high
reactivity to D-N-carbamoyl-a-amino acids and excellent
stability can be produced, and with the use of this enzyme,

D-c-amino acids can be produced with high efficiency.
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"Sequence Listing"

SEQ ID NO: 1

SEQUENCE LENGTH: 1785

SEQUENCE TYPE: nucleic acid

STRANDEDNESS: double

TOPOLOGY: linear

MOLECULE TYPE: Genomic DNA

ORIGINAL SOURCE
ORGANISM: Agrobacterium radiobacter
STRAIN: KNK712 (FERM BP-1900)

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA

TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG

Gln

ACA
Thx

GCG
Ala
35

ACC
Thr

TTC
Phe

AAG
Lys

- GTC
Val

GAT
Asp
115

GGT
Gly

CGT
Arg

Met

CGC
Axg
20

AGC

Ser

TTC
Phe

TAT
Tyx

GCC
Ala

GTC
val
140

AAG
Lys

CAC
His

TAT
Tyr

Ile

GAA
Glu

CGG
Arg

TTC
Phe

‘GAG

Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thx
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu

Ala

GTC
Val

GCG
Ala

CGC
Axg
55

GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

val Gly

GTC
Val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

GTT

Val
25

TTC
Phe

CAT
His

CcCcC
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

Gln
10

CGT
Axrg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyr

CTC
Leu

Gln

CTT
Leu

GTC
val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly

Gly

CTC
Leu

TTC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyr

CCG
Pro
140

T™TC
Phe

Pro

GAC
Asp

CCC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTc
Phe

CCG
Pro
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AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT
Thr Arg

1 .

ATC GCG CGC GCG GAG -

Ile

ATG
Met
30

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

AAG
Lys

CAG
Gln

GTC
val

Ala
15

CTG
Leu

CTC
Leu

GAG
Glu

CCa
Pro

TAC

TYyT
95

TCC
Ser

ATC
Ile

CAT
His

TAT
Tyr

Arg

ACG
Thr

GCG
Ala

CTC
Leu

CctC

Leu

. 80

GCT
Ala

ATT
Ile

CAT
His

cTT
Leu

GAC
Asp

Ala

AAA
Lys

CTT
Leu

GAT
Asp
65

TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
val

Glu

GCC
Ala

ACG
Thr
50

AGC
Se:

GAG
Glu

CTC
Leu

GTG
val

CCG
Pro
130

AAG
Lys

GAC
Asp

60
120
180
238

286

334
382

430
478
526
574
622
670

718



GCC
Ala

GCG
Ala

GCC
Ala

TGG
Trp
180

TAC
Tyxr
195

AAC
Asn

ACG
Thxr

TCC
Ser

. AY

GGG
Gly

GCC
Ala

ATG
Met

CTG
Leu

GCT
Ala

CTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT CGT

Lys
165

CGG
Axg

ACG
Thr

TTC
Phe

TGG
Trp

CcTC
Leu
245

ACT
Thr

CGC
Arg

CAG

150
ATG
Met

GTG
val

CCG
Pro

CAC
His

TCC
Ser
230

GGC
Gly

ACG
Thr

TGC
Cys

ccc

GGG
Gly

ATG
Met

ACC
Thr

CAT
His
215

GCG
Ala

CAC
His

ACG
Thr

CGG
Arg

CAG

ATG
Met

GGC
Gly

CAC
His
200

CTC
Leu

GCC

TCC
Ser

CTG
Leu

GAA
Glu
280

CAC

TTC
Phe

CTC
Leu
185

Asn

CTA
Leu

GCG
Ala

TGC
Cys

GAA
Glu
265

CTG
Leu

TAT

ATC
Ile
170

AGG
Arg

CcccC
Pro

TCG
Ser

GGC
Gly

ATC
Ile
250

GAC
Asp

CGT
Arg

GGT

- 46 -
155

AAC
Asn

GAT
Asp

TGC
Cys

GAG
Glu

GCC
Ala

GGC
Gly

cccC
Pro
205

CCT
Pro

GTT.
val

GCC
Ala

ATG
Met

CAG
Gln
220

GGC
Gly

GTG
val

AAG
Lys
235
CCG
Pro

GCG
Ala

GTG
val

ATC
Ile

GAG
Glu

GTG
val

ATC
Ile
285

CAC
His

GAA
Glu

CTG ATC GCG

Arg

His Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

Gln Pro

Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

His

Tyx

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

Gly Leu

Ile Ala
300
TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA
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CGC
Arg
175

CcGcC

ATC
Ile

ATC
Ile
190

Cy

CAC
His

CAG
Gln

TCT
Ser

GGG
Gly

ATG
Met

GAG
Glu
24

GGG
Gly
255

ACC
Thr

GCC
Ala

ACC
Thr

270

AAC
Asn

TTC
Phe

CTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TGG
Trp

TGC

GAC
Asp

TAT
Tyr

GAG
Glu

GAA
Glu

GCC
Ala

TTC
Phe

[ i

0

GAA
Glu

CCT
Pro

GGC
Gly

GGC
s Gly
CTG

Leu
210

CAC
His

AAC
Asn

CAG
Gln
225

TGC
Cys

AAC
Asn
0

GTC
Val

ATC
Ile

GAT
Asp

GTC
val

CAG
Gln
290

AMG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

814

862

910

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



. SEQ ID NO: 2
SEQUENCE LENGTH: 1785.
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD402 (FERM BP-3912)
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GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

CAG ATG ATA CTT GCA GTG GGA CAA CAA
Gln Met fle Leu Ala Val Gly Gln Gln

ACA CGC GAA CAG GTC GTC GTT CGT CTT
Thr Arg Glu Gln Val Vval Val Arg Leu
20 25

GCG AGC CGG GGC GCG AAT TTC ATT GTC
Ala Ser Arg Gly Ala Asn Phe Ile Val
35 40

ACC TTC TTC CCG CGC TGG TAT TTC ACC
Thr Phe Phe Pro Arg Trp Tyr Phe Thr
55

TTC TAT GAG ACC GAA ATG CCC GGC CCG
Phe Tyr Glu Thr Glu Met Pro Gly Pro
70 75

AAG GCC GCG GAA CTC GGG ATC GGC TTC
Lys Ala Ala Glu Leu Gly Ile Gly Phe
85 90

GTC GTC GAA GGC GGC GTC AAG CGT CGC
Val Val Glu Gly Gly Val Lys Arg Arg
100 105

GAT AAG TCA GGC AAG ATC GTC GGC AAG
Asp Lys Ser Gly Lys Ile Val Gly Lys
115 120

GGT CAC AAG GAG TAC GAG GCC TAC CGG
Gly His Lys Glu Tyr Glu Ala Tyr Arg
135

CGT TAT TTC GAG CCG GGC GAT CTC GGC
Arg Tyr Phe Glu Pro Gly Asp Leu Gly
150 . 155

GGT
Gly

CTC
Leu

TTC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyx

CCG
Pro
140

TTC
Phe

CCG
Pro

GAC
Asp

ccc
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCaG
Pro

ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT
Thr Arg

ATC
Ile

ATG
Met
30

GAA
Glu

Gce
Ala
CGT
Axg

GGC
Gly

ACG
Thr
110

Lys

CAG
Gln

GTC
val

GCG
Ala
15

CTG
Leu

CTC
Leu

GAG
Glu

cca
Pro

TAC
Tyr
95

TCC
Ser

ATC
Ile

CAT
His

TAT
Tyr

CsC
Arg

ACG
Thxr

GCG
Ala

CcTC
Leu

CTC

Leu
80

GCT
Ala

ATT
Ile

CAT
His

CTT
Leu

GAC
Asp
160

GCG
Ala

AAR
Lys

CTT
Leu

GAT
Asp
65

TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTT
val

1

GAG
Glu

GCC
Ala

ACG
Thr
50

AGC
Serxr

GAG
Glu

cTC
Leu

GTG
val

CCG
Pro
130

AAG
Lys

GAC
Asp

60
120
180
238

286

334

382

430

478

526

574

622

670

718



GCC
Ala

GCG
Ala

GCC
Ala

TGG
Trp
180

TAC

Tyr
195

AAC
Asn

ACG
Thr

TCC
Ser

. GGG
.Gly

GCC
Ala

ATG
Met

CTG
Leu

GCT
Ala

CTC
Leu
260
CTC

Leu
275

GAT
Asp

CAT
His

CGT
Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
- ACGCTCGGGA
TGGCTGAAAT

AAA
Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

C1TC
Leu
245

ACT
Thr

CcGcC
Arg

CAG
Gln

GGG
Gly

ATG
Met

GTG
val

ATG
Met

CCG
Pro

ACC
Thr

ATG
Met

GGC
Gly

CAC
His

ATC
Ile
170

TTC
Phe

AGG
Arg

ctC
Leu
185

CCC
Pro

AAT
Asn

200

CAT
His
215

CAC
His

TCC
Ser
230

GCG
Ala

GGC
Gly

CAC
His

ACG
Thxr

ACG
Thr

TGC
Cys

CGG
Arg

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu

TCG
Sexr

CTA
Leu

GCG
Ala

GGC
Glv

ATC
Ile
250

TGC
Cys
GAC
Asp

GaAa
Glu
265

CGT
Arg

CTG
Leu

280

cccC
Pxro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His

TAT GGT
Tyr Gly

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

TGC
Cys

GGC
Gly

CCT
Pro

ATG
Met

AAG
Lys
235

GTG
val

GAG
Glu

GAA
Glu

CTG
Leu

AAC
Asn

GAT
Asp
GAG
Glu

GCC
Ala

GTT
val

CCC
Pro
205

CAG
Gln
220

GCC
Ala

GGC
Gly

GTG
val

CCG
Pro

GCG
Ala

ATC
Ile

GTG
val

CAC ATC
Ile

285

His

ATC
Ile
300

GCG
Ala

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA
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CGC CGC
Arg Arg
175

ATC
Ile

ATC
Ile
190

CAG
Gln

CAC
His

TCT
Sexr

GGG
Gly

GAG
Glu

ATG
Met

TGG
Trp

TGC
Cys

GAC
Asp

TAT
Tyx

GAG
Glu

CCT GAA
Pro Glu

GGC GGC
Gly Gly

CAC
His

CTG
Leu
210

AAC
Asn

CAG
Gln
225

TGC
Cys

AAC
Asn

240

GGG
Gly
255

ACC
Thr

GCC
Ala

ACC
Thr
270

AAC
Asn

TTC
Phe

GAA
Glu

ctC
Leu-

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

GAA
Glu

GCC
Ala

TTC
Phe

GTC
val

ATC
Ile

GAT
Asp

GTC
-Val

AAG
Lys

CAG
Gln
290

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766 -

814

862

910

958

_1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785
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SEQ ID NO: 3
SEQUENCE LENGTH: 1785
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD404 (FERM BP-3913)

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

CAG ATG ATA

Gln

ACA
Thr

GCG
Ala
35

ACC
Thr

TTC
Phe

AAG
Lys

GTC
Val

GAT
Asp
115

GGT
Gly

CGT
Arg

Met

CGC
Arg
20

AGC
Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
Val
100

AAG
Lys

CAC
His

TAT
Tyr

Ile
5

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

CTT.

Leu

CAG
Gln

GGC
Gly

CcCG
Pro

ACC
Thr
70

GAA
Glu

GGC

Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCA
Ala

GTC
val

GCG
Ala

CGC
Arg
55

GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

GTG
val

GTC
vVal

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

GGA CAA CAA GGT

Gly

GTT
val
25

TTC
Phe

CAT
His

CCcC
Pro

ATC
Ile

AAG
Lys
105

GTC
Val

GCC
Ala
GAT
Asp

Gln
10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT

Arg

GGC
Gly

TAC
Tyx

CTC
Leu

Gln

CTT
Leu

GTC
Val

ACC
rhr

CCG
Pro
75

TTC
Phe

CGC
Arg

Lys

CGG
Arg

GGC
Gly
155

Gly

CTC
Leu

TTC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyr

CCG
Pro
140

T™C
Phe

CCG
Pro

GAC
Asp

CCcC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Axg
125

TTC
Phe

CCG
Pro
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AATTCCGGTT CCGCTCCGGT

ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT

Thr Arg

ATC
Ile

ATG
Met

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

ARG
Lys

CaAG
Gln

GTC
val

GCG
Ala
15

CTG
Leu

CTC
Leu

GAG
Glu

CCA
Pro

TAC
Tyxr
95

TCC
Ser

ATC
Ile

CAT
His

TAT
TYyx

CGC
Arg

ACG
Thr

GCG
Ala

CTC
Leu

CTC
Leu
80

GCT
aAla

ATT
Ile

CAT
His

cTT
Leu

GAC
Asp

160

GCG
Ala

AAA
Lys

CTT
Leu

GAT
Asp
65

TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
val

1

GAG
Gliu

GCC
Ala

ACG
Thxr
50

AGC
Ser

GAG
Glu

CTC

Leu

GTG
val

CCG
Pro
130

AAG
Lys

GAC
Asp

60
120
180
238

286

334

382

430

478

526

574

622

670

718



GCC
Ala

GCG
Ala

GCC
Ala

TGG
Trp
180

TAC

Tyr
195

AAC
Asn

ACG
Thr

GGG

Sl
£

"ATG
Met

CTG

Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

cTC
Leu

ATG
Met

ATG
Met

GGG
Gly

GGC
Gly

GTG
vVal

ATG
Met

CCG
Pro

ACC
Thrx

CacC
His
200

CTC
Leu

CAC
His

CAT
His
215

TCC
Ser
230

GCG
Ala

GCC
Ala

GGC
Gly

CAaC
His

TCC
Ser

245

GCT
Ala

CTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT
His

CGT
Axg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

ACT
Thr

CGC
Arg

CAG
Gln

ACG
Thx

ACG
Thr

CTG
Leu

TGC
Cys

CGG
Arg

GAA
Glu
280

CCC
Pro

CAG
Gln

CAC
His

TTC
Phe

CTC
Leu
185

AAT
Asn

CTA
Leu

GCG
Ala

TGC
Cys

GAA
Glu
265

CTG
Leu
TAT
Tyr

ATC
Ile
170

AGG
Arg

CCcC
Pro

TCG
Ser

GGC

Glw

ATC
Ile
250

GAC
Asp

CGT
Arg

GGT
Gly

- 50 -

TGC
Cys

GGC
Gly

CTT
Leu

ATG
Met

AAG
Lvs
235

GTG
val

GAG
Glu

GAA
Glu

CTG
Leu

AAC
Asn

GCC
aAla

GTT
val

CAG
Gln
220

GTG

‘Val

GCG
Ala

GTG
val

CAC
His

ATC
Ile

GAT
Asp

GAG
Glu

CCC
Pro
205

GCC

Ala

GGC
Gly

CCG
Pro

ATC
Ile

ATC
Ile
285
GCG
Ala

CGC
Arg

ATC
Ile
190

CAG
Gln

GGG
Gly

ATG
Met

ACC
Thr

ACC
Thx
270

TTC
Phe

GaA
Glu

S
eet Has Been Replaced

\\II\I\\ L.

CGC
Arg
175

ATC
Ile

cac
His

TCT
Ser

GAG
Gy

GGG

Gly
255

GCC
Ala

AAC
Asn

CTC
Leu

TGG
Trp

TGC
Cys

GAC
Asp

TAT
Tyr

GAG
Glu
240

GAA
Glu

GCC
Ala

TTC
Phe

CcCT
Pro

GGC
Gly

CAC
His

CAG
Gln
225

AAC
Asn

ATC
Ile

GTC
Val

ARG
Lys

GAA
Glu

GGC
Gly

CTG
Leu
210

AAC
Asn

TGC
Cys

GTC
val

GAT
Asp

CAG
Gln
290

295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

300

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766
814
562
910
958
1006
1054
1102
1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO:

4
SEQUENCE LENGTH:
SEQUENCE TYPE:
STRANDEDNESS: double
TOPOLOGY: linear

1785

nucleic acid

MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM:

STRAIN:

Escherichia coli

- 51 -

JM109 pAD406 (FERM BP-3914)

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

CAG
Gin

ACA
Thr

GCG
Ala
35

ACC
Thr

TTC
Phe

Lys

GTC
Val

GAT
Asp
115

GGT
Gly

CGT
Arg

ATG
Met

CGC
Arg
20

AGC
Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
vVal
100

AAG
Lys

CaC
His

‘TAT
Tyr

ATA
ITle

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

CTT
Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCA
Ala

GTC
val

GCG
Ala

CGC
Arg
55

GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

GTG
val

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
Val

ATC
Ile
120

GAG
Glu

GGC
Gly

GGA

Gly

GTT
val
25

TTC
Phe

CAT
His

CCC
Pro

ATC
Ile

AAG
Lys
105

GTC
Val

GCC
Ala

GAT
Asp

CAA
Gln
10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

‘TAC

Tyr

cTC
Leu

CAA GGT CCG

Gln

cTT
Leu

GTC
Val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

Gly

CcTC
Leu

TTC
Phe

GAC

Asp’

60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyxr

CCG
Pro
140

TTC
Phe

Pro

GAC
Asp

CCC
Pro

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

AATTCCGGTT CCGCTCCGGT

. This Sheet Has Becn Replaced .

i

W

1.

ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT
Thr Arg

ATC
lle

ATG
Met
30

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

AAG
Lys

CAG
Gln

GTC
val

GCG
Ala
15

CTG
Leu

CTC
Leu

GAG
Glu

CCA-

Pro

TAC
Tyxr
95

TCC
Ser

ATC
Ile

CAT
His

TAT
Tyx

CGC ¢

Arg

ACG
Thr

GCG
Ala

CTC

Leu

CTC
Leu
80

GCT
Ala

ATT
Ile

CAT
His

CTT
Leu

GAC
Asp
160

aoG

Ala

Lys

CTT
Leu

GAT
Asp
65

TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
val

1

GAG
Glu

GCC
Ala

ACG
Thr
50

AGC
Ser

GAG
Glu

CcTC
Leu

GTG
val

CCG
Pro
130

AAG
Lys
GAC
Asp

60
120
180
238

286

. 334

382

430

478

526

574

622

670

718



“u—

GCC
Ala

GCG
Ala

GCC
Ala

TGG
Trp
180

TAC

Tyx
195

AAC
Asn

ACG
Thr

TCC
Ser

GGG
Gly

GCC
Ala

ATG
Met

CTG
Leu

GCT
Ala

CcTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT CGT
His Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

AAA
Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

GGG
Gly

ATG
Met

GTG
Val

ATG
Met

cce
Pro

ACC
Thr

ATG
Met

GGC
Gly

CAC
His

TTC
Phe

ATC
Ile
170

CTC
Leu
185

AGG
Arg

AAT
Asn

CCC
Pro

200

CAC
His

CAT
His
215

TCC
Ser
230

GCG
Ala

GGC
Gly

CAC
His

ACG
Thr

ACG
Thr

TGC
Cys

CGG
Arxg

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu

TCG
Ser

cTa
Leu

GGC
Gly

GCG
Ala

TGC
Cys

ATC
Ile
250

GAA
Glu
265

GAC
Asp

CTG
Leu

CGT
Arg

280

CCC
Pro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His

TAT
Tyr

GGT
Gly

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

ATG

val

Glu

Leu

- 52 -~

GAT
Asp

TGC
Cys

AAC
Asn

GGC
Gly

GCC
Ala

GAG
Glu

GTT
Val

ccc
Pro
205

TCT
Ser

CAG
Gln
220

GCC

GTG
Val

GGC
Gly

AAG
Lys
235
GTG GCG
Ala

CCG
Pro

ATC
Ile

GAG
Glu

GTG
val

ATC
Ile
285

GAA CAC

His

GCG
Ala

ATC
Ile
300

CTG

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGLCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

I
heet Has Been Replaced

T W

CGC CGC
Arg Arxrg
175

ATC
Ile

ATC
Ile Cys
190 )

CAC
His

CAG
Gln

TCT
Ser

GGG
Gly

GAG
Glu

ATG
Met
240

GGG
Gly
255

ACC
Thr

GCC
Ala

ACC
Thr
270

T™TC
Phe

AAC
Asn

GAA CTC
Glu Leu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TGC

GAC
Asp

TAT
Tyx

GAG
Glu

GAA
Glu

GCC
Ala

TTC
Phe

TGG CCT GAA
Trp

Pro Glu

GGC
Gly

GGC
Gly

CTG
Leu
210

CAC
His

CAG
Gln
225

AAMC
Asn

TGC
Cys

AAC
Asn

GTC
Vval

ATC
Ile

GTC
val

GAT
Asp

caG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

814

862

910

358

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO: 5
SEQUENCE LENGTH:

SEQUENCE TYPE:

STRANDEDNESS :

TOPOLOGY:

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN:

- 53 -

1785
nucleic acid

double
linear

Genomic DNA

Escherichia coli

JM109 pAD416 (FERM BP-3915)

This Sheet Has Been Replaced

IR

I

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

CAG ATG
Gln Met

ACA CGC
Thr Arg
20

GCG AGC
Ala Ser
35

ACC TTC
Thr Phe

TTC TAT
Phe Tyr

AAG GCC
Lys Ala

GTC GTC
val val
100

GAT AAG
Asp Lys
115

GGT CAC
Gly His

CGT TAT
Arg Tyr

ATA
Ile

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

cTT
Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCA GTG GGA CAA CAA GGT
Ala Val Gly Gln Gln Gly
10

GTC GTC GTT CGT CTT CTC

Val Val Val Arg Leu Leu
25

GCG AAT TTC ATT GTC TTC
Ala Asn Phe Ile Val Phe
40

CGC TGG CAT TTC ACC GAC
Arg Trp His Phe Thr Asp
55 60

GAA ATG CCC GGC CCG GTG

Glu Met Pro Gly Pro Val
75

CTC GGG ATC GGC TTC AAT
Leu Gly Ile Gly Phe Asn
90

GGC GTC AAG CGT CGC TTC
Gly Vval Lys Arg Arg Phe
105

AAG ATC GTC GGC AAG TAT
Lys Ile Val Gly Lys Tyr
120

TAC GAG GCC TAC CGG CCG
Tyr Glu Ala Tyr Arg Pro
135 140

CCG GGC GAT CTC GGC TTC
Pro Gly Asp Leu Gly Phe
155

CCG
Pro

GAC
Asp

CCC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT

ATC
Ile

ATG
Met
30

GAaA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

AAG
Lys

CAG
Gln

GTC
val

GCG
Ala
15

CTG
Leu

CTC
Leu

GAG
Glu

CCa
Pro

TAC

Tyxr
95

TCC
Ser

ATC
Ile

CAT
His

TAT
Tyr

CcGC
Arg

ACG
Thx

GCG
Ala

cTC
Leu

CTC

'Leu

80

GCT
Ala

ATT
Ile

CAaT
His

CTT
Leu

GAC
Asp
160

Thr Arg
1

GCG GAG

Ala Glu

AAA GCC
Lys Ala

CTT ACG
Leu Thr
50

GAT AGC
Asp Ser
65

TTT GAG
Phe Glu

GAA CTC
Glu Leu

TTG GTG
Leu Val

TTG CCG
Leu Pro
130

GAA AAG
Glu Lys
145

GTC GAC
Val Asp

60
120
180
238

286

334

382

478

526

574

622

670

718



GCC
Ala

GCG
Ala

GCC
Ala

TGG
Trp
180

TAC

Tyr
195

AAC
Asn

ACG
Thr

TCC
Ser

GGG
Gly

GCC
Ala

ATG
Met

CTG
Leu

Lys
165

CGG
Axg

ACG
Thxr

TTC
Phe

TGG
Trp

CTC
Leu

ATG
Met

GGG
Gly

GTG
val

ATG
Met

CCG
Pro

ACC
Thr

ATG
Met

GGC
Gly

CaC
His

ATC
Ile
170

TTC
Phe

AGG
Arg

CTC
Leu
185

AAT
Asn

CCC
Pro

200

CAT
His
215

CAC
His

TCC
Ser
230

GCG
Ala

CAC
His

GGC
Gly

245

GCT
Ala

CTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT
His

CGT
Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

ACT
Thx

CGC
Arg

CAG
Gln

ACG
Thr

ACG
Thr

TGC
Cys

CGG
Arg

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu

TCG
Ser

CTA
Leu

GCG
Ala

GGC
Gly

TGC
Cys

ATC
Ile
250

GAC
Asp

GAA
Glu
265

CTG
Leu

CGT
Axg

280

CCC
Pro

CAG
Gln
295

GAAAAGCATG

GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His

TAT
Tyr

GGT
Gly

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

- 54 -

GAT
Asp

TGC AAC
Cys Asn

GAG
Glu

GCC
Ala

GGC
Gly

GTT
val

cccC
Pro
205

CCT
Pro

GCC
Ala

ATG
Met

CAG
Gln
220

GGC
Gly

GCG
Ala

AAG
Lys
235

CCG
Pro

GTG
val

GCG
Ala

GTG
val

ATC
Ile

GAG
Glu

ATC
Ile
285

CAC
His

GAA
Glu

GCG
Ala

ATC
Ile
300

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

r

. This Sheet Has Been Replaced

N

CGC
Arg

CGC
Arg
175

ATC
Ile
190

ATC
Ile

CAC
His

CAG
Gln

TCT
Ser

GGG
Gly

ATG
Met

GAG
Glu

ACC
Thr

GGG
Gly
255

GCC
Ala

ACC
Thr
270

TTC
Phe

AAC
Asn

GAA
Glu

CTC
Leu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TGG
Trp

TGC
Cys

GAC
Asp

TAT
Tyx

GAG
Glu
240

GAA
Glu

GCC
Ala

TTC
Phe

[l

CCT
Pro

GAA
Glu

GGC
Gly

GGC
Gly

CTG
Leu
210

CAC
His

AAC
Asn

CAG
Gln
225

TGC
Cvys

AAC
Asn

GTC
val

ATC
Ile

GAT
Asp

GTC
vVal

CAG
Gln
290

Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

‘814

862

910

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621

1681

1741
1785



SEQ ID NO: 6
SEQUENCE LENGTH:
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOQURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD428

1785

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

CAG 2

Gln

ACA
Thr

GCG
Ala
35

ACC
Thr

TTC
Phe

AAG
Lys

GTC
val

GAT
Asp
115

GGT
Gly

CGT
Arg

AGC
Ser

TTC
Phe

TAT
Tyxr

GCC
Ala

GTC
Val
100

AAG
Lys

CAC
His

TAT
Tyr

-3TA

Ile

GAA
Glu

CGG
Axg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

CTT
Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCA
Ala

GTC
val

GCG
Ala

CGC
Arg
55

Gaa
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

GTG
val

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

GGA
Gly

GTT
Val

TTC
Phe

CAT
His

CCccC
Pro

ATC

Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

CAA CAA GGT

Gln
10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Axg

GGC

Gly

TAC
Tyr

CTC
Leu

Gln

CTT
Leu

GTC
val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Axg

AAG
Lys

CGG
Arg

GGC
Gly
155

Gly

cTC
Leu

TTC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyr

CCG
Pro
140

TTC
Phe

CCG
Pro

GAC
Asp

CCC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

This Sheet Has Been Replac

- THRHRR I} llll

AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTITA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT

Thr Arg

AT
Ile

ATG
Met
30

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

AAG
Lys

CAG
Gln

GTC
val

GCG
Ala
15

CIG.

Leu

CTC
Leu

GaG
Glu

CCA
Pro

TAC
Tyx
95

TCC

Ser

ATC
Ile

CAT
His

TAT
Tyr

CGC
Arg

ACG
Thx

GCG
Ala

CTC
Leu

CTC
Leu

80

GCT
Ala

ATT
Ile

CAT
His

CTT
Leu

GAC
Asp
160

GCG
Ala

AAA
Lys

CTT
Leu

GAT
Asp
65

TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
Val

1

GAG
Glu

GCC
Ala

ACG
Thr
50

AGC
Ser

GAG
Glu

CTC
Leu

GTG
val

CCG
Pro
130

AAG
Lys

GAC
Asp

60
120
180
238

28¢5

334

382

430

478

526

574

622

670

718



GCC
Ala

GCC
-Ala

TAC

Tyr
195

ACG
Thr

GGG
.Gly

ATG
Met

GCT
Ala

CTC
Leu
275

CAT
His

GCG
Ala

TGG
Trp
180

AAC
Asn

TCC
Ser

GCC
Ala

CTG
Leu

CTC
Leu
260

GAT
Asp

CGT
Arg

Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

CcTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

ATG
Met

GTG
vVal

CCG
Pro

CAC
His

TCC
Ser
230
GGC
Gly

ACG
Thr

TGC
Cys

CCcC
Pro

GGG
Gly

ATG
Met

ACC
Thr

CAT
His
215
GCG
Ala

CAC
His

ACG
Thr

CGG
Arg

CaG
Gln

ATG
Met

GGC

Gly

CAC
His
200
cTC
Leu

GCC
Ala

T™CC
Ser

CTG
Leu

T™TC
Phe

CTC
Leu
185

AAT
Asn

CTA
Leu

GCG
Ala

TGC
Cys

GAA
Glu

. 265

GAA
Glu
280

CAC
His

CTG
Leu

TAT
Tyxr

ATC
Ile
170

AGG
Arg

CCcC
Pro

TCG
Ser

GGC
Gly

ATC
Ile
250

GAC
Asp

CGT
Arg

GGT
Gly

- 56 -

TGC
Cys

GGC
Gly

cCcT
Pro

ATG
Met

AAG
Lvs
235
GTG
val

GAG
Glu

GAA
Glu

CTG
Leu

AAC
Asn

GCC
Ala

GTT
val

CAG
Gln
220

GCC
Ala

GCG
Ala

GTG
val

CAC
His

ATC
Ile

GAT
Asp

GAG
Glu

ccc
Pro
205

GCC

Ala

GGC
Gly

CCG
Pro

ATC
Ile

ATC
Ile
285

GCG
Ala

CGC
Arg

ATC
Ile
190

CAG
Gln

GGG
Gly

ATG
Met

ACC
Thr

ACC
Thr
270

TTC
Phe

GAaA
Glu

Ala

. ‘This Sheet Has Been Replac

HII!IH Mo

CGC-TGG_CCT
Arg Trp Pro
175

TGC GGC
Cys

ATC
Ile

CAC
His

GAC
Asp

CAC
His

CAG
Gln
225

TAT
Tyxr

TCT
Ser

GAG
Glu Asn
240

GAG
Glu

GAA ATC
Glu Ile

GGG
Gly.
255

GTC
val

GCC
Ala

GCC

AAG
Lys

TTC
Phe

AAC
Asn

CTC
Leu

Gly

GAA
Glu

GGC

ed

Gly -

CTG
Leu
210

AAC
Asn

TGC
Cys

GTC
val

GAT
Asp

CAG
Gln
290

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG

GCCGCCCGGC

TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

300

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC

.CGTGGAACTG

GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

814

862

310

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681

1741

1785



SEQ ID NO:

SEQUENCE LENGTH:

SEQUENCE TYPE:

STRANDEDNESS :

TOPOLOGY:

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN:

1785
nucleic acid

double
linear

Genomic DNA

Escherichia coli

JM109 pAD429

- 57 =

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

CAG
Gin

ACA
" Thr

GCG
Ala
35

ACC
Thx

TTC
Phe

AAG
Lys

GTC
val

GAT
Asp
115

GGT
Gly

CGT
Arg

ATG ATA CTT

Met

CGC
Arg
20

AGC
Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
val
100

AAG
Lys

CAacC
His

TAT
Tyr

fle

GAA
Glu

CGG
Axg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

Gaa
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCA GTG GGA CAA CAA

Ala

GTC
val

GCG
Ala

CGC
Axrg
55

GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

val

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

Gly

GTT
val
25

TTC

‘Phe

CAT
His

CcccC

Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT

Asp

Gin
10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyxr

CTC
Leu

Glin

CTT
Leu

GTC
val

ACC
Thxr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

GGT
Gly

CTC
Leu

TTC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyr

CCG
Pro
140

T™TC
Phe

CCG
Pro

GAC
Asp

ccc
Pro
45

GAG
Glu

GTC
val

CTG

Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

cce

Pro

This Sheet Has Been Replaced -

AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT
Thr Arg

1

ATC GCG CGC GCG GAG
Ile Ala Arg Ala Glu
15

ATG CTG ACG AAA GCC
Met Leu Thr Lys Ala
30 -

GAA CTC GCG CTT ACG
Glu Leu Ala Leu Thr
50

GCC GAG CTC GAT AGC
Ala Glu Leu Asp Ser
65

CGT CCA CTC TTT GAG
Arg Pro Leu Phe Glu
80

GGC TAC GCT GAA CTC
Gly Tyr Ala Glu Leu
95

ACG TCC ATT TTG GTG
Thr Ser Ile Leu Val
110

AAG ATC CAT TTG CCG
Lys Ile His Leu Pro
130

CAG CAT CTT GAA AAG
Gln His Leu Glu Lys
145

GTC TAT GAC GTC GAC
Val Tyr Asp Val Asp
160

60
120
180
238

286
334
382
430
478
526
574
622

670

718



GCC
Ala

GCG
Ala

TGG
Trp
180

GCC
Ala

TAC

Tyr
195

AAC
Asn

ACG
Thr

TCC
Serxr

GGG
Gly

GCC
Ala

ATG
Met

CTG
Leu

GCT
Ala

CTC
Leu
260

cTC
Leu
275

GAT
Asp

CAT
His

CGT
Axg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
- CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CaAG
Gln

ATG GGG
Met Gly

GTG
val

ATG
Met

CCG
Pro

ACC
Thr

ATG
Met

GGC
Gly

CAC
His

TTC
Phe

ATC
Ile
170

CTC
Leu
185

AGG
Arg

CCC
Pro

AAT
Asn

200

CAT
His
215

CAC
His

TCC
Ser
23¢

GCG
Ala

GGC
Gly

CAC
His

ACG
Thr

ACG
Thx

TGC
Cys

CGG
Arg

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu

CTA
Leu

TCG
Ser

GCG
Alz

GGC
Gly

ATC
Ile
250

TGC
Cys

GAC
Asp

GAA
Glu
265

CGT
Arg

CTG
Leu

280

cccC
Pro

CAG
Gln
295

GAAMAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His

GGT
Gly

TAT
Tyx

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

- 58 -

GAT
Asp

AAC
Asn

TGC
Cys

GCC
Ala

GAG
Glu

GGC
Gly

GTT
val

CCC
Pro
205

GAA
Glu

CAG
Gln
220

GCC
Ala

ATG
Met

GTG
val

GGC
Gly

AAG
Ly.’-‘.
235

GCG
Ala

CCG
Pro

GTG
val

GTG
val

ATC
Ile

GAG
G;u

ATC
Ile
285

CAC
His

GAA
Glu

GCG
Ala

CTG
Leu

ATC
Ile
300

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

This Sheet Has Been R

T lll i

CGC
Arg
175

CGC
Arg

ATC
Ile
190

ATC
Ile

CAC
His

CAG
Gln
TCT
Ser

GGG
Gly

ATG
Met

GAG
Glu

ACC
Thr

GGG
Gly
255

ACC
Thxr
270

GCC
Ala

AAC
Asn

TTC
Phe

CTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TGG
Trp

TGC
Cys

GAC
Asp

TAT
Tyx

GAG
Glu
240
GAA
Glu

GCC
Ala

TTC
Phe

CCT GAA
Pro Glu

GGC
Gly

GGC
Gly

CTG
Leu
210

CAC
His

CAG
Gln
225

AAC
Asn

AAC
Asn

TGC
Cys

GTC
val

ATC
Ile
GAT
Asp

GTC
val

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

814

862

910

958

1006

1054

1102

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO: 8

SEQUENCE LENGTH:

SEQUENCE TYPE:

STRANDEDNESS :
TOPOLOGY :

MOLECULE TYPE:
ORIGINAL SOURCE
ORGANISM:

STRAIN:

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTTTA

1785

nucleic acid
double
linear

Genomic DNA

Escherichia coli

JM109 pAD431

- 59 -

TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

N
e
=]

@
’..l

ACA
Thr

GCG
Ala
35

ACC
Thxr

TTC
Phe

Lys

GTC
val

GAT
Asp
115

GGT
Gly

CGT
Arg

ATG
Met

cGcC
Axrg
20

AGC
Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
Val
100

AAG
Lys

CAC
His

TAT
Tyr

ATA
Ile

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

T™TC
Phe

cTT
Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thx
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

CCA
Ala

GTC
val

GCG
Ala

CGC
Arqg
55

GAA
Glu

CTC
Leu

GGC
Gly

ARG
Lys

TAC
Tyx
135

CCG
Pro

GTG
val

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
Val

ATC
Ile
120

GAG
Glu

GGC
Gly

GGA
Gly

GTT
val
25

TTC
Phe

CAT
His

CcCC
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

CAA
Gln
10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyr

CTC
Leu

CTT
Leu

GTC
val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

GGT
Gly

CTC
Leu

TTC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

T™rC
Phe

TAT
Tyr

CCG
Pro
140

TTC
Phe

CCG
Pro

GAC
Asp

CCC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT
Thr Arxg

ATC
Ile

ATG
Met
30

GAA
Glu

GCC
Ala
CGT
Arg

GGC
Gly

ACG
Thx
110

Lys

CAG
Gln

GTC
Val

"This Sheet Has Been Replaced o

CTC
Leu

GAG
Glu

CCa
Pro

TAC
Tyx
95

TCC
Ser

ATC
Ile

CAT
His
TAT
Tyx

oGe

ACG
Thxr

GCG
Ala

ctC

_Leu

CTC
Leu
80

GCT
Ala

ATT
Ile

CAT
His

cT?T
Leu

GAC
Asp
160

AT

5CG
Ala

AAA
Lys

CTT

Leu '
. 50

GAT
Asp
65

TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
val

1

GAG
Gliu

GCC
Ala

ACG
Thr

AGC
Ser

GAG
Glu

CcTC
Leu

GTG
val

CCG
Pro
130

AAG
Lys

GAC
Asp

60
120
180
238

286

334

382

430

478

526

574

622

670

718



GCC
Ala

GCC
Ala

TAC
Tyr
195

ACG
Thr

GGG
Gly

. ATG
Met

GCG
Ala

TGG
Trp
180

AAC
Asn

TCC
Ser

GCC
Ala

CTG
Leu

AAA
Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

CTC
Leu

ATG
Met

GTG
val

CCG
Pro

CAC

His

TCC
Sex
230

GGC
Gly

GGG
Gly

ATG
Met

ACC
Thr

CAT
His
215
GCG
Ala

CAC
His

ATG TTC ATC
Met Phe Ile
170

AGG
Arg

GGC CTC
Gly Leu
185

ccc
Pro

AAT
Asn

CAC
His
200

TCG
Ser

CTC
Leu

CTA
Leu

GGC
Gly

GCC
Ala

GCG
Ala

ATC
Ile

TCC
Ser

TGC
Cys

- 60 -
TGC AAC
Cys Asn

GGC
Gly

GCC
Ala

AAC
Asn

GTT
val

CAG
Gln
220

ATG
Met

AAG
Lys
235

GTG
Val

GTG
val

GCG
Ala

GAT
Asp

GAG
Glu

CCC
Pro
205

GCC
Ala

GGC
Glvy

CCG
Pro

- ‘This Sheet Has Been Replaced

CGC
Arg

ATC
Ile
190

caG
Gln

GGG
Gly

ATG
Met

ACC
Thr

CGC
Arg
175

ATC
Ile

CAC
His

TCT
Ser

GAG
Glu

GGG
Gly

TGG
Trp

TGC
Cys

GAC

"Asp

TAT

Tyxr

GAG
Glu
2490

GAA
Glu

CCT GAA
Pro Glu

GGC
Gly

GGC
Gly

CAC
His

CTG
Leu
210

AAC
Asn

CAG
Gln
225

TGC
Cys

AAC
Asn

GTC
val

ATC
Ile

245

GCT
2la

CTC
Leun
260

CTC
Leu
275

GAT
Asp

CAT
His

CGT
Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

ACT
Thr

CGC
Arg

CAG
Gln

ACG
Thx

ACG
Thr

TGC
Cys

CGG
Arg

CTG
Leu

GAA
Glu

250

GAC
Asp

GAA
Glu
265

CTG
Leu

CGT
Arg

280

CCC
Pro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His Tyr

TAT GGT

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

GAG
Glu

GAA
Glu

CTG
Gly Leu

ATC
Ile

GTG
val

ATC
Ile
285

CAC
His

ATC
Ile
300

GCG
2Ala

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

255
Gee
Ala

ACC
Thr
270

Ala

AAC
Asn

TTC TTC

Phe

cTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC |
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

GCC

Phe

GAT
Asp

GTC
val

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

814

862

910

958

1006

. 105¢

1102

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO: 9
SEQUENCE LENGTH:
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD434

1785

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

\CAG ATG ATA CTT GCA GTP

Gln

ACA
Thr

GCG
Ala
35

‘ACC
Thr

TTC
Phe

AAG
Lys

GTC
val

GAT
Asp
115

GGT
Gly

CGT
Arg

Met

CGC
Arg
20

AGC
Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
val
100

AAG
Lys

CacC

_His

TAT
Tyr

Ile

GAA
Glu

CGG
Arg

T™TC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

‘Ala

GTC
val

GCG
Ala

CGC
Arg
55

GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

Gly

GTT
val
25

TTC
Phe

CTA
Leu

CccC
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

Giln

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Axg

GGC
Gly

TAC
Tyr

cTC
Leu

Gin

CIT

Leu

GTC
val

ACC
Thr

CCG
Pro
75

T™rC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGA CAA CAA GGT

Gly

CTC
Leu

TTC
Phe

GAC
Asp
60

GTG
vVal

AAT
Asn

TTC
Phe

TAT
Tyr

CCG
Pro

- 140

GGC
Gly
155

TTC
Phe

CCG
Fio

GAC
Asp

CCC
Pro
45

GAG
Glu

GTC

val

CTG
Leu

AAC
Asn

CGT
Arqg
125

TTC
Phe

CCG
Pro

Beent Renlaced

T

AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT

Thr Arg

ATC GCG CGC GG

ile

ATG
Met
30

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

Lys

CAG
Gln

GTC
Val

Ala
15

CTG
Leu

CTC
Leu

GAG
Glu

CCa
Pro

TAC

Tyr
95

TCC
Ser

ATC
Ile

CAT
His

TAT
Tyr

Arg

ACG
Thx

GCG
Ala

CTC
Leu

CTC
Leu
80

-GCT

Ala

ATT
Ile

CAT
His

CT7T
Leu

GAC
Asp
160

Ala

ARAA
Lys

CTT
Leu

GAT
Asp
65

T™TT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
vVal

ACG
Thx
50

AGC
Ser

GAG
Glu

CTC
Leu

GTG
val

CCG
Pro
130

AAG
Lys

GAC
Asp

60
120
180
238

286

334

382

430

478

526

574

622

- 670

718



GCC
Ala

GCG
Ala

GCC
Ala

TGG
Trp
180

TAC

Tyxr
195

AAC
Asn

ACG
Thrx

TCC
Ser

GGG
Gly

GCC
Ala

ATG
Met

CTG
Leu

AAA
Lys
.165

CGG
Arg

ACG
Th;

TTC
Phe

TGG
Trp

CTC
Leu

ATG
Met

GGG
Gly

GTG
val

ATG
Met

CCG
Pro

ACC
Thr

ATG TTC
Met Phe

GGC
Gly

CAC
His

ATC
Ile
170

AGG
Arg

CTC
Leu
185

CCC
Pro

AAT
Asn

200

CAC
His

CAT
His
215

TCC
Sar

230

GCG
Ala

GGC
Gly

CAC
His

245

GCT
Ala

CTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT
His

CGT
Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

ACT
Thr

CGC
Axrg

CAG
Gln

ACG
Thxr

ACG
Thxr

TGC
Cys

CGG
Arg

cTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu

CcTa
Leu

TCG
Ser

GCG
ala

GGC
Gly

TGC
Cys

ATC
Ile
250

GAC
Asp

GAA
Glu
265

CGT
Arg

CTG
Leu

280

CccC
Pro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCaA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His

GGT
Gly

TAT
Tyr

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

- 62 -

TGC
Cys

AAC
Asn

GAT
Asp

GCC
Ala

GAG
Glu

GGC
Gly

GTT
val

CCC
Pro
205

CCT
Pro

CAG
Gln
220

GCC
Ala

ATG
Met

GGC
Gly

GTG
Val

AAG
Lys
235

GCG
Ala

CCG
Pro

GTG
val

ATC
Ile

GTG
val

GAG
Glu

CAC
His

ATC
Ile
285

GAA
Glu

ATC
Ile
300

GCG
Ala

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

. ) -..
eet Has Been Replaced

T I

CGC
Arg

CGC
Arg
175

ATC
Ile

ATC
Ile
190

CAC
His

CAG
Gln

TCT
Ser

GGG
Gly

GAG
Glu

ATG
Met

GGG
Gly
255

ACC
Thr

ACC
Thr
270

GCC
Ala

AAC
Asn

TTC
Phe

GAA
Glu

CcTC
Leu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TGG
Trp

TGC
Cys

GAC
Asp

TAT
Tyr

GAG
Glu
240

GAA
Glu

GCC
Ala

TTC
Phe

GAA
Glu

CCT
Pro

GGC
Gly

GGC
Gly

CTG
Leu
210

caC
His

AAC
Asn

CAG
Gln
225

TGC
Cys

AAC
Asn

GTC
val

ATC
Ile

GAT
Asp

‘GTC
val

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG

GCATTTCGGC

766

814

862

g1o0

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO: 10
SEQUENCE LENGTH:
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: 1linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD435

1785

- 63 -

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

GCG
Ala

35
ACC
Thr

TTC
Phe

Lys

GTC
val

GAT
Asp
115

GGT
Gly

CGT
Arg

ATG
Met

CGC
Arg
20

AGC
Ser

TTC
Phe

TAT
Tyxr

GCC
Ala

GTC
vVal
100

AAG
Lys

CAC
His

TAT
Tyr

ATA
1le

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

CTT
Leu

CAG

Gln

GGC
Gly

oleled
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCA
Ala

GTC
val

GCG
Ala

CGC
Arg
55

GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

GTG
Val

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

GGA
Gly

GTT
val
25

TTC
Phe

CTT
Leu

CCcC
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC

Ala

GAT
Asp

CAA C2

Gln
10

CGT
Axg

ATT
Ile

TTC
Phe

GGC

Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyr

CcTC
Leu

Y.}
Gln

cTT
Leu

GTC
vVal

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

GET
Gly

CcTC
Leu

TTC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyr

CCG
Pro
140

TTC
Phe

CCcG
Pro

GAC
Asp

CCC
Pro
45

GAG
Glu

GTC
Val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

_—
This Sheet Hag Be

IR i Illl

AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC

CAGAGGTTCA TG ACA CGT
Thr Arg

ATC
Ile

ATG
Met

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

AAG
Lys

CAG
Gln

GTC
Val

zCG

Ala
15

CTG
Leu

CTC
Leu

GAG
Glu

CCA
Pro

TAC
Tyxr
95

TCC
Ser

ATC
Ile

CAT
His

TAT
Tyr

CGC
ATg

ACG
Thr

GCG
Ala

CTC
Leu

CTC
Leu
80

GCT
Ala

ATT
Ile

CAT
His

CcTT
Leu

GAC
Asp
160

GCG
Ala

AAA
Lys

CTIT
Leu

GAT
Asp

65
TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
Val

1

CAG
slu

GCC
Ala

ACG
Thxr
50

AGC
Ser

GAG
Glu

cTC
Leu

GTG
val

CCG
Pro
130

AAG
Lys

GAC
Asp

60
120
180
238

286
334.
382
430
478
526
574
622
670

718



GCC
Ala

GCG
Ala

GCC
Ala

TGG
Trp
180

TAC
Tyxr
195

AAC
Asn

ACG
Thx

TCC
Ser

GGG
Gly

GCC
Ala

ATG
Met

CTG
Leu

GCT
Ala

CTC
Leu
- 260

CTC
Leu
275

GAT
Asp

CAT
His

CGT
Arg

Lys
165

CGG
Arg

ACG
Thr

TTC

Phe

TGG
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

ATG
Met

GTG
val

CCG
Pro

CAC
His

TCC
Ser
230

GGC
Gly

ACG
Thr

TGC
Cys

CCC
Pro

GGG

‘Gly

ATG
Met

ACC
Thr

CAT
His
215

GCG
Ala

CAC
His

ACG
Thr

CGG
Arg

CAG
Gln

ATG
Met

GGC
Gly

CAC
His
200

cTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu
280

CAC
His

TTC
Phe

CTC
Leu
185

AAT
Asn

CTA
Leu

GCG
Ala

TGC
Cys

GAaA
Glu
265

CTG
Leu

TAT
Tyr

ATC
Ile
170

AGG
Axrg

CCcC

Pro

TCG
Ser

GGC
Glv

ATC
Ile
250

GAC
Asp

CGT
Axg

GGT
Gly

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

- 64 -
TGC AAC GAT
Cys Asn Asp

GGC GCC
Gly Ala

GAG
Glu

CCcC
Pro
205

GTT
val

CCT
Pro

CAG
Gln
220

GCC
Ala

ATG
Met

AAG
Lvs
235

GTG
Val

GGC
Gly

GCG
Ala

CCG
Pro

GTG
Val

GTG
val

ATC
Ile

GAG
Glu

ATC
Ile
285

CAC
His

GAA
Glu

ATC
Ile
300

GCG
Ala

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

CGC
Arg

ATC
Ile

190

CAG
Gln

GGG
Gly

ATG
Met

ACC
Thr

ACC
Thr
270

TTC
Phe

GAA

Glu

g - This Sheet Has Been Replaced
|

CGC
Arg

.

TGG
Trp

175

ATC
Ile

CAC
His

TCT
Ser

GAG
Glu

GGG
Gly
255

GCC
Ala

AAC
Asn

CTC
Leu

TGC
Cys

GAC
Asp

TAT
Tyr

GAG
Glu
240

GAA
Glu

-GCC
Ala

TTC
‘Phe

.

CCT
Pro

GGC
Gly

CAC
His

CAG
Gln
225

AAC
Asn

ATC
Ile

GTC
val

AAG
Lys

GAA
Glu

GGC
Gly

CTG
Leu

210

AAC
Asn

TGC
Cvys

GTC
val

GAT
Asp

CAG
Gln

250

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766
814
862
910
958
1006
1054
1102
1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785
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SEQ ID NO: 11 ! a
SEQUENCE LENGTH: 1785 \
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
_ORIGINAIL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD439

o

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT 60
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA 120
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC 180

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG AgA CGT 238
' Thr Arg

1

.CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GQG GAG 286
Gin Met Ile Leu Ala Vai Gly Gln Gln GLy Pro Ile Ala Arg Ala Glu
5 10 : 15

ACA CGC GAA CAG GTC GTC GTT CGT CTT CTC GAC ATG CTG ACG AAA GCC 334
Thr Arg Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
20 25 30

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 382
Ala Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu ng
35 40 45

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 430
Thr Phe Phe Pro Arg Trp His Phe Thr Asp Glu Ala Glu Leu Azp Ser
55 60 5.

TTC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG 478
Phe Tyr Glu Thr Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu
70 75 80

AAG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CTC 526
Lys Ala Ala Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
85 90 95

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 574
Val Val Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
100 105 110

GAT AAG TCA GGC AAG ATC GTC GGC AAG TAT CGT AAG ATC CAT TTG CCG 1622
Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg Lys Ile His Leu Pro
115 120 125 130

GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA ARG 670
Gly His Lys Glu Tyr Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys
135 140 145

CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GTC TAT GAC GTC GAC 718
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
150 ' 155 160



- GGG

GCC
Ala

GCG
Ala Lys

165

GCC
Ala

TGG
Trp
180

CGG
Arg

TAC
Tyr
195

AAC
Asn

ACG
Thr

ACG
Thr

TTC
Phe

TGG

,Gly A Trp

ATG
Met

CTC
Leu
245

GCT
Ala

CTC
Leu
260

ACT
Thr

cTC
Leu
275

GAT
Asp

CGC
Arg

CAT
His

CGT
Arg

CAG

ATG
Met

GTG
Val

CCG
Pro

CAC
His

TCC
Ser
230
GGC
Gly

ACG
Thr

TGC
Cys

Ccc
Pro

GGG
Gly

ATG
Met

ACC
Thr

CAT
His
215
GCG
Ala

CAC
His

ACG
Thr

CGG
Arg

CAG
Gln

ATG
Met

GGC
Gly

CAC
His
200

CTC
Leu

GCC
ala

TCC
Ser

CTG
Leu

GAA
Glu
280

CAC
His

T™TC
Phe

cTC
Leu
185

AAT
Asn

CTA
Leu

GCG
Ala

TGC
Cys

GAA
Glu
265

CTG
Leu

TAT
Tyr

ATC
Ile
170

AGG
Arg

CCC
Pro

TCG
Ser

GGC
Gly

ATC
Ile
250

GAC
Asp

CGT
Arg

GGT
Gly

- 66 -

TGC
Cys

GGC
Gly

CCT
Pro

ATG
Met

AAG

Lvs

235
GTG
val

GAG
Glu

GAA
Glu

CTG
Leu

AAC
Asn

GCC

Ala

GTT
val

CAG
Gln
220

GCT
Ala

GCG
Ala

GTG
Val

CAC
His

ATC
Ile

GAT
Asp

GAG
Glu

cccC
Pro
205

GCC
Ala

GGC
Gly

CCG
Pro

ATC
Ile

ATC
Ile
285

GCG
Ala

\ This
|

CcGC
Arg

ATC
Ile
190

CAG
Gln

GGG
Gly

ATG
Met

ACC
Thr

ACC
Thr
270

TTC
Phe

GAA
Glu

CGC
Arg
175

ATC
Ile

CAC
His

TCT
Ser

GAG
Glu

GGG
Gly
255

GCC
Ala

AAC
Asn

CTC

Leu-

il

TGC
Cys

GAC
Asp

TAT
Tyx

GAG
Glu
240

GAA
Glu

GCC
Ala

TTC
Phe

et Hi

|

I

cCcT
Pro

GGC
Gly

CAC
His

CAG
Gln
225

AAC
Asn

ATC
Ile

GTC
val

AAG
Lys

il

GAA
Glu

GGC
Gly

CTG
Leu
210

AAC
Asn

il al
L) W

Cys

GTC
vVal

GAT
Asp

CAG
Gln
290

TGAGGTTGCC
CCAGGGTGAC
‘GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

Gln

295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

300

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TCCAGGCGCG
AARGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

a5 Been Replaced

i

766

814

862

910

958

1066
1054
1102
1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785
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SEQ ID NO: 12
SEQUENCE LENGTH: 1785
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLQOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD441

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT 60
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA 120
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC 180

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG AﬁA ggT 238
Thr Arg

1

+CAG ATG ATA CTT.GCA GTG GGA CAA CAA GGT CCG ATC GCG CGT GCG GAG 286
Gin dMet ile fLew Ala Val GLy Gin Glin Giy Pro Ile Ala Arg Ala Giu

ACA CGC GAA CAG GTC GTC GTT CGT CTT CTC GAC ATG CTG ACG AAA GCC 334
Thr Arg Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
20 25 30

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 382
Ala Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thg
35 40 45 _ 5

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 430
Thr Phe Phe Pro Arg Trp His Phe Thr Asp Glu Ala Glu Leu Agg Ser
55 60

TITC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG 478
Phe Tyr Glu Thr Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu
70 75 - 80 :

AAG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CTC 526
Lys Ala Ala Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
85 90 95

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 574
Val val Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
100 105 110

GAT AAG TCA GGC AAG ATC GTC GGC AAG TAT CGT AAG ATC CAT TTG CCG 622
Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg Lys Ile His Leu Pro
115 120 125 ' 130

GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG 670
Gly His Lys Glu Tyr Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys
' 135 140 145

CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GTC TAT GAC GTC GAC 718
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro val Tyr Asp Val Asp
150 155 160



GCC
Ala

GCG
Ala

GCC
Ala

TGG
Trp
180

TAC
Tyr
195

AAC
Asn

ACG
Thx

TCC
Ser

GGG
\Gly

GCC
Ale

TG
Leu

ATG
Met

GCT
Ala

CcTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT
His

CGT
Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

AAA
Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Tro

IS

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

GGG
Gly

ATG
Met

ATG
Met

GTG
val

CCG
Pro

ACC
Thrx

ATG
Met

GGC
Gly

CAC
His

ATC
Ile
170

TTC
Phe

CTC
Leu
185

AGG
Arg

AAT
Asn

CCC
Pro

200

CAC
His

CAT
His
215
TCC

Ser
23U

GCG
Ala

GGC
Gly

CAC
His

ACG
Thxr

ACG
Thr

TGC
Cys

CGG
Arg

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA.
Glu

TCG
Ser

CTA
Leu

GCG
Ala

GGC
Gly

TGC
Cys

ATC
Ile
250

GAC
Asp

GaA
Glu
265

CTG
Leu

CGT
Arg

280

CCC
Pro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His Tyr Gly

TAT GGT

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

- 68 -

TGC
Cys

AAC

Asn Asp

GAG
Glu

GGC
Gly

GCC
Ala

CCC
Pro
205

cCcT
Pro

GTIT
val

GCC
Ala

ATG
Met

CAG
Gln
220

GGC
Gly

AAG
Lys
235

AGT
Ser

CCG
Pro

GTG
val

GCG
Ala

ATC
Ile

GAG
Glu

GTG
vVal

ATC
Ile
285

cac
His

GAA
Glu

GCG
Ala

ATC
Ile
300

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGLCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

GAT CGC CGC TGG

Arg Arg Trp

175

TGC
Cys

ATC
Ile
190

ATC
Ile

GAC
Asp

CAG
Gln

CAC
His

GGG
Gly

TCT
Ser

ATG
Fnt

GAG
Glu Glu

240

GGG
Gly
255

ACC

Thr Glu

GCC
Ala

GCC
Ala

ACC
Thr
270

TTC
Phe

TTC
Phe

AAC
Asn

cTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TAT
Tyx

GAG

GAA

ThlS Sheet Has Been Replaced

GAA
Glu

CCT
Pro

GGC
Gly

GGC
Gly

CTG
Leu
210

CAC
His

AAC
Asn

CAG
Gln
225

TGC
Cys

ARC
Asn

GTC
val

ATC
Ile

GAT
Asp

GTC
val

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT

AGCGAGAACC:

TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766
814
862
910
9?8
1006
1054
1102
1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO:

SEQUENCE LENGTH:

13

SEQUENCE TYPE:

STRANDEDNESS:

TOPOLOGY :

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN:

1785
nucleic acid

linear

double

Genomic DNA

Escherichia coli

JM109 pAD445

r#,,,_.,_d————f~—i_

ot Has Been Replaced. d’

\\\\\l\\\\\\\\\\\\\\\ n

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

GCG
Ala
35

ACC
Thr

TTC
Phe

Lys

GTC
Val

GAT
Asp
115

GGT
Gly

CGT
Arg

ATG ATA CTT.

Met

CGC
Arg
20

AGC
Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
Val
100

AAG
Lys

CAC
His

TAT
Tyr

Iie
5

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thrx
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCa
Ala

GTC

val

GCG
Ala

CGC
Arg
55

GAA
Glu

CTC
Leu

GGC
Gly

Lys

TAC
Tyr
135

CCG
Pro

GTG
val

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

GGA CAA CAA GGT

Gly

GTT
val
25

TTC
Phe

CAT
His

cCcC
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

Gln
10

CGT
Arg

ATT
Ile

TTC
Phe

.GGC

Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyxr

CTC
Leu

Gln

cTT
Leu

GTC
val

ACC

Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

Gly

CTC
Leu

TTC
Phe

GAC
AsSp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyx

CCG
Pro
140

TTC
Phe

CC:
Pro

GAC
Asp

CCC
Pro
45

GAG

Glu-

GTC
Val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG

Pro

ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT

Thr Arg

-

ATC GCG CGC GCG.CAG

Ile Ala Afg Ala Gl:
15

ATG CTG ACG AAA GCC
Met Leu Thr Lys Ala

GAA CTC GCG CTT ACG
Glu Leu Ala Leu Thr

GCC GAG CTC GAT AGC

Ala Glu Leu Asp Ser
65

CGT CCA CTC TTT GAG
Arg Pro Leu Phe Glu
80

GGC TAC GCT GAA CTC
Gly Tyr Ala Glu Leu
95

ACG TCC ATT TTG GTG
Thr Ser Ile Leu Val
110

AAG ATC CAT TTG CCG
Lys Ile His Leu Pro
130

CAG CAT CTT GAA AAG
Gln His Leu Glu Lys
145

GTC TAT GAC GTC GAC
val Tyr Asp Val Asp
160

60
120
180
238

334

382

430

478

526

574

622
670

718



GCC
Ala

GCG
Ala

GCC
Ala

TGG
Trp
180

TAC
Tyr
195

AAC
Asn

ACG
Thr

TCC
Ser

GGG
Glv

GCC
Ala

ATG
Met

CTG
Leu

GCT
Ala

CTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT CGT
His Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

Lys
165

CGG
Axg

ACG
Thr

TTC
Phe

TGG
Trp

cTC
Leu
245

ACT
Thr

CGC
Arg

CaG
Gln

ATG
Met

GGG
Gly

GTG
val

ATG
Met

CCG
Pro

ACC
Thr

ATG
Met

GGC
Gly

CAC
His

ATC
Ile
170

TTC
Phe

CTC
Leu
185

AGG
Arg

CCC
Pro

AAT
Asn

200

CAC
His

CAT
His
215

TCC
Ser
2350

GCG
Ala

GGC
Gly

CAC
His

ACG
Thr

ACG
Thr

TGC
Cys

CGG
Arg

CTC
Leu

GCC
Aln

TCC
Ser

CTG
Leu

GAA
Glu

CTA
Leu

TCG
Ser

GGC
Gly

GCG
2la

TGC
Cys

ATC
Ile
250

GAC
Asp

GAA
Glu
265

CGT
Arg

CTG
Leu

280

CcCC
Pro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His

GGT
Gly

TAT
Tyr

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

GAG

- 70 -
TGC AAC GAT
Cys Asn Asp

GAG
Glu

GGC GCC
Gly Ala

CCC
Pro
205

ACC
Thr

GTT
val

CAG
Gln
220

GCC
Ala

ATG
Met

GGC
Gly

GTG
val

AAG
T_-ys
235

CCG
Pro

GTG
val

GCG
Ala

ATC
Ile

GTIG

Glu Val

cac
His

ATC
Ile
285

GAA
Glu

ATC
Ile
300

GCG
Ala

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

Thls Sheet Has' .3 2en Re

HIIIIIHIlIH i

CGC
Arg

CGC
Arg
175

ATC
Ile

ATC
Ile
190

CAC
His

CAG
Gln

TCT-
Ser

GGG
Gly

GAG
Gl:

ATG
Mot

GGG
Gly
255

ACC
Thr

GCC
Ala

ACC
Thr
270

AAC
Asn

TTC
Phe

GAA
Glu

CTC
Leu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TGG
Trp

TGC
Cys

GAC
Asp

TAT
Tyx

GAG
Glu
240
GAA
Glu

GCC
Ala

TTC
Phe

GAA
Glu

CCT
Pro

GGC
Gly

GGC
Gly

CTG
Leu
210

CAC
His

AAC
Asn

CAG
Gln
225

TGC
Cys

AAC
Asn

GTC
val

ATC
Ile

GAT
Asp

GTC
val

CAG
Gln
290

AAG
Lys

766
814
.862
910

958

1006

1054

1102

1141

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO: 14
SEQUENCE LENGTH:
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear _
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE

ORGANISM: Escherichia coli

STRAIN: JM109 pAD447

1785

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT

- 71 -

TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

\CAG
&ln

ACA
Thr

GCG
Ala

ACC
Thr

TTC
Phe

AAG
Lys

GTC
val

GAT
Asp
115

GGT
Gly

CGT
Arg

ATG
Fet
CGC

20
AGC

Ser

TTC
Phe

TAT
Tyxr

GCC
Ala

GTC
val
100

AAG
Lys

CAC
His

TAT
Tyr

ATA
Il=

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

-GAA

Glu

TCA
Ser

AAG
Lys

TTC
Phe

CTT GCA GTG GGA

Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thx
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

"Ala

GTC
val

GCG
Ala

CGC
Axrg
55

GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

val

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

Gly

GTT
vVal
25

TTC
Phe

CAT
His

CCcC
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

CAA
Gin
10

CGT
Axrg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyr

CTC
Leu

CAA. GET

Gin

CTT
Leu

GTC
Val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Axg

ARG
Lys

CGG
Arg

GGC
Gly
155

Gly

CTC
Leu

TTC
Phe

GAC

Asp
60

GTIG
Val

AAT
Asn

TTC
Phe

TAT
Tyr

CCG
Pro
140

TTC
Phe

Ialale
Pro

GAC
Asp

CCC
Pro
45

GAG
Glu

GTC
VvVal

CTG
Leu

AAC
Asn

CGT
Arg
125

NI
Phe

CCG
Pro

f
’!: This Sheet Has Be een
i
i
I
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60
ATGTAATATT TCGTACTTTA 120
TCGGCGATGT GTTTCACAAC 180
CAGAGGTTCA TG ACA CGT 238
Thr Arg
1
ATC GCG CGC GCG Gi . 284
Ile Ala Aryg Ala Giu
15
ATG CTG ACG AAA GCC 334
Met Leu Thr Lys Ala
30
GAA CTC GCG CTT ACG 382
Glu Leu Ala Leu Thr
50
GCC GAG CTC GAT AGC 430
Ala Glu Leu Asp Ser
65
CGT CCA CTC TTT GAG 478
Arg Pro Leu Phe Glu
80
GGC TAC GCT. GAA CTC 526
Gly Tyr Ala Glu Leu
95
ACG TCC ATT TTG GTG 574
Thr Ser Ile Leu Val
110 '
AAG ATC CAT TTG CCG 622
Lys Ile His Leu Pro
130
CAG CAT CTT GAA AAG 670
Gln His Leu Glu Lys
145
GTC TAT GAC GTC GAC 718
Val Tyr Asp Val Asp '
160



GCC
Ala

GCC
Ala

TAC
Tyr
195
ACG
Thr

GGG

\Ely

ATG

Met

GCT
Ala

CTC
Leu
275

CAT
His

GCG
Ala

TGG
Trp
180

AAC
Asn

TCC
Ser

GCC
Ala

CTG
Leu

CTC
Leu
260

GAT
Asp
CGT
Arg

Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG

Gln

ATG GGG ATG
Met Gly Met

GTG
val

ATG
Met

GGC
Gly

CCG
Pro

CAC
His
200

ACC
Thx

CAC
His

CAT
His
215

CTC
Leu

TCC
Ser
230

GCG
Ala

GCC
Ala

GGC
Gly

CAC
His

TCC
Ser

ACG
Thr

ACG
Thr

CTIG
Leu

TGC
Cys

CGG
Arg

GAA
Glu
280

CCC
Pro

CAG
Gln
295

CAC
His

TTC
Phe

CTC
Leu
185

AAT
Asn

cTa
Leu

GCG

Ala

TGC
Cys

GAA
Glu
265

CTG
Leu

TAT
Tyr

ATC
Ile
170

AGG
Arg

CCC
Pro

TCG
Ser

GGC

Cly
=4

ATC
Ile
250

GAC
Asp

CGT

Arg

GGT
Gly

TGC
Cys

GGC
Gly

CCT
Pro

ATG
Met

AAG

Lvs

AAC
Asn

GCC
Ala

GTT
Val

CAG
Gln
220

TCA
Ser

235

GTG
val

GAG
Glu

GAA
Glu

CTG
Len

GCG
Ala

GTG
val

CAC
His

ATC
Ile
300

GAT
Asp

GAG
Glu

CCC
Pro
205

GCC
Ala

GGC
Glv

CCG
Pro

ATC

Ile

ATC
Ile
285

GCG
Ala

CGC
Arg

ATC
Ile
190

CAG
Gln

GGG
Gly

ATG
Met

ACC
Thr

CGC
Arg

This Sheet Has Been Replaced

Hllllll i

TGG
Trp

175

ATC
Ile

CaC
His

TCT
Ser

GAG
Glu

GGG

Gly

- 255

ACC
Thr
270

TTC
Phe
GAA
Glu

GCC
Ala

AAC
Asn

CTC
Leu

TGC
Cys

GAC
Asp

TAT
Tyr

GAG

Glu’

240
GAA
Glu

GCC
Ala

TTC

Phe

CCT

‘Pro

GGC
Gly

CAC
His

CAG
Gln
225

ATC

Ile

GTC
vVal

Lys

GAA
Glu

GGC
Gly

CTG
Leu
210

AAC
Asn

TGC
Cys

GTC
vVal

GAT
Asp

CAG
Gln
290

TGAGGTTGCC GAAAAGCATG
CCAGGGTGAC GCTGGTGGAA
GGGTCGCCGG AGCGGCAAAG
CAGTCCGCGA GAAGGGCGTA
ATAGATTTCC AAAGAGTTTC
GTGCCCAGAT CAAAGAATGA
CGGATCTATC GCTCCGCCCT
GGGTTGCTGG CAAAGCCCAA
ATCGTCGATT ACATCAACGG
ACGCTCGGGA TATCCAAGAG
TGGCTGAAAT TCGACAATCG

TGIGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

814

862

910

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO:

15
SEQUENCE LENGTH:

SEQUENCE TYPE:

STRANDEDNESS :

TOPOLOGY:

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN:

1785

nucleic acid
double
linear

Genomic DNA

Escherichia coli

JM109 pAD448

- 73 =

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

.CAG ATG ATA NTT.

Gln met

ACA CGC
Thr Arg
20

GCG AGC
Ala Ser
35

ACC TTC
Thr Phe

TTC TAT
Phe Tyr

AAG GCC
Lys Ala

GTC GTC
vVal val

Ils

GAA
Glu

CGG
Axg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

100 -

GAT AAG
Asp Lys
115

GGT CAC
Gly His

CGT TAT
Arg Tyr

TCA
Ser

AAG
Lys

TTC
Phe

Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCA
Ala

GTC
val

GCG
Ala

CGC
Arg
55

GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

GTG
val

GTC
vVal

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

GGA
GLy

GTT
val
25

TTC
Phe

CAT
His

Cccc
Pro

ATC
Ile

AAG
Lys

105

GTC
val

GCC
Ala

GAT
Asp

...
Gl

10
CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC

Tyr.

CTC
Leu

CTT
Leu

GTC
val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

CAA CAA GGT
T Gli

Gly

CTC
Leu

"TTC

Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyr

CCG
Pro
140

TTC
Phe

CCG
Pro

GAC
Asp

CCC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

Tluq Sheet Has Been Rep iaccd

HIIII

Ml
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AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT

Thr Arg

ATC LG CGC GCG GAG
Ile Ala Arg ala Glu
15

ATG CTG ACG AAA GCC
Met Leu Thr Lys Ala
30

GAA CTC GCG CTT ACG
Glu Leu Ala Leu Thr
50

GCC GAG CTC GAT AGC
Ala Glu Leu Asp Serxr
' 65

CGT CCA CTC TTT GAG
Arg Pro Leu Phe Glu
80 '

GGC TAC GCT GAA CTC
Gly Tyr Ala Glu Leu
g5

ACG TCC ATT TTG GTG
Thr Ser Ile Leu Val
110

AAG ATC CAT TTG CCG
Lys Ile His Leu Pro
130

CAG CAT CTT GAA AAG
Gln His Leu Glu Lys
145

GTC TAT GAC GTC GAC
Val Tyr Asp Val Asp
160

60
120
180
238

286 ...

382

430

478

526

574

622

670

718



A Cal

GCC
Ala

GCG
Ala

AAA
Lys
165

GCC
Ala

TGG
Trp
180

CGG
Arg

TAC

Tyr
195

AAC
Asn

ACG
Thr

ACG
Thr

TCC
Ser

TTC
Phe

GGG
Sl 3

TGG
Trp

-
v

o LA

ATG
Met

CTG
Leu

CTC
Leu
245

GCT
Ala

CTC
Leu
260

ACT
Thr

cTC
Leu
275

GAT
Asp

CGC
Arg
CGT
Arg

CAT
His

CaG

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA

TGGCTGAAAT

-

et Has Been Replaced

\\\\\\\\\\\l\\\\\l\\\\\\\

ATG
Met

GTG
val

CCG
Pro

CAC
His

TCC
Ser
230

GGC
Gly

ACG
Thr

TGC
Cys

Ccc
Pro

GGG
Gly

ATG
Met

ACC
Thr

CAT
His
215
GCG
Ala

CAC
His

ACG
Thr

CGG
Arg

CAG
Gln

ATG
Met

GGC
Gly

CAC
His
200

CTC
Leu

GCC

Ala

TCC
Ser

CTG
Leu

GAA
Glu
280

Cac
His

TTC
Phe

cTC
Leu
185

AAT
Asn

CTA
Leu

GCG
A}a

TGC
Cys

GAA
Glu
265

CTG
Leu

TAT
Tyxr

- 74 -~

ATC TGC AAC
Ile Cys Asn
170

GCC
Ala

AGG
Arg

GGC
Gly

GTT
val

CccC
Pro

CCT
Pro

CAG
Gln
220

TCG
Ser

ATG
Met

AAG
Lys
235

GGC
Gly

GCG
Ala

ATC
Ile
250

GTG
vVal

GTG
Val

GAC
Asp

GAG
Glu

CAC
His

GAA
Glu

CGT
Arg

ATC
Ile

GGT CTG
Gly Leu

GAT
Asp

GAG

Glu

cce
Pro
205

GCC
Ala

GGC

AR
ol

CCG
Pro

ATC
Ile

ATC
Ile
285

GCG

Ala

CGC
Arg

CGC
Arg
175

ATC
Ile

ATC
Ile
190

CAG
Gln

CAC
His

GGG
Gly

TCT
Ser

GAG
Glu

ATG
Met

ACC GGG
Thr

255

GCC
Ala

ACC
Thr
270

AAC
Asn

TTC
Phe

CTC
Leu

GAA
Glu

Gly.

TGG
Trp

TGC
Cys

GAC
Asp

TAT
Tyr

GAG
Glu
240

GAA
Glu

GCC
Ala

TTC
Phe

CCT
Pro

GGC
Gly

CAC
His

CAG
Gln
225

AAC
Asn

ATC
Ile

GTC
val

Lys

GAA
Glu

GGC
Gly

CTG
Leu
210

AAC
Asn

TGC
Cys

GTC
val

GAT
Asp

CAG
Gln
290

Gln

295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

300

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA

TACGAGCTGA

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

814
862
910
958
1006.
1054
1102
1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO:

16
SEQUENCE LENGTH:

SEQUENCE TYPE:
STRANDEDNESS :
TOPOLOGY :
MOLECULE TYPE:
ORIGINAL SOURCE
ORGANISM:

STRAIN:

1785

nucleic acid
double
linear

Genomic DNA

Escherichia coli

JM109 pAD450

~ This Sheet Has Been R

. I IH!

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTTTA

TCGGCGATGT GTTTCACAAC

TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC

TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

CAG
Gln

aca
- Thr

GCG
Ala
35

ACC
Thr

TTC
Phe

AAG
Lys

GTC
Val

GAT
Asp
115

GGT
Gly

CGT
Axg

ATC
Metc

CGC
Arg
20

AGC
Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
val
100

AAG
Lys

CAC
His

TAT
Tyr

ATA
Iie

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

cTT
Leu

CAG
Gln

GGC
Gly

CCG
Pro

acc
Thx
70

GAA
Glu

GGC
Gly

GGC

Gly

GAG
Glu

GAG
Glu
150

GCa
Ala

GTC
val

GCG
Ala

CGC
Axrg
55

GAA
Glu

CTC
Leu

GGC

Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

GTG
val

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

GGA Caa

Gly

GTT
val
25

TTC
Phe

CAT
His

CCC
Pro

ATC

Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

Gln
10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyr

cTC
Leu

CAA
Gln

CTT
Leu

GTC
val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

TTC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyxr

CCG
Pro
140

TTC
Phe

cCG
Pro

GAC
Asp

CCC
Pro
45

GAG
Glu

GTC
val

CIG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

CAGAGGTTCA TG ACA CGT
Thr Arg

ATC
I1le

ATG
Met
30

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

Lys

CAG
Gln

GTC
val

GrG
Ala
15

CTG
Leu

CTC
Leu

GAG
Glu

CCA
Pro

TAC
Tyxr
95

TCC
Ser

ATC
Ile

CAT
His

TAT
Tyr

GCG
Ala

CcTC

-Leu

CTC
Leu
B0

GCT
Ala

ATT
Ile

CAT
His

CTT
Leu

GAC
Asp
160

CTT
Leu

GAT
Asp
65

TTT
Phe

GAA

Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
val

1

Gac
Glu

GCC
Ala

ACG
Thr
50

AGC
Ser

GAG
Glu

CTC
Leu

GTG
val

CCG
Pro
130

60
120
180
238

286
334

382

478
526
574
622
670

718



GCC
Ala

GCG
Ala

AAA
Lys

ATG
Met

GGG
Gly

165

GCC
Ala

TGG
Txrp
180

TAC
Tyr
195

AAC
Asn

ACG
Thr

TCC
Ser

GGG

Gly Ala

ATG
Met

CTG
Leu

CGG
Arg

ACG
Thr

TTC
Phe

GCC TCG
Trp

CTC
Leu

GTG
vVal

ATG
Met

CCG
Pro

ACC
Thr

ATG
Met

GGC
Gly

CAC
His

TTC
Phe

ATC
Ile
170

CcTC
Leu
185

AGG
Arg

AAT
Asn

ccc
Pro

200

CAC
His

CAT
His
215

TCC
Ser
230

GCG

Ala

- e b

GGC
Gly

CAC
His

245

GCT
Ala

CTC
Leu
260

GAT
Asp

CTC
Leu
275

CAT
His

CGT
Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

ACT
Thr

CGC
Arg

CAG
Gln

ACG
Thr

ACG
Thr

TGC
Cys

CGG
Arg

CcTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu

CTA
Leu

TCG
Ser

GGC
Gly

GCG
Ala

TGC
Cys

ATC
Ile
250

GAC
Asp

GAA
Glu
265

CTG
Leu

CGT
Axg

280

CCC
Pro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His

TAT
Tyr

GGT
Gly

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

ATG
Met

AAG
Lys

val

GAG

Glu

Glu

Leu

- 76 =

GAT
Asp

TGC
Cys

AAC
Asn

GAG
Glu

GGC
Gly

GCC
Ala

GTT
val

cCcC
Pro
205

CCT
Pro

CAG
Gln
220

GCC
Ala

ACG
Thr

GGC
239

GCG
Ala

CCG
Pro

GTG

ATC
Ile

GTG
Val

CAC
His

ATC
Ile
285

GAA

GCG
Ala

ATC
Ile
300

CTG

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

Gly.

CGC
Arg
175

CGC
Axrg

ATC
Ile

ATC
Ile
190

CAG
Gln

CAC
His

TCT
Ser

GAG
Clu

GGG
Gly
255

GCC
Ala

ACC
Thr
270

AAC
Asn

TTC
Phe

cTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TGG
Trp

TGC
Cys

-GAC
Asp

TAT
Tyr

GAG
Glu
240

GAA
Glu

GCC
Ala

TTC
Phe

1]l

GAA
Glu

W

CCT
Pro

GGC
Gly

GGC
Gly

CTG
Leu
210

CAC
His

AAC
Asn

CAG
Gln
225
TGC
Cys

AAC
Asn

GTC
val

ATC
Ile

GAT
Asp

GTC
val

AAG
Lys

CAG
Gln
290

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

This Sheet Has Been Replaced

766
814
862
910
95§
1006
1054
1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO:

17
SEQUENCE LENGTH:

SEQUENCE TYPE:

STRANDEDNESS :
TOPOLOGY :

MOLECULE TYPE:
ORIGINAL SOURCE
ORGANISM:

STRAIN:

CAG
Gln

ACA

Thx

GCG
Ala
35

ACC
Thx

TTC
Phe

Lys

GTC
val

GAT
Asp
115

GGT
Gly

CGT
Arg

GCC
Ala

ATG
Met
CGC

20
AGC

Ser

T7TC
Phe

TAT
Tyx

GCC
Ala

GTC
Val
100

AAG
Lys

CAC
His

TAT
Tyx

GCG
Ala

ATA
Ile

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala

85
GAA
Glu

TCA
Ser

Lys

TTC

Phe

Lys

1559

nucleic acid
double
linear

Genomic DNA

Escherichia coli

CTT
Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thx
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

ATG
Met

GCA
Ala

G
vVal

GCG
Ala

CGC
Arg
55

GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyxr
135

CCG
Pro

GGG
Gly

JM109 paD421

GTG GGA
Val Gly

GECT GTT
val val
25

AAT TTC
Asn Phe
40

TGG TAT
Trp Tyr

ATG CCC
Met Pro

GGG ATC
Gly Ile

GTC AAG
Val Lys
105

ATC GTC
Ile vVal
120

GAG GCC
Glu Ala

GGC GAT
Gly Asp

ATG TTC
Met Phe

CAA
Gln
10

CsT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Axg

GGC
Gly

TAC
Tyx

CTC
Leu

ATC
Ile

- 77 =

CAA
Gln

CTT
Leu

GTC
val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Axg

AAG
Lys

CGG
Arg

GGC
Gly
155

TGC
Cys

GGT

.Gly

TIC

Leu

TTC
Phe

GAC
Asp
60

GTG
Vval

AAT
Asn

TTC
Phe

TAT
Tyxr

CCG
Pro
140

TTC
Phe

AAC
Asn

CCG
Pro

REY:ve4
Asp

CCcC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

GAT
Asp

ATC
Ile

2HiT
Met
30

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

AAG
Lys

CAG
Gln

GTC:

val

CGC
Arg

This S,

//m:///lm////l/l/?’i'l?““

CATA TG ACA CGT
Thr Arg

GCG-

Ala
15

CYG

Leu

CTC
Leu

GAG
Glu

cca
Pro

TAC
Tyx

CGC
Arg

ACG
Thr

GCG
Ala

CTC
Leu

CTC
Leu
80

GCT
Ala

95.

TCC
Ser

ATC
Ile

CAT
His

TAT
Tyr

CGC
Arg

ATT
Ile

CAT
His

CTT
Leu

GAC
Asp
160

TGG
Trp

GCG
Ala

BARA
Lys

CTT
Leu

GAT
Asp
65

TTT
Phe

GAA
Glu

TTG

Leu

TTG
Leu

GAA
Glu
145

GTC
val

CCT
Pro

1

GAG
Glu

GCC
Ala

ACG
Thr
50

AGC
Ser

GAG
Glu

CTC
Leu

GTG
val

CCG
Pro
130

AAG
Lys

GAC
Asp

GAA
Glu

12

60

156
201
252
300
348
396
444
492

540



165

GCC
Ala

TGG
Trp
180

TAC

Tyr
195

AAC
Asn
TCC
Ser

ACG
Thr

GGG
Gly

GCC
Ala

ATG
Met

G
Leu

GCT
Ala

CTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT
His

CGT
Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

cre
Leu
245

ACT
Thx

CGC
Axrg

CAG
Gln

GTG
val

Pro

ATG GGC
Met Gly

CCG ACC CacC
Thr His

170

CTC
Leu
185

AGG
Arg

AAT
Asn

CccC
Pro

200

CAC
His

215
TCC

Ser
230

GGC
Gly

ACG
Thxr

TGC
Cys

CAT CTC
His Leu

GCG GCC
Ala Ala

cacrce
His Ser

ACG CTG
Thr Leu

CGG GAA
Arg Glu

CTA
Leu

TCG
Ser

GCG

GGC
Ala G

Gly

ArC
Ile
250

1GC
Cys

GAA
Glu
265

GAC
Asp

CTG
Leu

CGT
Arg

280

CCC
Pro
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAG CAC
Gln His Tyr

GGT
Gly

TAT

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

GGC
Gly

CTT
Leu

ATG
Met

AAG
Lys
235

GTC
val

GAG
Glu

GAA
Glu

CTG
Leu

- 78 -

GAG
Glu

GCC
Ala

CCC
Pro
205

GTT
val

CAG
Gln
220

GCC
Ala

GGC
Gly

GTG
val

CCG
Pro

GCG

Ala

ATC
Ile

GTG
val

CAC
His

ATC
Ile
285

ATC
Ile
300

GCG
Ala

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

I This Sheet Has Been Replaced

175

ATC
Ile

ATC
Ile
190

CAC
His

CAG
Gln

TCT
Ser

GGG
Gly

GAG .
Glu

ATG
Met

GGG
Gly-
255

ACC
Thr

ACC
Thx
270

GCC
Ala

AAC
‘Asn

TTC
Phe

GAA
Glu

CTC
Leu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TGC
Cys

GAC
Asp

TAT
Tyr

GAG
Glu
240

GAA
Glu

GCC
Ala

TTC
Phe

i

GGC
Gly

GGC
Gly

CTG
Leu
210

CAC
His

AAC
Asn

CAG
Gln
225

TGC
Cys

AAC
Asn

G'Lre
Val

ALC
Ile

GTC
val

GAT
Asp

*CAG
Gln
290

AAG
Lys

TCCAGGCGCG

AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

ql

588

636

684

732

780 °

828

876

915

975
1035
1095
1155
1215
1275
1335
1395
1455
1515
1559



SEQUENCE LENGTH:

SEQUENCE TYPE:

STRANDEDNESS :

TOPOLOGY :

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN:

CAG
Gln

" Aaca
Thr

GCG
Ala
35

ACC
Thr

TTC
Phe

AAG
Lys

GTC
Val

GAT
Asp
115

GGT
Gly

CGT
Arg

GCC
Ala

ATG
Met

C3C
Axrg
20

AGC
Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
Val
100

Lys

CAC
His

TAT
Tyr

GCG
Ala

ATA
Ile

GaA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

Lys

1559

nucleic acid
double
linear

Genomic DNA

Escherichia coli

CTT
Leu

CAaCG
Gln

GGC
Gly

CCG
Pro

ACC

.Thr

70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

ATG
Met

GCA
Ala

G-iic .

val

GCG
Ala

CGC
Arg
55

GAA
Glu

CTC
Leu

GGC
Gly

Lys

TAC
Tyr
135
CCG
Pro

GGG
Gly

JM109 pAD422

TGG

ATG
Met

GGG
Gly

GTC
Val

ATC
Ile
120

GAG
Glu

GGC
Gly

ATG
Met

GGA

Gly

[y S1)

ol

vVal
25

TTC
Phe

TAT
Tyxr

CcccC
Pro

ATC
Ile

Lys
105

GTC
val

GCC
Ala

GAT
Asp

TTC
Phe

CAA
Gln
10

TGy

Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyr

cTC
Leu

ATC
Ile

CAA
Gln

O 2

Hao

GTC
vVal

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

TGC
Cys

GGT
Gly

cTC
Leu

TTC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT

Tyx

CCG
Pro
140

TTC
Phe

AAC
Asn

CCG
Pro

GAC"

Asp

CCC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Axrg
125

TTC
Phe

CCG
Pro

GAT
Asp

NS

e

———

ATC
Ile

ATG
Met
30

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

AAG
Lys

CAG
Gln

GTC
val

CGC
Arg

\\\\\\\\\\\\\\\\\\\\\\!\\

Thr Arg

GCG
Ala
15

CllnG
Leu

CTC
Leu

GAG
Glu

CCA
Pro

TAC
Tyxr
85

TCC
Ser

ATC
Ile

CAT
His

TAT
Tyr

CGC
Arg

et Has Been Replaced

1

CGC GCG GAG

Arg

Ala

Glu

Thr

GCG
Ala

CTC
Leu

CTC
Leu
80

GCT
Ala

ATT
Ile

CAT
His

CTT
Leu

GAC
Asp
160

TGG
Trp

Lys

CTT
Leu

GAT
AsSp
65

7T
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA

Glu’

145

GTC
vVal

CCT
Pro

Ala

ACG
Thr
50

AGC

‘Ser

GAG
Glu

CTC
Leu

GTG
val

CCG
Pro
130

AAG
Lys

GAC
Asp

GAA
Glu

12

60

"lus-

156

201

252

300

348

396

444

492

540



GCC
Ala

TAC

Tyr
195

ACG
Thr

GGG
Gly

ALG
Met

GCT
Ala

CTC
Leu
275

CAT
His

TGG
Trp
180

AAC
Asn

TCC
Ser

GCC
Ala

Cs
Leu

CcTC
Leu
260

GAT
Asp

CGT
Arg

165

CGG
Arg

ACG
Thxr

TTC
Phe

TGG
Trp

Cue
Leu
245

ACT
Thr

CGC
Axg

CAG
Gln

vVal

GTG ATG GGC
Met Gly

CCG
Pro

ACC
Thr

CAC
His
200

CcAC
His

CAT
His
215

cTC
Leu

GCC
Ala

TCC
Ser
230

GCG
Ala

i eled
Ser

taC
His

Sal
Gly
ACG
Thr

ACG
Thr

CTG
Leu

TGC
Cys

CGG
Arg

GAA
Glu
280

CCC
Pro

CAG
Gln
295

CAC
His

CTC
Leu
185

AAT
Asn

CcTa
Leu

GCG
aAla

“IGC

Cys

GAA

‘Glu

265

CTG
Leu

TAT

Tyr

170

AGG
Axg

CCC
Pro

TCG
Ser

GGC
Gly

ATC
Ile
250

GAC
Asp

CGT
Arg

GGT
Gly

- 80 -

GGC
Gly

TCT
Ser

ATG
Met

AAG
Lys
235

GT
vVal

GAG
Glu

GAA
Glu

CTG
Leu

GCC
Ala

GTT
val

CAG
Gln
220

GTG
val

G GCG

Ala

GTG
vVal

CAaC
His

ATC

Ile
300

GAG
Glu

CcC
Pro
205

GCC
Ala

GGC
Gly

TCG

Pro

ATC
Ile

ATC
Ile
285

GCG
Ala

ATC
Ile
190

CAG
Gln

GGG
Gly

ATG
Met

ACC
Thr

ACC
Thr
270

T™TC
Phe

GAA
Glu

—_—
This Sheet Has Been R

I Illl

‘175

ATC
Ile

CAC
His

TCT
Ser

GaAG
Glu

GGG
Gly
255

GCC
Ala

AAC
Asn

ctC
Leu

TGC
Cys

GAaC
Asp

TAT
Tyr

GAG
Glu
240

107:9:%
Glu

GCC
Ala

TTC
Phe

GGC
Gly

CAC
His

CAaG
Gln
225

AAC
Asn

ATC
Ile

GTC
VvVal

AAG
Lys

GGC
Gly

CTG
Leu
210

AAC
Asn

TGC
Cys

GTC
val

GAT
Asp

CAG
Gln
290

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

588
636
684
732
780
828
876
915

975
1035
1095
1155
1215
1275
1335
1395
1455
1515
1559



l: This Sheet Has Been Replace

Cae (NN IIII

SEQ ID NO: 19
SEQUENCE LENGTH: 1559
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD423

CATA TG ACA CGT 12

Thr Arg
1l
CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG 60
Gln Met Ile Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu
. 5 10 15
"&Ca CGC -GRA CAG GTC GTC Gre CCT TTL CTC¢AC ArG LG ACG AAA Gece - 10%
Thr Arg Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
20 25 30

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 156
Ala Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr

ACC TTC TTC CCG CGC TGG TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 201
Thr Phe Phe Pro Arg Trp Tyr Phe Thr Asp Glu Ala Glu Leu Azg Ser
55 60

TTC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG 252'
Phe Tyr Glu Thr Glu Met Pro Gly Pro Val Val Arg Pro Leg Phe Glu
70 75 8

AAG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CTC 300
Lys Ala Ala Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
85 30 95

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 348
Val val Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser.Ile Leu Val
100 - 105 110

GAT AAG TCA GGC AAG ATC GTC GGC AAG TAT CGT AAG ATC CAT TTG CCG 396
Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg Lys Ile His Leu Pro
115 120 125 130

GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG 444
Gly His Lys Glu Tyr Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys
- 135 140 145

CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GTC TAT GAC GTC GAC 492
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyxr Asp Val Asp
150 155 160

GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA 540
Ala Ala Lys Met Gly Met Phe Ile Cys Asn Asp Arg Arg Trp Pro Glu :



GCC
Ala

TAC

Tyx
195

ACG
Thr

GGG
Gly

Ac J':G
Met

GCT
Ala

CTC
Leu
275

CAT
His

TGG
Trp
180

AAC
Asn

TCC
Ser

GCC
Ala

CrG
Len

CTC
Leu
260

GAT
Asp

CGT
Arg

165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

c¢re
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

TGAGGTTGCC
CCAGGGTGAC

GGGTCGCCGG

CAGTCCGCGA

ATAGATTTCC

GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG

ATCGTCGATT

ACGCTCGGGA
TGGCTGAAAT

GTG
val

CCG
Pro

CaC
His

TCC
Ser
230

GGC
Gly

ACG
Thr

TGC
Cys

CCC
Pro

ATG
Met

ACC
Thr

CAT
His
215

GCG
Ala

CAC

His

ACG
Thr

CGG
Arg

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

GGC
Gly

CAC
His
200

CTC
Leu

GCC
Ala

II. C c
Ser

CTG
Leu

GAA
Glu
280

CAC
His

CTC
Leu
185

AAT
Asn

CTA
Leu

GCG
Ala

TG
Cys

GAA
Glu
265

CTG
Leu

TAT
Tyr

170
AGG
Arg

Cccc
Pro

TCG
Ser

GGC
Gly

ALC

Ile
250

GAC
Asp

CGT
Arg

GGT
Gly

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGL
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

- 82 -~

GGC
Gly

cCcT
Pro

ATG
Met

AAG
Lys
235

GTY

val

GAG

Glu

GAA
Glu

CTG
Leu

GCC
Ala

GTT
val

CAG
Gln
220

GCG
Ala

GCG

Ala

GTG
val

CAC
His

ATC
Ile
300

GAG
Glu

CCC
Pro
205

GCC
Ala

GGC
Gly

CCE

Pro

ATC
Ile

ATC
Ile
285

GCG
Ala

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

r’f"“"”‘”‘”’”""f

et Has Been Replaced

\\\\\\\\\\\\\\\\\\\\\\\\\

175
ATC ATC TGC
Ile Tle CYS
190

CAG CAC GAC

GGC GGC
Gly Gly

CAC CTG

Gln His A5p His Leu

210

GGG TCT TAT CAG AAC
GlY Ser Tyr Gln Asn

225

ATG GAG GAG AAC TGC
Met Glu Glu Asn Cys

240

ACC GGG Uha ATC GEC
Thr Gly Glu Ile Vval

255
ACC GCC GCC
Thr Ala Ala
270

TTC AAC TTC

GTC GAT
Val Asp

AAG CAG

Phe Asn Phe Lys Gln

GAA CTC
Glu Leu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

290

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

588

636

732

- 7807

828

876

915

975
1035
1095
1155
1215
1275
1335
1395
1455
1515
1559



SEQ ID NO: 20

SEQUENCE LENGTH:

SEQUENCE TYPE:
STRANDEDNESS :
TOPOLOGY :
MOLECULE TYPE:
ORIGINAL SOURCE
ORGANISM:
STRAIN:

CAG
Gln

ACa
Thr

GCG
Ala
35

ACC
Thr

TTC
Phe

Lys

GTC
val

GAT
Asp
115

GGT
Gly

CGT
Arg

GCC
Ala

ATG
Met
cel

20
AGC

Ser

TTC
Phe

TAT
Tyxr

GCC
Ala

GTC
Val
100

Lys

CAC
His

TAT
Tyx

GCG
Ala

ATA
Ile

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

Lys

- 83 -

1559
nucleic acid

double
linear

Genomic DNA

Escherichia coli

cTT
Leu

LAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

ATG

Met

GCA
Ala

G1C’

val

GCG
Ala

CGC
Arg
55

GAA
Glu

CTC
Leu
GGC
Gly

AAG
Lys

TAC
Tyxr

.135

CCG
Pro

GGG
Gly

JM109 pAD424 (FERM BP-4034)

GTG GGA CAA CAA GGT
Val Gly Gln Gln Gly
10

FUCTGTE TEIT LT LIt

Val Val Arg Leu Leu
25

AAT TTC ATT GTC TTC
Asn Phe Ile Val Phe
40

TGG CAT TTC ACC GAC
Trp His Phe Thr Asp
60

ATG CCC GGC CCG GTG
Met Pro Gly Pro Val
75

GGG ATC GGC TTC AAT
Gly Ile Gly Phe Asn
90

GTC AAG CGT CGC TTC
Val Lys Arg Arg Phe
105

ATC GTC GGC AAG TAT
Ile Val Gly Lys Tyr
120

GAG GCC TAC CGG CCG
Glu Ala Tyr Arg Pro
140

GGC GAT CTC GGC TTC
Gly Asp Leu Gly Phe
155

ATG TTC ATC TGC AAC
Met Phe Ile Cys Asn

CCG
Pro

‘GAC”

Asp

CcCcC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

GAT
Asp

ATC
Ile

"ATG

Met
30

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

AAG
Lys

CAG

Gln_

GTC
val

CGC
Arg

e b e e

CATA TG ACA CGT
Thr Arg

GCG
Ala

15.

CiG
Leu

CTC
Leu

GAG
Glu

CCA
Pro

TAC
Tyx
95

TCC
Ser

ATC
Ile

CAT
His

TAT
Tyx

CGC
Arg

------

CTC
Leu

CTC
Leu

GCT
Ala

ATT
Ile

CAT
His

CTT
Leu

GAC
Asp
160

TGG
Trp

\

et Has Been Replaced

T

1

GCG GAG
Ala Glu

ARAA TGCC

Lys Ala

CTT ACG
Leu Thr
50

GAT AGC
Asp Ser
65

TTT GAG -

Phe Glu

GAA CTC
Glu Leu

TTG GTG
Leu Val

TTG CCG
Leu Pro
130

GAA AAG
Glu Lys
145

GTC GAC
Val Asp

CCT GAA
Pro Glu

12

60

156

201

252

300

348

396

444

492

540



165

GCC
Ala

IGG
Trp
180

TAC

Tyr
195

AAC
Asn

ACG
Thx

TCC
Ser

GGG
Gly

GCC
Ala

CIG
Leu

TATG
Met

GCT
Ala

CTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT
His

CGT
Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

CGG
Arg

ACG
Thr

TTC
Phe

TGG -
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

GTG ATG GGC
Gly

val Met

CCG
Pro

ACC
Thr

CAC
His

170

AGG
Arg

CTC
Leu
185

CCcC
Pro

AAT
Asn

200

CAC
His

CAT
His
215

TCC
Ser
230

GCG
Ala

CAC
His

GGC
Gly

ACG
Thr

ACG
Thr

CGG
Arg

TGC
Cys

CTC
Leu

GCC
Ala

“TCC
Ser

CTG
Leu

GAA
Glu

TCG
Ser

CTA
Leu

GCG
Ala

GGC
Gly

TGC
Cys Ile

250

GAC
Asp

GAA
Glu
265

CTG
Leu

CGT
Arg

280

CCC
Pro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His

TAT
Tyr

GGT
Gly

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

ATC GT

- 84 -

GAG
Glu

GGC GCC
Gly Ala

cce
Pro
205

CTT GTT
Leu Val

GCC
Ala

ATG CAG
Met Gln
220

GGC
Gly

AAG GCG
Lys Ala
235

G~ GLG CLG

val Ala Pro

ATC
Ile

GAG GTG
Glu Val

GAA CAC
Glu His

ATC
Ile
285

GCG
Ala

CTG ATC
Leu Ile
300

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

175

ATC
Ile

ATC
Ile
190

CAC
His

CAG
Gln

GGG
Gly

TCT
Ser

GAG
Glu

ATG
Met

GGG
Gly
255

ACC
Thr

GCC
Ala

ACC
Thr
270

AAC
Asn

TTC
Phe

CTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAARGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TGC
Cys

GAC
Asp

TAT
Tyx

GAG
Glu
240

GRA
Glu

GCC
Ala

TTC
Phe

is Sheet Has Been Replaced

|||Il||\ M

GGC
Gly

GGC
Gly

CTG
Leu
210

CAC
His

AAC
Asn

CAG
Gln
225

TGC
Cys

AAC
Asn

Gl
val

ATC
Ile

GAT
Asp

GTC
vVal

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

588

636

684

732

828

876

915

975
1035
1095
1155
1215
1275
1335
1395
1455
1515
1559



SEQUENCE LENGTH:

SEQUENCE TYPE

STRANDEDNESS :

. MOLECULE TYPE:
ORIGINAL SOURCE

STRAIN:

CAG
Gln

ACH,
Thr

GCG
Ala
35

ACC
Thr

TTC
Phe

Lys

GTC
val

GAT
ASP
115

GGT
Gly

CGT
Arg

GCC
Ala

ATG
Met

CGC
Arg
20

AGC
Ser

TTC
Phe

‘TAT
Tyr

GCC
Ala

GTC
val
100

AAG
Lys

CAC
His

TAT
TYr

GCG
Ala

ATA
Ile

Lt

(S YN

Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Se:r_'

AAG
Lys

TTC
Phe

Lys

1559

nucleic acid
double
linear

Genomic DNA

Escherichia coli

CTT
Leu

-,
CAC

Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

ATG
Met

GCA
Ala

21T,
.ud."_,

val

GCG
Ala

cGe
Arg
55

GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

GGG
Gly

JM109 pAD425

GTG
val

STC

val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC

val

ATC
Ile

GGA
Gly

STL
vVal
25

TTC
Phe

CAT
His

CCC
Pro

ATC
Ile

Lys
105

GTC
val

120

GAG
Glu

GGC
Gly

ATG
Met

GCC
Ala

GAT
Asp

TTC
Phe

CAA
Gln
10

G

Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyx

CTC
Leu

ATC
Ile

CAA
Gln

CTw
Leu

GTC
val

ACC
Thr

CCG
Pro
75

TTC
Phe

cGe
Arg

Lys

CGG
Axg

GGC
Gly
155

TGC
Cys

GGT
Gly

Leu

TTC
Phe

GAC
Asp
60

GTG
val

AAT

Asn

TTC
Phe

TAT
Tyr

CCG
Pro
l4Q

T™rC
Phe

AAC
Asn

CCG
Pro

Asp

CCC
Pro
45

GAG
Glu

GTC
vVal

CTG
Leu

AAC
Asn

CGT
Axrg
125

TTC
Phe

CCG
Pro

GAT
Asp

ATC

Ile

ALG
Met
30

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

AAG
Lys

CAG
Gln

GTC
val

CGC
Arg

///‘,

Thr Arg

GCG
Ala
15

CTG
Leu

CTC
Leu

GAG
Glu

cca
Pro

TAC
Tyr
95

TCC

Ser'

ATC
Ile

CAT
His

TAT
Tyr

CGC
Arg

Th

CGC
Arg

"ACU

Thr

GCG
Ala

CTC
Leu

CTC
Leu
80

GCT
Ala

ATT
Ile

CAT
His

CTT
Leu

GAC
Asp
160

TGG
Trp

GCG
ala

ARA
Lys

CTT
Leu

GAT
Asp
65

TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
val

CCT
Pro

1

GAG
Glu

cec -

Ala

ACG
Thxr
50

AGC
Ser

GAG
Glu

CTC
Leu

GTG
val

cCcG
Pro
130

Lys

GAC
Asp

GAA
Glu

laced

\\ii\\m\\\\\\\\\\\\\\\\

12

156

201

252

300

348

396

444

492

540



' - This Sheet Has Been Re laced

(RO III
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165 170 175
GCC TGG CGG GTG ATG GGC CTC AGG GGC GCC GAG ATC ATC TGC GGC GGC 588
Ala Trp Arg Val Met Gly Leu Arg Gly Ala Glu Ile Ile Cys Gly Gly

180 185 190
TAC AAC ACG CCG ACC CAC AAT CCC TCT GTT CCC CAG CAC GAC CAC CTG 636
Tyr Asn Thr Pro Thr His Asn Pro Ser Val Pro Gln His Asp His Leu
195 200 205 - 210
ACG TCC TTC CAC CAT CTC CTA TCG ATG CAG GCC GGG TCT TAT CAG AAC 684
Thr Ser Phe His His Leu Leu Ser Met Gln Ala Gly Ser Tyr Gln Asn
215 220 225
GGG GCC TGG TCC GCG GCC GCG GGC AAG GCG GGC ATG GAG GAG AAC TGC 732
Gly Ala Trp Ser Ala Ala Ala Gly Lys Ala Gly Met Glu Glu Asn Cys
230 235 240

ATGTCIE™CUT BEC CAC TCC TGC ATC GLG GUG CLG ALL GGG "GAA ATC GEl” 7T
Met Leu Leu Gly His Ser Cys Ile Val Ala Pro Thr Gly Glu Ile Val

245 250 255
GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 828
Ala Leu Thr Thr Thr Leu Glu Asp Glu Val Ile Thr Ala Ala Val Asp

260 265 270
CTC GAT CGC TGC CGG GAA CTG CGT GAA CAC ATC TTC AAC TTC AAG CAG 876
Leu Asp Arg Cys Arg Glu Leu Arg Glu His Ile Phe Asn Phe Lys Gln
275 280 285 290
CAT CGT CAG CCC CAG CAC TAT GGT CTG ATC GCG GAA CTC 915
His Arg Gln Pro Gln His Tyr Gly Leu Ile Ala Glu Leu
295 300

TGAGGTTGCC GAAAAGCATG TGTGTCGTTG TTCTCGGCGC CTGGGTCACA TCCAGGCGCG 975
CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG GGCGATCCGC AAGGAGATGC 1035
GGGTCGCCGG AGCGGCAAAG CCCGACATTC GTTTCGCACC GACGGCCGTC GTGAACTCGA 1095
- CAGTCCGCGA GAAGGGCGTA TTGCGCGGCC TGGACCTGTA CGTGGAACTG TAGCCCATAT 1155
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC GGCGCGCCTA GCCCCATGTG AGCGAGAACC 1215
GTGCCCAGAT CAAAGAATGA GACCGACGCG CCGGCCGCGG CAAAGGATGA TCCTCAGGGT 1275
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1335
GGGTTGCTGG CAAAGCCCAA GCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1395
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1455
ACGCTCGGGA_TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1515
TGGCTGAAAE TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC 1559



- 87

SEQ ID NO: 22
SEQUENCE LENGTH:
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAIL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD426

1559

CAG
Gln

ATH

Thx

GCG
Ala
35

ACC
Thr

TTC
Phe

Lys

GTC
val

GAT
Asp
115

GGT
Gly

CGT
Arg

GCC
Ala

ATG
Met

"CGC

20

AGC
Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
Val
100

AAG
Lys

CacC
His

TAT
Tyr

GCG
Ala

ATA
Ile

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA

Ser

AAG
Lys

TTC
Phe

Lys

CTT
Leu

o~y o

CARG
Gln

GGC
Gly

CCG
Pro

ACC
Thx
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

ATG
Met

GCA
Ala

GTu

val

GCG
aAla

CGC
Arg
55

GAA
Glu

CTC
Leu

GGC
Gly

AAG

Lys

TAC

Tyr
135

CCG
Pro

GGG
Gly

GTG
val

i C
val

AAT
Asn
40

TGG

Trp

ATG
Met

GGG
Gly

GTC
Val

ATC
Ile
120

GAG
Glu

GGC
Gly

ATG
Met

GGA CaAA CAA.

Gly

val
25

TTC
Phe

TAT
Tyx

ccc
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

TTC
Phe

Gln
10

G . fT et

ol

Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyr

CTC
Leu

ATC
Ile

Gln

CI

Leu

GTC
vVal

ACC
Thr

cCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

TGC
Cys

GGT
Gly

wuL e
Ll

Leu

TTC

Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyr

cce
Pro
140

TTC
Phe

AAC
Asn

CCG
Pro

Gag

Asp

CCC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg
125

T™TC
Phe

CCG
Pro

GAT
Asp

ATC
Ile

Al
Met
30

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

Lys

CAG
Gln

GTC
Val

CGC
Arg

—_—
. This Sheet Has Been R

i I ] llll

CATA TG ACA CGT 12
Thr Arg
1
GCG CGC GCG GAG 60
Ala Arg Ala Glu
15
TTG &Cs |awm GCC -7 IV8
Leu Thr Lys Ala
CTC GCG CTT ACG 156
Leu Ala Leu Thr
50
GAG CTC GAT AGC 201
Glu Leu Asp Ser
65
CCA CTC TTT GAG 252
Pro Leu Phe Glu '
80
TAC GCT GAA CTC 300
Tyr Ala Glu Leu
95
TCC ATT TTG GTG 348
Ser Ile Leu Val
ATC CAT TTG CCG 396
Ile His Leu Pro
130
CAT CTT GAA AAG 444
His Leu Glu Lys
145
TAT GAC GTC GAC 492
Tyr Asp Val Asp
160
CGC TGG CCT GAA 540
Arg Trp Pro Glu



165

GCC
Ala

TGG CGG
Trp Arg
180

"TAC
Tyx
195

AAC ACG
Asn Thr

ACG
Thr

TCC TTC
Ser Phe

GGG
Gly

GCC TGG
Ala Trp

CILGCue
Leu Leu
245

ATG
Met

CTC ACT
Leu Thr
260

GCT
Ala

CTC
Leu
275

GAT CGC
ASp Arg

CAT
His

CGT CAG
Arg Gln

GTG
val

CCG
Pro

CAC
His

TGC
Cys

CCC
Pro

"CAC

ATG
Met

GGC
Gly

ACC CAC
Thr His
200

CTC
Leu

CAT
His
215

GCG
Ala

GCC
Ala

-~ -

el

His Ser

ACG
Thr

CTG
Leu

CGG
Arg

GAA
Glu
280

CAG
Gln
295

CAC
His

CTC
Leu
185

AAT
Asn

CTA
Leu

GCG

Ala

W3 .L'GC

Cys

GAA
Glu
265

CTG
Leu

TAT

Tyr

170
AGG
Arg

CCC
Pro

TCG
Ser

GGC
Gly

AxC

Ile
250

GAC
Asp

CGT
Arg

GGT
Gly

- 88 -

GGC
Gly

CTT
Leu

ATG
Met

AAG
Lys
235

ST

J-I-v

GAG
Glu

GAA
Glu

CTG
Leu

GCC
Ala

GTT
val

CAG
Gln
220

GCG
Ala

GTG
val

CAC
His

ATC
Ile
300

SC&" ¢
val Ala

GAG
Glu

CcccC
Pro
205

GCC
Ala

GGC
G%y

ATC
Ile

ATC
Ile
285

GCG
Ala

.. .._C ..,
£ ave

A!!‘E’\ l|||\\ il Il

175

ATC
Ile

ATC
Ile
190

CAC
His

CAG
Gln

TCT
Ser

GGG
Gly

GAG
Glu

ATG
Met

Thr Gly

255
ACC GCC
Thr
270

AAC
Asn

TTC
Phe

CTC
Leu

GAA
Glu

g, . e
s

Ala

____,______________

heet Has Been Replaced _

TGC
Cys

GAC
Asp

TAT
Tyxr

GaAG
Glu
240

"GAA

Glu

GCC
Ala

TTC
Phe

GGC
Gly

CAC
His

CAG
Gln
225

AAC

Asn

ATC
Ile

GTC
vVal

AAG
Lys

GGC
Gly

CTG
Leu
210

AAC
Asn

TGC
Cys

GTC

vVal

GAT
Asp

CAG
Gln
290

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGABAT

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG

CAAAGGATGA -

GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

588

636

684

732

~3

828

876

915

975
1035
1095
1155
1215
1275
1335
1395
1455
1515
1559
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SEQ ID NO: 23
SEQUENCE LENGTH: 1559
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOQURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD427

CATA TG ACA CGT 12

Thr Arg
1
CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG 60
Gln Met Ile Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu
5 10 15
ACH CGETGAK CaG™WIC STC UTT G it ofC GAC ATG CTG ALG Aka GCL ™77 108

Thr Arg Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
' 20 25 30

"GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 156
Ala Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu ng
35 40 ' 45

ACC TTC TTC CCG CGC TGG TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 201
Thr Phe Phe Pro Arg Trp Tyr Phe Thr Asp Glu Ala Glu Leu Agg Ser
55 - 60

TTC TAT GAG ACC GAA ATG CCC GGC CCG GTIG GTC CGT CCA CTC TTT GAG 252
Phe Tyr Glu Thr Glu Met Pro Gly Pro Val Val Arg Pro Leg Phe Glu
70 75 8

AAG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CTC 300
Lys Ala Ala Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
' 85 90 95

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 348
Val val Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
100 105 110

GAT AAG TCA GGC AAG ATC GTC GGC AAG TAT CGT AAG ATC CAT TTG CCG 396
Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg Lys Ile His Leu Pro
115 120 125 130

GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG 444
Gly His Lys Glu Tyr Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys
135 140 145

CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GTC TAT GAC GTC GAC 492
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
150 155 160

GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA 540
Ala Ala Lys Met Gly Met Phe Ile Cys Asn Asp Arg Arg Trp Pro Glu



GCC
Ala

TGG
Trp
180

TAC
Tyr
195

AAC
Asn

ACG
Thr

TCC
Ser

GGG
Gly

GCC
Ala

165
CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

cre

GTG
val

CCG
Pro

CaAC
His

TCC
Ser
230

Gul™

ATG
Met

ACC
Thr

CAT
His
215

GCG
Ala

TAC

GGC
Gly

CAC
His
200

cTC
Leu

GCC
Ala

e

cTC
Leu
185

AAT
Asn

CTa
Leu

GCG
Ala

JA T

170

AGG
Arg

CCC
Pro

TCG
Ser

GGC
Gly

ArC

- 90 -

GGC
Gly

TCT
Ser

ATG
Met

AAG
Lys
235

G1GE

GCC
Ala

GTT
vVal

CAG
Gln
220

GCG
Ala

GCG

GAG ATC
Glu Ile
- 190

CCC CAG
Pro Gln
205

GCC GGG
Ala Gly

GGC ATG
Gly Met

CUG™ACT

This Sheet Has Been Re; placed

(0

175

.TGC
Cys

ATC
Ile

CAC GAC

His

TCT
Ser

GAG
Glu
240

it e)

.Asp

TAT
Tyr

GAG
Glu

Gaa

Met Leu

Leu

Gly His

245

GCT
Ala

CTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT
His

CGT
Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

ACT
Thr

CGC
Axg

CAG
Gln

ACG
Thr

ACG
Thr

TGC
Cys

CGG
Arg

Ser

CTG
Leu

GAA
Glu

Ile
250

Cys

GAC
Asp

GAA
Glu
265

CGT
Arg

CTG
Leu

280

cCcC
Pro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His

TAT
Tyxr

GGT
Gly

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

val

GAG
Glu

GAA
Glu

CTG
Leu

Ala Pro Thr Gly Glu

255
GCC
Ala

ATC ACC
Ile Thr
270

GCC
Ala

GTG
val

TTC
Phe

AAC
Asn

ATC TTC
Ile Phe
285

CAC
His

CTC
Leu

GCG GAA
Ala Glu

ATC
Ile
300

TTCTCGGCGC CTGGGTCACA
ACCGCTTCAG GGCGATCCGC
GTTTCGCACC GACGGCCGTC
TGGACCTGTA CGTGGAACTG
GGCGCGCCTA GCCCCATGTG
CCGGCCGCGG CAAAGGATGA
GGCGCACGCT GGCTGCTGAC
CTTGTTCCGG CACTTGAGAA
CATATCGCGT CCCTGGCGGA
TCCATCCTCA AGACGCTGAC
TACGAGCTGA ATTC

|

GGC
Gly

GGC
Gly

CAC
His

CTG
Leu
210

CAG
Gln
225

AAC
Asn

AAC
Asn

TGC
Cys

GLC
val

B
Ile

GAT
ASp

GTC
val

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

Il llll

588

636

684

732

828

876

915

975
1035
1095
1155
1215
1275
1335
1395
1455
1515
1559



SEQ ID NO: 24

SEQUENCE LENGTH:

SEQUENCE TYPE:
STRANDEDNESS:
TOPOLOGY:
MOLECULE TYPE:
ORIGINAL SOURCE
ORGANISM:
STRAIN:

1785

nucleic acid
double
linear

Genomic DNA

Escherichia coli
JM109 pAD451

- 91 -

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC

TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT .

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

CAG ATG ATA CTT

Stz

5

~ L Y
il e

ACA
Thr

CGC
Arg
20

GAA
Glu

CAG
Gln

GCG
Ala
35

AGC
Ser

CGG
Axg

GGC
Gly

ACC
Thr

TTC
Phe

TTC
Phe

CCG
Pro

TTC
Phe

TAT
Tyxr

GAG
Glu

ACC
Thr
70

AAG
Lys

GCC
Ala

GCG
Ala
85

GAA
Glu

GTC
vVal

GTC
Val
100

GAA
Glu

GGC
Gly

GAT
Asp
115

AAG
Lys

TCA
Ser

GGC
Gly

GGT
Gly

CAC
His

AAG
Lys

GAG
Glu

CGT
Arg

TAT
Tyr

TTC
Phe

GAG
Glu
150

aed”

GCA

Kla ¥

GTC
val

GCG
Ala

CGC
Arg
55

GAA
Glu

cTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

]
WSAIEN

Gly-

GTT
val
25

TTC
Phe

TAT
Tyr

ccc
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

Gl

10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyr
CTC
Leu

‘Gin

CTT
Leu

GTC
val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

CTC
Leu

TTC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyx

CCG
Pro
140

TTC
Phe

CAA CAA GGT CCG
iy

‘TrLo

GAC
Asp

CcCC
Pro

45
GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

This Sheet Has Been Replaced

R W

AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT

Thr Axg .

1

ATC GCG CGC GCG GAG
Iie Aia &g

15

GCC
Ala

AAA
Lys

ACG
Thr

ATG CTG
Met Leu
30

ACG
Thr
50

GCG
Ala

CTT
Leu

CTC
Leu

GAA
Glu

AGC
Ser

GAT
Asp
65

GAG CTC
Glu Leu

GCC
Ala

GAG
Glu

CTC
Leu
80

™rT
Phe

CCA
Pro

CGT
Arg

cTC
Leu

GAA
Glu

GCT
Ala

TAC
Tyr
95

GGC
Gly

GTG
val

TG
Leu

ATT
Ile

ACG TCC
Thr Ser
110

CCG
Pro
130

CAT
His

TTG
Leu

ATC

Lys Ile

GAA
Glu
145

AAG
Lys

CAT
His

CAG
Gln

CTT
Leu

GAC
Asp

GAC
Asp
160

GTC
val

TAT
Tyx

GTC
val

Ala Giu -

60
120
180
238

286

334

382

526

574

622

670

718



GCC
Ala

GCG
Ala

GCC
Ala

TGG
Trp
180

TAC
Tyxr
195

AAC
Asn

ACG
Thr

TCC
Ser

GGG
" Gly

GCC
Ala

ATG
Met

CTG
Leu

GCT
Ala

CTC
Leu
260

GAT
Asp

CTC
Leu
275

CAT
His

ceT
Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG .
Trp

CTC
Leu
245

ACT
Thr

CGC.
Axrg

CAG
Gln

ATG
Met

GGG
Gly

GTG
‘Val

ATG
Met
ACC
Thr

CCG
Pro

ATG
Met

GGC
Gly

CAC
His

ATC
Ile
170

TTC
Phe

CTC
Leu
185

AGG
Arg

AAT
Asn

CCC
Pro

200

CAC
His

CAT
His
215
cC

Ser
230

GCG

GGC
Gly

CAC
His

ACG
Thr

ACG
Thr

TGC
Cys

CGG
Arg

CTC
Leu

GCC

& Als

TCC
Ser

CTG
Leu

GAA
Glu

TCG
Ser

CTA
Leu

GCG

GGC
Gl

TGC
Cys

ATC
Ile
250

GAA
Glu
265

GAC
Asp

CTG
Leu

CGT
Arg

280

CCC
Pro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His

GGT
Gly

TAT
Tyxr

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCARAGAGC

ATG

AAG

val

~ 92 -~
TGC AAC GAT
Cys Asn Asp

GCC
Ala

GAG
Glu

GGC
Gly

CccC
Pro
205

GTT
val

GAA
Glu

CAG
Gln
220

GCC

GGC
Gl

GTG
val

Lys
235

GCG
Ala

CCG
Pro

GTG

ATC
Ile

GTG
val

GAG
Glu

ATC
Ile
285

CAC
His

GAA
Glu

ATC
Ile
300

GCG
Ala

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

1 This Sheet Has Been R,

(o Im

CGC
Axg
175

CGC
Arg

ATC
Ile

ATC
Ile
190

CAC
His

CAG
Gln

TCT
Ser

GGG
Gly

GAG
G1-‘1

ATG

Mot

2a3

GGG
Gly
255

ACC
Thr

GCC
Ala

ACC
Thr
270

AAC
Asn

TTC
Phe

CTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TGG
Trp

TGC
Cys

GAC
Asp

TAT
Ty

GAG
.2In

GAA
Glu

GCC
Ala

TTC
Phe

GAA
Glu

CCT
Pro

GGC
Gly

GGC -
Gly

CTG
Leu
210

CAC
His

AAC
Asn

CAG
Gln
225

TGC
Cys

"AAC
Asn

GTC
Val

ATC
Ile

GAT
Asp

GTC
val

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

814

862

910

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO: 25
SEQUENCE LENGTH:
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD452

1785

- 93 -

+ This Sheet- HasB Replaced

QT IIII

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

LA\:
\J.L 1

ACA
Thr

GCG
Ala
35

ACC
Thr

TTC
Phe

Lys

GTC
val

GAT
Asp
115

GGT
Gly
CGT
Arg

-~

ATZ

Met

CGC
20
AGC

Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
vVal
100

AAG
Lys

CAC
His

TAT
Tyxr

ATA
....Le

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

CIT 6CA.GTE G

is2u

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG

Glu

GAG
Glu
150

Aia

GTC
Val

GCG
Ala
CGC

55
GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyxr
135

CCG
Pro

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG

Gly

GTC
val

ATC
Ile

120

GAG
Glu

GGC
Gly

TAT
Tyr

CCC
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

01,
- GLla

10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyx

CTC
Leu

AL Y:X

GGT

sln G3

CTT
Leu

GTC
val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

s -t
TAiY

CTC
Leu

TTC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyr

CCG
Pro
140

TTC
Phe

_CG

rxrc

GAC
Asp

ccc
Pro
45

GAG
Glu

GTC
val

CTG

‘Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT

Thr Arg

ATC

{ie

ATG
Met

GAA
Glu

GCC
Ala

CGT
Axg

GGC
Gly

ACG
Thr
110

AAG
Lys

CAG
Gln

GTC
vVal

GCG

e

15

CTG
Leu

CTC

Leu-

GAG
Glu

CCA
Pro

TAC
TYyx

95
TCC
Ser

ATC
Ile

CAT
His

TAT
Tyr

CGC

AT

ACG
Thr

GCG
Ala

CTC
Leu

CTC
Leu
80

GCT
Ala

ATT
Ile

CAT
His

CTT
Leu

GAC
Asp
160

GCG

-

Ala

ARAA
Lys

CTT
Leu

GAT
Asp
65

TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
val

ACG
Thr
50

AGC
Ser

GAG
Glu

CTC
Leu

GTG
val

CCG
Pro
130

AAG
Lys

GAC
Asp

to
S
[Fh

382

478

526

574

622

670

718
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CTCAAAGAGC

GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA 766
Ala Ala Lys Met Gly Met Phe Ile Cys Asn Asp Arg Arg Trp Pro Glu '
165 170 175
GCC TGG CGG GTG ATG GGC CTC AGG GGC GCC GAG ATC ATC TGC GGC GGC 814
Ala Trp Arg Val Met Gly Leu Arg Gly Ala Glu Ile Ile Cys Gly Gly
180 185 190
TAC AAC ACG CCG ACC CAC AAT CCC CCT GTT CCC CAG CAC GAC CAC CTG 862
Tyr Asn Thr Pro Thr His Asn Pro Pro Val Pro Gln His Asp His Leu
195 200 205 210
ACG TCC TTC CAC CAT CTC CTA TCG ATG CAG GCC GGG TCT TAT CAG AAC 910
Thr Ser Phe His His Leu Leu Ser Met Gln Ala Gly Ser Tyr Gln Asn
215 220 225
GGG GCC TGG TCC GCG GCC GCG GGC AAG TCA GGC ATG G2 GAG AAC TGC 958
S}y Ala Trp Sar Ala-Ala.Ala Glv. Lys Ser Glv Met Glu GLi Aca Tws S
o 230 - ‘ : T 23s s T 240 _ T
ATG CTG CTC GGC CAC TCC TGC ATC GTG GCG CCG ACC GGG GAA ATC GTC 1006
- Met Leu Leu Gly His Ser Cys Ile Val Ala Pro Thr Gly Glu Ile Val
245 250 255
GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 1054
Ala Leu Thr Thr Thr Leu Glu Asp Glu Val Ile Thr Ala Ala Val Asp
260 265 270
"CTC GAT CGC TGC CGG GAA CTG CGT GAA CAC ATC TTC AAC TTC AAG CAG 1102
Leu Asp Arg Cys Arg Glu Leu Arg Glu His Ile Phe Asn Phe Lys Gln
275 280 285 290
CAT CGT CAG CCC CAG CAC TAT GGT CTG ATC GCG GAA CTC 1141
His Arg Gln Pro Gln His Tyr Gly Leu Ile Ala Glu Leu
295 300
TGAGGTTGCC GAAAAGCATG TGTGTCGTTG TTCTCGGCGC CTGGGTCACA TCCAGGCGCG 1201
CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG GGCGATCCGC AAGGAGATGC 1261
GGGTCGCCGG AGCGGCAAAG CCCGACATTC GTTTCGCACC GACGGCCGTC GTGAACTCGA 1321
CAGTCCGCGA GAAGGGCGTA TTGCGCGGCC TGGACCTGTA CGTGGAACTG TAGCCCATAT 1381
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC GGCGCGCCTA GCCCCATGTG AGCGAGAACC 1441
GTGCCCAGAT CAAAGAATGA GACCGACGCG CCGGCCGCGG CAAAGGATGA TCCTCAGGGT 1501
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1561
GGGTTGCTGG CAAAGCCCAA GCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681
ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741
TGGCTGAAAT TCGACAATCG TACGAGCTGA ATTC : 1785



SEQ ID NO: 26

SEQUENCE LENGTH:

SEQUENCE TYPE:
STRANDEDNESS :
TOPOLOGY :
MOLECULE TYPE:
ORIGINAL SOURCE
ORGANISM:
STRAIN:

- 95 -

1785
nucleic acid

double
linear

Genomic DNA

Escherichia coli
JM109 pAD453

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

CAG ATG ATA CTT
Gin Met lle Leu
5

ACA
Thr

CGC
Arg
20

GAA
Glu

CAG
Gln

AGC
Ser

GCG
Ala
35

GGC

CGG
Gly

Arg

ACC
Thx

TTC
Phe

TTC
Phe

slele;
Pro

TTC.
Phe

TAT
Tyx

GaAG
Glu

ACC
Thx
70

AAG
Lys

GCC
Ala

GCG
Ala
85

GAA
Glu

GTC
val

GTC
Val
100

GAA
Glu

GGC
Gly

GAT
Asp
115

TCA
Ser

GGC

Lys Gly

GGT
Gly

CAC
His

GAG

Lys Glu

CGT
Arg

TAT
Tyr

TTC
Phe

GAG
Glu
150

GCA GTG GGA CAA CaA
Ala val Gly Gln Gln
10

CTT
Leu

CGT
Arg

GTT
val
25

GTC
val

GTC
val

ATT
Ile

GTC
val

TTC
Phe

GCG
Ala

AAT
Asn
40

ACC
Thr

TTC
Phe

CAT
His

CGC
Arg
55

TGG
Trp

CCG
Pro
75

GGC
Gly

ATG
Met

CCC
Pro

GAA
Glu

GGC
Gly
90

T™TC
Phe

ATC
Ile

GGG
Gly

CTC
Leu

CGT
Arg

CGC
Arg

GGC
Gly

GTC
Val Lys

105

AAG
Lys

GTC
val

GGC
Gly

AAG
Lys

ATC
Ile
120

CGG
AXg

GCC
Ala

TAC
Tyr

GAG
Glu

TAC
Tyr
135

GGC
Gly
155

GAT
Asp

CTC
Leu

CCG
Pro

GGC
Gly

GGT
Gly

CTC
Leu

TTC
Phe

GAC
Asp
60

GTG
vVal

AAT

Asn’

TTC
Phe

TAT
Tyr

CCG
Pro
140

TTC
Phe

CCG
Pro

GAC
Asp

Cccc
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

This Sheet Has Been.R.eplaced:

MR

AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT
Thr Arg

1

GAG
Glu

GCG
Ala

GCG
Ala
15

.CGC
Arg

ATC
lle

GCC
Ala

ARAR
Lys

CTG
Leu

ACG
Thxr

ATG
Met
30

ACG
Thx
50

GCG
Ala

GAA CTC
Glu Leu

CTT
Leu

AGC
Ser

GAT
Asp
65

CTC
Leu

GAG
Glu

GCC
Ala

GAG
Glu

TTT
Phe

CcTC
Leu
80

CCA
Pro

CGT
Axg

CTC
Leu

GAA
Glu

GCT
Ala

TAC
TyTr
95

GGC
Gly

GTG
val

TG
Leu

ATT
Ile

TCC
Ser

ACG
Thr
110

CCG
Pro
130

TTG
Leu

ATC
Ile

CAT
His

AAG
Lys

AAG
Lys

GAA
Glu
145

CAG
Gln

CAT
His

CTT
Leu

GTC GAC
val Asp

GAC
Asp
160

TAT
Tyx

GTC
vVal

60
120
180
238

. 286

334

382

430

478

526

574

622

670

718



GCC
Ala

GCC
Ala

TAC
Tyr
195
ACG
Thx

GGG

Gly

ATG
Met

GCT
Ala

CTC
Leu
275

CAT
His

GCG
Ala

TGG
Trp
180

AAC
Asn

TCC
Ser

GCC
Ala

CTG
Leu

CTC
Leu
260

GAT
Asp

CGT

AAA
Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

ATG
Met

GTG
val

CCG
Pro

CAC
His

TCC
Ser

- -

-

CTC
Leu
245

ACT
Thr

CGC

Arg

CAG
Gln

GGC
Gly

ACG
Thr

TGC
Cys

CcCcC
Pro

GGG
Gly

ATG
Met

ACC
Thr

CAT
His
215

GCG
Ala

CAC
His

ACG
Thr

CGG
Arg

CAG
Gln

ATG
Met

GGC
Gly

CAC
His
200

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GaA
Glu
280

CAaC
His

TTC
Phe

cTC
Leu
185

AAT
Asn

CTA
Leu

GCG
Ala

TGC
Cys

GAA
Glu
265

CTG
Leu

TAT

Gly
.- 235.

ATC
Ile
170

AGG
Arg

CccC
Pro

TCG
Ser

GGC

ATC
Ile
250

GAC
Asp

CGT
Arg

GGT

Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

295

GAAAAGCATG
GCTGGTGGRA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

Tyr Gly

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

- 96 -

GAT
Asp

TGC AAC
Cys Asn

GCC
Ala

GAG
Glu

GGC
Gly

CCC
Pro
205

GAA
Glu

GTT
val

CAG
Gln
220

GCC
Ala

ATG
Met

GGC
Gly

TCA
Ser

AAG
Lys

CCG
Pro

GCG
Ala

GTG
val

ATC
Ile

GTG
Val

GAG
Glu

ATC
Ile
285

CAC
His

GAA
Glu

ATC
Ile
300

GCG
Ala

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

CGC
Arg

ATC
Ile
190

CAG
Gln

GGG
Gly

ATG
Met

ACC
Thr

ACC
Thr
270

TTC
Phe

GAA
Glu

CGC
Arg
175

ATC
Ile

CAC
His

TCT

Sexr’

GAG
Glu

GGG
Gly
255

GCC
Ala

AAC
Asn

CTC
Leu

Sheet Has Been R placed

T

TGG
Trp

TGC
Cys

GAC
Asp

TAT
Tyr

GAG
-Glu
'240

GAA
Glu

GCC
Ala

TTC
Phe

GAA
Glu

CCT
Pro

GGC
Gly

GGC
Gly

CTG
Leu
210

CAC
His

AAC
Asn

CAG
Glin
225

TGC
Cys

AAC
Asn

GTC
val

ATC
Ile

GAT
Asp

GTC
val

CAG
Gln
290

AAG
Lys

CTGGGTCACA
GGCGATCCGC
GACGGCCGTIC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

814

862

910

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785
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SEQ ID NO: 27
SEQUENCE LENGTH: 1559
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD461
CATA TG ACA CGT 12
Thr Arg
1
CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG 60
Gln Met Ile Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu
5 10 15

“ACA CGC GAA CAG GTC GTC GTT CGTFCTT CTC GAC ATG CTG ACG AAA GLC 108
Thr Arg Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
20 25 30

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 156
Ala Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
35 40 45 50

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 201
Thr Phe Phe Pro Arg Trp His Phe Thr Asp Glu Ala Glu Leu Asp Ser
55 60 65

TTC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG 252
Phe Tyr Glu Thr Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu
: 70 75 ' 80

AAG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CTC 300
Lys Ala Ala Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
85 90 95

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 348
Val Val Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
100 105 110

GAT AAG TCA GGC AAG ATC GTC GGC AAG TAT CGT AAG ATC CAT TTG CCG 396
Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg Lys Ile His Leu Pro
115 120 125 130

GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG 444
Gly His Lys Glu Tyr Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys
135 140 145

CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GTC TAT GAC GTC GAC 492
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
: 150 - 155 160

GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA 540
Ala Ala Lys Met Gly Met Phe Ile Cys Asn Asp Arg Arg Trp Pro Glu



165

GCC
Ala

TGG
Trp
180

TAC

Tyr
195

AAC
Asn

ACG
Thr

TCC
Ser

GGG
Gly

GCC
Ala

ATG
Met

CTG
Leu

CGG
Arg

ACG
Thx

TTC
Phe

TGG
Trp

CTC
Leu

GTG
val

ATG
Met

ACC
Thr

CCG
Pro

GGC
Gly

CAC
His

170

AGG
Arxrg

CTC
Leu
185

CCcC
Pro

AAT
Asn

200

CAC
His

CAT
His
215
TCC

Ser
230

GCG
Ala

¢ac
His

GGC
Gly

245

GCT
Ala

CTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT
His

CGT
Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

ACT
Thx

CGC
Arg

CAG
Gln

ACG
Thr

ACG
Thr

TGC
Cys

CGG
Arg

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu

TCG
Ser

CTA
Leu

GGC
Gly

GCG
Ala

ATC
Ile
250

TGC
Cys

GAC
Asp

GAA
Glu
265

CGT
Arg

CTIG
Leu

280

Ccc
Pro

CAG
Gln
295

GCTGGTGGAA

AGCGGCAAAG

GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His

GGT
Gly

TAT
Tyr

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC

GGC
Gly

GAA
Glu

ATG
Met

AAG
Lys
235
GTG
val

GAG
Glu

GAA
Glu

CTG
Leu

- 98 -

GAG
Glu

GCC
Ala

CCC
Pro
205

GTT
Val

CAG
Gln
220

GCC
Ala

GGC
Gly

GCG
Ala

CCG
Pro

GCG
Ala

ATC
Ile

GTG
val

CAC
His

ATC
Ile
285

GCG
Ala

ATC
Ile
300

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

i This Sheet HasB

i T

175

ATC
Ile

ATC
Ile
190

Cys

cac
His

CAG
Gln

GGG
Gly

TCT
Ser
GAG
Glu

ATG
Met
240

GGG

Gly-
255

ACC

Thr Glu

GCC
Ala

ACC
Thr
270

Ala

TTC TTC

Phe

AAC
Asn

CTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
CGTGGAACTG
GCCCCATGTG
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TGC

GAC
Asp

TAT
Tyxr

GAG
Glu

GAA

GCC

Phe

GGC
Gly

GGC
Gly

CTG
Leu
210

cacC
His

CAG
Gln
225

AAC
Asn

AAC
Asn

TGC
Cys

GTC
val

ATC
Ile

GAT
Asp

GTC
val

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

md

588

636

684

732

828

876

915

975
1035
1095
1155
1215
1275
1335
1395
1455
1515
1559



SEQ ID NO:

28
SEQUENCE LENGTH:

SEQUENCE TYPE:

STRANDEDNESS:

TOPOLOGY:

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN:

1785
nucleic acid

double
linear

Genomic DNA

Escherichia coli

JM109 pAD454

- 99 -

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

. CAG
"Gln

ACA
Thr

GCG
Ala
35

ACC
Thr

TTC
Phe

Lys

GTC
val

GAT
Asp
115

GGT
Gly

CGT
Arg

TrC
Phe

TAT
Tyr

GCC
Ala

GTC
Val
100

AAG
Lys

CAC
His

TAT
Tyr

ATA

: Ile

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

CTT
Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCA.

Ala

GTC
vVal

GCG
Ala

CGC
Arg
S5

GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

=TG
val

GTC
val

AAT
Asn
40

TGG
Txrp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

GGA

GLy

GTT
val
25

TTC
Phe

TAT
Tyr

CcCC
Pro

ATC
Ile

AAG
Lys
105

GTC
Val

GCC
Ala

GAT
Asp

CAA
Gln
10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyr

CTC
Leu

CARL
Gin

CTT
Leu

GTC
val

ACC
Thx

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

GGT

CTC
Leu

TTC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

T™IC
Phe

TAT
Tyr

CCG
Pro
140

TTC
Phe

CCG

- Pro

GAC
Asp

CCC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

‘AAC

Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

 This Sheet Has Been Rep

N s

]

AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTITTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT
Thr Arg

1

ATC GCG CGC GCG GAG
ile Ala Arg Ala Glu
15

ATG CTG ACG AAA GCC.
Met Leu Thr Lys Ala
30

GAA CTC GCG CTT ACG
Glu Leu Ala Leu Thr
50.

GCC GAG CTC GAT AGC
Ala Glu Leu Asp Ser
65

CGT CCA CTC TTT GAG
Arg Pro Leu Phe Glu

GGC TAC GCT GAA CTC
Gly Tyr Ala Glu Leu
95

ACG TCC ATT TTG GTG
Thr Ser Ile Leu Val
110

AAG ATC CAT TTG CCG
Lys Ile His Leu Pro
_ 130

CAG CAT CTT GAA AAG
Gln His Leu Glu Lys
145

GTC TAT GAC GTC GAC
val Tyr Asp Val Asp
160

60
120
180
238

382

430

478

526

574

622

670

718



GCC
Ala

GCG
Ala

GCC
Ala

TGG
Trp
180

TAC
Tyr
195

AAC
Asn

ACG
Thr

TCC
Ser

GCC
Ala

GGG
- Gly

ATG
Met

CTG
Leu

GCT
Ala

CTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT
His

CGT
Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

AAA
Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

ATG
Met

GGG
Gly

GTG
val

ATG
Met

CCG
Pro

ACC
Thr

ATG
Met

GGC
Gly

CAC
His

ATC
Ile
170

T™TC
Phe

AGG
Arg

CTC
Leu
185

CCC
Pro

AAT
Asn

200

CAC
His

CAT
His
215

TCC
Serx
230

GCG
Al=a

GGC
Gly

CAC
His

ACG
Thr

ACG
Thr

TGC
Cys

CGG
Arg

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu

TCG
Ser

CTA
Leu

GGC
Gly

GCG
Ala

TGC
Cys

ATC
Ile
250

GAC
Asp

GAA
Glu
265
CGT
Arg

CTG
Leu

280

CcccC
Pro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His

TAT GGT
Tyr Gly

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

- 100 -

GAT
Asp

AAC
Asn

TGC
Cys

GAG
Glu

GCC
Ala

GGC
Gly

CCC
Pro
205

GTT
val

GAA
Glu

CAG
Gln
220

GCC
Ala

ATG
Met

GGC
Gly

TCA
Ser

AAG
Lys
235

GCG
Ala

CCG
Pro

GTG
Val

ATC
Ile

GTG
val

GAG
Glu

CAC
His

ATC
Ile
285

GAA
Glu

GCG
Ala

ATC
Ile
300

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

M

| This Sheet Has Been Replaced

i

CGC
Arg

CGC
Arg
175

ATC
Ile

ATC
Ile
190

CAC
His

CAG
Gln

TCT
Ser

GGG
Gly

ATG
Met

GAG
Glu

GGG
Gly
255

ACC
Thr

GCC
Ala

ACC
Thr
270
AAC
Asn

TTC
Phe

CTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

[

TGG
Trp

TGC
Cys

GAC
Asp

TAT
Tyxr

GAG
Glu
24U
"GAA
Glu

GCC
Ala

TTC
Phe

1]

GAA
Glu

CCT
Pro

GGC GGC
Gly Gly

CTG
Leu
210

CAC
His

AAC
Asn

CAG
Gln
225

TGC
Cvs

-

AAC
Asn

GTC
Val

ATC
Ile

GAT
Asp

GTC
val

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

814

862

910

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO: 29

SEQUENCE LENGTH:

SEQUENCE TYPE:

STRANDEDNESS:

TOPOLOGY :

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN:

CAG
Gln

+ ACA
Thx

GCG
Ala
35

ACC
Thr

T™rC
Phe

Lys

GTC
Val

GAT
Asp
115

GGT
Gly

CGT
Arg

GCC
Ala

ATG
Met
CGC

20
AGC

Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
Val
100

Lys

CAC
His

TAT
Tyxr

GCG
Ala

ATA
Ile

GAA~

Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala

85
GAA
Glu

TCA
Ser

Lys
TTC

Phe

Lys

1559

nucleic aéid
double

linear

Genomic DNA

Escherichia coli

CTT
Leu

CAG
Gln

GGC
Gly

CcCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly
GAG
Glu

GAG

Glu
150

ATG
Met

GCA
Ala

GIC
val

GCG
Ala

CGC
Axg
55

GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr

‘135

CCG
Pro

GGG
Gly

GTG
val

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

ATG
Met

GGA
Gly

GTY
val
25

TTC
Phe

TAT
Tyx

CCC
Pro

ATC
Ile

Lys
105

GTC

val

GCC
Ala

GAT
Asp

TTC
Phe

- 101 -

JM109 pAD455 (FERM BP-4036)

CAA CAA GGT CCG

Gln
10

CGT
Arg

ATT
Ile

T™rC
Phe

GGC
Gly

GGC
Gly
90

CGT

Arg

GGC
Gly

TAC

Tyr

CTC
Leu

ATC
Ile

Gln

cTr
Leu

GTC
val

ACC
Thr

cCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

‘GGC

Gly
155

TGC
Cys

Gly

cre”

Leu

T™TC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyx

CCG
Pro
140

TTC
Phe

AAC
Asn

Pro

GAC
Asp

CCC
Pro
45

GAG
Glu

GTC
val

CTG-

Leu

AAC
Asn

CGT
Arg
125
TTC
Phe

CCG
Pro

GAT
Asp

ATC
Ile

ALG
Met
30

GaA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr

Thns Sheet Has Been R laced:

N

1

CATA TG ACA CGT
Thr Arg

GCG
Ala
15

CTG
Leu

cTC
Leu

GAG
Glu

CCA
Pro

TAC
Tyr
95

TCC
Ser

110

AAG
Lys

CAG
Gln

GTC
val

CGC
Arg

ATC
Ile

CAT
His

TAT
Tyxr

CGC
Arg

CGC
Axrg

ACG
Thr

GCG
Ala

CTC
Leu

CTC
Leu
80

GCT
Ala

ATT
Ile

CAT
His

cTT
Leu

GAC
Asp
160

TGG
Trp

GCG
Ala

AR
Lys

CTT
Leu

GAT
AsSp
65

TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
val

CCT
Pro

1

GAG
Glu

GCC
Ala

ACG
Thx
50

AGC
Ser

GAG
Glu

CTC
Leu

GTG
val

CCG

‘Pro

130
AAG
Lys

GAC
Asp

GAA
Glu

12

60

108

156

201

252

300

348

396

444

492

540



165
GCC
Ala

TGG
Trp
180

CGG
Arg

TAC

Tyx
195

AAC
Asn

ACG
Thr

ACG
Thr

TCC
Ser

TTC
Phe

GGG
Gly

GCC
Ala

TGG
Trp

CTC
Leu
245

- ATG
Met

CTG
Leu

GCT
Ala

CTC
Leu
260

ACT
Thr

CTC
Leu
275

GAT
Asp

CGC
Arg

CAT
His

CGT
Arg

CAG
Gln

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGE
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA

GTG
val

olele;
Pro

CAC
His

TCC
Ser
230

GGC
Gly

ACG
Thr

TGC
Cys

CCC
Pro

ATG
Met

ACC
Thr

CAT
His
215

GCG
Ala

CAC
His

ACG
Thr

CGG
Arg

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CABAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

Glu

170

AGG
Arg

GGC
Gly

CTC
Leu
185

CCC
Pro

AAT
Asn

CAC
His
200

TCG
Ser

CTC
Leu

CTA
Leu

GCG
Ala

GGC
Gly

GCC
Ala

ATC
Ile
250

TGC
Cys

TCC
Ser

GAA
Glu
265

GAC
Asp

CTG
Leu

CGT
Arg

CTG
Leu

GAA
280

GGT
Gly

CAC
His

TAT
Tyxr

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

- 102 -

GCC
Ala

GAG
Glu

GGC
Gly

CCC
Pro
205

GAA
Glu

GTT
vVal

CAG
Gln
220

GCC
Ala

ATG
Met

GCG
Ala

GGC
Gly

AAG
Lys
235

"CCG
Pro

GCG
Ala

GTG
val

ATC
Ile

GTG
val

GAG
Glu

ATC
Ile
285

CAC
His

GAA
Glu

ATC
Ile
300

GCG
Ala

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

\\\\\\\\\\\\\\\\\\ I

175

ATC
Ile

ATC
Ile
190
CAC .
His

CAG
Gln

GGG
Gly

TCT
Ser

GAG
Glu

ATG
Met

TGC
Cys

GAC
Asp

TAT
Tyr

GAG
Glu

Been Replaced

GGC
Gly

-GGC
Gly

CTG
Leu
210

CAC
His

CAG
Gln
225

AAC
Asn

AAC
Asn

TGC
Cys

240

GGG
Gly
255

ACC
Thr

ACC
Thr
270

GCC
Ala

AAC
Asn

TTC
Phe

CTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

GAA
Glu

GCC
Ala

TTC
Phe

GTC ™
val

ATC
Ile

GAT
Asp

GTC
val

CAG
Gln
290

Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

588

636

684

732

828

876

915

975

1035

1095
1155
1215
1275
1335
1395
1455
1515
1559 -



SEQ ID NO: 30
SEQUENCE LENGTH:
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAIL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD456

1785

- 103 -

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

.CAG
“Gin

ACA
Thr

GCG
Ala
35

ACC
Thr

TTC
Phe

AAG
Lys

GTC
Val

GAT
Asp
115

GGT
Gly

CGT
Arg

ATG
Met

CGC
Arg
20

AGC
Ser

TTC
Phe

TAT
Tyxr

GCC
Ala

GTC
vVal
100

AAG
Lys

CAC
His

TAT
Tyr

ATA

Ile

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

o

-

Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu

GCA
_Ala

GTC
vVal

GCG
Ala

CGC
Arg
55

GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

150

CTG GGA CAA

val

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

Gly

GTT
val
25

TTC
Phe

TAT
Tyr

CccC
Pro

ATC
Ile

Lys
105

GTC
val

GCC
Ala

GAT
Asp

Gln
10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

.GGC

Gly

TAC
Tyxr

CTC
Leu

Gin

CTT
Leu

GTC
Val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

TTC
Phe

GAC
Asp
60

GTG
Val

AAT
Asn

TTC
Phe

TAT
Tyr

CCG
Pro
140

TTC
Phe

CcccC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT

Arg
125

TTC
Phe

CCG
Pro

. This Sheet Has Been Replaced

(R

AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT

Thr Arg

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

Lys

CAG
Gln

GTC
Val

GCG
Ala
15

CTG
Leu

CTC
Leu

GAG
Glu

cCca

Pro

TAC
Tyr
95

TCC

Ser

ATC
Ile

CAT
His

TAT
Tyr

CGC
Axg

ACG

Thx

GCG
Ala

CcTC
Leu

cTC
Leu

GCT
Ala

ATT
Ile

CAT
His

CTT
Leu

GAC
Asp
160

CTT
Leu

GAT
Asp
65

TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
vVal

1

GAG
Glu

GCC
Ala

ACG
Thr
50

AGC
Ser

GAG
Glu

CTC
Leu

GTG
val

Ccce
Pro
130

AAG
Lys

GAC
Asp

60
120
180
238

286

382

430

478

526

574

622

670

718



GCC
Ala

GCC
Ala

TAC
Tyr
195

ACG
Thr

GGG
Gly

ATG
Met

GCT
Ala

CTC
Leu
275

CAT
His

TGAGGTTGCC

GCG
Ala

TGG
Trp
180

AAC
Asn

TCC
Ser

GCC
aAla

CTG
Leu

CTC
Leu
260

GAT
Asp

CGT
Arg

AAA
Lys
165

CGG
Arg

ACG
Thx

TTC
Phe

TGG
Tro ¢

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

CCAGGGTGAC

GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC

GTGCCCAGAT

CGGATCTATC
- GGGTTGCTGG
ATCGTCGATT

ACGCTCGGGA
TGGCTGAAAT

ATG
Met

GTG
val

CCG
Pro

CAC
His
TCC
230
GGC
Gly

ACG
Thr

TGC
Cys

CccC
Pro

GGG
Gly

ATG
Met

ACC
Thr

CAT
His

215

GCG

r. Ala

CAC
His

ACG
Thr

CGG
Arg

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

ATG
Met

GGC
Gly

CAC
His
200

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu
280

CAC
His

TTC
Phe

CTC
Leu

ATC
Ile
170

AGG
Arg

185

AAT
Asn

CTA
Leu

GCG
ala

TGC
Cys

GAA
Glu
265

CTG
Leu

TAT
Tyxr

CcccC
Pro

GAC
Asp

CGT
Arg

GGT
Gly

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

- 104 -

TGC
Cys

GGC
Gly

CTT
Leu

ATG
Met

AAG

Lys
3

235

.GTG

val

GAG
Glu

GAA
Glu

CTG
Leu

AAC
Asn

GCC
Ala

GTT
val

CAG
Gln
220

TCA
Ser

GCG
Ala

GTG
val

CAC
His

ATC
Ile
300

GAT
Asp

GAG
Glu

CCcC
Pro
205

GCC
Ala

GGC
Gly

CCG
Pro

ATC
Ile

ATC
Ile
285

GCG
Ala

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA

TACGAGCTGA

CGC
Arg

ATC
Ile
190

CAG
Gln

GGG
Gly

ATG
Met

ACC
Thr

ACC
Thr
270

TTC
Phe

GAA
Glu

cGC
Arg
175

ATC
Ile

cacC
His

TCT
Ser

GAG
Glu

GGG
Gly
255

GCC
Ala

AAC
Asn

cTC
Leu

This Sheet Has Been Replaced

A

TGG CCT GAA
Trp Pro Glu

TGC
Cys

GAC

GGC GGC
Gly Gly

CAC CTG

Asp His Leu

210

TAT CAG AAC

Tyxr

Gln Asn
225

GAG AAC TGC
Glu Asn Cys

249

GAA ATC GTC
Glu Ile Val

GCC
Ala

TTC
Phe

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC

ATTC

GTC GAT
Val Asp

AAG CAG
Lys Gln
290

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

814

862 .

910

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO:

31
SEQUENCE LENGTH:

SEQUENCE TYPE:

STRANDEDNESS :

TOPOLOGY :

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:
STRAIN:

1785
nucleic acid

double
linear

Genomic DNA

Escherichia coli

JM109 pAD468

- 105 -

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

CAG
Gln

ACA
Thx

GCG
Ala
35

ACC
Thx

TTC
Phe

AAG
Lys

GTC
val

GAT
Asp
115

GGT
Gly

CGT
Arg

ATG
Met

CGC
Arg
20

AGC
Ser

TTC
Phe

TAT
Tyr

GCC

"Ala

GTC
val
100

AAG
Lys

CaC
His

TAT
Tyr

ATA
Ile
-5

GAA
Glu

CGG

Axg

TTC
Phe

GAG
Glu

GCG
Ala

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

cTT,
Leu .

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCG
Ala

CGC
Arg
55

GAA
Glu

CTC
Leu

GGC
Gly

Lys

TAC
Tyr
135

CCG
Pro

TGG

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

GGA

-~

Gly

GTT
val
25

TTC
Phe

TAT
Tyxr

CCC
Pro

ATC
Ile

Lys
105

GTC
vVal

GCC
Ala

GAT
Asp

CAA
GLlh
10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyr

CTC
Leu

CAA
(zln

CTT

Leu

GTC
Val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

GGT
Gly

CcTC
Leu

TTC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

T™IC
Phe

TAT
Tyr

CCG
Pro
140

TTC
Phe

CCG
Pro

GAC
Asp

CccC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

ARC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

heet Has Been Replaced

Hllll\l M

AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT
Thr Arg

1

ATC GCG CGC GCG GAG
Ile Ala Arg Ala Glu
15

ATG CTG ACG AAA GCC
Met Leu Thr Lys Ala
30

GAA CTC GCG CTT ACG
Glu Leu Ala Leu Thr
50

GCC GAG CTC GAT AGC
Ala Glu Leu Asp Ser
65

CGT CCA CTC TTT GAG

'Arg Pro Leu Phe Glu

80

GGC TAC GCT GAA CTC
Gly Tyr Ala Glu Leu
- 95

ACG TCC -ATT TTG GTG
Thr Ser Ile Leu Val
110 :

AAG ATC CAT TTG CCG
Lys Ile His Leu Pro
130

CAG CAT CTT GAA AAG
Gln His Leu Glu Lys
145

GTC TAT GAC GTC GAC
val Tyr Asp Val Asp
160

60
120
180
238

286 .
334
382
430_
478
526
574
622
670

718



GCC
Ala

GCC
Ala

TAC
Tyrx
195

ACG
Thr

GGG

'.r:1._v
+

A

ATG
Met

GCT
Ala

CTC
Leu
275

CAT
His

TGAGGTTGCC

GCG
Ala

TGG
Trp
180

AAC
Asn

TCC
Ser

GCC
h"l:a

-y

CTG
Leu

CTC
Leu
260

GAT
Asp

CGT
Arg

AAA
Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
'T‘rp

cTC
Leu
245

ACT
Thx

CGC
Axg

CAG
Gln

CCAGGGTGAC

- GGGTCGCCGG

CAGTCCGCGA

ATAGATTTCC

GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG

ATCGTCGATT
ACGCTCGGGA

TGGCTGAAAT

ATG
Met

GTG
val

CCG
Pro

CAC
His

TCC
Ser

230

GGC
Gly

ACG
Thx

TGC
Cys

CCC
Pro

GGG
Gly

ATG
Met

ACC
Thr

CAT
His
215

.GCG

Ala

CAC
His

ACG
Thr

CGG
Arg

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

ATG
Met

GGC
Gly

CAC
His
200

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu
280

CAC
His

TTC
Phe

CTC
Leu
185

AAT
Asn

CTA
Leu

GCG
Ala

TGC
Cys

GAA
Glu
265

CTG
Leu

TAT
Tyr

ATC
Ile
170

AGG
Arg

CCC
Pro

TCG
Ser

GGC
Gly

ATC
Ile
250

GAC
Asp

CGT
Arg

GGT
Gly

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

- 106 -

TGC
Cys

GGC
Gly

GCT
Ala

ATG
Met

AAC
Lys
235

GTG
val

GAG
Glu

GAA
Glu

CTG
Leu

AAC
Asn

GCC
Ala

GTT
val

CAG
Gln
220

TCA
Ser

GCG
Ala

GTG
vVal

CAC
His

ATC
Ile
300

GAT
Asp

GAG
Glu

CCC
Pro
205

GCC
Ala

GGC

CCG
Pro

ATC
Ile

ATC
Ile
285

GCG
Ala

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

s Sheet Has Been Replaced

ima

CGC CGC
Arg Arg
175

ATC ATC
Ile Ile
190

CAG CAC
Gln His

GGG TCT
Gly Ser

ATG GAG
Met Gln

ACC GGG
Thr Gly
255

ACC GCC
Thr Ala
270

TTC AAC
Phe Asn

GAA CTC
Glu Leu

TGG CCT GAA
Trp Pro Glu

TGC GGC GGC
Cys Gly Gly

GAC CAC CTG
Asp His Leu
210

TAT CAG AAC
Tyr Gln Asn
225

GAG AAC TGC
zlu Asn Cy3
240

GAA ATC GTC
Glu Ile Val

GCC GTC GAT
Ala Val Asp

TTC AAG CAG
Phe Lys Gln
290

CTGGGTCACA TCCAGGCGCG
GGCGATCCGC AAGGAGATGC
GACGGCCGTC GTGAACTCGA
CGTGGAACTG TAGCCCATAT
GCCCCATGTG AGCGAGAACC
CARAGGATGA TCCTCAGGGT
GGCTGCTGAC GGCGGAGGAA
CACTTGAGAA TGCGATCGCC
CCCTGGCGGA GCTTTCAACG
AGACGCTGAC GCATTTCGGC

ATTC

766
814
862
910
?58
1006
1054
1102
1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO: 32
SEQUENCE LENGTH:
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD469

1785

- 107 -

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

.CAG
Gin

ACA
Thr

GCG
Ala
35

ACC
Thr

TTC
Phe

AAG
Lys

GTC
Val

GAT
Asp
115

- GGT

Gly

CGT
Arg

ATG
Met
CGC

20
AGC

Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
val
100

AAG
Lys

CAC
His

TAT
Tyr

ATA

i.ie

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

CcTT
Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCA GTG GGA T

Ala

GTC
Val

GCG
Ala
CGC

55
GAA
Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

val

GTC
vVal

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
Val

ATC
Ile
120

GAG
Glu

GGC
Gly

Gly

GTT
val
25

T™TC
Phe

TAT
Tyr

CCC
Pro

ATC

Ile

AAG

Lys
105

GTC
val

GCC
Ala

GAT
Asp

uln'

10

CGT
Arg

ATT
Ile

TTC
Ehe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyr

CTC
Leu

CAA
L

CTT
Leu

GTC
val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly

155

TTC
Phe

GaC
Asp
60

GTG
Val

AAT
Asn

TTC
Phe

TAT
Tyxr

CCG
Pro

140 -

TTC
Phe

. CCG

Pro

GAC
Asp

CCC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg
125

TTC
Phe

CCG
Pro

I
cet Has Been Replaced

\\Il\l\\ Mo

AATTCCGGTT CCGCTICCGGT 60
ATGTAATATT TCGTACTTTA 120
TCGGCGATGT GTTTCACAAC 180
CAGAGGTTCA TG ACA CGT 238
Thr Arg

1
ATC G CGC. GCG GAG 286
fie Ala Arg Ala Giu | .

15
ATG CTG ACG AAA GCC 334
Met Leu Thr Lys Ala
30

GAA CTC . GCG CTT ACG 382
Glu Leu Ala Leu Thr '

50
‘GCC GAG CTC GAT AGC 430
Ala Glu Leu Asp Ser

65
CGT CCA CTC TTT GAG 478
Arg Pro Leu Phe Glu
80
'GGC TAC GCT GAA CTC 526
Gly Tyr Ala Glu Leu
95

ACG TCC ATT TTG GTG 574
Thr Ser Ile Leu Val
110
AAG ATC CAT TTG CCG 622
Lys Ile His Leu Pro

130
CAG CAT CTT GAA AAG 670
Gln His Leu Glu Lys

145
GTC TAT GAC GTC GAC 718
Val Tyr Asp Val Asp
160



“GCC
Ala

GCG
Ala

GCC
Ala

TGG
Trp
180

TAC

Tyx
195

AAC
Asn

ACG
Thr

TCC
Ser

GGG
- Gly

GCC
Ala

ATG
Met

CTG
Leu

GCT
Ala

CTC
Leu
260

CTC
Leu
275

GAT
Asp

AT
His

CGT
Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

AAA ATG
Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

GGG

Met Gly

GTG
Val

ATG
Met

CCG
Pro

ACC
Thr

ATG
Met

GGC
Gly

CAC
His

TTC
Phe

ATC
Ile
170

CTC
Leu
185

AGG
Arg

AAT
Asn

ccc
Pro

200

CAC
His

CAT
His
215
TCC

Ser
230

GCG
Ale

GGC
Gly

CAC
His

ACG
Thrx

ACG
Thr

TGC
Cys

CGG
Arg

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu

TCG
Ser

CTA
Leu

GGC
Gly

GCG
Ala

TGC
Cys

ATC
Ile
250

GAC
Asp

GAA
Glu
265

CTG
Leu

CGT
Arg

280

CCC
Pro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA

GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG

.CAC
His

GGT
Gly

TAT
Tyx

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC

- 108 -

GAT
Asp

TGC
Cys

AAC
Asn

GAG
Glu

GGC
Gly

GCC
Ala

CCcC
Pro
205

GTT
val

ATT
Ile

GCC
Ala

ATG
Met

CAG
Gln
220

AAG
Lys
235

TCA
Ser

GGC

GCG
Ala

CCG
Pro

GTG
val

ATC
Ile

GTG
val

GAG
Glu

CAC
His

ATC
Ile
285

GAA
Glu

GCG
Ala

ATC
Ile
300

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

Glv.

CGC
Arg
175

CGC
Arg

ATC
Ile

ATC
Ile
190

CAC
His

CAG
Gln

TCcT
Ser

GGG
Gly

GAG
Clu

ATG
Met

GGG
Gly
255

ACC
Thr

GCC
Ala

ACC
Thrx
270

AAC
Asn

TTC
Phe

GAA
Glu

CTC
Leu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TGG
Trp

-TGC
Cys

-GAC
Asp

TAT
Tyxr

GAG
Glu
24y

GAA
Glu

GCC
JAla

TTC
Phe

Sheet Has Been Replaced

TR

CCT
Pro

GAA
Glu

GGC
Gly

GGC
Gly

CTG
Leu
210

CAC
His

CAG
Gln
225

AAC
Asn

TGC
Cys

AAC
Asg

GTC
val

ATC
Ile

GAT
Asp

GTC
val

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
GGCGGAGGAA
TGCGATCGCC
GCATTTCGGC

766

862

.910

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO:

33
SEQUENCE LENGTH:

SEQUENCE TYPE:

STRANDEDNESS :

TOPOLOGY :

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN:

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC

1785

nucleic acid
double
linear

Genomic DNA

Escherichia coli

JM109 pAD470

- 109 -

TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

.CAG
Gln

ACA
Thr

GCG
Ala
35

ACC
Thr

TTC
Phe

AAG
Lys

GTC
Val

“GAT
Asp
115

GGT
Gly

CGT
Arg

GCC
Ala

GTC
vVal
100

AAG
Lys

CAC
His

TAT
Tyr

ATA
Iie

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

cTT
Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA-

Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCA
Ala

GTC
val

GCG
Ala

CGC
Arg
55

GAA
Glu

cTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

GTG-

vaud

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
vVal

ATC
Ile
120

GAG
Glu

GGC
Gly

GGA
Gly

GTT
val
25

TTC
Phe

TAT
Tyr

CCC
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

CAA
Gin
10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyr

CTC
Leu

N

CTT
Leu

GTC
val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

Lys

CGG
Arg

GGC
Gly

155

TTC
Phe

GAC
Asp
60

GTG
vVal
AAT
Asn

CCC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

TTC AAC

Phe

TAT
Tyx

CCG
Pro
140

TTC
Phe

Asn

CGT
Arg

125

T™rC
Phe

CCG
Pro

-

een Replaced

i

AATTCCGGTT CCGCTCCGGT
ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT
Thr Arg

1

ATC GCG CGC GCG GAG
* Iie Aia Arg Ala Glu

15

ATG CTG ACG AAA GCC
Met Leu Thr Lys Ala
30

GAA CTC GCG CTT ACG
Glu Leu Ala Leu Thr
50

GCC GAG CTC GAT AGC
Ala Glu Leu Asp Serx
- 65

CGT CCA CTC TTT GAG
Arg Pro Leu Phe Glu
80

GGC TAC GCT GAA CTC
Gly Tyr Ala Glu Leu
95

ACG TCC ATT TTG GTG
Thr Ser Ile Leu Val
110

AAG ATC CAT TTG CCG
Lys Ile His Leu Pro
130

CAG CAT CTT GAA AAG
Gln His Leu Glu Lys
145

GTC TAT GAC GTC GAC
vVal Tyr Asp Val Asp
160

60
120
180
238

to
[#0]
(b))

334

382

430

478

526

574

622

670

718



GCC
Ala

GCC
Ala

TAC

Tyr
195

ACG
Thx

GGG
Gly

ATG
Met

GCT
Ala

CTC
Leu
275

CAT
His

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

GCG
Ala

TGG
Trp
180

AAC
Asn

CTC
Leu
260

GAT
Asp

CGT
Arg

AARA
Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

CTC

"Leu

245
ACT
Thr

CGC
Arg

CAG
Gln

ATG
Met

GTG
val

CCG
Pro

CAC
His

TCC
Ser
23u
GGC
Gly

ACG
Thr

TGC
Cys

CCccC
Pro

GGG
Gly

ATG
Met

ACC
Thr

CAT
His
215

GCG

Ala.

CAC
His

ACG
Thr

CGG
Arg

CAG
Gln-
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

ATG
Met

GGC
Gly

CAC
His
200

cTC

Leu

GCC

Ala

-

TCC
Ser

CTG
Leu

Gaa
Glu
280

CAC
His

TTC
Phe

CTC
Leu
185

AAT
Asn

GAA
Glu
265

CTG
Leu

TAT
Tyr

ATC
Ile
170

AGG
Arg

CCC
Pro

TCG
Ser

GGC

v GRly

ATC
Ile
250

GAC
Asp

CGT
Arg

GGT
Gly

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

- 110 -

TGC
Cys

GGC
Gly

CAT
His

ATG
Met

AAG
Lys
235

GTG
val

GAG
Glu

GAA

Glu

CTG
Leu

AAC
Asn

GCC
Ala

GTT
val

CAG
Gln
220
TCA
Sgr

GCG
Ala

GTG
val

CAC
His

ATC
Ile
300

GAT
Asp

GAG
Glu

CCC
Pro
205

GCC
Ala

GGC
Gly

CCG
Pro

ATC
Ile

ATC
Ile
285

GCG
Ala

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA

TACGAGCTGA.

This Sheet Has Been Replaced

i

CGC
Arg

ATC
Ile
190

CAG
Gln

GGG
Gly

ATG
Met

ACC
Thr

ACC
Thxr
270

TTC
Phe

GAA
Glu

CGC
Arg
175

ATC
Ile

CAC

His

“TCT

Ser

GAG
Glu

GGG
Gly
255

GCC
Ala

AAC
Asn

cTC-

Leu

I

TGG CCT GAA
Trp Pro Glu

TGC . GGC GGC
Cys Gly Gly

GAC CAC CTG
Asp His Leu
210

TAT CAG AAC
Tyr Gln Asn
225

GAG AAC TGC
Glu Asn Cys
240 o

GAA ATC GTC
Glu Ile Val

GCC GTC GAT
Ala Val Asp

TTC AAG CAG
Phe Lys Gln
290

CTGGGTCACA TCCAGGCGCG
GGCGATCCGC AAGGAGATGC
GACGGCCGTC GTGAACTCGA
CGTGGAACTG TAGCCCATAT
GCCCCATGTG AGCGAGAACC
CAAAGGATGA TCCTCAGGGT
GGCTGCTGAC GGCGGAGGAA
CACTTGAGAA TGCGATCGCC
CCCTGGCGGA GCTTITCAACG
AGACGCTGAC GCATTTCGGC

ATTC

766

862

910

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



SEQ ID NO: 34

SEQUENCE LENGTH:

SEQUENCE TYPE:

STRANDEDNESS :

TOPOLOGY :

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:
STRAIN:

CAG
Gln

ACA
Thx

GCG
Ala
35

ACC
Thr

TTC
Phe

AAG
Lys

GTC
val

GAT
Asp
115

GGT
Gly

CGT
Arg

GCC
Ala

ATG
Met

CGC
Arg
20

AGC
Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
Vval

- 100

AAG
Lys

CAC
His

TAT
Tyr

GCG
Ala

ATA
Ile

GAA
Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG

Ala
85

GaAA
Glu

TCA
Ser

AAG
Lys

TTC
Phe

Lys

926

nucleic acid
double
linear _
Genomic DNA

Escherichia éoli

CTT
Leu

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thx
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

ATG
Met

GCA
Ala

< G}
p

GCG
Ala

CcGC
Arg
55

GAA
Glu

cTC

Leu

GGC
Gly

AAG
Lys

TAC

Tyr
135

CCG

Pro

GGG
Gly

- 111 -

HB101l pNT4553 (FERM BP-4368)

GTG GGA CAA CAA GGT

Vval

GTZ

val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

ATG
Met

Gly

el
val
25

TTC
Phe

CAT
His

CcCcC
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

TTC
Phe

Gln
10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyxr

CcTC
Leu

ATC
Ile

Gln

.
T

CTT
Leu

GTC
val

ACC
Thx

CCG
Pxro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly

155

TGC
Cys

Gly

crc
Leu

T™TC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyr

CCG

Pro

140
TTC
Phe

AAC
Asn

CCG
Pro

Asp

CCcC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Axg
125

TTC
Phe

CCG
Pro

GAT
Asp

ATC
Ile

GAC " ATG

Met
30

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

AAG
Lys

CAG
Gln

GTC
val

CGC
Arg

This Sheet Has Been Replaced

CATA TG ACA CGT
Thr Arg

GCG
Ala

15°

Cis
Leu

cTC
Leu

GAG

Glu

CCca
Pro

TAC
Tyr
95

TCC
Serxr

ATC
Ile

CAT
His

TAT
Tyxr

CGC
Arg

CGC
Arg

yitores

Thr

GCG
Ala

CTC
Leu

CTC
Leu
80

GCT
Ala

"ATT

Ile

CAT
His

CTT
Leu

GAC
Asp
160

TGG
Trp

GCG
Ala

AR

Lys

CTT
Leu

GAT
Asp
65

TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
val

CCT
Pro

1

GAG
Glu

wCe
Ala

ACG
Thr
50

AGC
Ser

GAG
Glu

CTC
Leu

GTG
val

CCG
Pro
130

AAG
Lys

GAC
Asp

GAA
Glu

12

60

108

156

201

252

300

348

396

444

492

540



GCC
Ala

TAC

Tyr
195

ACG
Thr

GGG
Gly

ATG

Met

GCT
Ala

CTC
Leu
275

CAT
His

TGG
Trp
180

AAC
Asn

TCC
Ser

GCC
Ala

CTG
Leu

CTC
Leu
260

GAT
Asp

CGT
Arg

165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Txrp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

TGAGGCTGCAG

GTG
Val

CCG
Pro

CAC
His

TCC
Serxr
230

SEC™Lal™ TCT

ATG
Met

ACC
Thxr

CAT
His
215

GCG
Ala

GGC
Gly

CAC
His
200

CTC
Leu

GCC

Ala

Gly His Ser

ACG ACG CTG
Thr Thr Leu

TGC CGG GAA

Cys

CCC
Pro

Arg

CAG
Gln
295

Glu
280

CAC
His

CTC
Leu
185

AAT
Asn

CTA
Leu

GCG
Ala

TGC
Cys

GAA
Glu
265

CTG
Leu

TAT
Tyr

170

AGG
Arg

CCC
Pro

TCG
Ser

GGC
Gly

ATC
Ile
250

GAC
Asp

CGT
Arg

GGT
Gly

- 112 -

GGC
Gly

GAA
Glu

ATG

Met

Lys
235

GTG
val

GAG
Glu

GAA
Glu

CTG
Leu

GCC
Ala

GTT
val

CAG
Gln
220

GCG
Ala

GCG
Ala

GTG

Vval

CAC
His

ATC
Ile
300

GAG
Glu

CCcC
Pro
205

GCC
Ala

GGC
Gly

cCG

Pro

ATC
Ile

ATC
Ile
285

GCG
Ala

ATC
Ile
190

CAG
Gln

GGG
Gly

ATG
Met

ACC”

Thr

ACC
Thr
270

TTC
Phe

GAA
Glu_

175
ATC
Ile

CAC
His

TCT
Ser

GAG
Glu

255
GCC
Ala

AAC
Asn

CTC
Leu

This Sheet Has Been Repla

TGC
Cys

GAC
Asp

TAT
Tyr

GAG
Glu

240

3 Al

Glu

GCC
Ala

TTC
Phe

i

GGC
Gly

CAC
His

CAG
Gln
225

AAC
Asn

ATC
Ile

GTC
val

AAG
Lys

GGC
Gly

CTG
Leu
210

AAC
Asn

TGC
Cys

<
5
=0

GAT
Asp

CAG
Gln
290

- 588

636

684

732

828

876

915

926
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CLAIMS

1. A process for preparing a DNA fragment coding for
an enzyme protein capable of converting an N-carbamyl-
D-c-amino acid by removal of its carbamyl group into the
corrsponding D-a~-amino acid (hereinafter referred to as
decarbamylase) improved in thermostability, characterized in
that a DNA fragment coding for a microorganism-derived
decarbamylase prutein is subjected tc mntagenesis. |

é. A preparation process acéording to claim 1, where-
in the DNA fragment coding for a microorganism-derived decar-
bamylase protein is subjected to mutagenesis in the form of a
single strand.

3. A preparation process according to claim 1 or 2,
wherein the mutagenesis causes a random mutation at mutation
sites.

4. A preparation process according to claim 3, where-
in the random mutation is caused by chemical mutagenesis.

5. A preparation process accprding to any one of
claims 2 to 4, wherein the DNA fragment coding for a micro-
organism-derived decarbamylase protein is incorporated into a
phage and subjected to mutagenesis in the form of a single
strand. |

6. A preparation process according to any one of
claims 2 to 5, wherein the single~-stranded DNA fragment is a
DNA strand containing the codons corresponding to the amino
acid sequence of the decarbamylase protein.

7. A preparation process according to any one of
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claims 2 to 5, wherein the single-stranded DNA fragment is
the complementary strand of the DNA strand containing the
codons corresponding to the amino acid sequence of the
decarbamylase protein. |

8. A preparation process according to claim 5, where-
in the mutagenesis is effected with hydroxylamine.

9. A preparation process according to claim 5, where-
in the mutageneSLS is effected with nitrous acid.

0. A preparatlou pr ocess aCCOIang tc any cne ci
claims 1 to 9, wherein the microorganism is Agrobacteriuﬁ
radiobacter KNK712 (FERM BP-1900).

ll. A preparation process according to claim 1 or 2,
wherein the mutagenesis is site-specific mutagenesis at
mutation sites.

12. A preparation process according to claim 11,
wherein polymerase chain reaction (PCR) is used in the site-
specific mutagenesis.

13.l A preparation process according to claim 11 or
12, wherein the microorganism is Agrobacterium radiobacter
KNK712 (FERM BP-1900).

14. A process for producing a decarbamylase improved
in thermostability, characterized in that a microorganism
transformed with a recombinant plasmid containing a DNA
fragment coding for the decarbamylase protein improved in
thermostability, which is prepared by the preparation process
according to claim 1, is cultured.

15. A production process according to claim 14,

wherein the thermostable temperature of the microorganism-
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A

derived decarbamylase is 63°C or lower, and the thermostable
temperature of the decarbamylase improved'in thermostébility
is 65°C or higher. |

16. A production process according to claim 14,
wherein a decarbamylase improved in thermostability by 2°C or
higher in the thermostable temperature is used.

17. A production process according to claim 14,
wherein the decarbamylase improved in thermostability is a
decérbamylase containing a substitution of another amino acid
for at least one amino acid selected from 57-histidine,
203-proline and 236-valine of a decarbamylase dexrived from

- Agrobacterium radiobacter KNK712 (FERM BP-1900).

18. A production process according to claim 17,
wherein another amino acid is tyrosine or leucine for
57-histidine, leucine, serine, asparagine, gluﬁamic acid,
alanine, isoleucine, histidine or threonine for 203-proline,
and alanine, threonine or serine for 236-valine.

19.. A production process according to any one of
claims 14 to 18, wherein the transformant microorganism 1is
Escherichia coli (E. coli) JM109 pAD402 (FERM BP-3912),

E. coli JM109 pAD404 (FERM BP—3913), E. coli JM109 pAD406
(FERM BP-3914), E. coli JM109 pAD416 (FERM BP-3915), E. coli
JM109 pAD428, E. coli JM109 pAD429 (FERM BP-4035), E. coli
JM109 pAD431, E. coli JM109 pAD434, E. coli JM109 pAD435,

E. coli JM109 pAD439, E. coli JM109 pAD441, E. coli JM109
PAD445, E. coli JM109 pAD447, E. coli JM109 pAD448, E. coli
JM109 pAD450, E. coli JM109 pAD421, E. coli JM109 pAD422,

E. coli JM109-pAD423, E. coli JM109 pAD424 (FERM BP-4034),
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E. coli JM109 pAD425, E. coli JM109 pAD426, E. coli JM109
PAD427, E. coli JM109 pAD451, E. coli JM109 pAD452, E. coli
JM109 pAD453, E. coli JM109 pAD461, E. coli JM109 pAD454,
E. coli JM109 pAD455 (FERM BP-4036), E. coli JM109 pAD456,
E. coli JM109 pAD468, E. coli JM109 pAD469, E. coli JM109
PAD470 or E. coli HB101l pNT4553 (FERM BP-4368).

20. A process for producing a D-a—aminé acid, charac-
terized in that an N—carbamyl-D—a-amino acid is converted
into the corresponding D-c-amino acid in an agqueous medium by
the action of a decarbamylase with a therﬁostable temperature
of 65°C or higher,.and the resulting D-a-amino acid is col-
lected.

21. A production process according to claim 20,
wherein the decarbamylase is allowed to act in an immobilized
form.

22. A production process according to claim 21,
wherein the immobilized decarbamylase is répeatedly used.

23. A production process according to élaim 20,
wherein the decarbamylase with a thermostable femperature of
65°C or higher is a decarbamylase containing a substitution
of another amino acid for at least one amino acid selected
from 57-histidine, 203-proline and 236-valine of a decarbam-
ylase derived from Agrobacterium radicbacter KNK712 (FERM
BP-1900).

24. A production process according to claim 23,
wherein another amino acid is tyrosine or leucine for
57-histidine, leucine, serine, asparagine, glutamic acid,

alanine, isoleucine, histidine or threonine for 203-proline,
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and alanine, threonine or seriné for 236-valine.

25. A production process according to any one of
claims 20 to 23, wherein the decarbamylase with a thermo-
stable temperature of 65°C or higher is the transformant
microorganism E. coli JM109 pAD402 (FERM BP-3912), E. coli
JM109 pAD404 (FERM BP-3913), E. coli JM109 pAD406 (FERM BP-
3914), E. coli JM109 pAD416 (FERM BP-3915), E. coli JM109
PAD428, E. coli JM109 pAD429 (FERM BP-4035), E. coli JMi09
pPAD431, £. coli JUM109 pAD434, E. coli JM109 pAD435, E. coli
JM109 pAD439, E. coli JM109 pAD441, E. coli JM109 pAD445,

E. coli JM109 pAD447, E. coli JM109 pAD448, E. coli JM109
PAD450, E. coli JM109 pAD421, E. coli JM109 pAD422) E. coli
JM109 pAD423, E. coli JM109 pAD424 (FERM BP-4034), E. coli
JM109 pAD425, E. coli JM109 pAD426, E. coli JM109 pAD427,

E. coli JM109 pAD451, E. coli JM109 pAD452, E. coli JM109
PAD453, E. coli JM109 pAD461, E. coli JM109 pAD454, E. coli
JM109 pAD455 (FERM BP-4036), E. coli JM109 pAD456, E. coli
JM109 pAD468, E. coli JM109 pAD469, E. coli JM109 pAD470 or
E. coli HB10l pNT4553 (FERM BP-4368).

26. A process for producing a D-a-amino acid, charac-
terized in that an'N—carbamyl—D—a—amiﬁo acid is converted
into the corresponding D-a-amino acid in an aqueous medium by
the action of a decarbamylase with an improved thermostable
temperature by 2°C or higher, and the resulting D-c-amino )
acid is collected.

27. A decarbamylase characterized in that the thermo-
stable temperature thereof is improved by 2°C or higher.

28. A decarbamylase characterized in that at least
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one amino acid of a decarbamylase with a thermostable temper-
ature of 65°C or lower is replaced with another amino acid,
so that the thermostable temperature thereof is increased to
65°C or higher.

29. A decarbamylase according to claim 28, wherein
the number of replaced amino acids is in the range of 1 to 3.

30. A decarbamylase containing a substitution of
anofher amino acid for at least one amino acid selected from
57-histidine, 203-proline and 236-valine of a decarbamylase
derived from Agrobacterium radiobacter KNK712 (FERM BP-1900).

31. A decarbamylase according to claim 30, wherein at
least 57-histidine is replaced with another amino acid.

32. A decarbamylase according to claim 31, wherein
another amino acid is tyrosine or leucine.

33. A decarbamylase according to claim 30, wherein at
least 203-proline is replaced with another amino acid.

34. A decarbamylase according to claim 33, wherein
another amino acid is leucine, glutamic acid, serine, asparé—
gine, threonine, alanine, isoleucine or histidine.

35. A decarbamylase according to claim 30, wherein at
least 236-valine is replaced with another amino acid.

36. A decarbamylase according to claim 35, wherein
another amino acid is alanine, threonine or serine.

37. A decarbamylase having an amino acid sequence as
shown in Sequence Listing, SEQ ID NOs: 2-34.

38. A DNA fragment coding for a decarbamylase protein
improved in thermostability which is attained by substitution

of another base for at least one base of a DNA fragment
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coding for a microorganism-derived decarbamylase protein so
that at least one of the corresponding amino acids is re-
placed.

39. A DNA fragment according to claim 38, coding for
a decarbamylase protein improved in thermostability which is
attained by substitution of another base for at least one of
the bases constituting a codon corresponding to histidine
which is 57-amino acid, proliné which is 203-amino écid, or
valine wnhich is 236-amino acid, of a DNA fragment coding for
a decarbamylase protein derived from Agrobacterium radioba-
cter KNK712 (FERM BP-1900) so that at least one of these
amino acids is replaced with another amino acid.

40. A DNA fragment according to claim 39, coding for
a decarbamylase protein in which at least one of cytosine,
adenine and thymine (CAT) of a base sequence coding for -
.histidine which is the amino acid of amino acid number 57 is
replaced with another base so that the histidine is replaced
with tyrosine or leucine. |

41. A DNA fragment according to claim 39, coding for
a decarbamylase protein in which at least one of cytosine,
cytosine and thymine (CCT) of a base sequence coding for
proline which is the amino acid of amino acid number 203 is
replaced with another base so that the proline is replaced
with serine, leucine, asparagine, glutamic acid, threonine,
alanine, isoleucine or histidine.

42. A DNA fragment according to claim 39, coding for
a decarbamylase protein in which at least one of guanine,

thymine and guanine (GTG) of a base sequence coding for
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valine which is the amino acid of amino acid number 236 is
replaced with another base so that the valine is replaced
with alanine, serine or threonine.

43. A DNA fragment according to claim 40, wherein the
base sequence CAT of claim 40 is replaced with TAT, CTT or
CTA.

_ 44. A DNA fragment according to claim 41, wherein the
base sequence CCT of claim 41 is replaced with TCT, CTT, AAC,
GAA, ACC, GCT, ATT or CaT.

45. A DNA fragment according to claiﬁ 42, wherein the
base sequence GTG of claim 42 is replaced with GCG, GCT, ACC,
ACG, TCA, TCG or AGT.

46. A base sequence comprising a base sequence com-
posed of 233- to ll4l-bases of a DNA fragment as shown in
Sequence Listing, SEQ ID NOs: 2-16, 24-26, 28 and 33, and a
base sequence composed of 7- to 915-bases of a DNA fragment
as shown in Sequence Listing, SEQ ID NOs: 17-23, 27, 29 and
34.

47. An expression vector comprising a DNA fragment
according to claim 38 to 45.

48. A transformant microorganism transformed with an
expression vector according to claim 47.

49. An expression vector &hiéh is pAD402, pAD404,
PAD406, pAD416, pAD428, pAD429, pAD431[ pAD434, pAD435,
PAD439, pAD441, pAD445, pAD447, pAD448, pAD450, pAD421,
pAD422, pAD423, pAD424, pAD425, pAD426, pAD427, pAD4S1,
pAD452, pAD453, pAD461, pAD454, pAD455, pAD456, pAD468,

‘PAD469, pAD470 or pNT4553.
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50. A transformant microorganism which is E. coli
JM109 pAD402 (FERM BP-3912), E coli JM109 pAD404 (FERM BP-
3913), E. coli JM109 pAD406 (FERM BP-3914), E. coli JM109
PAD416 (FERM BP-3915), E. coli JM109 pAD428, E. coli JM109
pAD429, (FERM BP-4035), E. coli JM109 pAD431, E. coli JM109
PAD434, E. coli JM109 pAD435, E. coli JM109 pAD439, E.. coli
JM109 pAD441, E. coli JM109 pAD445, E. coli JM109 pAD447,

E. coli JM109 pAD448, E. coli JM109 pAD450, E. coli JM109
PAD421, E. coli JM109 paL422, E. coli JM109 pAD423} E. coii
JM109 pAD424 (FERM BP-4034), E. coli JM109 pAD425, E. coli
JM109 pAD426, E. coli JM109 pAD427, E. coli JM109 pAD451,

E. coli JM109 pAD452, E. coli JMle pAD453, E. coli JM109
PAD461, E. coli JM109 pAD454, E. coli JM109 pAD455 (FERM BP-
4036), E. coli JM109 pAD456, E. coli JM109 pAD468, E. coli
JM109 pAD469, E. coli JM109 pAD470 or E. coli HB101l pNT4553
(FERM BP-4368).

51. A method for increasing, by one or more, the
number of mutations in amino acids related to the thermost-
ability of a decarbamylase, characterized in that it com-~
prises:

1) obtaining DNA fragments coding for a decarbamylase
improved in thermostability or vectors.comprising the frag-
ments by repeated use of the process according to claim 1,
said decarbamylases each containing one amino acid mutation
at the respective amino acid sites;

2) finding out restriction enzymes, each of which can
yield a DNA fragment comprising a DNA portion coding for one

of the thermostability-related amino acids by cleavage for
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the DNA fragment;

3) obtaining a DNA fragment comprising a DNA portion
coding for one amino acid mutation site from the DNA frag-
ments or vectors comprising the fragments in step 1) with the
corresponding restriction enzyme in step 2);

4) removing the corresponding DNA fragment but having
no amino acid mutation by cleaving a DNA fragment coding for
a decarbamylase or a vector-comprising the fragment with the
Same restriction enzyme as described above;

5) incorporating the DNA fragment obtained in step 3)
into the remaining DNA fragment after the cleavage for remov-
ing the corresponding DNA fragmenﬁ in step 4) or into the
vector comprising the remaining fragment; and

6) repeating the operations in steps 3) to 5), if
necessary.

52. A vector.plasmid pUC NT for the expression of a

foreign gene.



