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d# 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-improved 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

compounds 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-




acids (hereinafter referred to as decarbanyl ase). The pres-

invention also relates to a process for preparing the DNA fragnent, a

vector conprising the DNA fragnent, a trans- formanti' eh’édﬂagnRep;dced
transformation with the vector, a decar- banyl ase i

thernostability and its production pch@sS‘, and an iing I’H"l
for produci ng am no aci ds usi ng the decarbanyl ase. "The presen

i nvention further relates to a nethod for increasing, by one or nore,

t he nunber of nutations in amno acids related to the therno-

2ctive Do amiho SONGE 06 TIHATSFT RO te D N5sazhanoy) - dRIAST clds,

e LA OY S of ARSI, 37 oKkt P

the producti ognh ;& MK (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, becauée a mineral acid such as sulfuric acid
is used at great amounts in the chemical methodlemployed 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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(the specification of the Japanese Patent Publication No. 58-4707) or by
the utilization of enzyme

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-a-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



reactions of mcroorganisnms (the specifications of the J
Publ i cation Nos. 57-18793, 63-20520 and 1-48758, and the Japanese Patent
Application No. 2-407922). However, because a m ribis §heethias BeenReplacad

sulfuric acid is used at great anounts in_t e_chenicalJne; 1il ) for
t he renoval of carbanoyl groups, serious problens on the § ] y
occur in relation to the treatnent thereof and the I|ike. he ot her

hand, the method utilizing an enzyne reaction has di sadvantages that the
anount of enzynme produced is not satisfactory and there are sone

difficulties compiisSiRgopabhbesiayed DN B gNatIcdiwtainingde pesairbam-
so that enzynmes with reactivity to substrates and enzyne stability have
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and when 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.



such an enzyne is prepared, a stabilizing agent is added pr—a Tmeans—of
preventing inactivation such as treatnment at |ow tenperat TQ |s enpl oyed.

When an enzyne is used in an actual reaction at ordinary &&*ﬂmwhﬁd
tenperatures, attention wll be directed to the stability m

In particu- lar case where an enzyne is used” on an industrij

stability often has an effect upon the product cost. Also, in particular

case where an enzyne is used on an industrial scale, as a neans of
al l owi ng the enzynme reaction to proceed wth advantage, the enzyne is -

repeatedly used in t@ﬁé&?@tﬁoghows restriction maps of plasmids pKK233-2
| and pKK NE. |

Figure 4 shows restriction maps of plasmids pAD108 and
pPAD1086.

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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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



D- N- car banoyl - a-am no acids as the substrate and excel | ert—st ahi by an
i nprovenent of currently available decarbam ylases and to produce
D-a-am no acids using this enzyne with high efficiency. ,“@umgwnﬂe{;ﬁced

| nventi on That is, the present invention prOV|des
process for producing D a-am no acids, conpri ¢ ng convert| Iﬂﬂ[’“’&
D- N-car banoyl -a-am no acids into the correspondi ng D-a-amn no

aqueous nedi um by the action of an enzynme and collectlng the D-a-am no

aci ds produced, said enzyne being produced by a transformant which has
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bacterium BaciéidSsegBEhab! 8 Q' %ﬁ% eﬂfcﬂf@ﬁ(, Be¥ls 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-



bacteriumw th a gene which has been obtained by a pr
-4- conprising subjecting a DNA fragnent contai niing a decarba

rﬁ ol ase
gene to chemical or enzynme nutagenesis, introducing a This
having a vector DNA ligated with this DNA fragment |nt
screening a strain capable of producing an enzyne inpr
thernostability. Thus, the present invention al so prOV|des a DNA
frag- nment for conducting t he i nproved process for producing D a-

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 makeé 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



am no acids according to the present invention, its produc- tion process
and an expression vector containing the f rag- nent, a tramgSkedBdsBeen Replaced

m croorgani smobtained by transformation wth the expressio S
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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



tion. Figure 2 is a graph showing the results sraD|r1ry
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resin having i mobilized thereon a decarbanyl ase |npr0ve ect Hias Betn qﬁ“m‘
thernostability according to the present inven- tion. | “III" I”llL
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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 pefoxidaseL 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



Figure 4 shows restriction maps of plasm ds pAD108 and

Figure 5 shows restriction maps of plasm ds pAD402 and pAD40 etHasBeenReplaced

Figure 6 shows restriction maps of plasm ds pAD429 and pA
Figure 7 is a graph showi ng the relationship Q?tween t he re | m\“\lm\“\
tenperature of a decarbanyl ase produced by E. ““coli J109 pAD

JMLO9 pAD455 and its activity. Figure 8 is a gra h show ng the
stability against pH of a decarbamyl ase produced by E. coli JMLO9 pAD416
or E. coli JML09 pAD455. Figure 9 shows a process for preparing

¥ect or pUC NT thermidetdbile ogbifbé pat0teai EOHEIFERraARe WAt A OFe HPHILODPe
o 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 63°C, from
the first. From this point of view, a decarbamylase 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,
;s 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



the expression of a decarbanyl ase inproved in thernostabil- ity.
Figure 10 shows a restriction map of plasmd pUC NT amdpNT45537 Detailed

Description of the Invention In general, it iis e.
thernostability and stability of an enzynme are correl at’ eplaced
other. It is al so known that various emzy@es produced IHls g
are t hose which have high thernostability and al so havel '

bility with al nbst no exception, and that enzymes havi ng thernostability.
gi ven by the substitution of am no acids according to a gene -

reconbi nation techni que al so have excel - . , .
acid, threonine or serine for 203-proline; ox 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 S7-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 ﬁuta-
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-



lent stability (Kagawa et al., Saibo Kogaku, vol. 7, 509-5+%+—

As the nethod for naking an enzyne thernostable, there; can‘be enployed a
nmethod in which an anino acid sequence of the enzyne p?roTlmSteqtﬁa Qr
a nethod in which the enzyne is nodified by chem cal trea

reaction or the Ilike. As the nethod for |rmr107v|"ng t he! them IHE m‘y
change in the am no acid sequence of the enzyne prote| ere

enpl oyed a nmethod in which bacterial cells are al | owed to cause sone
mutation with a chemcally nutagenic agent such as nitrosoguani dine (NTG

or by ultraviofglsrayg. nder restriction site is formed at the initiation

o))

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



foll owed by screening, or a nethod in which a gene of |}1t Shéggﬁaslgsenkeplaced
obt ai ned by a gene reconbi nation techni que and then all

chemi cal or enzynme nutation, followed by returning it |ntaﬂi‘1 Um mgg‘;
cell and then screening. v%en a gene is obtained and allo

mutation, it is nore effective to subject ~altna fragment coding for a
decar banyl ase protein to nutagenesis in the formof a single strand. To
make the fragnent into a single-stranded form there can be enployed, for

exanple, a nmethod for incorporat- ing the fragnent into phage particles.

As the single-gid % e&%%e%@&@aﬁiﬁﬂﬁg ‘iﬁ&‘lo‘i‘r‘e}r@?{t S dd A a

containing the s corresponding to thé amno acid sequence of "a decar-
banyl ase prot §jihdlle thet£O1Gh CMERSAT ¥ hat a@@ﬁﬂdaﬁ{yqtafse Warvarng omes roﬁsmé@e

the nutation sites, there can be enpl oyed a
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



met hod for introducing random nutations or a nmethod for "introducing
site-specific nutations. As the agent for allow ngnesgenifish q)cﬂi,

sone random e .
thereby introducing some nutation into the ampo acid sequi Hﬂﬂ“ﬂg l, M
y! &fi ne hydr ochl

enzynme protein, there can be used hydrox-
nitrite, formc acid, hydrazine or the |ike. For exanple, in the
mut agenesi s usi ng hydroxyl am ne hydrochl ori de, a decarbanyl ase gene is

first ligated with the
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 ffagment 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



doubl e- stranded DNA of an ML3 phage such as M 3npl 9, mk%h—~whrcﬁfE”‘66TT——
SRRk

JMLO9 or the like is infected, and this bacte- rial culture
to prepare phage particles for use in the nutagenesis.:- h
effected by the reaction using hydroxyl am ne ydrochhorl “
concentration of 0.1 to 2 M desirably 0.25 at a pH o]
pref- erably 6.0, at a tenperature of 37[err]C for a period of 1 to 24
hours. The phage particles undergoing such a nutagenic reac- tion are used
for the infection of E. coli and recovered as a double-stranded

reconbi nant DN#eléotkawggohy viatid dusansifipbés SECPha Elé{aé@%sq.%‘}@rméé‘s‘?s
gene to a plasm d. In the nmutagenesis using sodiumnitrite, formc
aci d, hydr azreeibedt belbike exidegite fuan tige bast€akhyed&Rcanalitithg ASDNA

.descrlbed by RM Mers, et al. (Science, 229, 242-247
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, DAD454
PAD455 and pAD456). The DNA fragments obtalned with restric-
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-



(1985)). This nethod can be conducted by the preparatioﬂ—e%—"a“f—————_f_i
singl e-stranded DNA fromthe reconbi nant ML3 phage having a o d_gﬁ% Fkase.
gene incorporated thereinto and the subsequent mut aggnest cerBas at b
with sodiumnitrite can be effect- ed by -t hg reaction usi & mﬂmuﬁ
nitrite in a concentration of 0.5to 2 M preferably 1 M i khe |
acidic side, pref- erably pH 4.3, at a tenperature of 4[err]Cto . = -
37[err]C, preferably 25 C, for a period of 1 mnute to 5 hours,
preferably-30 m n-
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 JM109 pAD402 (FERM BP-3912),
coli JM109 pAD404 (FERM BP-3913),
coli JM109 pAD406 (FERM BP-3914),
coli JM109 pAD416 (FERM BP-3915),
coli JM109 pAD428,

. coli JM109 pAD429 (FERM BP-4035),

coli JM109 pAD431,

E
E
E
E
E
E
E
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,
coli JM109 pAD450,
coli JM109 bAD421,

coli JM109 pAD422,

(<o I < I < I < |

coli JM109 pAD423,

E. coli JM109 pAD424 (FERM BP-4034),



utes. The nmutation with formc acid can be effected by the—reacttomrusing
12 Mformc acid at 4 Cto 37[err]C, preferably 15[ err]C, for a perlod of

2 to 10 minutes. The nutation with hydrazine can be ef fiecEsgbestHas .R@mmmi-
treatnment using hydrazine in a concentrationgof- 20%to GOW ﬂ’ffﬁ o
3 to 10 mnutes. These nutant single-stranded DNAs are;nad L
stranded fornms using E. coli DNA pol ynerase KIenOM/fragwent .
Sequenase[err] and the like, followed by incorporation into a plasmd,

whi ch nakes it possible to produce a nutant decarbanyl ase gene. T As

t he method for causi ng.socadir dMd&h PaD&t25an usi ng enzynme reaction, there

can be enployed a nethod using PCR (polynerase chain reaction) (D W

Leung et al., A JournBt 6plivdMA8ds PAR4@H, and Ml ecul ar Biol ogy, 1, 11-15

(1989)) or the like._ This_is a nethod in which TagDNA pol ynerase is
E. coli JM109 pAD427,

coli JM109 pAD451,
coli JM109 pAD452,
coli JM109 pAD453,
coli JM109 pPAD461,

coli JM109 pAD454,

E

E

E

E

E

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-



used for the synthesis of a gene froma synthetic DNA (DNA primer) havfng
t he sequences at both ends of the gene, at which tine a! Wﬂhi&BﬁeetHasBeen ,spj.,',ced

decar banyl ase gene can be prepared by causing an error :
synt hesi s using TagDNA pol yner- ase under _tHhg reaction ton mmmﬂgﬁﬂuiﬁ
hi gher concentra- tions of MgC[err] and substrates (dNTPs)

with ordi- nary.reaction or an extremely |owered concentration of only.

one substrate in four kinds of substrates. As the method for
introducing a nutation into a gene, which is specific to the site of a
enzyne protei pountsr e Héf-cabisawopl ogedmidno Rcdids 0 iRSgshb§ Dr 1i-BhiedBcbDrg

a site-specif- I ¢ nmutation using an oligonucl eotide, a nethod for

repl aci ng 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
suitably used. As the nitrogen sources, ammonia gas, ammonia
water, ammonium salts and the like are used. As the ihérgan-
ic salts, phosphate ion, magnesium ion, potassium ion,.ferric
ion and the like may be used. -

The culture preparation may be conducted under aerobic
cqnditions 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



a cassette at the nmutation site, a nethod using PCR or—fhfr—++*fr—ﬂ*mr+fr—
vitro nethod for introducing a site-specific nutation usin

ol i gonucl eoti de can be conducted by prepar- ing a smglérh lacedym
a reconbi nant ML3 phage having a decarbamy agge gene nnco
thereinto, and making the DNA into a doubl e-stranded for
synthetic DNA priner containing a sequence, after th mut ati on, of a gene
part to be allowed to cause sone nutati on and using an enzyne such as

DNA pol ynerase Kl enow fragnment, followed by introduction into E. coli

These reacti ondeshf, r BAYFRAFOPE Catedc thed-tiastiml cells, mechanically-disrupted

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-



a comercially available kit, for exanple, "NUtan[err] K™ or

"Mutan[err]-G'

in vitro nutagenesis System version 2.0" from Anersh 15§1“H
for replacing a cassette at the nutation sjtg can be nd "

repl aci ng the

avai l abl e from Takara Shuzo, or "d |gon cI dlrected

whole re- striction enzyne fragnent contaln

be allowed to cause a nutation, with a synthetic DNA contalnLng such a

nmut ati on. The
t he net hod of

nmet hod using a PCR reaction can be conduct ed according to
W Ito, et al., Gene, 102, 67-70 (1991) or the like. In

this nmethod, POR-pertfied eazghbaGt eblutsiorgs acoytdireing dNSrppiedr bacterial
containing the nmutation and a synthetic DNA corresponding to the end of
t he gene, aftecellhi zhdt bellefuwer extMdctfsagnent is allowed to hybridize

with the ful

-l ength DNA of the gene, followed by another PCR reaction

for the enzyne el ongaFPBntbe prephragiom ab an simmobilized 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 caﬁ'bé 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



full length. In the present invention, the nut :
- 10 - gene prepared in the above-descri bed manner i Ilgated to a :
pl asm d vector such as pUCL9 or pKK-233-2, and the resu t|T Shqeﬁtasﬂbanrmmced
vector is incorporated into E. coli, such as JML09,

formation on a plate containing an anti bi~otd2c -and the

colony is replicated onto a sterilized filter paper, and e pl'a

st or ed. '

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
with 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.



The filter paper, after drying, is imersed in a solution containing

| ysozyme and Triton X-100 or repeatedly put in and out of an-acetone-dry

ice bath (freeze and thaw); thereby causing lysis. Then, thls filter.. gﬁz
is inmersed in a water bath thernpstated at Stenperatqremaﬁhhpt

or 70[err]C for a constant period of tiney £or “exanpl e,l .5

then dried, after which this filter paper is imersed in-a

sol ution capable of maki ng col or devel opnent by decarbanylase act|V|ty As
the reaction solution, there can be used, for exanple, those which contain

a carbanyl - D- 3 g Cii[éj et B5upHPShEL! guRR0 43 5Y 39 SRl NenPNERtho acids

4-am noanti - pyri am no acl OXl dase an per oxi e col ony

exhi bi ting colyge @@H@dn¥ﬁg$e9§n PEe£8PREA! €453 t8 W B¥ten obtained. As

stability-acquiring strain.
the nitrogen sources, carbohydrates such as glucose and

sucrose, organic acids such 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-



First, as an index indicating the thernostability of an enzyne,
thernostabl e tenperature is defined. The thernp- stable tenperature iis
defined as the treatnment tenperature at which the acti |tru,,s(si,eeapasegaam}a¢cﬂ
50% i nactivated by the thermal treatnent for, 10 mnute [
a decar- banyl ase gene, nicroorganisms whi e knownttoAEl“IHﬂlﬂMl‘ “
decar banyl ase (e.g., mnicroorgani sns disclosed in the Intern

Publ i cati on No. VE92/10579) can usually be used. The ' -11-'
t hernostabl e tenperature is different with the respective

ceeds. The D-a-amino acids produced can be separated and

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-



decar banyl ases of these m croorganisns. To attain excellegm sst b|||t
tolerable to repeated use by an inprovement in the th 'P%w‘
vari ous properties other than thernostabil- ity shoul mﬂ
taken into consideration and it is desirable 550 _use a

exhi biting high thernostable tenperature, for exanple |n t he range of
60[err] to 63[err]C, from the first. Fromthis point of view, a

decar banyl ase produced by Agrobacterium sp. KNK[err] 712 (Fern1BP—1900)
is preferred because of its relatively higher thernnstable tenpera- ture

of about 62[errﬂ£&c€hesd§¢§rhéﬁlbaSSnHrQWP@HKI%EHﬁ gp hy28RBNglycol
coding for this enzyme have the amno acid sequence and the sequence,

respectively, sg@o@,in.Sem NJOEHCSoLutEibAYwaSEQddAd\NRo lthdheugeenabany! asea

i nproved in thernnstablllty obtai ned by the nutagenesis of this decarbam
1/5 volume, so that phage particles were precipitated and
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,



yl ase gene was found to contain a replacenent of 577hisﬁi;ﬁ_iﬂlﬁgﬁ_____ﬁ____

203-proline or 236-valine with a different amno acid, I as shown in
Sequence Listing, SEQ ID NGs: -2-16. Therefore, am no aCI'HBSShEagﬁLS e@,@ Eﬁc g
roplaced

three positions are related to the thernnsta?gllty ngh
can be obtained not only by the replacement of one amno a
t he conbi ned repl acenent of two or three am no acids. In t

i nvention, the thernostable tenperature could be i ncreased by at | east
2[err]C, nostly about 5[err]C or higher, and in some cases, by 10[err]C
or higher. allowinol geamley ¢dusé PORai hheatQoAht aiThia dREATRRY| A€o o

I nproved in thernostability by the substitution of |eucine qr t yrosi ne
fo;25?-histidi@epbéé-s@mandgdzfqrmemmiheghséaﬁfCSequenaseR 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%
phenocl, 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 were separated, as the strain improved in

thermostability, from the original plate.



acid, threonine or serine for 203-proline; or of alanine, threonine or
serine for 236-valine, as the different amno acid (Se uence Llsting —SEQ—
ID NOs: 2-30). As the DNA sequences coding for these d Cag ﬁas%%enmlced :
i nproved in therno- stability, there were obiﬁlned those ? lg
substi- tution of TAT, CTT or CTA for CAT, i.e., 401- lﬂ o
tides corresponding to 57-histidine; of TCT, CIT, GAA, AAC

i.e., 839- to 841-nucleotides corresponding to 203-proline; of GCG, GCT
ACC, ACG TCA, TCG or AGT for GIG i.e., 938- to 940-nucl eoti des o

cor respondi ng to 236- Frum 21G AT MR I 84 | PR ERL | By N tadeile: RN
the thernostability-related anmino acids are |dent|f|ed the use
site-specific MpdagnybaminﬁaﬁasEﬁamyxﬁﬂiﬂ&hd(ﬂ§@@8ﬁhtah€s 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 was 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



many am no acids for these am no acids by the substitutign of _vari usrmlmmd'
bases. Thus, the DNA fragnent coding for the decar- banyrd? S .e Co
thernmostability can be subjected to mnutagenesis for a fuyrth | :1
in the thernostability. In case of Agrebacterium sp ‘
BP- 1900), the derivative having two or three amno acid nuta- - tions |n
‘three am no acids which have been found to have a relation to the
thernostability, i.e., 57- hlstldlne 203- prollne and 236-val i ne

(mul tiple mut is praoduced, as n the
gene structur soéf Aﬁﬂﬁg(ﬁﬁﬁi?ﬂ)?%ﬁ“&eﬁatﬁ°llowﬁglpy B&&Eﬁﬁquenaturatl°n

cocar bany| ase) 380 SHARAP LEPUO 10T Bnorelf BRI ARSI dihune o,
and Sal | 30¢ BL93Rypneiifly 10,}@ eipm&scga%ggtxegfer}n*i%e%e%%; YereH A8 -
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.



fore, an Ndel restriction site is forned at the initiation codon of the
decar banyl ase gene by the PCR nethod. Thus, 57-am no acid-is_present on
t he Ndel - Sacl DNA fragnment of about 190 bp 203- am no apld on the““““—*~~‘,
SalI-Clal DNA fragment of about 170 bp; _ 236-am no aci ThioShed: e,

Cl al - Sphl DNA fragment of about 75 bp. The rrult pI Replace
prepared by the repl acenent of l,m ’”
Table 1
¥ Thermostabl DN A
utant temperature%'c) mu%ation mg%gglggld
(712 61.8 none none

................................................................
.......................................................

Escherichia coli

_JMIDQ pAD402 67:3 401C—T 3THis— Tyr

JH109 pAD404 68.0 ~ [840C—T | 203Pro—Leu

JM109 pAD406 | 66. 5 838C—T 203Pro—Ser

J¥109 pAD416 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 bacﬁerial 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



these nutation-free DNA fragnments with DNA fragnents havi : ation
in the thernostability-related anmino acids. The DNA fragnent havjn
anino acid mutation is prepared fromthe transformnt; offhieRkseidiaE e
as obtained in Exanple 3 or 8. gh3 he ot her hand,} W
DNA fragnent of about 1.6 kb containi ng a“decarbanyl ase ¢
naturally occurring or contains one amno acid nutatiqn)
cl eavi ng pAD108, pAD402 or the like, which has been conferred an Ndel
restriction site, and then incorporated into an appropriate vector having
Ndel and Ecgfl L b bi-e u &7
Shoun 1 Fi g Byooeiat; BIEbECTon 318 e e Y R aeL b OF BBy 2o
obtai ning *go P@Shy dpLEtBin, PARA1086 SHQMhr AP stdi e @i P8a Andro-
pAD4021 shown in Fig. 5 from pAD402). The DNA fragnments of

gen seal at 4°C for 20 hours to ensure the adsorption. This

I'S obtained by

enzynme-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
The activi-

afforded an immobilized enzyme-containing resin.

ties of the resins thus obtained are shown in Table 2.

Table 2
E.coli E.coli " E coli E coli ;
Yutant J¥109  JN109  JM109  JH109 712
pAD402 pAD404 pAD406 pAD41S
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
The sample

nitrogen gas while the pH was adjusted to 7.0.

was taken for the activity measurement after 10 and 60 min-



this plasm d, which have no nutation site for the abov . ree
am no acids, are replaced with DNA fragnents containihg uch an1no acid
gﬁ

mut at i on sites, t hereby obtaining an expression vector

mut ant s.

i mproved thernostability in an additive fme3inefr dependiing

-14-

nutatiqn

the degree of thernostability inprovenent obtained by a sin

In general, the multiple mitants t hus

Wil i

]

For the decarbanylase.having two or nore |
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



amno acid nutations in three kinds of amno acids, it—Ts possible to

sel ect any conbi nation of the substituted am no acids Aescrlhed RRAA-
The above-described nethod is not Iimted to the case,

SpKNK 712 (Ferm BP-1900), and it can be used, in gener aI Hﬂ“mr
i nprovenent in the thernostability of a‘dﬁ%arbanylase en

accord- ‘ing to the nethod for naking an enzyne thernnﬁtable as de-
scri bed above, several kinds of decarbanyl ases inproved in thernDstablllty
can be obtained by the replacement of an .amino acid, fromwhich the

e oSt a0 ik, PR SR, ) SO Ry Ly PROSY RS bR

giving an E?EEQV%%EPEéﬁléHEEQH¥¥rnﬁ%fﬁ)éﬁé5hséngfrpﬁﬁf0§[égughe 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_pUClQ 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.



stances that DNA fragnents corresponding to the respectw
nul t aneous nut ations can i

decar banyl ases have al ready been obt ai ned,
acid sites related to t he (ThisShesla B,

AN

i ntroduced into plural am no

| mprovenent by the
nmut ant ),
thernostability.
whi ch

Si

operations in the foyhow ng steps 1)

which afforded a decarbanyl ase additively inp
1) Restriction enzynes are foun

can yield a DNA fragnment conprising a DNA portion coding for
for the DNA

of the thernostability-related am no aci ds by cl eavage

fragment .

ﬂhced

Tab1@) 3A DNA fragment conprising a DNA portion codi ng-for

Amino acid

Thermostable DNA .
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—Leu
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—11le
840C—T
JH109 pAD470 65. 2 840C—A | 203Pro—His




fragnent with -

step 3y .-
acid mutation is re

for a decarbanyl ase or a vector-co

one amino acid mutation site is obtained fromthe DNA frag- nents-each-
coding for a thernostable decarbanylase having at
mutation or fromthe vectors conprising
correspondi ng restriction enzyne in
DNA fragment but having no am no
DNA fragnent coding

| east one amino acid :
t he fragnent S Tk SHeettHaeBeen Replaced

IR

the sane restriction enzyne as descri bed above.

The mnut ati on-contai ning DNA fragment obtained in step 2)
I nto the remaini ngTBNAef dagnent after
Nutant 12352?253?é? ) Bﬂ%atlon ﬁﬁ%gglggld
(7112) 61.8 none none
Escherichia coli _
TN109° pAD428 70.0 | 939T—C | 236Val—Ala
940G—C
J¥109 pAD439 71.3 939T—C 236Val—Ala
940G—T
JH109 pAD441 71.8 938G—A 236 Val—Ser
939T—G
940G—=T
JH109 pAD447 72.0 938G—T 236 Val— Ser
339T—C
340G — A
JH109 pAD448 72.0 98G—T 236Val—Ser
939T—C
JM109 pAD450 69.5 938G —A 236Val—Thr
939C—C

I s incorporat ed




the cl eavage for renoving the correspondi ng DNA fragnent in step 3) or
Into the vector conprising the renmaining fragnent. This Shket Has Been Replaced :

The-operations in steps 2) to 4) are repeated, if necess |

According to this series of operations, it _is possible | qmﬂhmugﬂﬁl m

one or nore, the number of nutations intRH® ~ thernostabil

am no aci ds. In case of Agrobacterium sp. KNK 712 ( Fer m BP-

1900), as the vector in step 2), any vector can be used -so long as it

has been prepared by giving an Ndel restriction site in an expression

vector which is pug%gm%qg rYe I ncor po- rated thereinto one of the DNA
€q

fragments shown in enceé Listing, SEQ ID NGs: 2-30. As the vector
containing a  des@nRaPI AR 3RO St ros M1 PHSy VEE1 QESa 5REkUdi Ng

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
ﬁutation-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

bluntidg kit (Takara Shuzo), followed by ligation and trans-



pAD4021 and pAD1086, can be used which are obtai ned Img pKK NE in the

sanme operations as for pAD4021 fromthe vector prepa&ﬁgkg&fgsﬁﬁm
|tbd

Ndel restriction site in any vector

16 - sel ected from various exanpl es of He expressl on M\

bel ow, except for the vectors each contarnfig a DNA rag |ng for a
decar banyl ase having already received an am no acid substitution for an

i nprovenent in the therno- stability at every one of three

thermostability-related sites (i.e., triple nutation-containing pAD426,
PADA27, pADASSmation 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-



pAD455 and pAD456). The DNA fragnents obtained with restric- tion enzynes
are Ndel-Sacl, Sall-Cal and dal-Sphl in any case of THiigShec? HasHeersRepjaced) .
The preparation of DNA fragnments each coding for a decaf :
expressi on vectors obtainabl e by incorporatjng each of iﬂ ts
into a vector, and transformants obt ai nabl3d By i ncor:por ach of the
expression vectors into a host cell can be conducted using a gene
mani pul ati on techni que as described in, for exanple, International Publi-
cation No. W02/ 10579. From t he expression vector obtained by the

S PO A58 5F PR | SOREIL O LD A5 P S L MR,

PADA02, pADIDY, BEEREEtipPAPYL6. rRABMRt 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.



PAD429, pAD431, pAD434, pAD435, pAD439, pAD441, pAD445,

pAD450, pAD451, pAD452, pAD453, pAD454 or
pKK NE gi ves pAD421, pAD422,
pAD461 and pAD455;
pNT4553 (Fig. 10,

gi ves

and the incorporation
| ower part)

PAD456;

t he i ncor por i
PAD423, pAD424, pADA25, pﬂ?ﬂﬂ@ﬁ
38 \ art)

nto puC NT (F|
The repl acerrent' of

the thernostability-related sites nmakes no change in
restriction sites for restriction en-

pAD448

ove descrlbed

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




zynes; therefore, the expression vector obtained by incorpo- Nt O,
pUC19 has the sane restriction map as that of pAD4297(Fig. 6, upper %r-td)
and the expression vector ob- tained by incorporation iffisshgkH eh'e
sanme restriction map as that of pAD455 (Fig. 6, |ower pat \\ '
expression vectors were used for the tran3formati on of Egm

JMLO9 or HB101l, which afforded the follow ng transfornant apabl e of

produci ng a decarbanyl ase inproved in thernmosta- bility. E. coli
JMLO9 pAD402 ( FERM BP- 3912), E. coli JMLO9 pAD404 ( FERM BP-3913),
E. coli JMLO9 pAMQ%éjC:EI?/I BP-3914), E. coli JMLO9 pAD416 (FERM
BP- 3915) , 0BT IML09 pAD42S8,
Mutant Amino acid mutation ggﬁgg‘}g%ﬁ?}e&)
(112) none 61.8
Escherichia coli
J¥109 pAD451 5THis—Tyr 74.0
203F ro—G1lu
JHI09 pAD4S52 5THis—Tyr 75.3
236Val—Ser
JH109 pAD433 203Pro—G1lu 76.0
236Val—Ser
- JH109 pAD461 203Pro—Glu 79.0
236Val—Ala
JH109 pAD454 5STHis—Tyr 80.4
203Pro—Glu
236 Val—Ser
TH109 pAD4S5 57THis—Tyr 80.8
203Pro—Glu
236Val—Ala
JH109 pAD456 5THis—Tyr 78.5
203Pro—Leu
236 Val—Ser




E. coli JMLO9 pAD429 ( FERM BP-4035), E. coli N&Gg—pAB¢3TT_f“___—~—

E. coli JMLO09 pAD434, E. coli JMLO9 pAD435 J&%ﬁ%d
pAD439, E. coli JMLO09 pAD441, ‘E. coli
E. coli JMLO9 pAD447, E. coli JNlOi) pAD448, H“llmﬂ‘m
pAD450, E. coli JMLO09 pAD421, - - E. coli
E. coli JMLO09 pAD423, E. coli JMLO9 pAD424 (FERM BP—4034),

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



- 18 - E. coli JMLO9 pAD425, E. coli JNHOQ pAD42 lmmi
E. coli JMLO9 pAD427, E. coli JMLO9 pAD451
pAD452, E. coli JMLO9 pAD453, E. coli JMLO9 p |

coli JMLO9 pAD454,

(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



or E. coli HB101l pNT4553 ( FERM BP-4368). For,t

decar banyl ases of the inproved type, the anount of such'an

interest produced by a trans- formant can4Be-i ncreased by incorporating
t he corresponding gene downstreamthe strong pronotor of a vector.

The transformant can be cultured on a conventional nutrient mediumto
express a transformant DNA whi ch has been i ntroduced thereinto. In case

wh h d h
or 1 gi nat i ng RELRE (BBnLe D) TOTPRPODRK = RO i ateyt bes SUbEF eheoRt bah

wi th the reaction mixture was analyzed in the same manner as de-

E. coli JML09 pAD455 (FERM BP-4036), E. coli JN1109 RADAE o pecn st
coli JMLO9 pAD468, E. coli JMLO9 pAD469, ﬁmﬁ“‘mﬁm

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



vari ous agents dependi ng upon the properties. The—transformant—thus
produced can be obtained as an enzyne source only by culture preparatlon
on a conventional medium if necessary, various treat mentt8is Sheet "‘ _¢
for enzyne induction, such as the addition of hydant0|n cd l " 2181 "
-19- pounds, D-N-carbanoyl -a-ami no act ds3 Tsopropyl - [

gal actoside (IPTG or the like, and a tenperature increase. _ The

mediumto be used for the culture preparation of a

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 0.6-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



transformant may usually be a conventi onal nediun1containinqmm
sources, nitrogen sources and inorganic ions. |If organic”ﬁica

n
Replaced
such as vitam ns and ami no acids are added thereto, preferre Eﬁiﬁtﬂﬂ i
often obtained. As the carbon sources, carbohydrates such-asi _ :
sucrose, organic acids such as acetic act #4 at cohol s and/the like are
suitably used. As the nitrogen sources, anmopnia gas, ampnia water, '
anmonium salts and the |ike are used. As the inorgan- ic salts, phosphate

i on, magnesiumion, potassiumion, ferric ion and the |like rmay be used.

Th | t ' d ' | 1 f 1t
10 days. whi 1 6 nhiki g an SRA 0 18 L SR TS e P R R R PP RS Y% 5
and the tenpaeahies chlia"eo18" MA@ 'y [hd2%E1E1m BhLER 1 BB GRdod?osH bl e

to obtain

£l Y,

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 unites/ml per culture solution.

According td‘the present invention, DNA fragments éach
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.



desirable results. The enzyne produced by a transforhant can be applied
as a culture solution of the transformant, bacte- reated

bacterial cells, enzynme extracts from bacterial ceI I s Qét ;&Q,Replaced
bacterial cells or the like. As the bacterial

used any one of the forns such as an untreated culture l}“ m % :
conpl e- tion of the culture preparation, bacterial ceII rom
the culture solution and washed bacterial~ @& |-s. As the treated bacteri al
cells, there can be used |yophilized bacte- rial cells, acetone-dried

bact er | APSRENSe LAEGARE" or sur- fact ant - cont act ed bacterial cells,

lysozy Egﬁéﬁégngné&%ﬂ'?%ss

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 AATTCCGGTT CCGCTCCGGT
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
Thr Arg

1

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG -
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. CGT CTT CTC GAC ATG CTG ACG AAA GCC
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
A%g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
40 45 50

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
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
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
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 GIG
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
Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg Lys Ile His Leu Pro
115 120 125 130

GGT C@C AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG
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
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp

60
120
180
238

286

334
382

430
478
526
574
622
670

718



- 20- ul trasoni cated bacterial cells, nechanlcally di srupt ed
bacteri al

D- N- car banoyl

cells,
cells,
-a-amno acids into the corresponding D a- anlno

enzynme extracts having an enzyme activity té’hﬁ&miéweenm laccd
renoval of the carbanoyl groups, which have been obtai ned fr
treated bacterial cells; immo- bilization products of these bacter

cells; insolubiliza- tion products of the4breated bacterial cells;
i rmobi lization products of the treated bacterial cells on a support for

the inmobilizationldP an enzyme protei A58e.g., anion excharlge® resin), or

the like. For the nmethod for immobilization, reference is nmade to the

speci f iRt i FC AARWRTG aBEReABGPETENATCL GE- é\ﬂ@nGﬁﬁbqu@atQ% T& G @882, 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 GTG GGC ATG GAG GAG AAC TGC 958
Gly Ala Trp Ser Ala Ala Ala Gly Lys Val Gly Met Glu Glu Asn Cys '
: 230 235 240
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 GAARAAGCATG 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 CTCAAAGAGC TACGAGCTGA ATTC 1785



As the support to be used for immobilization, various anion exchange
resins having various am ne-, amoniumsalt- or
di et hanol am ne-type. functional groups are suitable, such

phenol - f or mal dehyde ani on exchange resins, for exanple, Dtmissieetmsﬁﬁfnmﬂc

DS17186 (Rohm & Haas; registered trade nanes), and polystyr
exanpl e, Anberlite [|RA935, | RA945, IRA9814GR0hn1& Haas;

nanmes), Lewatatit OCl037 (Bayer; registered trade nane) and |on EX-05
(M t suSiESh I ca? Inductries: registered trade name). In addition to
t hese, 5 tferk ;o-rtl ¢h as. DEAE-cellul ose can also be used.

Fur t heig : é?H %lgtﬁﬁFg adsorption of an enzyne, a

crossli Y ?Iy used, and a preferred exanpl e thereof is

glutarﬂ.e-' % ig %téﬁgﬂyg bﬁAbe used,

ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD402 (FERM BP-3912)

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT

TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA

TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
Thr Arg
-1

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG
Gln Met fle Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu

ACA CGC GAA CAG GTC GTC GTT CGT CTT CTC GAC ATG CTG ACG AAA GCC
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
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 TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
Thr Phe Phe Pro Arg Trp Tyr 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
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
Lys Ala Ala Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG
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
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
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 GTT GAC
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
150 . 155 160

ed 
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there can be appli ed,
been purified to various degrees,

-21-

enzynme,

. GGG
Gly

| y-purified enzynes,
cells and cell-free extracts.

conven-

GCC
Ala

TGG
Trp
180

TAC

Tyr
195

AAC
Asn

ACG
Thr

TCC
Ser

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

tional

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

C1TC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

GTG
val

ATG
Met

CCG
Pro

ACC
Thr

GGC
Gly

CAC
His

Met Phe Ile

170

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
GCCGCCLCGGL
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

Met

AAG

in addition to purified enzynes,
such as partial - ;
sol utions contai ni ng dlsrupted

For the preparation o
met hods can be usedggwhi ch conpri ses
all owi ng an enzyne to be adsorbed froman enzyne sol ution on.
then subcecticao AR APRYG A CFRESATEKT®E AAC GAT CGC CGC

Ala Ala Lys Met Gly
165

Cys Asn Asp

GAG
Glu

GCC
Ala

GGC
Gly

GTT
val

CCC
Pro
205

CCT
Pro

CAG
Gln
220

GCC
Ala

ATG

GGC
Gly

GTG
Lys Val

235

GCG
Ala

CCG
Pro

GTG
val

ATC
Ile

GTG
val

GAG
Glu

ATC
Ile
285

GAA CAC

Glu His

GCG
Ala

ATC
Ile
300

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

t hose

Arg Axrg
175

ATC
Ile

ATC
Ile
190

CAG
Gln

CAC
His

TCT
Sexr

GGG
Gly

GAG
Glu

ATG
Met

TGC
Cys

GAC
Asp

TAT
Tyx

GAG
Glu

~whi ch have
This Sheet Has Been Replaced -

R -

~a support and

TGG CCT GAA
Trp 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

ctC
Leu-

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

GAA
Glu Ile

GCC GTC
Ala Vval

TTC AAG
Phe Lys

GTC
val

ATC

GAT
Asp

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



treat ment. D- N- car banoyl - a-am no aci ds used as thW

enzyne reaction in the present invention can be expressed' by the fo éklmxd

R- CH(NHCONH[ err])-COOH, and their fornms to be subjected to
actual cases are as follows: in case where the enzyme to be umm“\
strict stereoselectivity on the D N-carba | -a-am no acids,.

used as the D-formor a mixture of the O “and L-for ms; and |n case where
the enzypg hasnbeoge stereosel ectivity because of its action even on
L-carb UBRCROLBNGHS:: Qf7gish case where it is used as an enzyne mxture

capabl esphusrtEngye¥en ndie1hie lacg@ no acids, it is preferred that they are
used on§YRANDEDREPsf:0d@ubh@r the production of a-amno acids in the D-form
The subBoPOUEBY :R16aeake selected within a w de range as described in the

speci f i MQLEOUBEOTYPEE &apamdse DRal ent
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD404 (FERM BP-3913)

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT

TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
Thr Arg

1

CAG ATG ATA CTT.GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG
Gln Met Ile Leu Ala Val Gly Gln Gin 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
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
A%g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
40 45 50

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
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
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.
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
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
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
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
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
150 155 160
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TGGCTGAAAT

Publ i cati on Nos. 57-18793, 63-20520 and 1-48758. In particu- Iar .
provi de useful conpounds froman industrial point of vie Bﬁkaﬂmmd
i ntermedi ates for nedicanents, it is preferred that Ris M1 \““
hydroxy-substituted phenyl, alkyl, substi- tuted alkyl, ara
thienyl. Wien R is hydroxy-substi - tuted pheny , it may be su I'tuted
with one or nore hydroxy ' - 22-
groups at the o-, m and/or posi tions, and t he typi cal
GCC GCG AAA ATG GGG AgG TTC ATC TGC AAC GA@ICGC 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 CTT GTT CCC CAG CAC GAC CAC CTG 862
Tyr Asn Thr Pro Thr His Asn Pro Leu 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 GTG GGC ATG GAG GAG AAC TGC 958
Gly Ala Trp Ser Ala Ala Ala Gly Lvs -Val Gly Met ©lu Glu Asn Cys
230 235 240
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
C%T 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
TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC 1785



exanpl e
to 4 ca
D-valin
refers

hydr oxy
am de o

t hereof is p-hydroxyphenyl. The termal kyl refers to a group of 1

rbon atoms, the corresponding amno acid of whichTs Datanine,
e, D-leucine, D-isoleucine or the like. The term suﬁst§h gq;e | &
S _

to an alkyl group of 1 to 4 carbon atons, which is
, al kylthio, carboxyl, am no, phenyl, hydroxy substl-
r the like, the corresponding anm ne &bid of which is

D-threon|ne D- net hi oni ne, D-cysteine, D asparagine, D-glutanlne
D-tyros$ ID—N ttophan, D-aspar- tic acid, D-glutam c acid, D-histidine,
D- | ysi ngE % TH:DIFA8S ul ine or the like. The termaralkyl refers
to a gr 7TY3 @&gﬁ%+9ﬂ49ﬁg such as benzyl or phenetyl,. the cor-
respond ?élddSP ch is D phenyl alanine or the Iike. As
‘the agq nFﬁg e can he used water, buffer
- enomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD406 (FERM BP-3914)
GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA

TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
_ Thr Arg

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC
Gin Met Ifle Leu Ala Val Gly Gln Gln Gly Pro Lle Ala Arg
: 5 10 15

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

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG

Ala Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala

35 40 45

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

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

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

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

GAT AAG TCA GGC AAG ATC GTC GGC AAG TAT CGT AAG ATC CAT
Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg Lys Ile His
115 120 125

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

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

felale]
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

ﬁrd_

60
120
180
238

286

. 334

382

430

478

526

574

622

670

718



or those which contain an organic solvent such as ethanol. eﬁ@g§§§g§¥m®d-
various additives such as nutrients needed for the gromﬂ :
m cr oor gani sns, antioxidants, surfactants, coenzynes, d Fﬁ“ \H“‘“ HNL
netals can al so be added to the aqueous nedi um
bacterial cells of the above-de- scrltmxirgiroorganisn1are cultured in an
aqueous nedi um durlng whi ch the bacterial®teTls are brought into contact
with D Ea& |-

: ol

c no

SR td e g i et d s fF e
car bon sources 1Rist rogen sources ani c ont al ne in t he
aqueous nedlun1used

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 TCT GTT CCC CAG CAC GAC CAC CIG 862

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 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 GTG GGC ATG GAG GAG AAC TGC 358
Gly Ala Trp Ser Ala Ala Ala Gly Lys Val Gly Met Glu Glu Asn Cys
230 235 240
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 CAAMAGGATGA 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 CTCAAAGAGC TACGAGCTGA ATTC 1785



- sources,

- 23 -

| f organic mcronutrients such as vitam ns and am no aci ds
preferred results are often obtained. As

added t hereto,

acetic acid, alcohols and the

sources,

anmoni a gas,
As the inorganic salts,
ferric gon apdyphesl i ke may be used.

amoni a wat er,
phosphat e ion

car bohydrates such as gl ucose and

Sucr ose,

are

the nitrogen

or gani
like are suitably used. As t

magnesi um I on,

The culture.preparatPUﬁ nay be

amogipum sal ts and| th

pbta

s SbidEs BALS

R

conductSEQUENEE BERGPHG ¢9gditions for 1 to 10 days while making an
appr opr$BQBENCE TYPE:

STRANDEDNESS :

TOPOLOGY:

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN:

nucleic acid
double
linear

Genomic DNA

Escherichia coli

JM109 pAD416 (FERM BP-3915)

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

CAG
Gln

ACA
Thx

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
Tyx

GCC
Ala

GTC
Val
100

ARG
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

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

GTC

Val

GCG
Ala

CGC
Arg
55

GAR

Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

GTC
vVal

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

CccC
Pro

ATC
Ile

AAG
Lys
105

GTC
vVal

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

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
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyr

CCG
Pro
140

T™rC
Phe

CCG
Pro

GAC
Asp

CCC
Pro

45
GAG
Glu

GTC
val

CTG
Leu

AAC
Asn
CGT
125
TTC
Phe

CCG
Pro

ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT
Thr Arg

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

GCG

Ala

AAA
Lys

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

CCG
Pro
130

AAG
Lys

GAC
Asp

Eqﬁmﬁ :

60
120
180
238

286

334

382

478

526

574

622

670

718



r

adjustnment to the pHrange of 4 to 8 and the tenperaturie - e_of
25[err]C to 45[err]C, which makes it possible that D N-cafr- "t A b3 d
acids are converted only-into D-a-amno acids wth high effﬂ _

In contrast, when the reaction of an untreated culture solu
above-described mcroorganism cultured bacterial cells,: treated bacterial
cells, enzyne extracts, imobilization products of bacterial cells, -

| nsol ubttE et EORAAPRIRURE: Hrd A A fé&'gaé"GAf“@@t'téétbe& BE@deahs of 766
enzyne RILOtRLASLYE 8kie@led Mdt FhAROUS, ﬁl@%&nmnwg Trp Pro Glu

D- N- car banoyl - a1881 no aci ds di ssol vedygr "suspended t her ej fig tﬁe reaction
systemnmay be allowed to stand or stirred for a tinme, while the

t enper aFCC eTGE AGGEUSIEd ATNG B QTP MEAtEsC reagecad APE exrtCrea 8GC aad thegiyq
pH i s kb2 TropthAegrdadeMeft €liyo Les Ard Gipimlaseherrlaf tee the Gagselef 5

to 100 hourk80 . 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 GCG GGC ATG GAG GAG AAC TGC 958
Gly Ala Trp Ser Ala Ala Ala Gly Lys Ala Gly Met Glu Glu Asn Cys
230 235 240
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 CTCAAAGAGC TACGAGCTGA ATTC 1785



D-a-am no acids are produced in great amobunts and accumnul ated

aqueous nedium The D-N-carbanoyl -a-am no acids may be aqqggmwﬂ{
portions according as the reaction pro-

- 24 -

ceeds.

The D-a-am no acids produced can be se ar

purified by a conventional
obt ai ned herein can be expressed by the To

R CHNHL g&6] 16089 -

SEQUENCE LENGTH:

SEQUENCE TYPE:

STRANDEDNESS :

TOPOLOGY:

MOLECULE TYPE:

ORIGINAL SOQOURCE
ORGANISM:

STRAIN:

separation metho

1785

nucleic acid
double
linear

Genomic DNA

Escherichia coli

JM109 pAD428

T a:

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

CAC :

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
25

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

ﬂiﬂlﬂﬂlﬂﬂﬂlﬁ

in the

Ii{atlaced : '

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

AT
Ile

ATG
Met

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

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



(wherein R is as defined above). The fol | owi ng wirki SEEIE! BRERLACe

typical embodiments of the present invention. The det ectlmﬂgm Hl' &
i gh
M phy

guantitative analy- sis of D a-amno acids produced were
per- formance liquid chromatography (HPLC) or thin |ayer

(TLC). Exanmple 1 NUtageneggs of Agrobacteriumsp. KNK 712
decar banyl ase gene with hydroxyl am ne Plasnld pAD108 having a

KNK712 @@@ﬁ%ﬁw ,g.]tgel%ed Rgh eék boe n%%l 76
and EcoRl | §§§%Q g E 6
doubl e- Ha tréaﬁmys gﬁ‘ él! g %%% ;@ ns it o

E. coli JMLO09, mhlch mas n1xed wth 2 n1 of H top agar :

GCC TGG CGG GTG ATG GGC. CTC AGG GGC GCC GAG ATC ATC TGC GGC GGC 814
-Ala ‘]1.‘18:8 Arg Val Met Gly Leu Arg Gly Ala Glu Ile Ile Cys Gly Gly -
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 GCC GGC ATG GAG GAG AAC TGC 958
.Gly Ala Trp Ser Ala Ala Ala Gly Lvs Ala Gly Met Glu Glu 2sn Cys
230 235 240

ATG CTIG 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 AARC 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 CTCAAAGAGC TACGAGCTGA ATTC . 1785



medi um (10 g/| bactotrypton, 8 g/l NaC, 8 g/l bactoagat}__—eenpaknkng—%ee—
nmM i sopropyl -[err]-D-thiogal act opyranosi de (I PTG and 0. 2%
5- brono-4-chl oro-3-indolyl-[err]-D-gal act osi de ( X-

anount of 40 [err]l, and then plated on an H agar plate (
bactotrypton, 8 g/I Nad, 12 g/l bacto- a99r1 followed b

37 C and separation of a white plaque. reconbi nant phage was
cul turedegn 10Qod 7 of 2YT ned|un1(16 g/I bactotrypton 10 g/
bact oye8EQUENCE LENGTH: 1785 - 25 -

SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD429

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

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
Thr Arg

1

,QAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG
Gln Met ifle Leu Ala val Gly Gin 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 ARA GCC
" 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
A%a Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
5 40 _ 45 50

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
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
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
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
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
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
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
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
. 150 155 160

60
120
180
238

286
334
382
430
478
526
574
622

670

718



tract, 5 g/l Nad), and a PEG NaC (20% pol yet hyl ene egcoI 6000, 2.5 M

NaCl) solution was added to the supernatant at a 1/5 volf eﬂﬁbSBhaR
particles were precipitated and collected by centri fugatl mmmn

reconmbi nant phage parti- cles were treated in NH[err]CH

concentration of 0.25 M (pH 6.0) at 37[err] for 1 td 8 hours. The p age
parti- cles were preC|p|tated with a PEGN® solutlon and then

s R SO B
DNA havi ng sofre j on mgs preparI by Fhe ka 1 ne- Pand @sc
uItracentrlfuga- I on nmethod. This mas dlgested wth H|nd and EcoRI,

and theg @t@ﬁs'ﬂ&@ 8l 8rcWAGEN GRS dd@REH @R A 0r§c el bcc 814
JML09, anc&t Fﬁ sl Ojed Yy Bear AR L AAIIN 1S [&r¢y8/ Bly Gly
anmpicillin. i@nw about 15, 000" Ejgeol i “trans- 190

TAC AAC ACG CCG ACC CAC AAT CCC GAA GTT CCC CAG CAC GAC cCaC CTG 862
Tyr Asn Thr Pro Thr His Asn Pro Glu 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 GTG GGC ATG GAG GAG AAC TGC 958
Gly Ala Trp Ser Ala Ala Alz Gly Ly= Val Gly Met Glu Glu Asn Cys
238 235 240

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 GIG 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

C%T 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 CTCAAAGAGC TACGAGCTGA ATTC 1785



formants each having a nmutant decarbanyl ase gene were ob- tained.

Exanpl e 2 Mut agenesi s of Agrobacterium sp. KNK 712;ms$gg@ggﬁ@5mg a

gene wi th nitrous acid : The reconbi nant phage parnj“! P
p

by i ncor po- rati ng a KNK7l 2 decar banyl ase gene into M3 m mmm

in Exanple 1 were cultured on 800 m of 2YT nediumfor pre
and t hen subjected to phenol extraction an@9%thanol preci pitation, which

afford g §gle stranded phage DNA. Thi s singl e-stranded DNA was

treate haV|ng final concentration of 0.9 N (pH 4.3) at

25[err] @iﬁg? hué?zic acid

STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNa
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD431

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

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
Thr Arxg

1

CAG ATG ATA CT2 GCA GTG GGA CAA CAA GGT CCG ATC CCG CGC GCG GARG
n Met Ile Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu

ACA CGC GAA CAG GTC GTC GTT CGT CTT CTC GAC ATG CTG ACG AAA GCC
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
A%a Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
5 40 45 ' . 50

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
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
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
Lys Ala Ala Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
85 950 95

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

GAT AAG TCA GGC ARG ATC GTC GGC AAG TAT CGT AAG ATC CAT TTG CCG
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
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
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
150 ' 155 160

60
120
180
238

286

334

382

430

478

526

574

622

670

718



- 26 -

all owing a gene to cause sone nutation.
doubl e-stranded form by the use of Sequenase[err]

ThIS
ver.

St ates Biochemi cal) and AW reverse transcriptase (Llfe
digested with restriction enzynmes Hi ndl |

pUC19, which was transforned
anpicillin).

pl ate (containing

havi ng ecouGent Adec ARABERSErd o WBFE it alACGAT CcGC
Scr eeni pgaohl1deqaishMal afey MAJUHAG K r@y S Aémr&é/ﬁdm:

GCC
Ala

TAC
Tyr
195

ACG
Thr

GGG
\ Gly

. ATG
Met

GCT
2la

CTC
Leu
275

CAT
His

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

TGG
Trp
180

AAC
Asn

TCC
Ser

GCC
Ala

CTG
Leu

CTC
Leun
260

GAT
Asp

CGT
Arg

165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

GTG
val

CCG
Pro

CAC

His

TCC
Sex
230

GGC
Gly

ACG
Thx

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
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

GGC
Gly

CAC
His
200

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu
280

CAC
His

CTC
Leu

170

AGG
Arg

185

AAT
Asn

CTA
Leu

GCG
Ala

TGC
Cys

GAA
Glu
265

CTG
Leu

TAT
Tyx

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

into E. col]

Thus, about

GGC
Gly

AAC
Asn

ATG
Met

AAG
Lys
235
GTG
val

GAG
Glu

GAA
Glu

CTG
Leu

and EcoRl,

600 E.

GCC
Ala

GTT
val

CAG
Gln
220

GTG
Val

GCG
Ala

GTG
val

CAC
His

ATC
Ile
300

GAG
Glu

CCC
Pro
205

GCC
Ala

GGC
Glvy

CCG
Pro

ATC
Ile

ATC
Ile
285

GCG
2Ala

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA CGTGGAACTG

GGCGCGCCTA GCCCCATGTG

CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

col i

ATC
Ile
190

caG
Gln

GGG
Gly

ATG
Met

ACC
Thr

ACC
Thr
270

TTC
Phe

GAA
Glu

Tﬂfm il

.09 and t en plated on a 2YT

"e%mmi
P

nto

transformants each
ccEXaapl ec® Gaa

Arg
175

ATC
Ile

CAC
His

TCT
Ser

GAG
Glu

GGG
Gly
255
Gee
Ala

AAC
Asn

CcTC

Leu

Txp

TGC
Cys

GAC

"Asp

TAT

Tyxr

GAG
Glu
2490

GAA
Glu

GCC
Ala

TTC
Phe

CTGGGTCACA

GGCGATCCGC
GACGGCCGTC

CAAAGGATGA

GGCTGCTGAC

CACTTGAGAA

CCCTGGCGGA
AGACGCTGAC
ATTC

Pro

GGC
Gly

CAC
His

CAG
Gln
225

AAC
Asn

ATC
Ile

GTC
val

AAG
Lys

Glu

GGC
Gly

CTG
Leu
210

AAC
Asn

TGC
Cys

GTC
val

GAT
Asp

CAG
Gln
290

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

814

862

910

958

1006

. 105¢

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



in thernostability The colony of the E. coli m

havi ng a nutant decarbanyl ase gene on the plate were repli at g&Mﬁhﬁmmi

filter paper (Toyo Roshi, 5C, [err]83 nn), whi ch was soa of
lytic solution (20 MM Tris[err]HO (pH 7.5), 10 nmM EDTA, \m\\m

| ysozyne, 1% Triton X-100), followed by a reaction ati 37] )

m nutes, washing with water and drying. “Thts-filter paper was imrersed in
hot vat gg~at . fqor thernal treatnment, and after drying, it was soaked

W th 1 ﬁ . reaction solution (30 mM K-phos- phate

buf f er N%gb ocq{ pﬁ?? Qggb nyl gl yci ne, 0.25% phenol, 10 ng/ m
D-anino ng ) % ferr]g/n1 peroxi dase (derived from
horsera@opro§&LZYN§ O 1 ng/m 4-am noantipyrine), followed by a
react i oMoBEC3L.ES YRS ; f(@éﬁghﬂglnwhgs Col oni es corresponding to the

red- col ORIGINAL SOURCE

ORGANISM: Escherichia coli
STRAIN: JM109 pAD434

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

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
Thr Arg

\CAG ATG ATA CTT GCA GTR GGA CAA CAA GGT CCG ATC GCG CGC GG GAG
Gln Met Ile Leu Ala Val Gly Gln Gln Gly Fro Ile Ala Arg Ala Glu

ACA CGC GAA CAG GTC GTC GTT CGT CTT CTC GAC ATG CTG ACG AAA GCC
Thr Agg Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala.
0 25 30 §

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

ACC TTC TTC CCG CGC TGG CTA TTC ACC GAC GAG GCC GAG CTC GAT AGC
Thr Phe Phe Pro Arg Trp Leu 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
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
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
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
Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg Lys Ile His Leu Pro
115 120 125 130

GGT CgC ARG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG
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
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
150 155 160

60
120
180
238

286

334

382

430

478

526

574

622

- 670

718



devel oped spots were separated, as the strain inproved in thernnstabilﬁty,

This ShéOnAs BécnFaplaced

fromthe original

pl at e.

- 27 -

7600 nutants as prepared by nutagenesis with nitrous aci

mut ants as prepared by nutagenesis with hydroxyl am ne i Iﬂmmm%w

twel ve and seven

respec-

GCC
Ala

GCG
Ala

tively.

AAA
Lys

.165

mut ants i nproved in therggstability-me

ATG GGG ATG TTC ATC

Met

Gly Met Phe

Ile
170

GCC
Ala

TGG
Trp
180

TAC

Tyr
195

AAC
Asn

ACG
Thrx

TCC
Ser

GGG
Gly

GCC
Ala

ATG
Met

CTG
Leu

CGG
Arg

ACG
Th;

TTC
Phe

TGG
Trp

CTC
Leu

GTG

vVal Met

CCG
Pro

ACC
Thr

ATG GGC
Gly

CAC
His

AGG
Arg

CTC
Leu
185

AAT
Asn

CCC
Pro

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
Arg

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
CCCGACATIC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

TGC
Cys

AAC GAT
Asn Asp

GGC
Gly

GCC
Ala

GAG
Glu

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

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
Tyxr

GAG
Glu
240

GAA
Glu

GCC
Ala

TTC
Phe

J

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
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Exanpl e 4 Thernostability eval uati on of decarbanyl as iqProved I n
thernostability A shaken cul ture containing one of “f it Has Been Replaced
decar banyl ase- producing strains inmproved in thernostabil”

in Exanple 3 (three nutants obtained by nutagenesis with e

and one nutant obtained by nutagenesis with nitrous acid), together w
reconblnant E. coli JML09 pAD108 (FERM BP-83184) having a KNK712

decar ba B ne, was prepared in 10 ml of 2YT liquid medium (containing
50 [err : Hq |n g 1 mMI PTG and incubated overnight. After
har vest QU 19 ere washed with 0.1 M K-phosphate buffer

(pH 7. &uF 5123 t he same buffer, after which the
suspenskego pt% f% an ultrasonic dlsruptlng appar atus (Tomny
Sei ko, ﬁggg éeh%ﬁu reghfue was

ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD435 :

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

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
Thr Arg

1

yCAG ATG ATA CTT GCA GTG GGA CARA CAd GGT (CG ATC GCG CGC GCG GAG
Gln Met Ile Leu Ala Val Gly Gin Gln Gly Pro Ile Ala Arg Ala $lu

ACA CGC GAA CAG GTC GTC GTT CGT CTT CTC GAC ATG CTG ACG AAA GCC
Thr A;g Glu Gln Val val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
0 25 ' 30

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

ACC TTC TTC CCG CGC TGG CTT TTC ACC GAC GAG GCC GAG CTC GAT AGC
Thr Phe Phe Pro Arg Trp Leu 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
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
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
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
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
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
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro val Tyr Asp Val Asp
150 155 - 160

60
120
180
238

286
334.
382
430
478
526
574
622
670

718



renmoved by centrifugation.
subj ected to thernmal
65[err]C, 70[err]C and 75[err]C for
i nsol ubilized protein was renoved by centrifu-

treatnent at a tenperature

decar banyl ase activity before and after

measur ed.

I n the measurenent,

One part of this crude enzy

10 m nutes, and sone.d
gation. iThe
t t hermal treat

sol uti on was
such ag - SBjieShedt Bas FeO Replaced

i

usi ng 1% car banyl - D- hydr oxy- phenyl gl yci ne

as the GebsEEQ! Ban ARG GRACHITRN 1425 Ad HE AN dhi MK EBOSPEA! ecRUEhR

Ile Cys Asn Asp Arg Arg

(pH

Ala Ala Lys M&%8

GCC
Ala

TAC

Tyr
195

'ACG

Thx

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
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

GTG
val

CCG
Pro

CAC
His

TCC
Ser
230

GGC
Gly

ACG
Thr

TGC
Cys

CCC
Pro

'Gly Met Phe

ATG
Met

ACC
Thr

CAT
His
215

GCG
Ala

CAC
His

ACG
Thr

CGG
Arg

CAG
Gln

GGC
Gly

CAC
His
200

CcTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu
280
CAC
His

CTC
Leu
185

AAT
Asn

CTA
Leu

GCG
Ala

TGC
Cys

GAaA
Glu
265

CTG
Leu

TAT
Tyr

170

AGG
Arg

CCcC

Pro

TCG
Ser

GGC
Glv

ATC
Ile
250

GAC
Asp

CGT
Arg

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

GGC GCC
Gly Ala

GAG
Glu

CCcC
Pro
205

CCT
Pro

GTT
val

CAG
Gln
220

GCC
Ala

ATG
Met

GGC
Gly

AAG
Lvs
235

GTG
Val

GTG
Val

GCG
Ala

CCG
Pro

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

ATC
Ile

175

ATC
Ile

190

CAG
Gln

GGG
Gly

ATG
Met

ACC
Thr

ACC
Thr
270

TTC
Phe

GAA
Glu

CAC
His

TCT
Ser

GAG
Gln

GGG
Gly
255

GCC
Ala

AAC
Asn

CTC
Leu

Trp Pro Glu

TGC
Cys

GAC
Asp

TAT
Tyr

GAG
Glu
240

GAA
Glu

-GCC
Ala

TTC
‘Phe

GGC
Gly

CAC
His

CAG
Gln
225

AAC

Asn

ATC
Ile

GTC
val

AAG
Lys

GGC
Gly

CTG
Leu

210

AAC
Asn

TGC
Cvs

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

i

766
814
862
910
958
1006
1054
1102
1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



7.0) at 40[err]C for 20 minutes, followed by protein denaturation
D- hydr oxyphenylgly

TCA and renoval thereof, after which the anount of

produced was determ ned by high per- fornance liquid chpeﬁatography "The

results are showmn in Fig. 1. Exampl e 5

decar banyl ase inproved in thernosta- bilit
conducted for the nutant decar- banyl ase |§5

Gene Q%ee?‘ ¥ Heén K;b]accd

[ i The g
~ i nproved in ther g\“&“}
presune kae sites of the decarbanyl ase protelm
having a ﬂ@é?%r?ﬁgﬁb iggnylase i mproved in thernos ablllty was
reactedsg NeEO R ETaD] & 1y .qpqg (ASTEC nodel PC-700) wusing Taq Dye
St Eles

Deoxy|[ egé 8 equenC|ng Kit (Applied

by renoxgboebeesCe3s ndks Deoxy using
MOLECULE TYPE: Genomic DNA
_ORIGINAIL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD439

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

Gin Met Ile Leu Ala Vai Gly Gln Gln GLy Pro
5 10 :

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

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC
Ala Ser Arg Gly Ala Asn Phe Ile Val Phe Pro
35 40 45

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG
Thr Phe Phe Pro Arg Trp His Phe Thr Asp Glu
55 60

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

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

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC
Val Val Glu Gly Gly Val Lys Arg Arg Phe Asn
100 105

GAT AAG TCA GGC AAG ATC GTC GGC AAG TAT CGT
Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg

115 120 125

GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC
Gly His Lys Glu Tyr Glu Ala Tyr Arg Pro Phe
135 140

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

Bi osystens),

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 Sex
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

with 5%

60
120
180
238

286

382

430

478

526

574

1622

670

718



Bio Spin 30 (BI O RAD).

result,

t he thernnstabllr

- 29 -
acid

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

CTC
Leu
260

GAT
Asp

CGT
Arg

Tab

AAA
Lys
165

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG

le 1

ATG
Met

GTG
Val

CCG
Pro

CAC
His

TCC
Ser
230
GGC
Gly

ACG
Thr

TGC
Cys

Ccc
Pro

Mut ant
tenperature(t)

GGG ATG TTC
Gly Met Phe

cTC
Leu
185

ATG
Met

GGC
Gly

AAT
Asn

ACC
Thr

CAC
His
200

CAT
His
215

CTC

Leu Leu

GCG
Ala

GCG
Ala

GCC
ala

TGC
Cys

CAC
His

TCC
Ser

ACG
Thr

CTG
Leu Glu

265

CTG
Leu

CGG
Arg

GAA
Glu
280

CAG
Gln

CAC
His

TAT
Tyr

CTA

GAA

ATC
Ile
170

AGG
Arg

CCC
Pro

TCG
Ser

GGC
Gly

ATC
Ile
250

GAC
Asp

CGT
Arg

GGT
Gly

ot

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

Thi s sanple was subjected to el ectyo-
data anal ysis with DNA sequencer nodel 373A (Applied Biosy ‘§§§hfhésam
the mutation sites were found as shown in Table
ity was inproved by one amno acid nutatl
Ther nost abl e

&6 on

GAT
Asp

'GAG

Glu

cccC
Pro
205

GCC
Ala

GGC
Gly

CCG
Pro

ATC
Ile

ATC
Ile
285

GCG
Ala

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

nutatlon

CGC
Arg
175

CcGC
Arg

ATC
Ile

ATC
Ile
190

CAC
His

CAG
Gln

GGG
Gly

TCT
Ser

GAG
Glu

ATG
Met

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

phoresi s and
Bamme

L

TGG
Trp

TGC
Cys

GAC
Asp

TAT
Tyx

GAG
Glu
240

GAA
Glu

GCC
Ala

TTC
Phe

[ L.

GAA
Glu

cCcT
Pro

GGC
Gly

GGC
Gly

CAC
His

CTG
Leu
210

AAC
Asn

CAG
Gln
225

K rala
ERC 08

Cys -

AAC
Asn

ATC
Ile

GTC
vVal

GAT
Asp

GTC
val

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AARGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

766

814

862

910

958

1066
1054
1102
1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



................................................. . his She
coli 11109 pAD402 67:3 401 err] T 57Hi s [err]T
68. O 840Cferr]T 203P rof[err] L eu JMLO9 pAD406 ! y&\!@
203 P roferr] S er JMLO9 pAD416 71-467 939T[err]C /
Exanpleé%‘ I bilization of decarbamyl ase inproved in
esin A shaken culture containing one of four

t her nosiah

i1 éﬁﬁf

decarb %ﬁng Pdins i.nproved in thernostability, together with
r econbi ¥c ﬁt&o%ct ERM BP- 3184) havi ng a KNK712
decarb BP ared in 1 liter of 2YT nedi um (contai ning 50

[err]g Ele an I ) and incubated overnight. After
har ves :zg%ttgﬁ%ﬁ e&oﬂ?@ §§§L washed with 0.1 M K-phosphate buffer
(pH 7.0) 0 ISM: Escherichia coli

STRAIN: JM109 pAD441

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

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
Thr Arg

1

+CAG ATG ATA CTT.GCA GTG GGA CAA CAA GGT CCG ATC GCG CGT GCG GAG
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
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
Aéa Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
5 40 45 _ 50

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

TITC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG
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
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
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
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
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
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro val Tyr Asp Val Asp
150 155 160

60
120
180
238

286

334

382

430

478

526

574

622

670

718



suspended in 100 m of the same buffer,

di srupted with an ultrasonic disrupting appa-

nodel

enzynme sol ution.

M

after which

. ratus (BF

250) and the residue was renoved by centrlfugatlo

To this,

t he laced
n
qui

Duolite A-568 (Rohm & Haas) e

K—phosphate buffer (pH

7.0) was added at a ratio of 1 g resin to 4% ng protein,

and the m xture

was stigrcedcgadanad atid lgsc ARD Bl adt FcE AAC éﬂTh@QCScb@ esuceT lgaa

adsor ptAba. AThi sysemetE1gd adire r esé ncypasavashed wcghal gl TpKeogihat e
165

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

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

ATG
Met

GTG
val

CCG
Pro

ACC
Thrx

GGC
Gly

CAC
His

170

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

CTA
Leu

TCG
Ser

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

GAG
Glu

GGC
Gly

GCC
Ala

GTIT
val

CCC
Pro
205

cCcT
Pro

GCC
Ala

ATG
Met

CAG
Gln
220

GGC
Gly

AGT
Ser

AAG
Lys
235

CCG
Pro

GTG
val

GCG
Ala

ATC
Ile

GAG
Glu

GTG
vVal

cac
His

ATC
Ile
285

GAA
Glu

GCG
Ala

ATC
Ile
300

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGLCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

175

TGC
Cys

ATC
Ile
190

ATC
Ile

GAC
Asp

CAG
Gln

CAC
His

GGG
Gly

TCT

Ser Tyx

GAG
Glu
240

ATG
Fnt

GAG
Glu

GGG
Gly
255

ACC

Thr Glu

GCC
Ala

GCC
Ala

ACC
Thr
270

TTC
Phe

TTC
Phe

AAC
Asn

GAA
Glu

cTC
Leu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TAT

GAA

GGC
Gly

GGC
Gly

CTG
Leu
210

CAC
His

AAC
Asn

CAG
Gln
225

TGC
Cys

ARC
Asn

GTC
val

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
9?8
1006
1054
1102
1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



buffer'(pH 7.0) and 10 mM dithiothreitol
gl ut aral dehyde and 0.1 M K- phosphate buffer

for the protein crosslinking,
enzynme-contai ning resin

shown in Table 2.
col i E. coli
pAD402 SEADAMI NORADMD6 pAD416

Mut ant

afforded an i mmobilize
ties of the resms t

(DTT),

whi ch
The acti vi -
Table 2 -
JMLO9 JMLO9
Activity

1785 Exanple 7

H MYHBA | zracbmnaracbdrryl ase

10.0 SEQUENCE LEMSTH:

r eact i oS EQUENG
STRANDEDNESS: double
TOPOLOGY: 1linear

MOLECULE TYPE:
ORIGINAL SOURCE
ORGANISM:

STRAIN:

Genomic DNA

Escherichia coli

JM109 pAD445

(pH

and reacted

7.0)

JMLO9

al AnEShetl

A

E.: col

JN1LO9
(u/g resin)
Repeat ed conti nuous

in 0:2%

il

coh

712
12. 4

9.

E.

4

d

i

e

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

CGcC
Arg
20

AGC
Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
Val
100

AAG
Lys

CAC
His

TAT
Tyr

Iie

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 GTG GGA CAA CAA GGT

Ala

GTC

val

GCG
Ala
CGC

55
GAA
Glu

CTC
Leu

GGC
Gly

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

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
Axg
125

TTC
Phe

CCG

Pro

ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT
Thr Arg

ATC
Ile

ATG
Met
30

GAA
Glu

felols:

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
Tyr
95

TCC
Ser

ATC
Ile

CAT
His

TAT
Tyr

CGC
Arqg

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

-

ACG
Thr
50

AGC
Ser

GAG
Glu

CTC
Leu

GTG
val

CCG
Pro
130

AAG
Lys

GAC
Asp

60
120
180
238

334

382

430

478

526

574

622
670

718



The nutant decar banyl ase inproved in thernostability was evaluated by the

repeat ed continuous reaction using the

as obtained in Exanple 6.

car banyl - D-
nitrogen gas while the pH was adj ustéd t% 7. 0.

of

i mobi | i zed enzyme-Thayshedt HasiGer Fegleted -

The reaction was effected (10Q nl
m xture) using 50 units of the immobilized decarbanyl ase an
HPG as the substrate at 40[err]C with stirring

For thecRe! b¥E! halPaHY WM ard 'ffc 2@ HEE DAL Bar

Met Gly Met Phe Ile Cys Asn Asp

GCC

Glv

31 - Ala Ala Lys
165

TGG
Trp
180

Ala

TAC
Tyr
195

AAC
Asn

ACG
Thr

TCC
Ser

GGG 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

CGG
Arg

ACG
Thr

TTC
Phe

TGG
Trp

cTC
Leu
245

ACT
Thr

CGC
Arg

CaG
Gln

GTG
val

ATG
Met

CCG
Pro

ACC
Thr

GGC
Gly

CAC
His

170

AGG
Arg

CTC
Leu
185

AAT
Asn

CCC
Pro

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

ATC
Ile
250

TGC
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

GGT
Gly

TAT
Tyr

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

GAG

GAG
Glu

GGC
Gly

GCC
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

GCG
Ala

GTG
val

ATC
Ile

GTIG

Glu Val

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

The

CGC
Arg

sanpl e
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

CTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

A

TGG
Trp

TGC
Cys

GAC
Asp

TAT
Tyxr

GAG
Gln
240

GAA
Glu

GCC
Ala

TTC
Phe

was taken

CCT GAA
Pro Glu

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



m xture was renoved by suction, after which another fregh r Wdhﬂmxd
was charged and allowed to react in the same nanner esc
~such an opera- tion was repeated 15 tinmes, and the change
of the imuobilized decarbanylase was exa Qed The results are shomn N
Fig. 2. Al the decarbanyl ases inproved In"“thernmostability were found to
have i rgypvad pbabjsities when used in the reaction as the inmmobilized
enzynmne ENCY: NOENEPRL N, 18§5Cconpared with those before the nutagenesis.
Exanpl §EHUENCE TYFHEL NOnaEl l&egkggenent at thernostability-related sites
Var i OUSTRANTERGE SIS : Wweg8ypulstituted for three sites
TOPOLOGY: linear _
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD447

utes, and the reaction was continued for 23.5 hours in tqtaJnn Sh‘gﬁ reactlon

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 ACA CGT 238
Thr Arg

1

\QAG”ATG ATA CTT GCA GTG GGA CAA TAA GGT CCG ATC GCGE .CGC GCG GaX . 284
Gln Fet I[le Leu'Ala Val Gly Gin Gin Gly Pro Ile Ala Ary 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
A%g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
40 45 50

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 Asp Ser
55 60 65

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 Aéa Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala. Glu Leu
5 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 ARG 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 C%C 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



hi stidine which is 57-am no

found to be related to thernostability, i.e., _
whi ch irsis Siér-HasBeeo Rewiced

acid, proline which is 203-anm no acid, and valine
to prepare various derivatives. The preparation of these
conducted by the use of a nmethod utilizing polymnerase cha|

(W Ito, et al., Gene, 102, 67-70 (1991))¢, For each o Mﬂl&mﬂlﬁm)

stability-related sites, various synthetlc prlners wer ei prepared with a

m xed getugice) A3 Ard Gé%,a&ﬂc;cr'?é‘ be BBHA ARFNERASSICERY dﬁ@eﬂ'cé%ctém' ed 765
Bi osyshe#BhlaSdyd MddTRESy M@ Pigde 2POH! C$8- RAHE ASS0USRC A RP M NSrdW e T

were the same ass the cornplinentaryigene sequences on bat#s sides of the

havi ng

-gene portion corresponding to the amno acid at each site and al so
any cofBCnaGGoeGd GAG BT Gorl @t natbecBebase paGt AMC ATT rEXp@el gt o 814
t he anRhe acpdAryg Mal eEtadklly beuthayy @by 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 GAG GAG AAC TGC 958
vGlv. Ala Trp Ser Ala Ala Ala Gly Lvs Ser Glvy Met Glu Glu Asn Cys
230 ; 235 240 -
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 2390
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 CTCAAAGAGC TACGAGCTGA ATTC 1785



-32 -

after the replacenent.
this prinmer and ML3RV priner (Takara Shuzo),
pr ogr ammabl e i ncubat or

Wth the use of pAD10S8. as i
t he PCR was : eff
A DNA fragn

nodel

PC-

700 (ASTEC).
the full-length decarbanylase gene fragnenys

the tem

i

kind of am no acid was incorporated into this 3- base portlon

eﬂ HegBags R

(1785 bases) and short
restrlctlon

sequences on both sides and having a nutatlon at every Hindll

sites sgmgs MOINGO b cl eaved was pre-
PAD108 SHHUANTES LENGTMSMA 785
SEQUENCE TYPE:

STRANDEDNESS :

TOPOLOGY:

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN:

nucleic acid
double
linear

Genomic DNA

Escherichia coli

JM109 pAD448

eng

pared by the PCR reaction using

11ﬁmd

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT 60
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
1158

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

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

GGA
GLy

GTT
val
25

TTC
Phe

CAT
His

Cccc
Pro

ATC
Ile

AAG
Lys

105

ATC
Ile
120

GAG
Glu

GGC
Gly

GTC
val

GCC
Ala

GAT
Asp

o -
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
- Gin

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

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

ATC

Ile

ATG
Met
30

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr

110

AAG
Lys

CaG
Gln

GTC
Val

Falale
S

Ala
15

CTIG-

Leu

CTC
Leu

GAG
Glu

CCA
Pro

TAC
Tyxr
g5

TCC
Ser

ATC
Ile

CAT
His

TAT
Tyxr

CGC
Arg

ACG
Thxr

GCG
Ala

CTC
Leu

CcTC
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

ACG
Thr

AGC
Ser

GAG
Glu

CTC

Leu

GTG
vVal

CCG
Pro
130

AAG
Lys

GAC
Asp

286.

382

430

478

526

574

622

670

718



prinmers (both, Takara Shuzo).

t oget her,

and heated at 94[err]C for
was gradually cool ed for annealing,

These two ki nds of PCR pro
af ter

whi ch afforded a conbi

10

m nut es,

these two kinds of DNAs. Using Taq DNA pol ynerase,

portions were

and ML3RV priners,

simult
with p
and trans
Exanpl e 3,

5

orned

j LG idan

S|ngle

A A

o T

ed i

and it vee 'i'@Gndeeh@&'Gdﬁ&-bV%be%‘ﬁ:d"%\dd"Qm% BRSEAYARD Rbc beECEBe ke
BEPaf Qi B6s 8Lyt 8N,

57-hi stalla nerpdergVvehilvaethay
al ani ne,

aci d,

threonBOe

TAC

Tyr
195

AAC
Asn

ACG
Thr

TCC
Ser

GGG GCC

Zlv Al

A Cal

v

ATG
Met

CTG
Leu

GCT
Ala

CTC
Leu
260

cTC
Leu
275

GAT
Asp
CGT
Arg

CAT
His.

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA

TGGCTGAAAT

ACG
Thr

TTC
Phe

TGG
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

CCG
Pro

ACC
Thr

I SO

CAC
His

quggne

AAT CCC
Asn Pro

200

CAC
His

CAT
His
215
TCC

Serxr
230

GCG
Ala

GGC
Gly

CAC
His

ACG
Thr

ACG
Thr

TGC
Cys

CGG
Arg

CTC
Leu

GCC
.Ala

TCC
Ser

CTG
Leu

GAA
Glu

CTA TCG
Leu Ser

GGC
Gly

GCG
A}a

ATC
Ile
250

TGC
Cys

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

QiHtARD G

cce
Pro
205

GTT
val

CCT
Pro

GCC
Ala

CAG
Gln
220

ATG
Met

GGC

el R}
ol

AAG
Lys
235

GCG
Ala

CCG
Pro

GTG
vVal

GTG ATC
Val 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

190

CAG
Gln

CAC
His

GGG
Gly

TCT
Ser

GAG
Gla

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
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

GAC
Asp

TAT
Tyr

GAG
Glu
240

GAA
Glu

GCC
Ala

TTC
Phe

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

ﬂﬁghﬁmwemdhmhm@d

MR

made into doubl e-stranded faornms. Using this DNA and ML3M4
t he PCR reactlon was éTféhféd

eds

onIy the strains |nprove |n thernostability m%re screened

and the DNA produced was

814
862
910
958
1005:
1054
1102
1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



or histidine for 203-proline,
t hr eoni ne or

in Tables 3 and 4.
t her nost abl e
nmut ati on

([er]Q
none

SEQ 'ID NO:
SEQUENCE LENGTH:
nucleic acid

serine for

DNA

236-val i ne had i nproved

Am no aci d

nmut ati on

none

SEQUENCE TYPE:

STRANDEDNESS :

TOPOLOGY :

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN:

linea

1

xr

785

double

ST IEEEEEREEEET

Genomic DNA

Escherichia coli

JM109 pAD450

_(112)

thernnstaqh

Mut ant

as shomn

et Has B

e

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 GTG GGA

Ala

GTC
val

GCG
Ala

CGC
Arg
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

CCC
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

8.V
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

and derivatives having a Sﬁb“‘SfT%t&+{#L4ﬁ____ﬁ_

60
120
180
238

286
334

382

478
526
574
622
670

718



Escherichia coli

57Hi s[err] Leu
JMLO9 pAD435
JMLO9 pAD431
840 Clerr]A
pAD429

JMLO9 pAD434

67.0 402Alerr] T
67.0 839C err] A
70.0 g39.c G '

i
l

. Jﬁﬁiﬁ Bden Replaced
k1

76 841T[err]
203Pro[err]G u

C -

840(] er GLCAGCG AAA ATG GGG ATG TTC ATC TGC AAC GAT caddertd¢d ccrIHRA9

PAD445 Ala Ala L&/ Met Gl
09 pAD468

841T[err] C
Proferr] Ala
203 P r 6[€r MGGl

JMLO9 PABATED
180

TAC AAC
Tyr Asn
195

ACG
Thr

TCC
Ser

GGG
Gly

GCC
Ala

ATG
Met

CTG
Leu

GCT
Ala

CTC
Leu
260

GAT
Asp

CTC
Leu
275

CAT
His

CGT
Arg

JMLO9 pAD469
des GTG ATG GGC CTC
Arg Val Met &by ZLeu

185

ACG
Thr

CCG
Pro

ACC
Thr

CAC
His
200

AAT
Asn

CTA
Leu

TTC
Phe

CAC
His

CAT
His
215

CcTC
Leu

TCE TCC
Trp Ser

230

GCG
Ala

GCG
Ala

- e b

GCC
Ala

TGC
Cys

CTC
Leu
245

GGC
Gly

CAC
His

TCC
Ser

ACG
Thr

ACT
Thr

ACG
Thr

CTG
Leu

GAA
Glu
265

CGC
Arg

TGC
Cys

CTG
Leu

CGG
Arg

GAA
Glu
280

CAG
Gln

CCC
Pro

CAG
Gln
295

CAC
His

TAT
Tyr

Bhé]

Ple Cys Adf
170 67.7
67. 2
AGG GGC GCC GAG
Arg8dD¢] ala] GAu

GTT CCC
val Pro
205

CCT
Pro

ccc
Pro

CAG
Gln
220

GCC
Ala

ATG
Met

TCG
Ser

ACG
Thr

GGC GGC

Gly

AAG
Lys
£39

CCG
Pro

GCG
Ala

GTG
val

ATC
Ile
250

ATC
Ile

GAG
Glu

GTG
Val

GAC
Asp

ATC
Ile
285

GAA
Glu

CAC
His

CGT
Axg

GCG
Ala

ATC
Ile
300

GGT
Gly

CTG
Leu

Gly.

3al pWN%? Ay

hrrp Pro Glu

39 =2rr] G 203

ATC
Ile
190

CAG
Gln

GGG
Gly

ACC
Thr
270

TTC
Phe

GAA
Glu

839(C[err] A
ATC BIOGEECrGaC
203> Cy®-Glyi6ly

CAC -GAC CAC CTG
His Asp His Leu
210

AAC
Asn

TAT
Tyr

CAG
Gln
225

TCT
Ser

TGC
Cys

AAC
Asn

GAG
Glu
240

GAG
Clu

GTC
val

ATC
Ile

GAA
Glu

GGG
Gly
255

GAT
Asp

GTC
val

GCC
Ala

GCC
Ala

CAG
Gln
290

AAG
Lys

AAC
Asn

TTC
Phe

cTC
Leu

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

JNﬂOg

766

814

862

910

95¢%

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



\\

- 34- Tabl e 4 Mut ant I ; Thsjm QQ aC|d
mut at i on (712) 61. 8 none I ”/’W’"
e e Lo

Escherichia coli JMLO9 pAD428 7§40 _ 939T[err] C 3
236Val [err] Al a 940 er] C JMLO9 pAD439
71.5 SE@3P7-N&: 17 236Val - Al a -

940( ergsgQueNdE OOENQPD4411559 71.5 938F err] A 236Val [err]
Ser SEQUENCE TYPE: nucleic acid 939T-G

940 G &STRANDEDMESS : pADSdBle 72.0 938G T 236Val - Ser

TOPOLOGY: linear

MOLECULE TYPE: Genomic DNA

ORIGINAL SOURCE _
ORGANISM: Escherichia coli
STRAIN: JM109 pAD421

CATA TG ACA CGT
Thr Arg
1

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG
Gln Met Ile Leu Ala Val Gly Gln Gln.Gly Pro Ile Ala Arg Ala Glu
5 10 15

ACA' CGC GAA CAG GTC GTCGTT CGT CTT CTU WAL 2T LG ACG ArA GCC
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
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 TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
Thr Phe Phe Pro Arg Trp Tyr 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
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
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
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
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
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
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
Ala Ala Lys Met Gly Met Phe Ile Cys Asn Asp Arg Arg Trp Pro Glu

12

60

156
201
252
300
348
396
444
492

540



939T- C 940G A JNIlO?' pAD44S Jnced
72.0 938Ferr] T 236Val [err] Ser T s Sheet Has Been Replace
939T[err] C JMLO9 pAD450 69. 5 938G err] A “I"mm lI II “I
Val [err] Thr 939C [err] C
- 35 - Exanpl e 9 IVUItipIgrrutation at
thernostability-related site DerTvali ves (multiple nutants) having
a conblnatlon(¥65 170 175
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 CTT GTT CCC CAG CAC GAC CAC CTG 636
Tyr Asn Thr Pro Thr His Asn Pro Leu 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 GTG GGC ATG GAG.GAG AAC TGC 732
Gly Ala Trp Ser Ala Ala Ala Gly Lys Val Gly Met Glu Glu Asn Cys
230 235 : 240
ATG CILG CTC GLC CACTTCC 1GC APC GTG GG CCG ACC GGG GAA AYTC Gl ‘780 °
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
C%T.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
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC 1559




two or three amno acid nutations which had been found to .inprove the

thernostability, at three sites which had been found to be related to the-

thernostability, i.e., histidine which is 57-am no aC|d"”*’1|ne mhlch |s

203-anino acid, and valine which is 236-anino acid, were 'mmmm f

fol | ows. The multiple mutants were zgepared by rep

mutati on-free DNA fragnents of a native gené”with the re- Em

enzyne- g ﬁﬂquvﬁ ragments each contai ni ng sone nutat

mut ant Eﬂ??%ﬁﬁy é@@ne yoigh had been inproved in thernnstablllty by a

single @mumgn@gt* tlﬁﬁbleibOQClaS obtained in Exanple 3 or 8. First,
becausesmﬂﬁﬁﬁknngygyl:a@ﬁgh@ther pl asm ds, which had the same restriction
sites, aagorvore tvioirRad4 and two Sphl restriction sites for wuse in the
r epl aceMOLEQULE Mermov eastessi & begaDNA fragnent s,
ORIGINAL SOURCE
ORGANISM: Escherlchla coli
STRAIN: JM109 pAD422

CATA TG ACA CGT
Thr Arg
1

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG
Gln Met Ile Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu

| ACA UGC Gaa CAG GiC G @iv €6 CTT CTC GACT ATG CrG ACG AKA GCU
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
A%; Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
40 _ 45 50

ACC TTC TTC CCG CGC TGG TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
Thr Phe Phe Pro Arg Trp Tyr 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
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
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
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
Asp Lys Ser Gly Lys Ile Vval 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
Gly His Lys Glu Tyr Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys
135 7 140 145

CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GTC TAT GAC GTC GAC
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
Ala Ala Lys Met Gly Met Phe Ile Cys Asn Asp Arg Arg Trp Pro Glu

12

60

"lus

156

201

252

300

348

396

444

492

540



It Is necessary to nmake these sites into a single restri Ctl’ﬂﬂsShgéthgsBe

Therefore, as a new vector for gene incorporation, pKK NE
into which a decarbanyl ase gene fragment was i ncor porat ed, walmm
constructing an expression vector to be wused for the DNA frh

repl acenent . Plasm d pKK NE was prgpgared as foll ows. Pl asmid
pKK233-2 (Pharmacia) shown in Fig. 3 was digested with EcoRI and Ndel,
subj ected to agaggpse gel el ectrophojegis to separate a 225-kb DNA

i

and

TACGAGCTGA

fragment, after which the cohesive end of the DNA fragnent was changed to
the bl GoC @6t Wwed ardvrc emteng k66 GEekere Sawzayrc faird oredl GgC| G@ati onsgg
and trads- 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 GTG GGC ATG GAG GAG AAC TGC 732
Gly Ala Trp Ser Ala Ala Ala Gly Lys Val Gly Met Glu Glu Asn Cys
230 235 240
ATG CTu CIC GGC TAC 4wCC “IGC ATC GYTG GCG TCG ACC GGG AR ATC GTC 730°
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
C%T 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 AGCGGCAMAG 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
TGGCTGAAAT TCGACAATCG CTCAAAGAGC ATTC 1559



- 36 - formation into E. coli JMLO9. The Ncol restriction site
of the vector thus prepared was changed to the Ndel restrlctlon site using
the PCR neth- od. The resulting plasm d was di gest ed tﬁTnHSmetIHakBeeaneblic&E
cohesive end thereof was changed to the blunt end, follome

with pEcoRl linker (Takara Shuzo), which afdprded pKK NE ,

3. Next, into the initiation codon portion of the decarbany ase

pl asm d spADI®8 Noy: 1PAD402, the Ncel restriction site was generated by the

PCR neSEQUENDE a1 ng 9¥tel - ECORI DNA fragnent of 1.6 kb was then
| NCor pOSEQMENCE TYRE¢ Nnuotdich #tidrded expression
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

"ECsa CGC -GAA CAG GTC GTC Gri CCT TTL CTC¢AC ArG LG ACG AAA Gece - 10%
Thr Arg Glu Gln Val Val Val Arqg 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 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 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 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 C%C 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 :



i s positioned on the Ndel -

203-am no aci d nut a-

(this DNA fragnent

236-ami no acid mutation on the C al-Sph

Sacl

vectors pAD1086 (derived from pAD108; shown in Fig. 4) and-
(derived from pAD402; shown in Fig. 5).

DNA fragment of about 190 b
DNA fragnent :of

is hereinafter

refe

(hereinafterlwﬁfgged to as fragnentl

pAD4021 was renoved

was i ncefRomaed
fragmenta 3 Qﬁngéﬁi
sane fragmanfy of p
respectively. Furth

er,

A .
é, res%ii

Tyr Asn Thr Pro Thr His

195

ACG TCC TTC
Thr Ser Phe

GGG GCC TGG
Gly Ala Trp

ALG CIG CTe
Met Leu Leu
245

GCT CTC ACT
Ala Leu Thr
260

CTC GAT CGC
Leu Asp Arg
275

CAT CGT CAG
His Arg Gln

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

CAC
His

TCC
Ser
230

GGC
Gly

ACG
Thr

TGC
Cys

CCC
Pro

CAT
His
215

GCG
Ala

cac’

His

ACG
Thr

CGG
Arg

CAG
Gln
295

200

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu
280

CAC
His

into which site

il

fragment A of pAD4161 was

fragmenteagf ApDACE qud4c Fa®@AXR9CC CCT GTT CCC CAG CAC GAC CAC CTG
Pro Gln His Asp His Leu

tion on the Sall-d al

rred

Th

D

ere-

pAD4

The 57-ani ﬂ@gﬁﬁfﬁmﬁﬁm@

f or

fragnent of

e, f

e sane fragnent

Relel

Asn Pro Pro

CTA
Leu

GCG
Ala

I¢aC
Cys

GAA
Glu
265

CTG
Leu

TAT
Tyx

TCG
Ser

GGC
Gly

AIE

Ile
250

GAC
Asp

CGT
Arg

GGT
Gly

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

ATG
Met

AAG
Lys
235

‘GTG
val

GAG

Glu

GAA
Glu

CTG
Leu

2
p 2
161,

val

CAG
Gln
220

GCG
Ala

GCG
Ala

GTG
val

CAC
His

ATC
Ile
300

gA&e

ShEa

ge
4o BiBs
placed with the sane

re

205
GCC
Ala

GGC
Gly

Pro

ATC
Ile

ATC
Ile
285

GCG
Ala

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

AREC

GGG
Gly

ATG
Met

ACC
Thr

ACC
Thr
270

TTC
Phe

GAA
Glu

jo_as fragment A); and the

about 75 bp

r.agment A of
C}fa]%pAD404 or

SR

TCT
Ser

GAG
Glu

GGG
Gly
255

GCC
Ala

AAC
Asn

CTC
Leu

210

TAT CAG AAC
Tyr Gln Asn
225

GAG AAC TGC
Glu Asn Cys
240

daa ATC &HC
Glu Ile Val

GCC GTC GAT
Ala Val Asp

TTC AAG CAG
Phe Lys Gln
2590

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

pAD406

(]

88

636

732

- 7807

828

876

915

975
1035
1095
1155
1215
1275
1335
1395
1455
1515
1559



resulting in pAD424, pAD425 or pAD461, respectively; frag-5 ment

pAD402 o? pAD223 was IrOepI aced with the sane frag- ; 1sSheet19asBeenReplaced
- 37 - ment of pAD429, resulting in pAD451 or pAD455 (s ovvn “mﬂlu“\“lﬂml\
respectively; fragment B of pAD402, pAD429 (shown in Fig.

pAD421 was replaced with the same fragment gof pAD447, resmltlng i n pAD452,
PAD453, pAD4A54 or pAD456, respectively. The expression vectors

prepareQEQnIbh%O@quﬁ descri bed
SEQUENCE LENGTH: 1559
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAIL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD424 (FERM BP-4034)

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 LAGL GWLICGUCTGTE T LT CLC GAC ATG CIG ACG ARA “GCU B Leg-
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



manner were separately transforned into E. col
extracts of disrupted bacteri al

t hernostability.

nmut ant s,

it was found that the
accordlng to the degree of an inprovenent |
For the decarbanyl ase

As shown in Tables 5 and 6,

attained by a single nutation.
JMLO9 pAD455 (F

t he

GGG

TATG

Ala
180

TAC

Tyr
195

AAC
Asn

ACG
Thx

TCC
Ser

GCC

Gly Ala

CTG

Met 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

ACG
Thr

TTC
Phe

TGG -
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

PB- 4036) having hiy
that the thernostability was inprove

decrdared asec beter Rrehecrutagene’d $GC GCC GAG
Trp Arg Val Met Gly

CCG ACC
Pro Thr

CAC
His

Leu Arg
185

CCcC
Pro

AAT
Asn

200

CAC CAT
His His
215

GCG
Ala

TCC
Ser
230

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

GGC
Gly

GCG
Ala

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

GGT
Gly

TAT
Tyr

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

g eve

ATC GT

Gly Ala Glu

cce
Pro
205

CTT GTT
Leu Val

GCC
Ala

ATG CAG
Met Gln
220

GGC
Gly

AAG GCG
Lys Ala
235

CCG
Pro

G- GCGT
val Ala

ATC
Ile

GAG GTG
Glu Val

ATC
Ile
285

GAA CAC
Glu His

GCG
Ala

CTG ATC
Leu Ile
300

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCECTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

JMLO9,
cells were prepared

est thernost abi
n by about 19C, as conpared with
TGC GGC
Cys Gly Gly

from

thernostability was additively
t he thernosta-:

£y,

ATC
Ile

ATC
Ile
190

CAC
His

CAG
Gln

GGG
Gly

TCT
Ser

GAG
Glu

ATG
Met

ACC
Thr

GGG
Gly
255

ACC
Thr
270

GCC
Ala

TTC
Phe

AAC
Asn

CTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAARGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

GAC
Asp

TAT
Tyx

GAG
Glu
240

GRA
Glu

GCC
Ala

TTC
Phe

E}Iﬂﬁ Been Replaced

e

bility
produced by E.
j it was found

col i

GGC

CTG
Leu
210

CAC
His

CAG
Gln
225

AAC
Asn

AAC
Asn

TGC
Cys

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



Ami nm -

aced:-.

i

- 38 - : Table 5 Mut ant
gegpeérgature([err] O (712) none ““Shcetﬁas‘;\e\{\il\iﬁl\
... .................... Escherjghia coli ;Jivlllbé'igbAiIx\l“\m\“\

S7H s- Tyr 7 1. 5 _ 203 P ro- L eu
JMLO9 4 NO: 21 57Hi s[err] Tyr 7 0.0

203 P seiggieNcE S.EN¥eTy J MPO5 9 pAD423 57Hi s[err] Tyr

7 5. 4SEQUENCE TYPE: nucleic acid236 Val- Ala JMO9 pADA24

203 P sSTRANDEDNERE: double 7 7-5 236 V al A

| a TOPOLOGY: linear ' _ |

. MOLECULE TYPE: Genomic DNA

ORIGINAIL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD425

CATA TG ACA CGT
Thr Arg
1

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG
Gln Met Ile Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu

ACX CGC GAR CAC 3T GTC'GTE'CGT CTY CTC GAC' &1G CTG ACG BAR GCC
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
Aég Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
40 45 50

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
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
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
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
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
Asp Lys Ser Gly Lys Ile Vval Gly Lys Tyr Arg Lys Ile His Leu Pro
115 120 125 130

GGT C@C AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG
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
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
Ala Ala Lys Met Gly Met Phe Ile Cys Asn Asp Arg Arg Trp Pro Glu

12.

156

201

252

300

348

396

444

492

540



75 8
S57Hi s[err] Tyr ;

203 P roferr] S er

JMLO9 pAD426

JMLO9  pAD425

236Val [err] Al a This Sheet Has Beén Replaced

8. 8 203 Pro- L eu
236 Val[err]Ala JML09 pAD427 57H |s[err]Tyr ”I"I ulmnniﬂ "l
7. 8 203 P rofesr] S er
236 Val[err] Ala - 39 - Table 6
Mut ant 165 Amno acid mutatjan temperaturesE[err] Q)
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
C@T 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



57 H is[ferr] T yr 74 0 87 - - 203 Fro- Qu:;
JMLO9 pAD452 57 His[err] Tyr 75 3

236Val - 1D 09, pAD453 203Pro-Q u 76. 0
236V&-§%€LEN6 G@ﬁDAG 203Proferr]Gu 79. 0
236Val - ENC gg elC acid 57Hi s[err] Tyr 8 0. 4
203Pr o-g DEDNESS : double 236Val [er] S er JMLO9 pAD455

57H s[ ergdorlyty: linear © 0. 8 203 Pro-Glu
236Val orgcvte TYreM O8enBAPESONA S7Hi s[err] Tyr 7
8. 5 ORIGINAL SOURCE 203 P roferr] L eu

236Val [ aoRGA®ESM: Escherichia coli
STRAIN: JM109 pAD426

CATA TG ACA CGT
Thr Arg
1

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG
Gln Met Ile Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu

ATA'CGC GAA CAG GTu GIC GET T8Y L TIYT GAL Ay TTU &Cs B|aa GCC
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
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 TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
Thr Phe Phe Pro Arg Trp Tyr 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
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 GBA CTC
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
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
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
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
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
Ala Ala Lys Met Gly Met Phe Ile Cys Asn Asp Arg Arg Trp Pro Glu

12

60

R RVE:

156

201

252

300

348

396

444

492

540



- 40 - Exanmpl e 10 -1
decar banyl ase inproved in thernostability A Sh@kéﬁf'li
containing a thernostability-inproved decarbanyl ase- prcl)dutﬂ- 1k mﬁnﬂm“‘\
coli JML09 pAD108 (FERM BP-3184) or E. coli JMLO9 pAD455 (ks IO )%,
was prepared in 10 m of 2YT nedium and J nggibat ed overni ght: After har-
vested, the bacterial cells were washed with 0.1 M K-phos-

165 170 175

GGC
Gly

GGC
Gly

TGC
Cys

ATC
Ile

GCC GAG ATC
Ala Glu Ile
180

GGC
Gly

CTC
Leu
185

AGG
Arg

GCC
Ala

ATG
Met

GGC
Gly

TGG CGG
Txp Arg
180

GTG
val

CAC
His

CTG
Leu
210

GAC
Asp

CAC
His

CAG
Gln

CcccC
Pro
205

CTT
Leu

GTT
val

AAT
Asn

CCC
Pro

ACC CAC
Thr His
200

“TAC
Tyxr
195

AAC ACG
Asn Thr

CCG
Pro

CAG
Gln
225

AAC
Asn

TAT
Tyxr

TCT
Ser

GGG
Gly

CAG
Gln
220

GCC
Ala

ATG
Met

TCG
Ser

CTA
Leu

CTC
Leu

ACG
Thr

TCC TTC
Ser Phe

CAC
His

CAT
His
215
TGC
Cys

AAC
Asn

GaAG
Glu
240

GAG
Glu

GCG
Ala

AAG
Lys
235

GGC
Gly

ATG
Met

GCG
Ala

GGG
Gly

GCC TGG
Ala Trp

TCC
Ser
230

GCG
Ala

GCC
Ala

STC -
val

g g

53TG GCT
a

val Al

ATC
Ile

‘GGG GAR
Gly Glu
255

o .._C .
£ ave

Thr

‘ArC
Ile
250

G
Cys

TCS
Ser

"CAC
His

CILG™Cue
Leu Leu
245

ATG

GGG
Met 1

C
Gly

GAT
Asp

GTC
vVal

GCC
Ala

ACC
Thr
270

GCC
Ala

GTG
val

GAC
Asp

GAG
Glu

CTC ACT
Leu Thr
260

GCT
Ala

ACG
Thr

ACG
Thr

CTG
Leu

GAA
Glu
265

AAG
Lys

CAG
Gln
290

AAC
Asn

TTC
Phe

ATC
Ile
285

TTC
Phe

CAC
His

GAA
Glu

CTC
Leu
275

CTG
Leu

CGT
Arg

GAT CGC
Asp Arg

TGC
Cys

CGG
Arg

GAA
Glu
280

CTC
Leu

GCG
Ala

GAA
Glu

ATC
Ile
300

CAT
His

CTG
Leu

CGT CAG
Arg Gln

TAT
Tyr

GGT
Gly

CCC
Pro

CAG
Gln
295

CAC
His

TCCAGGCGCG

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

AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC

TCCTCAGGGT

GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

Reaction tenperature Crbl%.rsﬁ% ﬁ;sbggnilgﬁ;@ai

588

636

684

732

~3
o ¢}
c

828

876

915

975
1035
1095
1155
1215
1275
1335
1395
1455
1515
1559



phate buffer (pH 7.0),
after which the suspension was disrupted with an

apparatus (Tony Sei ko,

nodel

centrifugation to yield a

sol uti on was

5 mM dithiothreitol

sol ut i osEQ I% qw:bag/| - D- p- hydr oxyphenyl gl yci ne,

UR- 20P)
cl ude enzyne sol ution.
10-fold diluted with a solutige obtained: by
Sever al

to the sane buffer.

(pH 6. 5PEQUANEC K RNGIH ¥ ar1$88& t enper a-
m nut esS

f or

| RAEH Bz,

and then suspended in 1 m of the-sanfe

ul t rasonl c_ di
and the residue vvas

Thi s icru

1 nml sub-

.0.1%

£ £
arll

er

i

strate

tures of 30 Cto 85C for 3
of the diluted crude enzyne

tronavheiod adDd [err]|
sol utloﬁT@éﬁNW&Sne dariplez at ure was in the range of 50[err]C to 80[err]C

ﬂeglaced

11

K- phosphat e buf fer

gF&POLOGnpsltiaisidsi ty (the tenperature was in the range of 50[err]C
100

to 65 QOII&CQ%'JE&% dgrengmicdNAi on of E. coli JML09 pAD108),
ORIGI&AEN
ORGANIS
STRAIN:

[err]l

CAG
Gln

ACA
_Thr

"GCG

Ala
35

ACC
Thr

TTC
Phe

AAG
Lys

GTC
val

GAT
Asp
115

GGT
Gly

CGT
Arg

GCC
Ala

ATG
Met

CGS
Arg
20

AGC
Ser

TTC
Phe

TAT
Tyr

GCC

Ala

GTC
val
100

AAG
Lys

CAC
His

TAT
Tyxr

GCG
Ala

ATA
Ile

TGAA

Glu

CGG
Arg

TTC
Phe

GAG
Glu
GCG
Ala

85
GAA
Glu

TCA
Ser

Lys
TTC

Phe

Lys

Gl uti on which had been further

Escherichia coli

cTT
Leu

CaiG ™

Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA
Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

ATG
Met

GCA
Ala

wIC
val

GCG
Ala

CGC
Axrg
55

GAA
Glu

CcTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyxr
135

CCG
Pro

GGG
Gly

" M109 pAD427

GTG GGA CAA CAA GGT
Val Gly Gln

STC G CGi-

val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

ATG
Met

val
25

TTC
Phe

TAT
Tyx

CccC
Pro

ATC
Ile

AAG
Lys
105

GTC
Val

GCC
Ala

GAT
Asp

TTC
Phe

10

Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyx

CTC
Leu

ATC
Ile

Gln

[OYFith

Leu

GTC
val

ACC
Thr

CCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

GGC
Gly
155

TGC
Cys

Gly

¢ CTC

Leu
TTC
Phe

GAC
Asp

- 60

GTG
vVal

AAT
Asn

TTC
Phe

TAT
Tyr

CCG
Pro
140

‘TTC

Phe

AAC
Asn

CCG
Pro

GAC
AsSp

CCcC
Pro

GAG
Glu

GTC
val

CTG
Leu

AAC

Asn

CGT
125
T™TC
Phe

CCG
Pro

GAT
Asp

AT

2-

ATC
Ile

Met
30

GAA
Glu

GCC
Ala

CGT
Arg

GGC
Gly

ACG
Thr
110

AAG
Lys

CAG
Gln

GTC
val

CGC
Arg

to

CATA TG ACA CGT
Thr Arg

GCG
Ala
15

G CTG

Leu

CTC
Leu

GAG
Glu

CCA
Pro

TAC
Tyx
95

TCC
Ser

ATC
Ile

CAT

His

TAT
Tyr

CGC
Arg

CGC
Arg

ACGT

Thx

GCG
Ala

cTC
Leu

CTC

Leu
80

GCT
Ala

ATT
Ile

CAT
His

CTT
Leu

GAC
Asp
160

TGG
Trp

GCG
Ala

Lys

CTT
Leu

GAT
Asp
65

TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
val

CCT
Pro

1

GAG
Glu

GeL
Ala

ACG
Thx
50

AGC
Ser

GAG
Glu

CTC
Leu

GTG
val

CCG
Pro
130

Lys

GAC
Asp

GAA
Glu

12

60

" L0g-

156

201

252

300

348

396

444

492

540



3-fold diluted) was added,

tenperatures for
addi ng 250 [err]l

centrifugation,

- ( Nakal ai

20 m nut es.
of 2096trich|oroacetic acid

Then,

after which the super-
performance |iquid chromatography

t esque,

Cosnosi |

5C18- AR colunn)

40[err] C as 100%gsthe rel ative activj4y at each
Fig. 7 As can be seen froanlg 7,

CGG GTG ATG GGC

GCC
Ala

TGG
Trp
180

TAC
Tyr
195

AAC
Asn

ACG
Thr

TCC
Ser

GGG
Gly

GCC
Ala

Met Leu

GCT
Ala

CTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT
His

CGT
Arg

Arg

ACG
Thr

TTC
Phe

TGG
Trp

cre

Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

val

CCG
Pro

CaAC
His

TCC
Ser
230

Met

ACC
Thr

CAT
His
215

GCG
Ala

GGLCTTAC

Gly

ACG

Thr

TGC
Cys

cCcC
Pro

His

ACG
Thr

CGG
Arg

CAG
Gln
295

Gly

CAC
His
200
cTC
Leu

GCC
Ala

WS

Ser

CTG
Leu

GAA
Glu
280

CAC
His

cTC
Leu
185

AAT
Asn

CTa
Leu

GCG
Ala

JA T

Cys

GAA
Glu
265

CTG
Leu

TAT
Tyxr

t he

AGG
Arg

CCC
Pro

TCG
Ser

GGC
Gly

AT
Ile
250

GAC
Asp

CGT
Axg

GGT
Gly

GGC
Gly

TCT
Ser

ATG
Met

AAG
Lys
235

G1GE

val

GAG
Glu

GAA
Glu

CTG
Leu

GCC
Ala

GTT
vVal

CAG
Gln
220

GCG
Ala

GCG
Ala

GTG
val

CAC
His

ATC
Ile
300

followed by a reaction at the:r
the reaction was
sol ution, ;
nat ant was analyzed

Taki ng the activ-
tenpera- ;7ure is shown in

GAG ATC
Glu Ile
- 190

CCC CAG
Pro Gln
205

GCC GGG
Ala Gly

GGC ATG
Gly Met

CUG™ACT

Pro Thr

ATC ACC
Ile Thr
270

ATC TTC
Ile Phe
285

GCG GAA
Ala Glu

al | o

wed

TGC
Cys

ATC.
Ile

GAC
.Asp

CAC
His

TCT TAT

Ser

GAG
Glu
240

GGG
Gly
255

Glu

GCC
Ala

GCC
Ala

TTC
Phe

AAC
Asn

CTC
Leu

Tyr

GAG
Glu

Gaa

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

Sﬁ&?ﬁa{s IBCT Replac.,ed

£ e

]

'|ty at

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

i

588

636

684

732

828

876

915

975
1035
1095
1155
1215
1275
1335
1395
1455
1515
1559



enzyme produced by E. coli JML09 pAD455 exhibits the highest activity at a
tenperature around 75[err]C and has extremely inproved sThigtfiheet Has Been Replaced
indicating that it was inproved into an enzyne capabIeF of n m m er
tenperatures, as conpared wth the enzyne produced by E
pAD108. Exanpl e 11 pH stabléity of decarbany ase | nproved
in thernosta- bility A shaken cultlre containi‘ng a
t her nosgabi kit Yio:Mrgoved decar banyl ase- produci ng strain, E coli JM09
pAD416 EE Bwhcﬁpﬁﬁﬁg@ch Eggoli JMLO9 pAD455 ( FERM BP—4036), was prepared
in 10 nEeobeR¥E Medistm agfighidcebatgdl overnight. After har- vested, the
bacterlgmaggbmgnmgsa\Maauﬁlgmth 10 nM K- phos- phate buffer (pH 7.0;
cont ai ntogoR0GYYM diilfeiaat hreitol ), and ' '
MOLECULE TYPE: Genomic DNA
ORIGINAL SQURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD451

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

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
Thr Axg .

1

r~r o -~ -

Sl Mel Tre LeurAlacw

5 10 15

CAG ATG ATA CTT GCA GTG CTA-CAA. CAA GGT CCG ATC GCG CGC GCG Gan
i .

ACA CGC GAA CAG GTC GTC GTT CGT CTT CTC GAC ATG CTG ACG AAA GCC
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
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 TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
Thr Phe Phe Pro Arg Trxrp Tyr Phe Thr Asp Glu Ala Glu Leu Asp Serxr
55 60 ' 65

TTC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG
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
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 GIG
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
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
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
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
150 155 160

60
120
180
238

286

CGly  GlniGim LIy Pro Tie mia &rg Ala Giu "7

334

382

526

574

622

670

718



SecdBcke

m xtur eAy@sAi Cﬂ

m xture was a
car banyl - D- p- hydroxyphenngIyC|

GCC TGG CGG

Ala Trp Arg

180

TAC
Tyr
195

AAC
Asn

ACG
Thr

ACG
Thr

TCC
Ser

TTC
Phe

GGG
" Gly

GCC

Ala Trp

ATG
Met

CTG
Leu

CTC
Leu
245

GCT
Ala

CTC
Leu
260

ACT
Thr

GAT
Asp

CTC
Leu
275

Arg

CAT
His

CGT
Arg

CAG
Gln

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

TGG .

Gly

t he

(pH 5.5, 6, 7, 8),

GTG ATG GGC
Val Met Gly
ACC
Thr

CCG
Pro

CAC
His
200

CAC
His

CAT
His
215

CTC
Leu

TC
Ser
236 &

GCC

& Ala

GGC TCC

Ser

ACG
Thr

ACG
Thr

CTG
Leu

suspended in 1 m of the sane buffer,
disrupted with a small-sized uItrasonlc di srupting
resi due was renoved by centrifugation to
Various buffers for
K- phosphat e buffer
and sodi um carbonate buffer (pH 9, 10 T1)°

e

r]
SuBst

ne,

CTC
Leu
185

AAT
Asn

CTA
Leu

GCG
Ala

.

TGC
Cys

GAA
Glu

Tri

Y

%L@rb

SA
ut' on?
1@6K—phosphate

AGG GGC
Arg Gly

CCC
Pro

GAA
Glu

TCG

Ser Met

GGC
Gl

AAG

Lvs
235

GTG
val

ATC
Ile
250
GAC GAG
Glu

ATG

.Yal

GCC GAG
Ala Glu

GTT CCC
val Pro
205

GCC
Ala

CAG
Gln
220

GGC
Gly

GTG

CCG
Pro

GCG
Ala

ATC
Ile

GTG

respective pHs were prepared fro
rr]HC buffer
To 800 [err]I

o agoatl @l ne

ATC
Ile
190

CAG
Gln

GGG
Gly

ATG

Mat

ACC
Thr

ACC
Thr

after which the suspen-

175

ATC
Ile

CAC
His

TCT
Ser

GAG
G]_!!

GGG
Gly
255

GCC
Ala

si on was

of each of these

TGC

Cys

GAC
Asp

TAT
Tyxr

GAG
.2la

263
GAA
Glu

GCC
Ala

GGC GGC-
Gly Gly

CTG
Leu
210

CAC
His

AAC
Asn

CAG
Gln
225

TGC
Cys

"AAC
Asn

GTC
Val

ATC
Ile

GAT
Asp

GTC
val

CGC.

TGC
Cys

CGG
Arg

GAA
Glu

Asp
265

CTG
Leu

CGT
Axg

280

CCC
Pro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AMAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His

GGT
Gly

TAT
Tyx

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

GAA
Glu

CTG
Leu

val

ATC
Ile
285

CAC
His

GCG
Ala

ATC
Ile
300

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

270

AAC
Asn

TTC
Phe

CTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TTC
Phe

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

814

862

910

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



-42- buffer (pH 7.0)), followed by a reaction at 40[m

the reaction mxture was analyzed in the sanme nmanner as dthSﬁﬁﬁhpﬁen
Exanpl e 10. Taking the activity at pH 7.0 as 100% the re

of the treated sanple at each pH is shown in Fig. 8. ,” ﬂiﬂ
Preparation and expression of expression vegtyor_ for decar

in thernostability (1) Preparation of vector for expression of
foreign SB@NED NO: 25 First, a vector was prepared for the incorporation of

a thernUSE@mEN¢Eybznpmaved1dg§arbanylase gene and expression
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 PAD452

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 ACA CGT 238
Thr Arg

CAG ATT ATA CTT GCA.GTE GGA OMA . JAN GGTOCG ATC GCG CGC GCG GAG

- - -

‘.s' - - DR - . — - .=
Gin Met Iie weu &la Viai Gly Gii sln Giy ¥re fie ala Arg a&la Glu

to
S
[Fh

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
Aég Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
40 45 - 50

ACC TTC TTC CCG CGC TGG TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 430
Thr Phe Phe Pro Arg Trp Tyr 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 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



thereof (Fig. 9). FrompUCLl9, HndlII-CirlO fragnment of 1.3 kb was

prepared by the PCR nethod, at which tinme as the
havi ng a sequence designed so that -an Ndel restriction sit

the initiation codon site of a lacZ gene inside the Hi ndllﬁlm Eﬂ’m
site and the sequence could be further diggsted with H ndll
was used for the reaction. This DNA fragment’ obtained by the PCR was

di gest edg@bt §cki b |l t b
ERLRTER 0 seiesionny Kot e,
! 78

fragmentapat g1 getly
pUC19, result|n9155 pl asm errl orrespo aV|ng an
restriction site added thereto Next, from pTrc99A connerC|aIIy

Ndel
avai | - @btertsoncBharenare) gean cE@oabGE@@@/ doeawmnta®t Hré ¥Qcveec cace
preparedaby Thp RCER walheet allywiieth aldgmei1ds Ale AGR PréNBle Cys Gly Gly

180 185 190

CAC
His

CTG
Leu
210

GAC
"Asp

CAC
His

CAG
Gln

CcccC
Pro
205

GTT
Val

CCC CCT
Pro Pro

TAC

Tyx
195

AAC
Asn

ACG
Thr

CCG
Pro

ACC
Thr

CAC AAT
His Asn
200

AAC
Asn

CAG
Gln
225

TAT
Tyr

GGG
Gly

TCT
Ser

Gce
Ala

CAG
Gln
220

TCG
Ser

ATG
Met

ACG
Thr

TTC
Phe

CAC
His

CTC
Leu

CTA
Leu

TCC
Ser

CAT
His
215

TGC

RALS
b3

GAG
Glia Acx

GGC
le

ATG
Met

TCA
Ser

GGG

- Gl

GGC AAG
Glv. Lys

T 23d

GCC
Aln

TGG

Moy

- —

TCC

Qs
2

<390

GCG
AlsA-

GCC

Alal

GCG

Ala Glu

GTC
vVal

GGG
Gly
255

GAA
Glu

CCG
Pro

ACC
Thr

GCG
Ala

ATG
. Met

GTG
val

CTG
Leu

CTC
Leu
245

TGC
Cys

ATC
Ile
250

GGC
Gly

CAC
His

TCC
Ser

GAT
Asp

GTC
val

GCC
Ala

ACC
Thr
270

GCC
Ala

GTG
vVal

ATC
Ile

GCT
Ala

GAG
Glu

GAA
Glu
265

GAC
Asp

CcTC
Leu
260

ACT
Thr

ACG
Thr

ACG
Thr

CTG
Leu

AAG
Lys

CAG
Gln
290

TTC
Phe

AAC
Asn

ATC
Ile
285

TTC
Phe

GAA
Glu

CAC
His

"CTC
Leu
275

GAT
Asp

CGC
Arg

TGC
Cys

CTG
Leu

CGT
Arg

CGG
Arg

GAA
Glu
280

CAT CGT CAG CCC CAG CAC TAT GGT CTG ATC GCG GAA CTC

His Arg

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

Gln

Gln
295

Pro

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

His Tyr

Gly

TGIGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

Ile Ala

300

Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

Glu Leu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA

AGACGCTGAC

ATTC

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

PCR pr i A snede 1§ B&@ﬁragplaced__

766
814

862
910

958

"240 _ o

1906
1054
1102
1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



a primer having a seqUence desi gned so that an Ndel restric- tion site was :

substituted for the Ncol restriction site -43-  This SheenHasBeert Replaced

EcoRl restriction site and the sequence could be further di. i
EcoRl and EcoRV, was used for the reac- tion. This DNA frag
by the PCR was digested wth EcoRl and Eco 5 foll oned by Ii Wt

3.6-kb frag- nent obtained by renoval of thg“corresponding 0.6-kb fragnent

frompTrg@@A 1D §fdy t419 in plasm d pTrcNde which corresponds

SEQUENCE LENGTH: 1785
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAIL, SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD453

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

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
Thr Arg

1

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG.CGC GCG GAG
Gln Met lle Leu Ala Val Gly Gln Gln Gly Pro 1l.le Ala Arg ala Glu
5 10 15

ACA CGC GAA CAG GTC GTC GTT CGT CTT CTC GAC ATG CTG ACG ARA GCC
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
A%a Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
5 40 45 50

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
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
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
Lys Ala Ala Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
85 90 95 i

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTIG GTG
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
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
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
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
150 155 160

120
180
238

. 286

334

382

430

478

526

574

622

670

718



pTrc99A havi ng an Ndel

fragnment obtai ned by the digestion of pUC Nde with

ligated with a 0.6-kb fragnent obtained by
whi ch af f orded

Ndel

and Sspl,
expression of foreign

genes

restriction site added thereto. e

NdeI

t he digestion

expression vector plasmd
Incorporatlon of

(Fig. 10).

- 96 - (2)

thernostability-inproved decarbanylase gene into vector
pAD455 GREi BOG aARARNRTGOGGENATE MICoORTIe @RhANC GATLEC i ORC oVed@ CAT GAA
t her rosAbbiAla yLysnMegtt GdygMee Pbet ilde GyaﬁAgpfkﬂptkmgdkn@rbepyPﬁgeG&Hs
at whi di0%tine as the PCR priher,

prepared by thel®&R net hod,
having a sequence

t he

la Trp
180

TAC

Tyx
195

AAC
Asn
ACG
Thr

TCC
Ser

GGG GCC

Gly 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

ACG
Thr

TTC
Phe

TGG
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

desi

Arg Val Met Gly

CCG
Pro

ACC
Thr

CAC
His

CAT
His
215

TCC
Ser

. o~

£33V

GCG
Ala

GGC
Gly

CAC
His

ACG
Thr

ACG
Thr

TGC
Cys

CGG
Arg

CcCcC
Pro

CAG
Gln
295

GAAAAGCATG
GCTGGTGGAA
AGCGGCAAAG
GAAGGGCGTA
AAAGAGTTTC
CAAAGAATGA
GCTCCGCCCT
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

CAC
His
200

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GaA
Glu
280

CAaC
His

ned so that an Ndel

185

CccC
Pro

AAT
Asn

TCG
Ser

CTA
Leu

GGC
Gly

GCG
Ala

TGC
Cys

ATC
Ile
250

GAC
Asp

GAA
Glu
265

CGT
Arg

CTG
Leu

GGT
Gly

TAT
Tyx

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

ATG
Met

AAG

235

val

CCC
Pro
205

GAA
Glu

GTT
val

GCC
Ala

CAG
Gln
220

GGC
Gly

TCA

Lys Ser

CCG
Pro

GTG GCG

Ala

ATC
Ile

GTG
Val

GAG
Glu

ATC
Ile
285

GAA
Glu

CAC
His

GCG
Ala

ATC
Ile
300

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

190

CAG
Gln

CAC
His

GGG
Gly

CcT
Ser

GAG
Glu

ATG
Met

ACC
Thr

GGG
Gly
255

GCC
Ala

ACC
Thr
270

AAC
Asn

TTC
Phe

CTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTIC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

GAC
Asp

TAT
"Tyx

GAG
-Glu
'240

GAA
Glu

GCC
Ala

TTC
Phe

as?BeQn Igeglaced

From

a prinmer

restriction site was forged in

i rﬁ(t:q: Erelefieelechie b'ifﬁl SRCoLTChACHe #ECaiE G G2 IAT@ ATE cFFENGGC

Leu Arg Gly Ala Glu Ile Ile Cys Gly 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

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

th

766

814

862

910

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



site was nmade just after the term nation codon of the genqhmsm@ﬁmggagﬁamkai

the reaction. A 0.9-kb DNA fragnent obtained by this PCR: 1
with Ndel and Pstl, followed by liga- tion with pUCNT whic |EBB ll

digested with Ndel and Pstl, which afforded expressionjvec
pNT4553 (Fig. 10) for the decarbanyl ase Lng;oyed n thernostability.
(3) Expression of thernostability-inproved “decar banyl ase expressi on vector

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
Thr Arg
1

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG
Gln Met Ile Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu

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

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

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
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
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
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
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
Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg Lys Ile His Leu Pro
115 120 125 130

GGT C%C AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG
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
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
Ala Ala Lys Met Gly Met Phe Ile Cys Asn Asp Arg Arg Trp Pro Glu

12

60

156

201

252

300

348

396

444

492

540



The pNT4553 as prepared above was transfornmed into Escheiic i 30 Bedp Redlaced
by the calciumchloride nethod. A shaken culture of this/ tr. S
coli HB101l pNT4553 (FERM BP-4368) was prepared on a 2YT;nedi :
i ncubated at 37[err]C for 16 hours. After the bacterial icells were
harvested, a crude enzyne solution was prepgred by the method as shown in
(Exanpl e 10), and the decarbanyl ase activity was neasured to be 5.6
unites/ m per cylgisure sol ution. 170According to the prgsent invention,
DNA fragnments each coding for a decarbanyl ase protein inproved in
t her nosgabi rec cos @t bereat et Aconsedi ebcacaAecarbarytasethalMGat gh 588
reacti vAly repDANgc ¥alamet GaMmew med dslpndlexcenl Ebe Idkaliyls Gilyc & e
produced, am@0with the use of thigsenzynme, D a-am nb9f@cids can be produced
wi th high efficiency.
TAC AAC ACG CCG ACC CAC AAT CCC GAA GTT CCC CAG CAC GAC CAC CTG 636
Tyr Asn Thr Pro Thr His Asn Pro Glu 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

ATG CTG CTC GGC CAC TCC TGC ATC GTG GCG CCG ACC GGG GAA AIC GTC 780
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 ARAG 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 CARAGCCCAA GCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1395
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1455
ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1515
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC 1559



- 45 - "Sequence Listing" SEQ ID NGO 1 SEQUENCE LENGTH: 1785 SEQUENCE TYPE:
nucl ei ¢ aci d STRANDEDNESS: doubl e TOPOLOGY: |inear MOLECULE TYPE: Genomi c
DNA ORI G NAL SOURCE  ORGANI SM Agrobacterium radi obact er ThisSHRAHNBekNCH

DS T[T}

SEQ ID NO: 28 :
SEQUENCE LENGTH: 1785
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD454

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 ACA CGT 238
Thr Arg

1

.CAG ATG ATA CTT GCA.ZTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG 286
"GLln Met Ile Leu Ala Val Gly Gln Gin 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 Thr
35 40 45 50

ACC TTC TTC CCG CGC TGG TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 430
Thr Phe Phe Pro Arg Trp Tyr 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 TIT GAG 478
Phe Tyr Glu Thr Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu
70 75 80

ARG 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



GICGACGECG GECTCECGCG AGAGCTTGIC AAGCAGCGCA AATTCCGGTT | Ceﬁg:mm Bee;ﬁf)eplaced

TGACAGATCA AAAATTTTAC GCCTGITATT GICGIGCTGC -ATGTAATATT lTCGimu

TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGITT TCGGCGATGT Gr
GITTTCCCGG CCCCTGEECC GGACATCACC TAGGAAGGAG CAGAGGITCA TG

Thr Arg

ATG ATA CTT GCA GIG GGA CAA CAA GGTI CCG ATC

. CGC GCG GAG 2

i

1 CAG
86 A n Mt

Ile Leu BCE BaG Bhn &rc Gce @TG Are lA® Adc AAc AARr &dc ceec TGS TCT Gaa

10

CTG ACG AAA GCC 165334 Thr Arg GQu GIer()/aI

20 -

GGC GCG %8G TGE BT GTG ATG GGC GAS GNG GGG CXT AXG ATGSRTAl #G8eGed ¢ad v

Al a Asn Phd TrR Ry Pad Met Gly Lew Ay [y Tka 35lu Ile Ile Cys GlydGly
180 50 ACC TTC TB8 CCG CGC TGG CAT TI¥D ACC GAC GAG GCC GAG

Trp H's Phe Thr Asp Qu Ala Gu Leu

CAC AAT CCC GAA GSIT CCC CAG CAC GAC 6BC TTG

&Fe Ere Gr ded Cro BN G Asmgmh%guyr

Val Arg Pro Leu B qu
GGG ATC G&C TTC AAT CIG G&C TAC

|‘3§C’G"393q3rg§%s?\c’£e

Thr Lys

45

CTC GAT

Asp Ser

TAT GAG

A u Thr

ccr onn B2 2SS ST

- Gly Ala

Ala Ala Lys Mék GAGAMEEC FRA 1I0AG (I KFiC £37

Al a

f&5:AAC4§8G CCG Aagg

%i&“ﬂ"ré?fﬁ%e

Met Pro Ay Pro

AR AR o ey

&

GGG GCC

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

TGG
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

Thr

215

TCC
Serx
230

GCG
Ala

GGC
Gly

CAC
His

ACG
Thr

ACG
Thr

TGC
Cys

CGG
Arg

Phe Phe Pro Arg

i

TCC
Ser

CTG
Leu

GAA
Glu

25

GCC GCG GGC
Ala

Ala Gly

ATC
Ile
250

TGC
Cys

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

GGT
Gly

TAT
Tyr

TGTGTCGTTG
TAGTACCACG
CCCGACATTC
TTGCGCGGCC
GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

Val Val

220

TCA GGC
Ser Gly

AAG
Lys
235

GCG
Ala

CCG
Pro

GTG
Val

ATC
Ile

GTG
val

GAG
Glu

ATC
Ile
285

GAA
Glu

CAC
His

GCG
Ala

ATC
Ile
300

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

Argg{em i

EYe AhG
p Met Leu

30 GCG AGC CGG

ATG GAG
Met Glu
24U

ACC GGG’
Thr
255

GCC
Ala

GCC
Ala

ACC
Thr
270
AAC
Asn

TTC
Phe

GAA
Glu

CTC
Leu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

GAG
Glu

GAA
Gly Glu

TTC
Phe

gAﬁyﬁAﬁla

1n’ Asn
225

AAC TGC
Asn 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

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



GIC GIC GAA GGBC GGC GIC AAG CGI' CGC TTC AAC ACG TCC ATT TTG GIG
Lys Arg Arg Phe Asn Thr
110 GAT AAG TCA GGC AAG ATC GIC GGC . AAG

Val Qu dy dy Val

105

ATC CAT TTG CCG

Hs Leu Pro 115 0
GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT

Ser

622 Asp Lys Ser Ay Lys Ile Val
12

574 Val
Il e Leu Vat 166
a y Lys T et%e lac'=d-
125 I'I

H s Lyssghurdynod @oAla Tyr Arg Pro Phe G n His Leu Qu hys
1559

135 SEQUENCE LENGTMQ .
CTC GGESEQUENCE GYEETAT noATeGEC a@id
G y PheSPTRANDERDNEZS : AsdovddleAsp

TOPOLOGY :

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN:

CAG ATG
Gln Met

+ACA CGC
Thr Arg
20

GCG AGC
Ala Ser
35

ACC TTC
Thxr Phe

TTC TAT
Phe Tyr

AAG GCC
Lys Ala

GTC GTC
Vval val
100

GAT AAG
Asp Lys
115

GGT CAC
Gly His

CGT TAT
Arg Tyr

GCC GCG
Ala Ala

ATA
Ile

GAA~

Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala

85
GAA
Glu

TCA
Ser

Lys
TTC

Phe

Lys

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
Arg
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

GTT
val
25

TTC
Phe

TAT
Tyxr

CCC
Pro

ATC
Ile

Lys
105

GTC

val

GCC
Ala

GAT
Asp

TTC
Phe

CAA
Gln
10

CGT
Arg

ATT
Ile

T™rC
Phe

GGC
Gly

GGC
Gly
90

CGT

Arg

GGC
Gly

TAC

Tyr

CTC
Leu

ATC
Ile

145 CGI TAT TTC GAG CCG GGEC GAT
Phe Gu Pro Ay Asp Leu

CAA
Gln

cTr
Leu

GTC
val

ACC
Thr

cCG
Pro
75

TTC
Phe

CGC
Arg

AAG
Lys

CGG
Arg

‘GGC

Gly
155

TGC
Cys

JM109 pAD455 (FERM BP-4036)

GGT
Gly

cre”

Leu

T™TC
Phe

GAC
Asp
60

GTG
val

AAT
Asn

TTC
Phe

TAT
Tyx

CCG
Pro
140

TTC
Phe

AAC
Asn

718 Arg Tyr

CCG
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

CATA TG ACA CGT
Thr Arg
1

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
Tyx

CGC
Arg

CGC

Arg

ACG
Thr

GCG
Ala

CTC
Leu

CTC
Leu

GCT
Ala

ATT
Ile

CAT
His

cTT
Leu

GAC
Asp
160

TGG
Trp

GCG
Ala

AN
Lys

CTT
Leu

GAT
AsSp
65

TTT
Phe

GAA
Glu

TTG
Leu

TTG
Leu

GAA
Glu
145

GTC
val

CCT
Pro

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

156

201

252

300

348

396

444

492

540



- 46 -

155
AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC CGEC TGG CCT GAA

150

Met Gy Met Phe Ile Cys Asn Asp Arg Arg Trp Pro G u
170

ATC TGC GGEC GCC
Cys Ay Gy

CCG ACC CAC AAT

Thr
205

TCT TAT AGAG TAAC Ar

Tyr

235

H s Asn Pro

Adn Asn180

GGG GAALABC GTIC

G u

Il e Val
ACG TCC

Thr Ser

GGG
Gly

GCC
Ala

CTG
Leu

- ATG
Met

GCT
Ala

CTC
Leu
260

CTC
Leu
275

GAT
Asp

CAT
His

CGT
Arg

180

175 GCC TGG CGG GIG ATG GGC CTC AGG GGC

i meet m

iy

814 Ala Trp Arg Val Met f%g Leu Arg Gy Ala Qu lle IIe
190 TAC AAC ACG

86g7gyr Asn Thr Pro

CCT GI'T CCC CAG

ro Val

GCC TGG CGG G@éOATéC&EC@rETQG@A%G@E&T %A@i%%%@é%%%

TTC
Phe

TGG
Trp

CTC
Leu
245

ACT
Thr

CGC
Arg

CAG
Gln

CAC
His

TCC
Ser
230

GGC
Gly

ACG
Thr

TGC
Cys

CCC
Pro

Pro An

CAT CTC
His Leu
215

GCC
Ala

GCG
Ala

CAC
His

TCC
Ser

ACG
Thr

CTG
Leu

CGG
Arg

GAA
Glu
280

CAG
Gln

CAC
His

185

Hi s

g Sid ﬂétSG![g heu ins- oM el

GGG GCC TGG TCC GCG GCC GCG GEC AAG GIG GGC ATG GAG GAG AAC TGC
Ala TrpT3&ar MG e &t@ ALY tyxs Xalr Gcor Ml o Goc ARG @sC . GAC CAC CTG230
Tyr Asn Thr Pdd ThY G REACPOCCIACVEIC PIHaC A Kil$ A5H
1006 Met Le20OLeu Ay H's Ser Oegpdle Va

CTA TCG ATG
Leu Ser Met

AAG
Lys
235

GGC
Gly

GCG
Ala

GTG
val

ATC
Ile
250

TGC
Cys

GAG
Glu

GAA
Glu
265

GAC
Asp

GAA
Glu

CGT
Arg

CTG
Leu

CTG
Leu

TAT
Tyx

GGT
Gly

g?% GAC CAC CTG
p Hs Leu 195

a- @ e

CAG GCC
Gln Ala
220

GCG
Ala

GGC
Gly

GCG
Ala

"CCG
Pro

GTG
val

ATC
Ile

ATC
Ile
285

CAC
His

ATC
Ile

GCG
Ala

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

8y8l

TCT
Ser

GGG
Gly

GAG
Glu

ATG
Met

TAT CAG
Tyr

GAG
Glu

200

81¢ %
958 (Hy

BC6 Aeu

Ala Pro Theidy

AAC
Gln Asn

225

AAC
Asn

TGC
Cys

240

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

GAA
Glu

GCC
Ala

TTC
Phe

GTC ™
val

ATC
Ile

GAT
Asp

GTC
val

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

w

88

636

684

732

828

876

915

975
1035
1095
1155
1215
1275
1335
1395
1455
1515
1559



245 250 255 GCT CTC ACT ACG ACG CTG GAA
GAC GAG GIG ATC ACC GCC GCC GIC GAT 1054 Ala Leu Thr Thr'I'hIEfSheeLMBQnR

GQu Val Ile Thr Ala Ala Val Asp 260 .265

270 CTC GAT CGC TGC CGG GAA CTG CGT GAA CAC ATC TTC AAC TTHIMB&

Leu Asp Arg Cys Arg Qu Lou Arg Qu His ”S]oﬂ]e Asn Phe Ly

280 285 CAT CGT CAG CCC CAG CAC:- TAT
GGT CTGgHLC B-QdA6TC ' 1141 Hs Arg An Pro @n.His Tyr Ay
Leu || e SRQUENCE LIERNGTH : 295 300 TGAGGITGCC

GAAAAGCSEQﬁBﬁﬁﬁTiiﬁﬁiaﬂEQIQEEEEEbQEGEEWCACA TCCAGGCECG 1201 CCAQGGTGAC
GCTGGT GEARANDEBMIINCG Ml d T~CAG GGCGATCCGC AAGGAGATGC 1261 GGGTCGCCGG

AGCCCCAAAE ATCCACATInEAT TCGCACC GACGGCCGIC GTGAACTCGA 1321 CAGTCCGCGA
GAAGGCCHOLECUBEINHE: T @GS GF ADSETGGAACTG TAGCCCATAT 1381 ATAGATTTCC
Aa AGAGT PRE GEN2GAGIMRT ESGCGCGCCTA GCCCCATGTG AGCGAGAACC 1441 GTGCCCAGAT
CAAAGAAT GRRGRAISMCCCE ROGSCRE0GS GAMMGGATGA TCCTCAGGGT 1501 CGGATCTATC
GCTCCGCCCR TRAAAGAGTAN WSEQIMBE T GGCTGCTGAC GGCGGAGGAA 1561 GGGTTGCTGG
CAAAGCCCAA GCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621 ATCGTCGATT
ACATCAAEEE CRAAEREEESE TG TACHETAGLTTGLC GEAGCAGTECAABB T TS AT IRIIFCGET

TATCCAA Wﬁ@%@@@¢mwGMﬂWTm
T

TCGACAA CA AAGCCGGTTT TCGGCEMFGT GTTTCACAAC

CTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
Thr Arg

1

‘ng ATG ATA CTT GCA GTG GGA CAA £AA GGT CCC ATC GCG CGC GGG GAG
‘Gin Met Ilg Leu Ala Val Gly Gln Gin Gly Pro Ile Ala Axrg Ala Glu
' 10 15

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

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

ACC TTC TTC CCG CGC TGG TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
Thr Phe Phe Pro Arg Trp Tyr 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
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
Lys Ala Aég Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
90 95

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG
Val val Glu Gly Gly Vval 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
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
Gly His Lys Glu Tyr Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys
135 140 145

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

60
120
180
238

286

382

430

478

526

574

622

670

718



- 47 - SEQ ID NO 2 SEQUENCE LENGTH. 1785 SEQUENCE TYPE: ThisShet Has®eémReplaced
STRANDEDNESS: doubl e TOPOLOGY:

SOURCE ORGANI SM  Escheri chi a col
GTCGACGECG GECTCCCECG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT

TGACAGATCA
TGTAGAATTT

GITTTCCGRa
Ala

GCC
Ala

TAC
Tyxr
195

ACG
Thr

GGG
VGly

ATG
Met

GCT
Ala

CTC
Leu
275

CAT
His

i near

MOLECULE TYPE: Ge
STRAIN: JMLO9 pAD402 (‘FER

Tl

AAAATTTTAC GCCTGITATT GTCGTGCTGG gATGIAATATT TCGTACTTTA 120
GCATTGCGECC GCGAGTCACA AAGCCGGITT TCGGCGATGT GITTCI CAAC 180
QUECTEECr G @CA THACCrTARAACEEE AACASRTTEACT SetCAGESECE Han
Ala Lys Met Gly Met Phe Ile

TGG
Trp
180

AAC
Asn

TCC
Ser

GCC
aAla

CTG
Leu

CTC
Leu
260

GAT
Asp

CGT
Arg

165

CGG
Arg

ACG
Thx

TTC
Phe

TGG
Trp

CTC
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

Sex.

230
GGC
Gly

ACG
Thr

TGC
Cys

CccC
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
CAAAGCCCAA
ACATCAACGG
TATCCAAGAG
TCGACAATCG

GGC
Gly

CAC
His
200

CTC
Leu

GCC
Ala

TCC
Ser

CTG
Leu

GAA
Glu
280

CAC
His

CTC
Leu

170

AGG
Arg

185

AAT
Asn

CTA
Leu

GCG
ala

TGC
Cys

GAA
Glu
265

CTG
Leu

TAT
Tyx

CcccC
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

Cys

GGC
Gly

CTT
Leu

ATG
Met

AAG

Lys
3

235

.GTG

val

GAG
Glu

GAA
Glu

CTG
Leu

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

Asn Asp Arg

ATC
Ile
190

GAG
Glu

GCC
Ala

CAG
Gln

GTT
val

CCcC
Pro
205

GGG
Gly

GCC
Ala

CAG
Gln
220

ATG
Met

GGC
Gly

TCA
Ser

ACC
Thr

GCG
Ala

CCG
Pro

ACC
Thr
270

ATC
Ile

GTG
val

TTC
Phe

ATC
Ile
285

CAC
His

GCG
Ala

GAA
Glu

ATC
Ile
300

Arg Trp Pro Glu

175

ATC
Ile

cacC
His

TCT
Ser

GAG
Glu

GGG
Gly
255

GCC
Ala

AAC
Asn

cTC
Leu

TGC
Cys

GAC

Asp

TAT
Tyxr

GAG
Glu
249

GAA

Glu

GCC
Ala

TTC
Phe

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

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
vVal

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



Thr Arg CAGATGATACTTGCAGTGGGACAACAAGGTCCGATCGCGCSCGCGGAG
286 An Met Ile Leu Ala Val Ay An @n dy Pro lle A

5 10 15 ACA CCC GAA CAﬁ @ggtfﬂ;@egirﬂ'epﬁaﬁ
CTT CTC GAC ATG CTG ACG AAA GCC 334 Thr Arg A u Gln Va
Leu Asp Met Leu Thr Lys Ala 20 : !1

Ser Argséhy 18 aioAsrgiPhe Ile Val Phe Pro Gu Leu Ala Leu Thr 35

40 SEQUENCE LENGHD: 1785 50 ACC TTC TTC CCG CGC TGG TAT
TTC ACCSEACERAR GRPEAGHII AT £&Xd 430 Thr Phe Phe Pro Arg Trp Tyr Phe
Thr AspSERANAEDNESS :L e Al Ser 55 60

65 TTCTORDLGAG :ACA iR ATG CCC GEC CCG GIG GIC CGI CCA CTC. TTT GAG 478
Phe Tyr MGLECULE @EYPENMEt GaronG@q H® Val Val Arg Pro Leu Phe Qu

70 ORIGINAL SOURTE ' 80 AAG GCC GCG GAA CTC GGG ATC G&C

TTC AAT CORGBBCSHAC @SThexAiallid cobP6 Lys Ala Ala Gu Leu Ay Ile Ay Phe
Asn Leu GSVRNIN Al dMIHQP IpAP468 85 90
95 GIC GIC GAA GGCGGCGTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GIG

57
Val val GECGACCECE FORICAGREGACHGCTTREC BACIACCEER PATTCEGART CCGCTCCaGT
TGACAGATCA AAAATTTTAC TATT GTCGTGCTGC ATGTAATATT TCGTACTTTA

TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC

GTTTTCCCGGE CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
Thr Arg

1

.CAG ATG ATA CTT. GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG
Gln Met Ile Leu ala val Gly GLh 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
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
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 TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
Thr Phe Phe Pro Arg Trp Tyr Phe Thr Asp Glu Ala Glu Leu Asp Ser
55 60 65

TTC TAT GAG ACC GRA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG
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
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
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
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
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
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
150 155 160

60
120
180
238

286

334

382

430

478

526

574

622

670

718



. 100 105 110 GAT AAG TCA GG AAG ATC GIC
GGC AAG TAT CGT AAG ATC CAT TTG CCG 622 Asp Lys Ser ﬁ“ysuegts{awmmlac@ y

Lys Tyr Arg Lys Ile H's Leu Pro 115 120
125 130 GGT CAC AAG GAG TAC GAG GCC TAC‘

CAT CTT GAA AAG 670 dy Hs Lys Qu Tyiog u Ala Tyr Ar n HIS
Leu Au Ly s 135 - 140 ! 145

CGT TATg ﬁ%%?& ?{fig{ gE e ccrBha A9 746
Tyr PhQA 8 Trp Pro Glu

150 165

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 GCT GTT CCC CAG CAC GAC CAC CTG 862
Tyr Asn Thr Pro Thr His Asn Pro Ala 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 AAC TCA GGC ATG GAG GAG AAC TGC 958
W&ly 2la Trn Ser Ala Ala Ala Gly Lys Ser Giy Met Glu Glu Asn Cy= .
230 235 - 240

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 CGTGGARACTG 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 CTCAAAGAGC TACGAGCTGA ATTC : 1785



- 48 - (GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC TGG CCT GAA

766 Ala Ala Lys Met Gy Met Phe Ile Cys Asn Asp Arg Arg Trp PﬂﬂhsﬁbduHasBeenReplaced

165 170 175 GCC TGG CGG GIG A “\
AGG GGC GCC GAG ATC ATC TGC GGC GGC 814 Ala Trp Arq Val Met
Gy Aladu llelle Cys Ay Ay 180 185

190 TAC AAC ACG CCG ACC CAC AAT CCC CCT 7CCECCAGCACGACCACCTG
Tyr AsngHy 1ty qolhr3glis Asn Pro Pro Val Pro Gn His Asp His Leu 195

200 SEQUENCE LENGYP: 1785 210 ACG TCC TTC CAC CAT CTC CTA
TCG ATGSEAGERCE GIPELT rmﬁglgq‘g;aae_aga 910 Thr Ser Phe His His Leu Leu Ser
Met G n SARANBEDNESS :TyrdddpieAsn 215 220

225 (GCGBOBOLOGIG TAGAgaxr GCC CCG GEC AAG GIG GGC ATG GAG GAG AAC TGC 958
Ay A aMOLECEEE AYPEN a Gerronfdey Dys Val Gy Met Au G u Asn Cys

230 ORIGINAL SOURCEH 240 ATG CTG CTC G&C CAC TCC TGC
ATC GIG GOBGADESMGC BehaMAidkiia F¢li 1006 Met Leu Leu Ay His Ser Cys lle
Val Al a PEFRMIN:E WMIAP IpADALA 245 250

255 GCT_CTC ACT ACG ACG CTG GAA GAC GAG GIG ATC ACC GCC GCC GIC GAT 1054

Al a LeuSFREAPHECH GACACAGGERASAGCIREGIC | ARGIAECACA ARBTUEEGRSp CCGCTCCGGT
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA

TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
Thr Arg

1

:EAG ATG ATA CTT GCA GTG GGA CAA CAA GGT. CCG ATC C0G CGC GCG GAG
Gin Met Iie Leu Ala Val Gly Gln win Gly Pro fie Ala Arg Ala Giu
5 10 15

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

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

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

ITC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG
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
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
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
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
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
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
150 155 160

60
120
180
238

286

382

478

526

574

622

670

718



260

265

270 CTC GAT CCC TGC
CGT GAA CAC ATC TTC AAC TTC AAG CAG 1102 Leu Asp Arg Cys Arg
GQu Hs Ile Phe Asn Phe Lys A n 275

280

h t Has Been Replaced

290 CAT CGI CAG CCC CAG CAC TAT GGI CTG ATC GCG GAA CTC 1141
Hs Arg Gn Pro Gn Hs Tyr Gy Leu Ile Algo@d w Leu- 295
300 TGAGGTITGCC GAAAACATG TGTGICGITG TTCTCGGOGC CTGGGTCACA TCCAGGCGCG 1201
CCAGGGTGAC GCECERAGAT T ASBAPCCrPOUEE TEACG SACCAACCEECASGEAGRTCC R A 766
GGGTCGCade ACCCIYAHAG: GIRGAGHT TEhETTIEXHEA SANESECREECAGEGATACEGEA Glid2 1
CAGTCCGCGA GAAAGGEECGTA TTGCGCGECC TEGACCTGTA CGTGGAACTG TAGCCCATAT 1381
ATAGATTTCC AAAGAGITTC GGCGAGECEC GGCGCGCCTA GCCCCATGIG AGCGAGAACC 1441
GTGCCCAEAF ERRAGSST GRGATATLC TOREEES GOOAGERTARCTATTCACCGEGSGEC 814
CGGATCTAT@ IoMREAE0A G BB CELY BEETELY GALe GBLeGAPEAL LIS Gy
GGGITGCTGG GCCCAA GOCGCCCGRE 8T TGTTCCGG CACTTGAGMNAOTGOGATCGCC 1621
ATCGT A T TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681
CEETAROERCTIRCLAL £TC 862
%&ﬁeacfﬂs%‘ﬁér Gro Gin His Asp Hifzden
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 GAG GAG AAC TGC 958
-Gly Ala Trp Ser Ala Ala Ala Gly Lys Ser Glv.Met Glu Glu Asn Cys
230 £35 24u d '
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 -
CTIC 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 CTCAAAGAGC ATTC 1785

TACGAGCTGA



- 49 -

STRANDEDNESS: doubl e TOPOLOGY:
SOURCE ORGANI SM Escheri chi a col

i near

SEQ I D NO 3 SEQUENCE LENGTH: 1785 SEQUENCE TYPE: nucIeIC aCId
MOLECULE TYPE:
STRAIN: JMLO9 pAD404 (F
GICGACGECG GECTCECECG AGAGCTTGIC AAGCAGCGCA AATTCCGGTIT uwe'lm
TGACAGATCA AAAATTTTAC GCCTGITATT GTCGTGCUX&&&GJAATATT TAHNK

TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GT

GITTTCCEBR QECHHCIY GCGACATCACC TAGGAAGGAG CAGAGGITCA TG ACA CEW 238
Thr Ar g SEQUENCET GENGTHR T OG0#s GTG GGA CAA CAA GGI' CCG ATC GCG CGC GCG GAG
286 SEQUENCE TYPE:

STRANDEDNESS :

TOPOLOGY :

MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN:

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC

nucleic acid
double
linear

Genomic DNA

Escherichia coli

JM109 pAD470

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

TTC
Phe

TAT
Tyr

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

ARG
Lys

TTC
Phe

cTT

Leu 1

CAG
Gln

GGC
Gly

CCG
Pro

ACC
Thr
70

GAA-

Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCG
Ala
CGC

55
GAA
Glu

cTC
Leu

GGC
Gly

AAG
Lys

TAC
Tyr
135

CCG
Pro

TGG
Trp

ATG
Met

GGG
Gly

GTC
vVal

ATC
Ile
120

GAG
Glu

GGC
Gly

-GGA

GTT
val
25

TTC
Phe

TAT
Tyr

CCC
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

Gly G

CAR

10
CGT
Axrg

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

TTC
Phe

TAT
Tyx

CCG
Pro

CCC
Pro
45

GAG
Glu

GTC
val

CTG
Leu

AAC
Asn

CGT
Arg

125

T™rC
Phe

140

TTC
Phe

CCG
Pro

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



An Mt
10

Ile Leu Al a Val

CTG ACG AAA GCC

Thr

Ala Asn Phe |l e Val

45

Lys Al a
GGC GCG AAT TTC ATT GIC TTC CCC GAA CTC GCG ¢d
Phe Pro Gu Leu Ala Leu Thr

GCC GCG AAA ARG BCE ATC TIC GOE GEC THe
CTC GAT ABT Ala4B@sTHMetPtayPHe tPrheATy ol rqydHizss P

Asp Ser

165

20

15.

334 Thr Arg Au G@n Va

55

25

170

Gy @n dn dy Prolle Ala Arg AlLa

ACA CGC GAA CAG GTC GIC GIT CGT Ch

Val Val Arg Leu
|

T_ACG
35

60

Au
h

3

382 Ala Ser

175

TAT GAG ACC GAM ATG CCC GEC CCG GIG GIC CGTI' CCA CTC TTT GAG

Gu Thr €% T8¢ PE6 Gr
Ala Trp Arg ¥g

75

d u Leu

&CC G

Gy Val
110 A

Y

G TCA GGC AAG ATC?

Asp Lys 8 {2 4 LAE YRL &h¥ B¥R TG

Thr Ser Phe His

GGG GCC
Gly Ala

ATG
Met

CTG
Leu’

TGG
Trp

CTC
Leu

His
215

TCC
Ser
23U

GCG

Ala.

GGC
Gly

CAC
His

245

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

ACT
Thr

CGC
Arg

CAG
Gln

ACG
Thr

ACG
Thr

TGC
Cys

CGG
Arg

Leu

CTG
Leu

GAA
Glu

s Tyr Ar

Leu Ser

GCG GGC

2la Ala. GRly

TGC
Cys

ATC
Ile
250

GAC
Asp

GAA
Glu
265

CTG
Leu

CGT
Arg

280

CCccC
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

G GCC
Ala

AT
Met Gln
220
TCA
Sgr

AAG GGC
Lys

235

CCG
Pro

GCG
Ala

GTG
val

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.

Gly

Arg Ay
40

65 TTC

478 Phe Tyr
RIG WGLC CaIC AGH RGT IGAC Riras ATC ATC TGC . GGC GBC

Mat Gl Ges G4y GLY GGa Ao QAR TIT: AAFs CEByCGTyTAC
GCT GAA CTC 180526 Lys Ala Ala Gl85Leu Gy Ile Gy PHS0sn Len Ay Tyr Ala

85 90

CEES TACC ARECABBTTCCCATATT BETGHCC CA8Y :
Y Pre BBE HhF A6p Pre Hds Vall Pro Jm His Asp His Leul(5.
BfC GaC AAG TAT CGT 288G ATC CAT TTG CCG 210622
Lys Ile H's Leu Pro

95 GIC GIC GAA
LAGIGAG| CBLuCBGY

GGG TCT TAT CAG AAC

Gly Ser

ATG
Met

GAG
Glu

GGG
Gly
255

ACC
Thr

GCC
Ala

ACC
Thxr
270

AAC
Asn

TTC
Phe

CTC-
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

GAG
Glu
240
GAA
Glu

GCC
Ala

TTC
Phe

Tyr Gln Asn

225
AAC TGC
Asn Cys

GTC
val

ATC
Ile

GAT
Asp

GTC
val

CAG
Gln
290

AAG
Lys

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

@hir 106 ASEC GAEGGABTCERAGAG 745
s M rdf\sedd vrpl ard gleu

814

862

910

958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



115

AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG
GQu Tyr u Ala Tyr Arg Pro Phe A n H's Leu GQu Lys

140

TAT GAC GIC GAC
Asp Val Asp

CCC CCEEgVr P oSG ATG TTC ATC TGC AAC GAT CGC CGC TGG CCT

120

125

130 GGTI CAC
670 Ay H's Lys

135

145 CGI' TAT TTC GAG CCG GEC GAT CTC Chis Jhket I-ﬁ&EeGiEialaced

718 Arg Tyr
'150

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

AAA
Lys

926

nucleic acid
double
linear _
Genomic DNA

Phe G u Prollqu Asp Leu Gly

Escherichia coll

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

GTG
Vval

GTC
val

AAT
Asn
40

TGG
Trp

ATG
Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

ATG
Met

GGA
Gly

ey

val
25

TTC
Phe

CAT
His

CcCcC
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

TTC
Phe

HB101l pNT4553 (FERM BP-4368)

CAA CAA GGT

Gln
10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

GGC
Gly
90

CGT
Arg

GGC
Gly

TAC
Tyxr

CcTC
Leu

ATC
Ile

Gln

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

GAC

Asp

CCcC
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

CATA TG ACA CGT
Thr Arg

GCG
Ala

TR

CGC
Arg

15°

Cis
Leu

cTC
Leu

GAG

Glu

CCca
Pro

TAC
Tyr
95

TCC
Serxr

ATC
Ile

CAT
His

TAT
Tyxr

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

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



Ala Ala Lys Met Gy Met Phe Ile Cys Asn Asp Arg Arg Trp Pro

170

ATC TGC GGC GGC
Cys Ay Ay

Thr H's Asn Pro Leu Val

205

180
CCG ACC CAC AAT CCC CTT GIT CCC CAG CAC GAEI &AC CTG
Pro An Hs Asp Hs Leu 195

175 GOC TGG CGG GTG ATG GGC CTC AGG GGC

814 Ala Trp Arg Val

185

190

Met Gy Leu Arg Gy A a

gy

200

165 210 ACG TCC TTG@XAC CAT CTC CTA TCAAFG CAG GCC GGG

TCT TAT CAG AAC

910

Thr

Ser

Phe Hs Hs Leu Leu Ser

Mt Gn Ala Ay Ser

eplaced

1

862 Tyr Asn Thr Pro

Tyr G rie@ENTGG CGG GTG ATG GBLS5CTC AGG GGC GCC GA® ATC ATC TGC GGC 2gE . 588
GGG GCRAIGCE TECAGEGV&LCMEEGEERC LANG ATTG GIGC ARG @AG IS Ne T3S Glyosdyd y
Ala Trp Serl®fa Ala Ala Ay LysI8d dy Wet (71u A W1¥n Cys
230 235 240 ATG CTG CTC GGC CAC TCC TGC
ATC GTGREAXCAREGCCCECACAACAECABTC CCC G MIRT |GG LERG F4HC H?écs‘éﬁccg?Gl le 636
val Al mOA%rTny@qupeH\y@ Asn Pro Glgy Val Pro Gln His Agp His
255 TTC ACT ACG ACG CTéOGAA GAC GAG GTG ATG%C GCC GCC GIC GAT21°1054
Al a Le%gnggngi‘rg c:Leu G.u VaI I1e Thr Acl,élal_ 694
265 . % ;ﬁéeg% %§ A c
AAC TTCTHRAGRE el%ﬁ gﬁ 5 i X |g’§5 gAsn
Phe Lys Gn
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 i 235 240
.ATG'CTG CTC SGCLal” TCT SGC ATC GTG GCG CUG ACC ‘GG waA AYC GIC 780"
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 '
926

TGAGGCTGCAG



275 280 285 290 CAT CGr

A

CAG CCC CAG CAC TAT GGT CTG ATC GCG GAA CTC tH4t—H—s—ArgGn
Pro @n Hs Tyr Ay Leu lle Ala Q.u Leu . 295 N

300 TGAGGTTGCC W@g TCCAGEOGOG 103
GCTGGTGGAA TAGTACCA G GGOGAT AAGGVATGC 1261 GGOEN
AGOGGCAAAG CCOGA CC G C GTGAACTCGA 1321 CAd |
GAAGGGOCGTA TT@mm CGTGGAACTG ' TAGCCCATAT 1381 ATAGATTTCC
AAAGAGTTTC GGOGAGGEGC %CATGTG AGCGAGAACC 1441 GTGCCCAGAT -
CAAAGKATGA GACCGACGCG CCGGCCGOGG" CAAAGGAFEATRECTCAGGGT 1501 CGGATCTATC
GCTCCGOOCT GAAGCAGGA GGOGCACGCT GGCTGCTGAC GGCGGAGGAA 1561 GGGTTGCTGG
CAAAGCCCAA GOCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621 ATCGTCGATT
ACATCAACGG TACACCGAGC QMTHVISSST D0CTOESERA1 66T 3T ONACE rHifile CGESCHEAf ox
TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741 TGGCTGAAAT

TCGACAATCG GRCRRRIARS. PrkiarTespalye of converting an N8mrbamyl-

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 pretein is subjected to mntagenesis.

2. A preparation process acéording to claim l,.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



- 51 - SEQ+D-NO—4-SEQUENCE LENGTH. 1785 SEQUENCE TYPW

OPOLOGY: |inear MOLECULE TYPE: Gbnon1c
ia coli STRAIN: JMLO9 pAD40&hi
TGTC AAGCA 1AATTCCGGTT m
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT T

TGTAGAATTT GCATTGCGCC GOGAGTCACA AAGCCGGTTT TCGGCGATGT GITTCACAAC 180
GITTTCCCGG CCGCTGEECC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA cGr 238
gre ﬁrl'g\ CTT ELAifEC20G68 GAAWRAALIMI tH fillg (s €An&d& i fra%ﬁ@n@lﬁ.?\;gt
Ile Leu Ala Val Ay An A@n Ay Prolle Ala Arg Ala Qu
10 the compléﬁenAGAyC@&ﬁahﬁ(3%3ﬂHEBmﬁK:£H3éﬁﬁﬂbﬁﬁfa€ﬁEn@A€héTG
CTG ACG AAA CC 334 Thr Arg Gu d@n Val Val Val Arg Leu Leu Asp Met Leu
Thr Lys Al a codongQcorresponding to Zthe amino acid sequeBBe 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.

i0. a preparau10d pr ccess aCCOIQng 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-



GCG ACGC CGG GEC GCG AAT TTC ATT GTCTTCCCCGAACTCGCGCTT
Ser Ar; e Val Phe Pro Au Leu Ala Leu Thr

50 ACC TTC TTC COG ¢ jmmnmm
ACC GAC,QWM Wlﬂiﬂfﬂ AGC 430 Thr Phe Phe Pro Arg Tr
Asp d ac eu 1155%

65 TTC TAT GAG ACC GAA ATG CCC GGC CCG GIG GTC CGT CCA CTC TTT GAG

Phe Tyr G u Thr Gu I\/Et Pro Ay Pro Val Val Arg Pro Leu Phe G u

70 80 AAGGCCGCGGAACTCGGGATCGGC

Eﬁ f‘gg CC;TSIE J.VA&: gr car amy se 152§gl"¥:s or alo@e%: Ga%d‘ggxegéhéﬁﬁosqa/bf@e

95 GIC GTC CAAGY feirey l 4
Val Va %‘}%%ﬁ%? S R e I vt
105 is 65°C o,’l_.lﬁl AAG TCA GCC AAG ATC GIC GGC AAG TAT CGT AAG
ATC CAT TTG CCG 622 Asg Lys Ser Ay Lys Ile Val Ay Lys Tyr Arg Lys Ile

H's Leu Pro 115 16. roducti@n process accordildp to claim 14, 130
GGI' CAC AAG GAG TAC GAG GCE TAC CGG TTC CAG CAT CIT GAA AAG 670 Ay

Hs Lys G uwheréin & dedsrbAnglRse PhprovedHis tter@ostatsility by 2°C or
135 140 145
higher in the thermostable temperature is used.

neet Has ﬁeen'%epalaced

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),



CGT TAT T+ C GEC TIC CCG GIC TAT GAC GIT GAC (I8 Arg

IérS Phe gﬂ’ﬂ%’wwmg y Phe Pro Val Tyr ASD Val. A%SheetHasBeenReplaéeio
52 - GCC GG AAAL G TTC ATC. TGC AAC GAT CGC CGC Hmnml ,IIkGG
65

Ala Ala Lys Met Gy Met Phe Ile Cys Asn AsplBrg Arg Trp Pr

170 175 GCC TGG CGG GIG ATG GGC CTC AGG GGC GCC GAG ATC
ATC TGC GBC GGC 814 Ala Trp Arg Val Met Ay Leu Arg Ay Ala Gu lle lle
Cys Ay Ay 180 185 190

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,



TACAACWCCCTCTGTTCCCCAGCAC GACCAC-CTG__ 862 Tyr

Asn Thr Prn Pro Ser Val Pro Adn H's Asp HIS 19

200 " ” 210 ACG TCC T 366@12@ et

TCG ATG' CAG CAG AAC 910 Thr Ser Phe, I Imﬂm
958

Met Gn Ala Gy Ser TyrGInAsn : 117 - 215 |
225 GGG GCC TGG TCC GCG GCC GCG GGC AAG GIG GGC ATGIGAG GAG MAC

Gy Ala Trp Ser Ala Ala Ala Ay Lys Val Ay Met Au du Asn Cys
230 235 240 ATG CTG CTC GGC CAC TCC TGC

ATC GIG GCG GIC 1006 .\et Jdy.Hs S I
Val Ala Pro %%? é%n%’%f%%ll e or serzl%gé 264 58-vaible IS258r s the
255 GCT CTC ACT A ACG 1054
Ao Lo Th Thr Thr Pey %g&gggé%q\/gag%gg% Seqidid s A?r orldbe
265 claims 202¢9 Z@Cvﬁ‘é}&@ptw%%ﬁ%@ql%a%@% -I'TC

AAC TTC AAG CAG 1102 Leu Asp Arg Cys Arg Qu Leu’Arg Gu His Ile Phe Asn
Phe Lys G n 2Zable temperature &¥065°C or higher i€8b5he transformant 290
CATCGTCAGCCCCAGCACTATGGTCTGATCGCGGAACTC 1141 Hi s
Arg @ n Pro ©lorébsgapisi §.Leolli] dMI08 @AD402). (FERM BP-3912), E.2%wli
300

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



TGAGGI TCCC GAAAGCATG TGS TG TTCTCGECGC CTGGGTCACA TCCAGGCGCG 1201

CCAGGGTGAC (G CG ACCGCCTTCAG GGCGATCCGC mRePIaced
GGGTCGCCEE WA rmHEEﬁﬁéizg GITTCGCACC GACGECCGTC GT

CAGTCCCCGA A X TGGACC[SF?BCGTGGAACTG TA

ATAGATTTCC AAAGAGW TC GGCGAGGECGC GCCCCATGIG AGCGAGAACC 1441

GIGCCCAGAT CAAAGAATGA GACCGACECG CCGEECCECGG CAAAGGATGA TCCTCAGEGT 1501
CGGATCr ATC GCTCCGCCCT GVAGCAGGAG GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1561
GGGTTGCTGG CAAAGCCCAA GCCGCCCGEC CTTGITCCGG CACTTGAGAA TGCGATCGCC 1621

ATCGTCCATT Al GiviHds dA NS A (déAd PB4k E s €061 CRCaGEherhb EEAMIEe tfdidper-
ACGCCTCGGGA TATCCAAGAG CCACTGICAC TCCATCCTCA AGACGCTGAC GCATTTCGEC 1741

TGGCTGAAAT  BRBARASEOG L RCAPNAQGR F ACEASEF GAcAd T@ith another amino a8,
- 53 - SEQID NO 5 _
- 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



TOPOLOGY:! YPE: Genonic DNA ORI G NAL SOURCE  TiiR6ae0UHSBeen Replaced.
Escheri chi "{W MLO9 pAD416 ( FERN BP-3915) GTCGA

GGCTCGOGOG AGAGCTYGIC AATTCCGGITT. CCGGT 60 Zjﬂ!ﬂ&

AAAATTTTAC GCCTGITATT GICGIGCTGC ATGTAATAJTl STACTTTA 120 T

GCATTGOGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC 180 GITTTCCCGG
CCGCTGGEGECC GGACATCACC TAGGAAGGAG CAGAGGITCA TG ACA CGr 238

Thr Arg 1 CAG

ATG ATA CTT G £6A 5N EP80LranPsh Az iddd ddediKaklase g%t&n bt
Ile Leu Ala Val Ay @n An Ay Prolle Ala Arg Ala Qu

SEQUENCE ! LjFH 17 TYPE: nucl ei ¢ acid STRANDEDNESS. doubl e

10 that at 10asflin€CofGiAeCAorPEsHodiply d#in&Tdc{dE EacréIG
CTG ACG AAA BCC 334 Thr Arg Gu d@n Val Val Val Arg Leu Leu Asp Met Leu
Thr Lys Ala placed. 25 30 GCG AGC CGG GC&C

GCG AAT TTC ATT GIC TTC CCC GAA CTC GCG CTIT ACG 382 Ala Ser Arg Ay Ala
Asn Phe Ile Val Phe o GiuDNaufapgmeat BEeco3®ling to claim 38, 4goding for
45 50 _ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG, CCC,
GAG CTC GAT Atxdlecazbpmyhesehpreheipr dmprevad i Sheanairapspity watshals
Leu Asp Ser 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



55 65 TTC TAT GAG A@g %Iﬁ;rgé

CCG GTG GTC CGT gl G 478 Phe Tyr Gu Thr
val Val Arg M m 70 GC'I]
80 AAG GCC‘ I I TC GGC TTC AAT, £TG GGC TAC

Lys Ala Al'a G u Leu Ay Ile Ay Phe Asn Tet“ Gy Tyr Ala G u Leu

90 95 GTCGTCGAAGGCGGCGTCMAGCGTCGCTTAUCACGTCC
ATT TTG GIG 574 Val vVal Qu Ay @y Val Lys Arg Arg Phe Asn Thr Ser Ile
Leu Val - 100 105 110 GAT AAG TCA G&C

AAG ATC GIC 3G i\ @Hdh . t0& éﬁQnGAZcEEGo@CGmlncﬁ?a?cmpnwﬁe&Im@ ¥slys
Ile Val Gy Lys Tyr Arg Lys Ile Hs Leu Pro 115

125 replaced]ﬁﬁkh(ﬁﬂbﬁﬁgkAﬁﬁéGAGOT%ﬁd@NEHEXQQYKhéII%CEE@IEGeGAQ
CAT CTT GAA AAG 670 Ay His Lys Qu Tyr Gu Ala Tyr Arg Pro Phe G n Hi s

Leu Gu Lyswith alanine, sei#8he or threonine. 140 145
CGT TAT TTC GAG CCG GGC GAT CTC GEC TTC CCG GIC TAT GAC GIC GAC 718 Arg
Tyr Phe Gu Pro G yaRAsp AeDNA fr2hmeRtoadalorfiingAsp \@laisps0, wherein the0
195 base sequéﬁﬁg 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.



1 \
-54- GCC GOG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC ctacl’h@&e@cﬁasﬁ%R

Ala Al a L s Met Ay Met Phe Ile Cys Asn Asp Arg Arg Trp Pr ep]a°f‘65
170 LM"’ Hmllmlﬂl TGG CGG GTG ATG GGC CTC AGG uuf 12 1 mHm
NCTG:&ﬁ iy Arg Val qﬁE@JNgGy A e

Cys Ay Gy 185 190 TAC AhC ACG CCG
ACC CAC ANT CCC CCT GIT CCC CAG CAC GAC CAC CTG 862 Tyr Asn Thr Pro Thr
H's Asn Pro Pro Val Pro @n H's Asp His Leu 195 200

205 210 ACG TCC TTC CAC CAT CTC CTA TCG ATG CAG GCC GGG

%?rr EAI AC?S AAC 9K} Thrp St?ﬂéﬁrgé‘)?oﬁhéntﬁ ﬁi&fHokgggf.’gfn MRl '13°‘|B"3‘ qzdzfls er
JM109 pAD402 (FERM BP-3912), E. coli JM109 pAD404 (FERM BP-
3913), E. coli JM109 pAD406 (FERM BP-3914), E. c§li 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 pab422Z, 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



AAG GCG GGC ATG GAG GAG MyisShaetiias Beafigp
T e

GGG GAA ATC GFC "1006 Met Leu Leu Gy H s Ser Cys Ile Val

ro

Au lle Val 245 250122 - 255 'GCT CTC ACT ACG ACG
CTG GAA GAC GAG GIG ATC ACC GCC GCC GTC GAT 1054 Ala Leu Thr Thr Thr Leu
GQu Asp Qu 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 Leu Arg Gu H's Ile Phe Asn Phe Lys G n 275
280 tHe BNl %é ent; 200 CAT CGT CAG CCC CAG CAC TAT

GGT CTG ATC G0 GAACTCopeaining a ol bddghdi® GbFigiad 8 Hhs ML Fhy

Leu Ile Ala Gu Leu

TAGTAGCACE ACSEH A %%@%ég%@f%é@% W&?Kﬁ%&

CCOGACATTC CE[JJ&H&QQ:QA@@Q@@E&;; g' g@?ﬁﬁ
TTGCGCGGCC TGGACCTGTA CGTGGAACT TAT 1381 ATAGATTTCC GITTC

m EESASRA el 4l T CAAaGAATGA
GACCGACGCG GGATGA TCCTCA 1501 TCTATC GCTCCGCCCT
GAAGCAGGAG GCECCCACGLY  Geénkéird £ C eCaoh@e sy oblalin OBNRl KL dmé AL ECAdwving

GCCCCCCEEC CTTGITCCGG CACTTGAGAA TGCGATCGECC 1621 ATCGICGATT ACATCAACGG
TACACCGCCC QA AREiBissTa COCTEESGAcGCHY T CARGH iR B ABCCHH X te MATEANMHACE ox
CCACTGICAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741
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.



TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC m’ 5Rep1aced

- 55 - SEQ ID NO 6 SEQUENCE LENGTH. 1785

acid STRANDEDNESS: doubl e TOPOLOGY: |inear

DNA ORI G NAL SOURCE ORGANI SM Escherl Chl a col i STRAI N: 09
pAD428 123

ABSTRACT

A DNA fragment coding for a decarbamylase protein
improved in thermostability as the result of replacement of
at least one base of a DNA fragment coding for a decarbamy-
lase protein derived ffom a microorganism with another base
and the resultant replacement of at least one of the corre-
sponding amino acids, and its production process; a vector
containinyg the- DNA fragment; a transformant obtained by
transformation with the vector; as weil as a decarbamylase
improved in thermostability and its production process. Also
disclosed is a process for producing a D-c-amino acid, which
comprises converting an N-carbamoyl-D-a-amino acid into the
corresponding D-c-amino acid in an aqueous medium by the
action of a decarbamylase having a thermostable temperature
of 65°C or higher; and collecting the D-a-amino acid pro-

duced.



GTCGACGGCG GGCTOGOGCG AGAGCTTGIC AAGCAGCGCA AATTCOGGTT  COEBGNeHs BoePeplaced
TGCGACATCA AAAATTTTAC GCCTGITATT GICGTGCTGC ATGTAATATT TCG ~
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT - mogmm" "E m

-+ GITTTCCCGG CCGCTGEECC GGACATCACC TAGGAAGGAG CAGAGGTITCA TG

Thr Arg CAG ATG ATA CTT GCA GIG GGA CAA CAL GGI CCG ATr GCG CGC GCG
GAG 28 G@n Met Ile Leu Ala Val Ay An dn @y Prolle Ala Arg Ala
Adu 5 10 15 ACA CGC GAA CAG GTIC
GIC GIT CGT CTT CIC GAC ATG CTG ACG AAA GCC 334 Thr Arg Au G n Val
Val Val Arg Leu Leu Asp Met Leu Thr Lys Al a 20 25
30 GCG AGC CGG GEC GCG AAT TTC ATT GIC TTC CCC GAA CTC GCG CTT ACG
382 Ala Ser Arg Gy Ala Asn Phe Ile Val Phe Pro Qu Leu Ala Leu. Thr

35 40 - 45 50 . 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 Gu Ala Qu Leu Asp Ser

55 60 gg 1 TTC TAT GAG ACC GAA ATG CCC
GGC CCG GIG GIC CGI CCA CTC TTT GAG E Phe Tyr Qu Thr Au Met Pro
Gy Pro Val vVal Arg Pro Leu Phe G u 70 75
80 AAG GCC GCG GAA CTC GGG ATC GGC TTC. AAT CTG GGC TAC GCT GAA CTC
526
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Thermal treatment temperature (°C)

Strain 712 E.-coli JM109 pAD402 E.coli JM109 pAD404
—_—— e vhees - -
E.coli JM109 pAD406 E.coli JM109 pAD416
- S S



Lys
85

CGr
Arg
110
622
115
AAG
Lys
135
GAT

155

Ala Ala Qu Leu Gly Ile Gy Phe Asn Leu Gy Tyr Ala Gy

CGC TTC AAC ACG TCC ATT TTG GIG 574 Val Vval 4 u
Arg Phe Asn Thr Ser Ile Leu Val 100

—_—

95 GIC GIc

GAT AAG TCA GCC AAG ATC GIC GCGC AAG TAT CGT AAG ATC CAT TTG CCG!
Asp Lys Ser Ay Lys Ile vVal Gy Lys Tyr Arg Lys Ile H's Leu Pro

120 125 130 GGTI CAC

GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG 670 Ay Hs
Gu Tyr u Ala Tyr Arg Pro Phe A n H's Leu Gu Lys

140 145 CGT TAT TTC GAG COG GGC
CTC GCC TTC CCG GIC TAT GAC GIC GAC 718 Arg Tyr Phe Gu Pro Gy
Leu Gy Phe Pro Val Tyr Asp Val Asp ..150
160 '
Fig. 2

Residual activity (%)
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Number of reaction (times)

Strain 712 E.coli JM109 pAD402 E.coli JM109 pAD404
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E.coli JM109 pAD406 E.coli JM109 pAD41l6
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766 Ala Ala Lys Met Gy Met Phe Ile Cys Asn Asp Arq Arg TrpTHS

165 170 175 GCCTGGCGGGTG

AGG GGC GCC GAG ATC ATC TGC GGC GcC 814 Ala Trp Arg VaI

Gy Ala du llelle C¢ys Ay dy 180

190 TACAACACGCCGACCCACAATCCCCCTGTTCCCCAGCACGACCACCTG
Tyr Asn Thr Pro Thr His Asn Pro Pro Val Pro A n H's Asp H's Leu 195

. 56 - GOC GOG AMA ATG GGG ATG TTC ATC TGC AAC GAT CGC CGC TGG ﬁ &Ae@mlaced

200 205 ' 210 ACG TCC TTC CAC CAT CTC CTA
TCG ATG CAG GCC GGG TCT TAT CAG AAC  9F¥#9Fnhe Ser Phe His His Leu Leu -Ser
Mt Adn Ala Ay Ser Tyr An Asn 215 - 220

225 (GGG GCC TGG TCC GCG GCC GCG GGC AAG GCC GCGC ATG GAG GAG AAC TGC 958
Gy Ala Trp Ser Ala Ala Ala Ay Lys Ala Ay Met_Gu GQu Asn Cys

230 235 P 240w AIG CTG CTC GGC CAC TCC TGC
ATC GIG GCG CCG ACC GGG GAA ATC GTCv‘&006 gu s

[/>}
"'4"3\ =a

Hi

pkK233-2

4.6k

Nde 1
Pst I
Hing i

S
N



Met Leu leu Gy Hs Ser Cys Ile Val Ala Pro Thr GIyGIuIIe.VaI 240
250 255. GCT CTC ACT ACG ACG CTG GAA Al -
GCC GCC GIC GAT 1054 Ala Leu Thr Thr Thr Leu G u Asp Gu a
Al a Val Asp 260 ' _ 265 27 ‘

TGC CGG GAA CTG CGT GAA CAC ATC TTC AAC TTC AAG CAG 1102 Leu Asp Arg Q/s
Arg Gu Leu Arg GQu Hs Ile Phe Asn Phe Lys @ n 275 280
285 290 CATCGTCAGCCCCA CAC TAT GGT CTG ATC GCG GAA
CTC 1141 His Arg A n Prof&8nh s Tyr Gy Leu Ile Ala Gu Leu
295 300 TGAGGTTGCC GAAAAGCATG TGTGICGITG TTCTCGECGC

CTGGGTCACA TCCAGGCGCG 1201 CCAGGGTGAC ESCTGGTGGAA TAGTACCACG ACCGCTTCAG
GGCGATCCGC AAGGAGATGC 1261 GGGTCGCCGG -AGRGRCAAAG CCCGACATTC GTTTCGCACC
GACGGCCGTC GTGAACTCGA 1321 CAGTCCQUGA BARGBGOGTA TTGCGCGRCC TGGACCTGTA
CGTGGAACTG TAGCCCATAT 1381 ATAGATTTCC 'i?cAGTTTC GBEGAGGCGC GGCGCGCCTA
GCCCCATGTG AGCGAGAACC 1441 GTGCCCA -‘:;_;;TGA‘G%CCGACGCG CCGGCCGCGG
CAAAGGATGA TCCTCAGGGT 1501 CEEATQ"TC GCTq-=~q:L°tAAGCAGGAG GGCGCACGCT
GGCTGCTGAC GGCGGAGGAA 1561

CACTTGAGAA TGCGATCGCC 1621 QAR CATATCGCGT
CCCTGGCGGA GCTTTCAACG 1681 ACGCTCGGGA TATCCAAGAG CO TCCATCCTCA
AGACCCTGAC GCATTTCGEC 1741 fTGCCTGAAAT TCGACAATCG CT WSAGE TACGAGCTGA ATTC

1785




- 57 - SEQID NGO 7 SEQUENCE LENGTH: 1785 SEQUENCE TYPE: nucleic acid
STRANDEDNESS: doubl e TOPOLOGY: |inear MOLECULE TYPE: GenrhisiSbeeDHpS BOrY g
SOURCE ORGANI SM Escherichia coli STRAIN: JMLO9 pAD429 |IH '
GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGIT CCGCTCCGGT 60
AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA 120
GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGI GTTTCACAAC 180 GITTTCCCGG
CCGCTGEECC GGACATCACC TAGGAAGGAG CAGAGCEIIEA 3G ACA CcGr 238




Thr Arg
286 A n
5

CIT CIC
Leu Asp
GCG AGC
Ser Arg
40

ACC GAC
Asp G u
65 TTC
Phe Tyr
70

TTC AMI
Asn Leu
95 GIC
Val Val

CAG ATG ATA CIT GCA GIG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG

Met Ile Leu Al a val
_ 10
GAC ATG CTG ACG AAA
Met Leu Thr Lys Al a
CGG GEC CCG AAT TTC
Gy Ala Asn Phe Ile
45
GAG GCC GAG CTC GAT
Ala Qu Leu Asp Ser
TAT GAG ACC GAA ATG
Au Thr u Met Pro
75
CTG GGC TAC GCT GAA
Gy Tyr Ala Qu Leu
GIC GAA GGC G&C GTIC
Gu Ay dy Val Lys

Gy AGn Gn Ay Pro Ile Ala Arg AlThisShest Has Been Replaced.

15 ACA CGC GAA CAG GIC,
GCC 334 Thr Arg Au dn Val Yal ' ,"'
20 25 ;

ATT GIC TTC CCC GAA CTC GCG CTT ACG 382 Al a
Val Phe PrPiG usLeu Ala Leu Thr 35

%0 °AcCc TTC TTC CCG CGC TGG CAT TTC
AGC 430 Thr Phe Phe Pro Arg Trp Hi s Phe Thr

B, _ .. 55 60

CCCGGCCQG_GG_TG GIC CGI' CCA CIC TTT GAG 478
Gy Pro Vg_!og-)%tl Arg Pno Leu Phe Gu

: AAGMC?IGCGGAACTCCII;ATCGGC
CTC 20 Al a a Qu Leu Gy Ile Ay Phe
85 0 90
CGT CGC TTC AACNACG TQCSATT TTG GIG 574
Arg Arg Phe Asn Thr Ssx_%Ple Leu Val

Qe *
sph 1

pAD429
4.4 kb




100 105 110 GAT AAG TCA

GEC AAG TAT CGTI AAG ATC CAT TTG CCG 622 Asp Lys Ser d y_llﬁ}lss ﬁ \é
Lys Tyr Arg Lys Ile H's Leu Pro 115 . 120 s Sheot Has eenR
130 GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT mmlmus |||
Ay Hs Lys Gu Tyr u Ala Tyr Arg Pro Phe A n H's Leu A u

135 140 145 CGI TAT TTC GAG CCG GGC GAT
CTC GGC TTC CCG GIC TAT GAC GIC GAC 718 Arg Tyr Phe GQu Pro Gy Asp Leu
Gy Phe Pro Val Tyr Asp Val Asp 150 155
160

Pig. 7

300 -
250 |-
200 -

150

Relative activity (%)

100 |-

0 | L | ! 1 |
30 40 - 50 60 70 80

Temperature ( °C)

E.coli ju109 pan108 E.coli JH109 pAD455
Y W o



-58 - GCC GUG AAA ATG GGG ATG TTC ATC TGC AAC GAT OGC COCTHKiefil S8R eptaced

766 Ala Ala Lys Met Ay Met Phe Ile Cys Asn Asp Arg Arg Trp
165 170 175 GCC TGG CGG Gr Mﬂ,’ '
AGG GGC GCC GAG ATC ATC TGC GGC GGC 814 Ala Trp Arg Val :
Gy Ala du llelle C¢ys Ay dy 180 185

862

190 TAC AAC ACG CCG ACC CAC AAT CCC GAA GIT CCC CAG CAC GAC CAC CTG
Tyr Asn Thr Pro Thr His Asn Pro Gu Val Pro An H's Asp H's Leu 195

200 205 210 ACG TCC TTC CAC CAT CTC CTA
TCG ATG CAG GCC &G TCT TAT CAG AAC . 910 Thr Ser Phe His His Leu Leu Ser
Mt Adn Ala Ay Ser Tyr An Asn 215 220

225 GGG GCC TGG TCC GCG GCC GOG GGC AAG GTG GGC: ATG GAG GAG AAC TGC 958
Gy Ala Trp Ser Ala Ala Ala Ay Lys vVal Ay Met u du Asn Cys

230 235 240 ATG CTG CTC G&C CAC TCC TGC
ATC GIG GCG CCG ACC GGG GAA ATC GTC 1006 Met Leu Leu Ay His Ser Cys lle
Val Ala Pro Thr Ay Gu Ile Val 245 250

255 CGCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GIC GAT 1054
Ala Leu Thr Thr Thr Leu A u Asp Gu Val Fﬂ;‘? Ehr Ala Ala Val Asp

lOOr

Residual activity (%)
wn
o
T

0 e L 1 { ! ]

6 7 8 9 10 11
y )

E.coli JH109 pAD416 E.coli JH109 pAD4SS
—_—h—— S ————



260 : 265 270 CTC GAT CGC TGC CGG GAA CTG
CGI' GAA CAC ATC TTC AAC TTC AAG CAG 1102 Leu Asp Arg Cys  ArmgisShedt Hze BechIRgplaced

GQu Hs Ile Phe Asn Phe Lys A n 275 280
290 CAT CGI CAG CCC CAG CAC TAT GGT CTG ATC GCG GAA CTC - “ll“ll
Hs Arg Gn Pro dn Hs Tyr Ay Leu lle Ala Qu Leu

300 TGAGGTTGCC GAAAAGCATG TGTGICGTTG TTCTCGGECGC CTGGGTCAGA TCCAGGECGCG 1201
CCAGGGTGAC_GCTGGT %ﬁé TAGTACCACG ACCGCTTCAG GGCGATCCGC AAGGAGAT&C 1261
GGEGTCGCCRG A CATTC GITTCGCACC GACGGCCGIC GTGAACTCGA_1321
CAGTCCGCGA GAaGGGCcGTA TTGCECGECC TGGACCTGTA CGTGGAACTG T‘AGCCCATAT*}SBI
ATAGATTTCC AAAGAGTTTC GGCGAGGBCGC GECGCGCCTA GCCCCATGIG ACEGAGAA@&"1441
GTGCCCAGAT CARAGAKMGA GACCGACGCG CEGGCCGEGG CAAAGGATGA T

CGGATCTATC GCTCCGCCCT GAAGCAGGAG GO=ECA

G6GTTCCTGG CAAAGCCCAA GCCGCCCEEC 1T

ATCGTCGATT ACATCAACGG TACA

ACGCTCGGGA TATCCAAGAG PCR
TGECTGAAAT TCGACAATCG Preparat.
Preparation of of NdeI
NdeI restriction restrict.:
site : site
3 _ S = ~=
2o - S <3
=3 3 Hind W@ feo R . =
* - Cle 101 E:: R,I, "
1.4 kb 3.6 kb /
-~
\.
¥ 5$
LR
-&.
pUCNde v
2.7 kb
Hde 1 Hde I
Ssp I Ssp |
2.0 kb 0.5 kb
'PCR . v,
—
Preparation of NdeI and 233
PstIl restriction sites =

pUCHT Y s»2 !

fol 413
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- 59 - SEQ ID NGO 8 SEQUENCE LENGTH: 1785 SEQUENCE TYPE: —nueleic—acid

STRANDEDNESS: doubl e TOPCLOGY: |inear MOLECULE TYPE: GEnoni%HDNA ORI G NAL
-SOURCE ~ ORGANI SM  Escherichia coli STRAIN.  JMD9 pAD431 ?ﬁf'qﬁﬁﬁea&mhw _
GGCTCGCGCG AGAGCTTGIC AAGCAGCGCA AATTCCGGIT CCGCTCCGGT 60 T“i“‘ﬁi“?i _ Do
AAPATTTTAC GCCTGITATT GTCGTGCTGC ATGTAATATT TCGTACTTTA 120 8 1 | R
GCATTGCECC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GITTCACAAC 180 GITTTCCCGG
CCGCTGEECC GGACATCACC TAGGAAGGAG CAGAGGTITCA TG ACA CGT 238

Thr Arg 1 CAG.
ATG ATA CTT GCA GIG @®gCAAOCAA GGT CCs ATC GCG CGC GCG GAG 286 G n Met
Ile Leu Ala Val Ay @n Gn Ay Prolle Ala Arg Ala GI%

Sma |
Ban
-Sal
- Pst
Hin

bt
[~
Q.

>z

pNT4553

3.5 kb




W™ VA

5 & 10 15 ACACGCGAACAGGTC GTC GIT CGT

CTT CTC TP A ERevACH: GCC 334 Thr Arg G U GTRagE ISHAETS LesG
Leu Asp ﬂéu'l’hr Lys . 20 ACE‘MEIV?geSd to fbed 12
GOG AGC CG|GGC GOG AAT T ATT GTC TTC CCC GAA %ﬁé‘;ﬁ‘? : ed 2412
Ser Arg Gly| AL IMARII 1| el val Phe Pro G u Leu gEpagee i O PR o
40 45 50 ACC TiTd Frevtiss) i &?agﬁl%
ACC GAC GpG T| AGC 430 Thr Phe Phej\g AT p° PSS &0 ppged 1=
Asp Au -Ala.du ley Asp Ser 55. 60 +
65 TTC TAT GAG ACC GAA ATG COC GGC €05 GTG GIC AGT DAKEQE RE'GEMG“IQ%@
Phe Tyr Gu Thr Au Met Pro Gy Proé@cgi ro Leu Phe Gu

70 75 § GCG GAA CTC GGG ATC GGC
TTC AAT CTG GGC TAC CCT- GAA CTC 526 Lys Ala Ala Qu Leu Ay Ile dy Phe
Asn Leu Ay Tyr Ala G u Leu DNA CODINGSFOR DEXARBAMYLASE 95 GIC .
GIC GAA GGC GGC GIC AABMERSIVEDGINTTHERMOSTABCLITC MWD USEGTHEREOF 574 Val Val

AQu Ay Ay Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val 100

105 chn ﬁééﬁg' T AAG TCA.GGC AAG ATC GIC GGC AAG TAT CGT AAG

ATC CAT TTG CCES™™} s Ser Ay Lys Ile vVal Ay Lys Tyr Arg Lys lle

Hi's Leu.Pro 115 The present im¥ention relates to alDNA fragment, and 130

more particularly, it relates to a DNA fragment coding for a
thermostability—improred'enzYme"capable of converting D-N-
carbamoyl-a-amino ocids_ioto_the corresponding D-c~-amino
acids (hereinafter referred to as decarbamylase). The pres-
ent inveﬁtion also relates to a process for preparing the DNA
fragment, a vector comprisinc the_QNA fragment, a trans-
formant obtained by tronsformation Qith the vector, a decar-
bamylase improved in thetmbsfébility'End'its'prodﬁctiOn
process, and an improved process for producing amino acids
using the decarbamylase. The present 1nvent;on further
relates'to‘aeﬁethod'for ipcreasing,_by one oxr more, the-
-nuﬁber.of}mntatiohs in amino acids-related to the thermo-
stability of a decarbamylase. ' i

i\‘l

Background A¥t.

»Optically active D-apamino ac;ds are important com-
pounds as intermediates of medicaments, and in particular,
D-phenylglycioe, D-parahydroxyphenylglycine and the'like,
which are intermediates for the production of semi-synthetic
peniciliins and semisyﬁthetic'sepharospolines, areznsefol
compounds from an industrial point of fiew. 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-



GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT.
H s Lys Au Tyr GQu Ala Tyr Arg Pro Phe @ n His Leu GQu

PLACEMENT §
—CEGCECGAT

135~ -~ 140 145 CGT TAT TTC dAQ T

GGC TTC CCG GIC TAT GAC GIC GAC 718 Arg Tyr Phe u Proq dy V

Phe Pro Val Tyr Asp Val Asp 159 15&";(&‘?&“%6”913I
160 - eT - L CCC GOG AAA

ATG GGG ATG TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA 7

Gy Met Phe Ile Cys Asn Asp Arg Arg Trp Pro Gu
170

Ala Ala Lys Met

- \TJ

yl_grougguif the corresponding D-N-carbamoyl-c-amino acids,
wherein the.removal of carbamoyl groups is effected by a
chemical method (the specification of the Japanese Patent
Publication No. 58-47075 or by the utilization of enzyme
reactions of microorganisﬁs (the specifications of the Japa-
nese Patent Publicaﬁion Nos. 57-18793, 63-20520 and 1-48758,
and the Japanese Patent Application No. 2-4079?2).

Hdwever, because a mineral acid such as sulfuric acid
is uéed at great amounts in the chemical method employed for
the removal of carbambyl groups, serious problems on the
environment may occur in relation to theftreatment thereof
and the like. On the other hand, the method utilizing an
enzyme reaction has disadvanﬁages that the aﬁount of enzyme
produced is not satlsfactory and there are some dxfficulties_
in its propertzes even if mass product;on is made possxble,'
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'éégyme is prepared, a stabilizing agent is added or a
means of éreventing inactifation such as treatment at low
teméeratures is employed. When an enzyme is used in an
actual reaction at ordinary or high temperaﬁures, attention
will be directed-to the stability of the enzyme. -In particu-
lar casé where an enzyme is used on an industrial scale, its
stability often has an effect upon the product cost. Aalso,
in particular caée where an enzyme is used on an industrial
scale, as a means of allowing the enzyme reaction to proceed

with advantage, the enzyme is repeatedly used in the reaction



GCC TGG CGG GIG ATG GGC CTC AGG GGC GOC GAG ATC ATC TGC
JdJrp Arg Val Met Ay Leu Arg Ay Ala Qu Ile lle Cys Ay d

ICENENT SHET

185+ 190 TAC AAC ACG CCG ACC CAC AAT CCC APd GTIT CCC CAG
CAC GAC CAC CTG 862 Tyr Asn Thr Pro Thr His Asn Pro Asn§ Vial Pt MAR1997
Hi s-Asp H's Leu 195 200 206

210 ACG TCC TTC CAC CAT CTC CTA TCG ATG CAG GCC GGG TCT
Thr Ser Phe His Hs Leu Leu Ser Mef Gn Ala Ay Ser Tyr djp_Asn

215 220 225 GGG GCC TGG TCC GCG GCC GCG
GGC AAG GIG GGC ATG GAG GAG AAC TGC 958 Gy Ala Trp Ser Ala Ala Ala dy
Lys Val Gy MAas @ §ocralreth lpreactor such as ggoimmobilized enzyme 135

240 ATG CTG CJIC CA TGC.ATC TC GIC 1006
Met Leu Leu GmﬁééPgC?ﬁﬁré‘a@a ’Sfr fﬁ?“@? tEﬁ%al"‘l"g'ev

245 ab:.liéggof the enzyme will 4pive SCTifil€atioh ACCEHEGdnba CAA
GAC GAG GTG ATC ACC GCC GIC GAT 1054 Ala Leu Thr Thr Thr Leu G u Asp
Au Val |le Thef Alse And kave Amp import@80 effect upon the prdduct cost.

270  CTC GAT OGC TGC CGG GAA CTG OGL GAA CAC ATC TTC AAC TTC AAG CAG
1102 Leu Asp Arg OyInathepreaent Apyerfirny atepatipr i Pagdeteyhey n 275

280 thermoé@yiility as an index é%ukhe 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-apamino acids as the substrate and excellent
stability by an improvement of currently available decarbam-
ylases and to produce D-c-aminoc acids using this enzyme with ;_
high efficiency. |
Summaxy of the Invention .

That is, the present invention provides an improved
process for producing D-ac-amino acids, cémprisidg-converting
D-N-carbamoyl-apamiﬁb acidé into-the correspbndingﬁo-a-amino
acids in an aquéous medium by the action of an enzyme and
collecting the D-a-amino acids produced, said enzymé being
produced by a transformant 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

g oLl

[ CAG AAC 910 §




CATCGTCAGCCCCAGCACTATGGTCTGATCGCGGAACTC

‘.’.‘ SR

Arg Gn Pro Gn Hs Tyr Ay Leu Ille Ala GQu Leu - REPLAQE@%NT@HEET

300:
1201
1261

1321

1381
1441
1501
1561
1621
1681
1741
1785

TGAGGTTGCC GAAAAGCATG TGTGTCGTTG TTCTCGGCGC CTGGGTCACA
CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG GGCGATCCGH

A4

/VKEBQQ@NR}BQ7
GGGTCGCCGG AGCGECAAAG CCCGACATTC GITCGCACC GACGGGCCCTCE GTGAACTCGA

CAGTCCGCGA GAAGGGOGTA TTGCGCGGCC TGSACCTGTA CGTGGAACTG TAGCCCATAT
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC GECGCGCCTA GCCCCATGT (. AGCGAGAACC

GIGCCCAGAT CAAAGAATGA GACCGACCCG CCEECCECGG CAAAGGATGA TCCTCAGEGT

EEE?iCTATC GCT GAAGCA%E@S gg%GCA é%%%gﬁgﬁ %%égggﬁpﬁﬁA

ATOGTOGATT TACAO0GE0G YR T HEE o A TEG00REAo BT
TA CCAAGAG CCACTGTCAC TCCTCA AGACGCTGAC GCATTTCGGC
TGGCT GAARSCAEGAGAA TR mmg\ca\cs@cmmmgﬁw:mh this DNA

fragment into a host cell and screening a strain capable of
producing an enzyme improved in thermostabxllty.
Thus, the present anentron also provides a DNA frag-
ment for conducting the improved process for producing D-c-
amino acids according to the present invention, its produc-
tion process and an expression vector containing the frag-
ment, a transformed microorganism obtained by transformation
with the expression vector, as well as a eecarbamylaee ime
proved in thermostabi;ity and its production process. The
present invention furtnerfprovides a method for increaeing,
by one or more, the number of mutations in amino acxds relat—
ed to the thermostability of decarbamylases.
Brief Description of the Draw1ngs_
The present invention will hereinafter be Lllustrated
by reference to the accompanying drawings._
Figure 1 is a graph showing the thermostahle activ;ty

of a decarbamylase after thermal treatment, which is obtalned

- 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 accoxding to the present inven- -

tion.




- 61 - SEQID NO 9 SEQUENCE LENGTH: 1785 SEQUENCE TYPE:
STRANDEDNESS: doubl e TOPOLOGY: |inear MOLECULE TYPE: Geno
SOURCE  ORGANI SM Escherichia coli STRAIN: JMLO9 pAD43 TCGACEECG
GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT 0 T9ﬁ2§§¢¢$97
AAAATTTTAC GCCTGITATT GICGTGCTGC ATGTAATTT TCGTACTTTA 120 TGL

GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATEST- GTTTCACAAC 180 LGITTICCESS
CCGCTGBECC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT 238 :
Thr Arg T CAG
ATG ATA CTT GCA GIG GGA CAA CAA GGI CCG ATC GCG CGC GCG GAG 286 A n Mz
Ile Leu-Ala Val Gy flgur@ B ShowsPr@skkectich Magsrbe Flabmids pkx2335

10 15 ACA CGC GAA CAG GIC GIC GIT CGI CIT CTC GAC ATG CTG

ACG AAA GCC and3pKK¥E.Arg Gu dn Val Val Val Arg Leu Leu Asp Met Leu Thr .
Lys Al a 20

o o5 0 GG AGC. OGG GGC
GOG AAT TTC ATT Grc Fieurect ehowsresgeiction Aags °f3%§‘?‘“1%%69“9?°%d

PAD1086.

Figure S shows restrictibﬁ maps of plasmids pAD402 and
pAD4021.

Figure 6 shows restriction maps of plasmids pAD429 and a
PAD45S. _

Figure 7 is a graph showing the relationship beﬁﬁeen
the reaction temperature of a desssbamylase produced -by E.-
coli JM109 pAD108 or E. coli JM109 pAD45S agd its activity.

Figure 8 is a graph showing the_stsbilitysagainst PH,
of a decarbamylase produced by E. coli JM109 pAD416 or E.
coli JM109 pAD4SS.

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 thermqsta@;l—
ity. _ '

Fiéﬁré-lo sﬁows aErestriétibh map of plasmid puC NT
and pNT4553.- ) - |
Detailed Description of the Invention

In general, it is known that the thexmostability 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 alsoc have high sta-
bility with almost no exception, and that enzymes having
thermostability given by the substitution of amino acids

according to a gene recombination technique also have excel-



Ala Ser Arg Ay Ala Asn Phe Ile Val Phe Pro Gu Leu Al a LF
40 45 50 ACC TTC TTC £
TTG ACC GAC GAG GCC GAG CTC GAT AGC 430 Thr Phe Phe Pr¢
Thr Asp Au Ala Gu Leu Asp Ser 55
65 TTC TAT GAG ACC GAA ATG CCC GGC CCG GIe GTC CGT CCA ClTTT GAG 473
Phe Tyr Qu Thr Au Met Pro dy Pro Val Val Arg Pro Leu Phe 1]
70 75 80 AAG GCC GCG GpA_CTC GGG ATC
TTC AAT CTG GEC TAC GCT GAACTC - 526 Lys Ala Ala Qu Leu Gy Ile Ay Phe
Asn Leu Ay Tyr, Al.a Gl u. Leun 85 : 9'?71’ 5 7

95 GTC GTC GAASScsepbibify AKagersr tcelrrcSaive Aegake ¥ Trc @it 574
Val Vval Qu Gy(lq%) a Lys Arg Arg Phe Asn Thr Ser Ile Leu Val 100

105 GAT AAG TCA GGC ALG ATC GIC GGC AAG TAT CGT AAG

ATC CAT TTG CCG 623sﬁeme ln)éi:hS&rf& ynalking! &g éiedyuel y:hbymoé?;ubl&r,gchgsel l e
H s Leu Pro 115 130

GGT CAC AAG GAGambeCGamplpyedr ACI“E,EEP@G@ Fhickm @IFP-“GT ?CM%““ 8%0 dy
Hi s LysGIuTyr GIuAIaTr Ar%ProPhe n Hs_

135 ertyge Brotdih 5 chdliued B b ometibd 1 Pl She spmvmes

CTC G&C TTC CC&%dE&Ie@Gy @Qm@é& treaktheftty Jﬂiﬁéﬂeegcuieﬁ ®theAsp Leu
Ay Phe Pro Val Tyr Asp Val

like. As the method for improving the thermostabxlity by a

Krg Trb& Leu Phe

change in the amino acid sequence of the enzyme protein,
‘there can be employed a method in which bacterial cells are
allowed to cause some mutation with a chemicelly mutagenic
. agent such as nitrosoguanidine (NTG) or by ultraviolet rays,
followed by screening, or a methoe 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'fraéﬁent into a single-stranded form,
'there can be employed, for example, a meehod for incorporat-
ing the fragment into phage particiee. As ehe singlefstrand-
ed bNA, there can be used either a DNA straﬁd containing the
codons corresponding to the amino acid sequence of a decar-
bamylase protein or the complementary strand thereof. More-
over, as to the mntation 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



150 155 160 ]

- 62 - (GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGCC&E%S%N QHEET
766 Ala Ala Lys Met Gy Met Phe Ile Cys Asn Asp Arg Arg TfpjPro
165 170 © 175 GCC TGG &G B At C
AGG GGC GCC GAG ATC ATC TGC GEC GEC 814 Ala Trp Arg Valilvet dy Le[errll
Arg Ay Ala Gu lle lle Cys Ay Gy 180

185
190 TACAACACGCCGACCCACAATCCCCCTGTTCCCCAGCACW_
Tyr Asn Thr Pro Thr H's Asn Pro Pro Val Pro G n His Asp H s Leu

mutation and thereby introducing some mutation into the amino
acid sequence of an enzyme protein, there can Be used hydrox-
- ylamine hydrochloride, sodium nitrite, formic acid, hydrazine
or the like.

For example, in the mutagenesis using hydroxylamine
hydrochloride, a decérbamylase gene is first ligated with the.:
double-stranded DNA of an M13 phage such as Ml3mpl9, with
which E. coli JM109 or the like is infected, and this bacte-
rial culture-ié incubated to prepare phage particles for use
in the mutagenesis. The mutation can bé effected by the
reaction using hydroxylamine hydrochloride ih a qoncentration
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 mntagenic'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 deqarbamylase gene to a plasmid.

~ In the mutagenesis using sodium nitrite, formic';cid,
hydrazine or the-like, thexre can be basicaily used a method
as described by R.M. Myers, €t 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 mutatiqn with sodium nitrite can be effect-
ed by the reaction using sodium 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-



195 200 . 205

S
TTC CAC CAT CTC CTA TCG ATG CAG GCC GGG TCT TAT CAG AAC ﬁﬁﬁ@ff £l
Hss Hs Leu Leu Ser Met An Ala Ay Ser Tyr An Asn . 215
220 225 GGG GCC TGG TCC GCG GCC GOG GGC{AAG GRMARIINMTG
GAG GAG AAC TCC 958 Ay Ala Trp Ser Ala_Ala Ala Ay Lys Gy Mt du
dn Asn Cys 230 35 _ 240 ATG
CTG CTC GGC CAC TCC TGC ATC GIG GCG CCG ACC GGG GAA ATC GL 1006 Met Leu
Leu Ay Hi's Ser Q/slleVaI Ala Pro Thr Gy GIuIIeVaI 245
250 GCT CTC ACT ACG ACG AG GTG A%S
G0 GOC GTC CaTuten 05 hR RuERtiom Mith, formic agt e oXPY PL T Al a
Ala Val Asp Eofd1 TGC

s CAn C1a O EBRE ISR URHIS 4%, 1, £aTiiRe acid a4 cﬁ%fféﬁ

p Arg s Arg

Gu Leu Ar g A uibPe, |fcr Bhpelbod RFc 2Lys D minuRéE. The mutation w280

285 290 CAT CGT CAG CCC CAG CAC TAT. GGT CTG ATC GCG GAA
CTC ~ hydgazinejcgnpbg effected bynthe $reptment waing hydapzing in o
295

CTGGGTCACA fcm&cfﬁgioé)ﬁ%? %%qgg& %%G

GGOGATCCGC AAGGARAISGuihit

GE§§I§3§EEEn&@§I§§X¥N@§eC§E§£(¥ﬂHK3dEEBISGCACC

GACGGECCGTC GIGAACTCCGA 1321

stranded forms using E. coli DNA polymerase Klenow fragment,

Seqnena.seR 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 chaxn react;on) (D. W Leung et al., A Journal of
Methods in Cell and Molecular Biology, 1, i1-15 (1989)) or
the like. This is a method in WhLCh TanNA 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 almutant decarbamylese gene can be prepared by
causing an error in the gene synthesis using TanNA polymer-
ase under the reaction conditions such as hxgher concentra-

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

nary reaction or an extremely lowered concentration of only
one substrste 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



CAGTCCGCEA GAAQGGCGTA TTGEECGEECC TGGACCTGTA CENGEAACTG.T#
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC GGCGCGCCTA GOCCCATGTG ARl
GI'GCCCAGAT CAAAGAATGA GACCGACECG CCGEECCELGG CAAAGGATCGA “
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT GGCTCGCTGAC (C ) :
GGGTTGCTGG CAAAGCCCAA GCCGCCCGEC CTTGI TG CACTTGAGAA TECRATCGCC 1621
ATCGTCGATT ACATCAACGG TACACCGCCC: CATATCACGI CCCTGECCEA GETHEAARCG Tohol
ACGCCTCGEEEA TATCCAAGAG CCACTGICAC TCCATCCTCA AGACGCTGAC GRATTTCGEC 1741
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC ' 1785

- 63 - - SEReRe Y ad%ne m_utagﬁ%J EsN.%%,LENan iod L 85g PCR or the

like. The in vitro method for introducing a s;te-specxfxc

mutation using an oligonucleotide can be condncted 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 part to
be allowed to cause some mutation and using.an enzyme such as
a DNA polynerase Klenow fragment, followed by introduction
into E. coli. These reactions can readily .be effected.using

a commercially available kit, for example, “Mutan™-K" or

™

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

directed in vitro mutagenesis System, version 2.0" from
Amersham Japan. The method for replacxng 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. In this method, PCR reaction is effected
using a synthetic DNA primer containing the mutation and a
synthetic DNA corresponding to the end'of the_gene,wafter_
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




'SEQUENCE TYPE: nucleic acid °  STRANDEDNESS: doubl e TOPOLOGY:
| i near MOLECULE TYPE: Genom ¢ DNA ORI G NA

ORGANI SM  Escheri chi a col i STRAI N: - JMLO9 pAD43 REPLAC k@ﬂdﬂm

GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA. AATTCCGGIT CCGCT
T

o/

TGACAGATCA AAAATTTTAC GCCTGTTATT GICGTGCTGC ATGTAATATT [T
TGTAGAATTT GCATTGCGCC GOGAGTCACA AAGCCGSTION ~TCGGCGATGT |GITT
GTTTTCCOGG COGCTGGGECC GGACATCACC TAGGAAGGAG CAGAGGTTCA
Thr Arg

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG
An Met |le Leendl ﬁréﬁre@ ¥nGiRe q%v@—ﬂe?éﬁiﬂe@ mAhdes Os gs:%a@eﬂ to a

5 ACA CGC CAG GIC GIC GIT
CGT CTT CTC G&éaAm@lmmGsm azs:@t!c133qr PKK~23Ba2, Apnd Ghe @eﬂulﬂainQ\/al Val

é(r)g Le.u - A%%M g&éiﬁ@f@rmaa%lﬁe Eoccehly Sufk %i:e CTT ACG

382 Al 2 50094 Sotiowed] By SOUIHP fofiatfin U4 aPpRatd ot 1hlAg ! T
TTC TTC CCG CRBELIBirTIq anfiCthe€CliNC GABef:K3ACcOLonEAls AfePlicdBéd Thr

Phe Phe Pro Aﬂngrg Leu Phe Thr Asp Au Ala u Leu_Asp Ser
55 gBterilized filter papgr, and the plate is stored.

The filter paper, after drying, is immersed in a solution
containing lysqzyme and Triten 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 eried, 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 contain a carbamyl-D-amino
acid as the substrate and also contains phenol, 4-aminoanti-
pyrine, D-amino acid oxidase and peroxidase. The colony
exhibiting color development can be separated as a thermo-
stability-acquiring strain. '

First, as an index indicating the thermostabiiity of
an enzyme, thermostable temperature is defined. The thermo-
stable temperature is defined as the treatment temperature 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
decarbamylase (e.g., microo;ganisﬁs disclosed in the Interna-

tional Publication No. W092/10579) can usually be used. The



WEET \oce GTG GTC oGT oca cTC TIT Gag 478 —
trvet™PTo Gy Pro Val Val Arg Pro Leu Phe GQu
AAG GCThiSSIEetEasB ATC

80
°TC 526 Lys AI a ‘mm“ Hi Ile
eu -
"AAG cGT & TTC AAC A ATT T1G GTG

TTC TAT GAG A
Phe Tyr du Th

Gy Phe Asn Le
95 - GIC

574 Val ! al Lys Arg Arg Phe Asn Thr. Ser 1le Leu Val
100 105 110 GAT AAG TCA GGC AAG ATC GTC GcC
AAG TAT CGT AAG ATC CAT JTG CCG 622 Asp Lys Ser Gy Lys Ile Val Gy

Lys Tyr Arg Lys t}q%\ostfgltetfnmeaature 1385 differgntyw.tth thfzgespective

SV T i £ A AR R L L LR S

du Lys stability tolerabll@d5to repeated use by4h improvement in thbdd
CGI' TAT TTC GAG CCG GEC GAT CTC G TTC CCG GIC TAT GAC GIC GAC 718

Arg Tyr Phe G UEIRTROBLabALELY o YaGipuphprapertigs Fyhenstharalthaspostabil-
150 ity ehould, of course, be téken into consideration, and it is
desxrable to use a decarbamylase exhibiting high thermostable
temperature, for example, in the range of 60° to 63°C, from
the first. From this point of view, a decarbamylase produced
by Agrobacterium radiobacter KNK712 (FERM BP-1900) is pre-
ferred because of its relatively higher thermostable tempera-
ture of about 62°C. The deoarbamylaee from KNK712 and the
DNA fragment coding for this enzyme have the amino -acid
sequence and the DNA sequence, respectively, shown io se—
‘quence Listing, SEQ ID NO: 1. The oeCarbemylase i@P?év?d,;n
- thermostability obtained by the_mntagenesis of this deoarbam-
ylase'éene was found to contain a.repieoemeht of 57—hieti-
dine, 203-proline or 236-valine with a different amino ac1d,
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 out also by the
combined replacement of two or three amino acids. In the
.present invention, the thermostable temperhture could be
increased by at least 2°C, mostly about 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_oﬁ leucine or

tyrosine for S7-histidine; of leucine, esparagine; glutamic



- 64 - ccc GIRERBLAGEMENES TV ATC TGC AAC GAT CGC OGC

766 Ala Al a Lyd "y ‘Met Ph¢ fle Cys Asn Asp Arg Arg Trp Pro Glu

165 17r|QAR 1991 | 175 GCC TGG cemxscsn@tﬂ W
AGG GGC GCC GAC ATC TGC GcC 814 Ala Trp ArgV Arg
Ay Ala Qu Ile}l —v,a'uyuy 180~ \

190 TAC AAC ACE;gggﬁﬁggxgég_AAI_bCC CCT GIT CCC CAG CAC

Tyr Asn Thr -Pro S n Pro Pro Val Wo(]an/%pHslﬁul%

200 205 210 ACG TCC TTC CAC CAT CTC CTA

TCG ATG CAG Gecsidecthreoniae onGevide fog]203proddnepheorief [ilanive, Leu Ser

g/gtS Gn Aa Gt*r%%ﬁlﬂ_grorgsrérérs\e for 236-valine, asZJf.Ee different amino 220

acid (Sequence Listing, SEQ ID NOs: 2-30). As the DNA
sequenceé coding for these decarbamylases improved in thermo-
stébili;y, there were obtained those which contain a substi-
tution of Tmf, CIT oxr 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-nucleotides corresponding
to 203-proline; of GCG, Gcf, 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—relatéd amino acids are identified, the use
of site-specific.mut#ggnesis_makes it possible to substitute
many amino”acids for these'émino aci&s by_the substitution of
varibus-bases. Thus, the.DuA'f:agment-coding for the decar_
bamylase improvéd iﬁ ﬁherméstabiiitf.can be subngtedztd
mutagenesis for a further improvement in the thermostability. .

In casé of Agrobactériuﬁ.radiobacter KNK712 (FEﬁM BP-.
1900), the derivative hqving two or three amino acid muta-
tions in three émino acidé 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 decarb#mYlase) 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-



GGG GCC TGG AAG GTG GGC ATG GAG GAG AAC TGC 958 Ay

Ala Trp Ser : ,_ hyd Val Gy Met A n A@n Asn Cys 230
235 : : G CTC GGC CAC TCC TGC ATC GIG GCG CCG ACC
GGG GAA ATC @rd RVIG97 eu Gy His Ser Cys Ile Val Ala Pro Thr Ay
Au lle Val . 250 255 CCT CTC
ACT ACG ACG AAC AG GIG ATC ACC &CC 'GCC GTC GAT 1054 Ala Leu Thr
Thr Thr Leu Glu Asp du Val-Jt+ed Thr Ala Ala Val Asp 260

265 _ _ 270 CITC GATCGCTGCCGGGAACTGCGTGAACAC ATC TTC
AAC TTC AAG CAG 1102 Leu ASB g Cys Arg Gu Leu Arg Gu His |l e Phe Asn
Phe Lys G n 2fgre, an Ndel res rxqﬂyyn sxte is formed aggthe initiation 290

CAT CGI' CAG CCC G CTG ATC 1141 Hi s
Arg G n Pro G5 ndgﬁ EA{AF%SG%C PRIV YRSR oBF, %&E‘&R method. Thus,qs '
300 TGAGGITCSG -efnd\IA G E EE&ZEETGJ'EQICMM%W
1201 CCAGGGTGAC GCTGGTGGAA TAGIACCACG ACCGCTTCAG GGCGATCCGEC AAGGAGATGEC 1261

GGGTCGOCGG AGRBOEEARD CREGARAIFETIT BEGBACE mmmmam
CAGTCOGCGA A m TGEACCTGT A TAT 1381
ATAGATTTCC AA/E%E%?GF di‘iﬁ&@?A‘ﬁ% QR 441
GTGOCCAGAT CA%%\ S EHAHS 55 CAAAGGATGA TCCTCAGGGT 1501
CGGATCTATC GCT GAAGCAGGAG OGCT GGCTGCTGAC GGOGGAGGAA 1561

GGGITCCTGG CAAAGCCCATh &G XTEpEeCmiahiEl BSCprepdtdd BiARel CEOLIEXnenit]l 6Z1

ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGI CCCTGGCGGA GCTTTCAACG 1681
these mutation-free DNA fragments with DNA fragments having
some mutation in the thermostability-related amino acids.
The DNA fragment having some amino acid mutation is prepared
from the tranéformant or expression. vector as obtained in
Example 3 or 8. _

On the otﬁer hand, an NdeI-EcoRI DNA fragment of about
1.6 kb containing a decarbamylase gene (which is naturally .
occurring or contaihs one amino acid mutation) is obtained by'
cleaving pAD108, pAD402 or the like, which has been conferréd‘
aﬂ'NdeI restriction site, and then incotporated into an _
appropriate veétor_having Ndel and.EchI resﬁribtioﬁ sites,
suéh as pKK NE (prepared from pkK233-2 shown in Fig. 3) r
described in Example 9 and shown_iﬁ Fig. 3, thereby obtaining
a plasmid.(e.g.,'pAD 1086 shown in Fig. 4 from pAD108; and
pAD4021.shown in Fig. S5 from pAD402)} The DNA fragments of
this plasmid, which have no mutaéion site for the above-
mentioned three amino acids, ére replaced with DNA fragments
containing such amino acid mutation sites, thereby obtaining
an expressioﬁ-vectoi 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 combination of the substituted amino

. acids as described above:

The above-described method is not iimited to the case
of Agrobacterium radiobacter KNK712 (FERM BP-1900), and it
can be used, in general, for a further improvement in thé

' thermostability_of a decarbamylase enzyme. That is,'accord-
ing to the method for making an enzyme thermostable as de--
scribed .above, éeveral kinds of decarbamylases improved in
thermostébility can be obtainéd by the replacement of an
amino acid, from which the therhéstébilitybrelateq amino
acids are identified, and still anothei replacement of this
amino acid'makes ;t possible t& find other amino acids giving
an imbrovement in the thermostability. Under the circum-
stances that bNA f;agments corresponding to the respective
thermostable decarﬁamylaées have already been obtained,
simultaneous mutatibns 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
.thermostability.

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

 for the DNA fragment.

2) A DNA fragment coﬁprising a DNA portion coding for



STRAI N, IMLOR AT M EIST YHRBTICG GGCTOGCGOG AGAGCTTGTC AAGCAGOGCA
3 AGATCA AAAATTTTAC GCCTGITATT GTOGTGCTGC

ATGTAATATT TEGFACTT @8 TGTRGAATTT GCATTGOGCC GOGABEGAGAHAYRESCRPIAGEH
TCGRCGATGT rcACAMAR TFTCCCGG COGCTGRGECC %Ammnmmmw
CAGAGGTTCA T¢ ACA CGT__ 2
Thr Arg CA OGT 231 - 15 - 1 CAG
ATG ATA CTT ¢cA eAA GGU CCC ATC GOG CGC. GOG GAG 286 G n Met
Ile Leu Ala val GIyGInGInGIyProIIeAIaArgAIaGIu 5
10 15 ACA CGC GAA CAG GIC GIC GIT CGT CTT CTC GAC ATG
CTG ACG AAA GCone amigw TRid muratjionGBhte/ais v&tavaedpgvgoméahq_ea‘AA%Jﬁa%t Leu
Thr Lys Al a . 30 GC CGG
GoC G AaT TTRORER asfh sopipgfanag Ehermestable deparbamyieg ReRipCRcy
Ala Asn Phe | ¢e¥at cPrﬁe aﬁEHOQéﬁ.d-%téEi‘oﬁed&: THrom38he vectors compris
45 ACC TTC TTC CCG OGC TGG CAT TTC ACC GAC GAG GAG
- CTC GAT ACGC tnGOfiégmdalts i?hehFime AbgrispoﬁdimgPlresfhicﬂm_n @nzymeaidd u Leu
Asp Ser 55 60 65 TTC

TAT GAG ACC GABRERRA ICC GGC CCG GTG GIC CGT CCA CTC TTT GAG 478 Phe , Tyr

$5u Thr G u Met __Pr 0 %)Y I‘:])!rhg y@rgﬂoré&ggpﬁﬁa L&égﬁgﬁtqﬂt having no aminc? 0

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) Thg-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.

S) The opefations in steps 2) ;o 4) are repeated, if
necessary. |

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

In case of Agrobacterium radxobacter KNK712 (FERM BP-
1900), as the vector in step 2), any vector can be used so
1ong'a§ it has been prepared by giving an NdeIl restriction
site in an expression vector which is pUC19 having incorpo-
rated thereinto one of.the DNA fragﬁents shown in Séqﬁencé
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 Ndel restriction site in any vector



MG GCC GOG GAA

Ala Ala Gu Leu ?Epiﬁ@e;@y“?ﬁé"

90

| Le Leu Val

. . 9 C
TCC. ATT TTG GTG 57-i 1\'@“ ‘@aip c
140

GGC GCC GIC AG CGTI CGC TTC AAC ACG

C AAT CTG GCC TAC CCT GAA CTC 526 Lys
Leu Ay Tyr Ala Qu Leu 85

uf@y @y Val Lys Arg Arg Phe Asn Thr Ser
105_ 6 - 110 GAT AAG TCA

Ay

GGC AAG ATC GIC ¢ AAG TAT CGT AA$ ATC CAT TTG CCG 622 Asp LyS Ser
Lys Ile Val Ay Iys—PmH—Argtys 1Te H s Leu Pro 115 120 -
125 130 GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG

CAT CTT GAA AAG

Leu A u Lys

CGT TAT TTC CAGdetee®Felat, €kbe

Tyr Phe Qu Pro Ay Asp Leu Gy Phe Pro Val Tyr Asp Val

150

fragmedScoding for a decarbafiflase having already received
an amino acid substitution for an improvement in the thermo-
stability at every one oé ehfee thermostability-related sites
(i.e., triple mutation-containing pAD426, pAD427, pAD454,
pAD455 and pAD456). The DNA fragments obtained with restric-
tion enzymes are NdeI-SacI, SalI-ClaI and ClaI-Sphl in any
case of step 2) or step 3).

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

From the expression vector ebtained.by the incorpora—
tion of a DNA fragment shown in Sequence Llsting, SEQ ID NOs:
2-34 znto pUC19 ox pKK NE, for example, the anorporatxon
into pUC19 gives pAD402, pAD404, pAD406, _pm:-us, pAD428,
pAD429, pAD431, pAD434, pAD435,. pAD439, pAD441, pAD44S,
pAD447, pAD448, pAD450, pAD4S1l, pAD452, pAD453, pAD454 or
PAD456; the incorpoiation 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-

lecgeg frony vafégugl examplex otG‘ the f?fBI ss:.org chg.oghgs G125H| S

oETQh%%sTQIc%Hﬁr@A@ a DNA8 Arg



ATC TGC AAC GAT CGC CGC TGG CCT GAA
ke Cys Asn Asp Arg Arg Trp Pro Qu

175 GCC TGG CGG GIG ATG GGEC CTC AGG
814 Ala Trp Arg Val Met Ay Leu Arg Ay
185 : 190

- 66 - GCC GCG 4 \
766 Ala Al a Lys |V BAWE@E
165*. 1%0

GGC GCC GAG ATCiATC FAMARI%c
Ala Gu lle llelCis Gy GV _ -
TAC AAC ACG CCG{ACC CAC AMr cccC GIT &8C™CAG CAC GAC CAC CTG 862 Tyr
Asn Thr Pro Thr L | Pro G@n Hs 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 H s Leu Leu Ser
‘Met A n Al a GEy™eR; Mergfﬂr% the expression vectgxycobtained by incorpor

Gy Aa Trp SERHPS W RIE Y veeaPaR T i T, g e

230 . pAD429 239.q. 6, upper part) and(the’\Biepcdss (It ¥ddtoAGLICC TCC
ATC GIG GCG CCG ACC GGG GAA ATC GIC 1006 Met Leu Leu Gy H's Ser Cys Ile

Val Ala Pro Thei@Gk¢ Wy incogpyeation into pKK NE has the same restriction

0

map as that of pAD455 (Fig. 6, lower part). These expression
vectors were used for the transformation of Escheridhia coli
JM109 or HB101, which afforded the fdllowing transformants
capable of producing a decarbﬁmylase improved in thermosta-
~ “bility.
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 pAD44S,
E. coli JM109 pAD447,
'E. coli JH109 pAD44s,
. coli JM109 pAD4S50,

. coli JM109 pAD422,

E
E
E. coli JM109 pAD421,
E
E. coli JM109 pAD423,
E

. coli JM109 pAD424 (FERM BP-4034),



245

EPLA@%T SHEET 255 GCT CTC ACT ACG ACG CTG GAA
GAC GAG GTIG e AN GAT 1054 Ala Leu Thr Thr Thr Leu G u Asp
Au Val Ile Thn Al ?M 260 265

270 CIC GA ¢GC3. G CGT GAA CAC ATC TTC AAC TTC AAG CAG 1102
Leu Asp Arg 4 Arg Ju leu Arg Qu His_llgl% Phe Asn Phe Lys G'n 275

280 285 CAT CGI' CAG CCC CAG CAC TAT
GGT CTG ATC 1141 Hs Arg An Pro dn Hs Tyr Ay

Leu Ile Ala Au Leu ' 295 300 GAGGITGCC
GAAAAGCMIG TGTGTCGTTG TTCTCGGCGC CTGGGTCACA TCCAGGCGCG 1201  CCAGGTGAC
GCTGGTGGAA TAGTACCACE -ACCEETININY @BBAATCCGC AAGGAGATCC 1261 GGGTCGCCGG

AGCGGCAAAG CCCGACATTC, GIT. C GTGAACTCGA 1321 CAGTCCGCGA
GAAGGGCGTA TTGCGCGGC% é‘.‘:—z—{\% MG TAGCCCATAT 1381 ATAGATTCC
AAAGAGTTTC GGCGAGGCGGe GQG@@G@@I’@ JGTG AGOGAGAACC 1441 GTGOCCAAAT
CAAAGAATGA - GACCGACGCG COGROCRORG GGATGA TCCTCAGGGT 1501 CGGATCTATC
GCTCCGCCCT GAAGCAGGAGE GROGEATEDTY GRADRGETGAC GGCGGAGGAA 1561 GGGTTGCTGG

CAAAGOCCAA GCOGCCCGGC. CTTGITCOGG CACTTGAGAA TGOGATCGCC 1621  ATGGTCGATT
ACATCAACGG TACACCGCCCE CAPARCENES? GCTTTCAACG 1681 ACGCTCGGGA

TATCCAAGAG CCACTGTCACG TCLATOGREdy AGREESTGAC CCATTTOGEC 1741  TGGCTGAAAT
TCGACAATCG CTCAAAGAGC TACGA TC 1785

E. coli JM109 pAD461,

E. coli JM109 pAD454,

E. coli JM109 pAD45S5 (FERM BP-4036),

E. coli JM109 pAD4S6,

‘E. coli JM109 pAD468,

E. coli JM109 pAD469,

E. coli JM109 pAD470 or

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

For these decarbamylases of the improved type, the
amount of such an enzyme of interest produced by a trans-
formant can be increased by incoréorating the corresponding
gene downstream the strong promotor of a vector.

fhe transformant can be cultured on a conventional
nutrient medium to express a transformant DNA which has been.
introduced thereinto. In case where the tr;nsformant DNA has
been conferred with certain properties originating in the
genetic or véctpr 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 conventipnal
medium; if necessary, various treatments may be employed for

enzyme induction, such as the addition of hydantoin com-
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GGCTCGECECG AGANECT{AN AATTCCGGTT 'CCECTCCGGET 60 TGACAGATCA

AAAATTTTAC GCETIETTATT GTCGTGOQTAC ATGTAAT TCGTACTTTA 120 TGTAGAATTT

GCATTGCGCC GCRABFEACA—AAGEESSTTIT TCGGCGATGI GITTCACAAC 180

pounds, D-N-carbamoyl-c-amino acids, isopropyl-l-thio-p-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, nitrogen ‘sources aﬁd inorganic ions. If
organic micronutrients such as vitamins and amino acids are
added thereto, prefebred results are oftén obtained. As the
carbon'sources, ¢§rbohydrates such as.glucose_and'sucrose,
organic acids such as acetic acid, alcohols and the like are
suitably used. As the nitrogen sources, ammonia gas, ammonia
water,_aﬁmoniﬁm_éalts'and the like are used. As the inorgan-
ic sélts; phoséhate ion,,magneéium ion, potassium ion, ferxric
ion and the like may be used.

The;culture;preparétion may be conducted under aerobic
édqgitioﬁs_fgf iié@_lg_@éYs while making an éppfopriate
adjustment'to ﬁhe PH raﬁge of 4 to 8 and the temperature
range of 25° to 45°C, which makes it possible to obtain
desirable results. The enzyme produced bf a transformant can
be applied as a culture éolution 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 lyophilized bacte-
rial cells, acetone-dried bacterial cells, toluene- or sur-

factant-contacted bacterial cells, lysozyme-treated bacterial

. P R TTe) N I T
PSS S tE TR EF RN R



Thr
ATG
ile
10

CTG
Thr
GEC
Al a
45

CTC
Asp
TAT
Au
75

TAC
Al a
GAA
Ay

GTTTTCOCGG FREETICC TAGAAGRAG CAGAGGTTCA TG ACA CGT 238

Arg . 1 CAG
ATACTT GGT CCG ATC GCG CCC CG GAG 286 A n Mt
Leu Al.a Val Glm R11ﬁ7n Y Prolle Ala Arg Ala Gu 5
. ACA}CEC GAA CAG GTC GIC GIT CGI CTT CTC GAC ATG

ACG AAA Argidu A n Val 203 val Arg Leu Leu Asp Met Leu
Lys Ala " 25 30 GCG AGC CGG
GCG AAT THE-ATT GIC TTC CCC GAA CTC GCG CTT ACG 382 Ala Ser Arg Ay
Asn Phe Ile Val Phe Pro Qu Leu Ala Leu Thr 35

cells, 5gl tyEenirated bastertat q@éﬁm@é?‘?@%kﬂé%ﬁ@ﬁ% GAG
g’g‘:— ACC 43Qer al cq?,sl.PheeE;fr)méA‘ re?ctragt l'gaovl:i‘-l?l% Inrefegﬁ"e a‘éf_%%‘g}g #:rLeu
GAG ACC %&@%%%g@mnﬁc% iate thd éiﬁ?tespoﬁaﬁnﬁ’he Tyr
Thr Gu Met Pro Ay Pro Val Arg Pro Leu Phe GQu

D-c-amifi0 aciAld BECr&Esya0AALCEHRR GREhameyLOIrquEs AMRLCNG. ! GGC

GCT GAA CTC 526 Lys Ala Ala Qu. Leu dy Ile d As e Tyr
du Leu have beegygitained fromLLhes%QEIZated baé%erlal céi*g uéﬁﬁg y

gf/: \C/;gl;lC gg’ %Qa%% %‘1&95# é(%’é ?Q ﬁJJL%}TGeQIQ ;@Jﬂu\ﬁhlyﬂl G u

tion products of the treated bacterial cells; immobilization

products of the treated bacterial cells on a support for the
immobilization of an enzyme protein (e.g., anion ekchange
‘resin), or the like. For the method for immobilization,
reference is made to the specification of the Japanese Patent
Laid-open Publication No. 63-185382.

As the support to be used for immobilization, various
anion exéhange resins having various-amine—, ammonium salt-
or diethanolamine-type functional groups are suitable, such
as phenol-formaldehyde anion exchange resins, for example,
Dﬁolite AS68 #nd.D317186 (Rohm & Haas; registered trade
-names), and polystyrene resins, for example, Amberlite

{ ':IRA935, IRA945, IRA901 (Rohm & Haas; registered trade
| names), Lewatatit OC1037 (Bayer; registered trade name) and
Diaion EX-05 (Mitsubishi Chemical Inductries; registered
trade name). In addition to these, any other suppdrt such as
DEAE-cellulose can also be used.

Further, to ensure firm and stable adsorption 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
cells and cell-free extracts. |

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

D-N-carbamoyl-a-amino acids used as the substrate of
an enzyme reaction in the present in?ention 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-fbrm_qf_a mixture of the D- and L-forms; and in case where

. the énzyme 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 usefﬁlscompounds 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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766 Ala Ala Ly t t |l e Cys Asn Asp Arg Arg Trp Pro Qu

165 A@MENT Sm - 175 GCC TGG CCG GIG ATG G&C CTC
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Gy Ala Gu Il | e} CMARAN7 G |y 180 185.

190 TAC AAC ACH CCG ACC CAC AAT CCC CCT £LI'L CCC CAG CAC GAC CAC CTG 862
Tyr Asn Thr Pr “HS ASn Pro Pro Val Pro G n H's Asp H s 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 Hi's His Leu Leu Ser

395 oo Coc. PERTRE A T B s aad Lok AR BRS AR ATEP A BAPARE Tec o
NGy Ala Trp Sﬁwamelxa ﬂ@reﬁfalg ¥-RotroR9phéhyL MoheCedrfd ALIAAN r¥érs to

230 240 ATG CTG CTC GEC CAC TCC TGC
ATC GIG GCG C@GQ‘(@EP%]GM ATCAxIi® atopse the coxwregponding @mdingeacitys |l e’

Val Ala P Th Gyl Val . 245 i 250 '
ye5 ot Crc Ak ieRate, trpds e RoVaAErer O ARICARE: RltCETRe @ 1054
Ala Leu Thr ThineThikkeU fHd’ t83R ShBbtitheblCaliif1 Aletefbacydn ARyl

' group of 1 to 4 carbon atoms, which is substituted with

hydroxy, alkylthio, carboxyl, amino, phenyl, hydroxy-substi-
tuted phenyl, amide or the like, the corresponding amino acid
of which is D-sérine, D-threonine, D-methionine, D-cysteine,
D-agparagine, D-glutamine, D-tyrosine, D-tryptophan, D-aspa;;
tic acid, D-glutamic acid, D-histidine, D-lysine, D-arg;ning,
D-ciﬁrullihe or tﬁe like. The term araikyl refers to a group
of 7 to 8 carbon atoms, such as benzyl or phenetyl, the cor-
respondlng amino acxd of which is D-phenylalanine or - the
like. _ ‘

As the agueous medium, theré can.be uséd water, Buffer
or those which contain an organic solvent such as ethanol.
If necesgary, various AdditiveS'such'as nutrients nee&ed for
the growth of microorganisms, ant;gxidants,_surfactan;s,
coenzymes, hydroxylamine and metals can also be added to the
aqueou§ medium. B

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
with 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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295 ' ) ' RGCC GCATG TGTGTCGTTG TTCTCGGECGC
CTGGGICACA TCCAEECX CEACHGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG
GGCGATCCGC AAGGAGATGC 1261 GGGTCGCCGG AGCGGCAAAG CCCGACATTC GTTTCGCACC
GACGGCCGTC GTGAACTCGA 1321 CAGTCCGCGA GAAGGGCGTA TTGCGCGRCC TGGACCTGTA
CGTGGAACTG TAGECergatic sderonutwientscenah A itaniasanaminocactdesCCT

TS A i SR ST S
GCTCCTAAC COeheAREtYoderb bouktdd, (dakisoh hCREGEEIHe GhAGT TCCCG
CACTTGAGAA TGCGATCGCC 1621 ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT

CCCTGGCGGA GCFREEASES ARRhicAOSIIRCBUCA IATORNGAGCLSACTBTal] STE@BATEE CA

AGACCTCAC. GATLICREE A1 TORCIFAT TREACPATIR, CTEANGAE TACRAGCTCA

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 approprzate
- adjustment to the. pH range of 4 to 8 and the temperature
'Trange of 25 c to 45 C, whxch makes it pOSSLble that D-N-car- -
bamoyl-a-amino acids are converted only lnto D-c~amino acids
. with high efficlency “ . _' _
In contrast, when the reactlon of an. untreated culture.
:solution of the above-descrzbed mlcroorganlsm, cultured
‘bacterial cells, treated bacterial. cells, enzyme extracts,
immobilization products of bacterial cells, Lnsolubillzatlon
products of bacterxal cells or 1mmobllization products of
enzyme proteins is effected in an agqueous medium contalnlng
TD—N-carbamoyl-a—amlno 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 approprlate |
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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GGCTCGCECG AGAQ RAREOIGOGCA AATTCOGGTT CCGCTCCG4},

AAAATTTTAC GCC -'A~ ‘CGTGCTQC JATGTAATATT TCETACTTTA

GCATTGCGCC C —A FT JTCGGCGATGTa I TTCACAAC Hl |Iﬂﬁm

CCGECTGEECC GEA TCACC TACEAACEAG AGAGGITCA TG ACA CEW

Thr Arg

1 CAC

ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC CGC OGC CCG GG 286 G n Met

‘1le Leu Al a Val
10

cddds .G el P-ddaniRb0atids Hradbedd Aéa'h Hél separated arfd
purxfiﬁd 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 embodiménts of
the present invéntion._ The detection and quantitative ahaly-

sis of D-a-amino acids produced were conducted by high per-

. formance liquid chromatography (HPLC) or thin layef chroma-

. tography (TLC).

Example 1
Mutagenesis of Agrabacterium radiobacter KNK712
decarbamylase gene with hydroxylamine

Plasmid PAD108 having a KNK712 decarbamylase gene was

d;gested with restrxctlon enzymes HindIII and EcoRI, which .

' was mixed and ligated with the digest of an-Mlepls_double—

stranded DNA with HIndIII and EcoRI. This was transformed
into E. coli JM109, which was mixed with 2 ml of H top agar
médium (10 g/1 bactotrypton,. 8 g/l NaCl, ‘8 g/1 bactoagar)
containing 100 mM isopropyl-p-D-thiogalactopyranoside (IPTG)
and 0.2% Sfpromo-4—chloro-3-indolyl-ﬂ—pfgalactoside (X-Gal)
added boéh in an amount of 46 ul, and ﬁhen plated on an H
aéar'piate (10 g/1 bactotrypton, 8 g/l ‘NaCl, 12 g/l bacto-
agar), followed by*incubation at 37°C.and separation of a
white plaque. This recombinant phége was. cultured on 100 ml

of 2YT medium (16 g/l bactotrypton, 10 g/l bactoyeast ex-
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cles were precipitated ‘with a PEG-NaCl solution, and then
dissolved in sterilized water, with whicﬁ E. coli JM109 was
infected. The microorganism was cultured on 800 ml of 2YT
medium, and a double-stranded DNA having some mutation was
prepared by the alkaline-SDS method and CsCl gltracéhftifuga-
tion method. This was digested with HindIII and EcoRI, aﬁd
then incorporated-into pﬁClS, which was transforﬁed into E.

coli JM109, and then plated on a ZYT agar plate contaxnlng ‘

- 50 pg/ml ampxcxllin. Thus, about 15 000 E. c011 ‘trans-

formants ggch.havlng a Mutant decarbgmylase_gene'were ob-
tained. ' o o '

Example 2 B T

Mutagenesis of Agrobacterxum radxobacter KNK712 decar-
bamylase gene with n;trqus acid -

The recombinant phage particles obtained by incorpo-

_tating a KNK712 decafbamylase 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-sfrandéd 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 reterse transcriptase (Life
Science). This was digested with restriction enzymes HindIIl_
and EcoRI, and incorporated into pUCl1l9, 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 improved
in thermostability
The colony .of the E. coli transformants each having a
mntant decarbamylase gene on the plate were replicated onto a
fllter paper (Toyo Roshi, sc, ¢83 mm), which was soaked with
1.5 ml of lytic solation (20 i ‘l‘r:l.s-I-_ICl (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,.lt was soaked with
1 ml of color development reaction solution (30 mM K-phos-
| phate buffer (pH 7. 4), 0. 3% carbamyl-D-phenylglyc;ne, 0.25%
phenol,ilo mg/ml D-amino acid oxidase (Sigma), 2.36 pg/ml
peroxidase (derived from horseradieh, CALZYME Lab.),
0.1 mg/ml 4-aminocantipyrine), followed by a reaction at 37°C
for 30 minutes. Colonies corresponding to the red-color.
developed spots were separated as the strain lmproved in

thermostability, from the origxnal plate.
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285 290 CAT CGT CAG CCC CAG CAC TAT GGT CTG ATC GCG GAA .
CTC 11Zkample 4

The:mostability_evaluation of decarbamylase improved
in thermostability | |
A shaken culfure containing one of four decarbamylase-
'producing strains inproved in thermostability as obtained in
Example 3 (three mutants obtained by mutagenesis with hydrox-
ylamine and one mutant obﬁained by mutagenesis with nitrous
acid), togethei: with recombinant E. coli JM109 pAD108 (FERM
BP-3184) having a. KNK712 decarbamylase gene, . was prepared in-
| f10 ml of 2YT liquld medlum (containing 50 ug/ml amplcillin '
and 1 mM IPTG) and incubated overnight. After harvested, the
bacterial cells were washed with 0.1 M K-phosphate buffer (pH
"7.6), and suspended in 1 ml of the same buffer, after which
the suspension was disrupted with an ultraeonio disrupting
apparatus (tomy'Seiko, model UR-20P) 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, tne decarbamylase.activitf before and after
the thermal treatment were measuned. In the measurement,
‘using 1% carbamyl- D-hydroxy phenylglycxne as the substrate,

the reactxon was effected in 0 1 M K- phosphate buffer (pH

e .'.l-'.”-:é'x'
T e T
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D-hydroxyphenylglycine produced was determlned by high per-

formance liquid chromatography. The results are shown in

Fig.

1.

Examplé 5

Gene analysis of decarbamylase improved in thermosta-

bility

The gene analysis was conducted for the mutant decar-

bamylase improved in thermostability, to presume the mutation

sites of the decarbamylase protein. The plasmid having a

gene for the deqarbamylase improved in thermostability was

reacted in a programmable incubator (ASTEC, model PC-700)

using Taq ﬁye Deoxygu

Terminator Cycle Sequencing'kit (Applied

Biosystems), followed by removal of excess Dye Deoxy using

Bio Spin 30 (BIO-RAD)."This_samplé was subjected to electro-

phoresis and data analysis with DNA sequencer model 373A

(Applied-Biosystems). As the result, the mutation sites were

found as shdwn.in Table 1. In every cases, the thermostabil-

ity was improved by one hmino acid mutation.
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60 TGACAGATCA
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10 15 “ACA CGC GAA CAG GIC GIC GIT CGT CTT CTC GAC ATG CTG

ACG AAA GCC 334 Thr Arg Qu G n Val Val Val Arg Leu Leu Asp Met Leu Thr
Lys Al a 20 7 30, , GOG] AGC CGG GGC
GOG AAT TTC ATT Gletarrc ccc (BERe 2@:(%{}%;{10@&‘

ﬁggﬁ#a Ser Arg Ay Ala

Asn Phe |1 e Yoar—le—Pro—Gtut-et—Ala—teu—tRt 40
45 (71@9 _ - 61.8 . none none

A=)

Escherichia coli

JN108 pAD402 67:3 401C—T 57His—>Tyr

JN09 pADA04 | 68.0 TTBI0CST T 203Pro—Leu

JH109 pAD406 . 66.5 |839C—T | 203Pro—Ser

TH109  pAD416 .4 [939T—C | 236Val-Ala
Example 6

Immobilization of decarbaﬁylase improved in
thermostability on resin

A shaken culture contain;ng one of four decarbamylase—
.producing straxns improved in thermostabzlity, together thh
recombxnant E. colx JM109 pAD108 (FERM BP—3184) hav;ng ay )

' KNK712 decarbamylase gene, was prepared in 1 1iter of ZYT
medium (containing 50 ug/ml ampicillin and 1 mM IPTG) and
incubated overnight. After harvested, the bacterial cells
were washed with 0.1 M Kaphosphate buffer (pH 7.0), and
suspended in 100 ml of the same buffer, after which the

' suspension was disrupted with an ultrasonxc dxsruptxng appa-
ratus (BRANSON, Sonifier model 250) and the res;due was
removed by centrifugation to yield a crude enzyme solution.
To this, Duolite A-568 (Rohm & Haas) eqt;;;breted withlpi} r

LIt e
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1R0phosphate buffer ((spllo'ﬁ OéAwas added at 2 1-3@10 @ 1AQGréefy CC
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Ay Lygs 40/ ImgApgotgjsn,I lagd Heise pdixtire @dsH st.l.rred under a nit20-

6T CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG

CTT GAA AdRR seaé?e“-df Hior BQshyns £9r erpyrey therpdsarptinny plBigs n Hi s

A u Lys
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Phe G u Pbaffdy (AHP7Le) andy 18heM RIEhYathiyitdiS DY) , ASBd reacted 150

160
in 0.2% glutaraldehyde and 0.1 M K-phosphate buffexr (pH 7. 0)

at 4°C for 10 minutes for the protein crosslinking, which
afforded an immobilized enzyme-containing resin. The activi-
ties of the resins thus obtained are shown in Table 2.

. Table 2

E.coli E.coli " E.coli E coli :
Hutant JH103.  JN109  JNI09  JMI0S | TI2-
pAD402  pAD404  pAD40S - pAD41E

Activity _ P
(u/g resin) | 12.4 9.4 10.0 14.6 9.6

Exgmple 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 obtaiﬁed in Example 6.
The reaction was effected (100 ml of reaction mixture) using
50 units of thé immobilized decarbamjlase and 3§ carbamyl-D-
HPG as the substrate at 40°C with stirring under a stream of
ni;rogen 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 houre 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 i

Various amino ac;ds were substituted for three sites
found to be related to thermostability, i. e., histidine which
is 57famino acid, proline which is 203eamino 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 eacn_of the thermo-
stability-related.sitee, 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 lo-base sequence portions which were the same as
the complimentary gene sequences on both sides of the gene
poxrtion 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



ACG TCC TTC

Ser Phe H s H

215

GGC AAG TCA
Lys Ser Gy
240 ATG CTG

Met Leu Leu G

250
Al a Val Asp
285

CTC
295

CTGGGICACA TCCAGGECGCG 1201

A Jggmgmi ATG CAG GCC GGG TCT TAT CAG AAC 910 Thr
“Leu tldn Ala Ay Ser Tyr G n Asn
% 225 (GGG GCC TGG TCC GCG GCC CCG -
ATCI MAS BRE qTec 958 Gy AaTrp Ser Aa AaAady
1 Ju-du 230 235
C GGC CAC TCC TG ATC GF&E3B0C6 CCG ACC GGG GAA ATC GTC 1006
' Val Ala Pro Thr Ay Qu Ile Val 245

255 GCT CTC ACT ACG ACG CTG GAA GAC GAG GIG ATC ACC

GCC GCC GTC GAT 1054 Ala Leu Thr Thr Thr Leu u Asp GQu Val Ile Thr Ala
kind®F amino acid was i orated into this 34Kike EbetEh CCC

TGC CGG GAA CTG CGTI GAA CAC ATC TTC AAC TTC AAG CAG 1102 Leu Asp Arg Cys .
Arg G u Leu Arfted (thej seplémeﬁeatAerRhe thesuse o2 gAD108 .as the tem- 280
lat é CAT CGI CAG CCC CAG CAC TAT GGI' CTG ATC GCG GAA
plate, fpd wping,\thig priner @ng Mi3RV\primey (Tekaga SAMgol u Leu
T ,

the PCR 399 eEﬁ

AR Hodd -

ACCGCTTCAG mecmmAm@r%mm ABCCEGAL ergiRGACATTC
GTTTCGCACC GACGGCOGTC. GTGAACTCGA 1321 CAGTCOGCGA GA&GGGOGTA TTGOGCGGCC

TGEACCTGTA

ﬁmmﬁnmt AtABAThaEES ) andAskTTe-k8B8thGGCGC

GECECECCTA GE@Z&K&HEL@ éﬁigg¥g%§gggs and having a mutation at every

HindIII restriction sites so as not to be cleaved was pre-
pared by.the PCR reaction using pADlos and MUTF3 and M13M4
primers (both, Takéra Shuzo). These two kinds of PCR prod-
ucts were mixed togethér,'and hgated-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, slngle-stranded DNA portlons were

made into double-stranded forms. Using this DNA and M13M4

and M13RV primers, the PCR_react;on was effected, and the DNA

produced was simultaneously digested with HindIII and EcoRI.
The digesp was ligated with pUC19 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 thermostabxlity were screéned,
and it was found that derivatives having a substitution of
leucine for 57-histidine, derivatives having a substitution-
of asparagine,.glutamic aéid, threonine, alan;ne, 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.



GIGCCCAGAT CAA
CGGATCTATC GCT.
GGGITGCTGG CAA
ATCGTCGATT ACA
ACGCTCGGEGA TAT]
TGCCTGAAAT T

- 73 - SEQI

- STRANDEDNESS: do

] COGBOCGCGG CAAAGGATGA TCCTCAGGGT 1501

GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1561
CTTGITCCGG CACTTGAGAA TGCGATCGECC 1621
CATATCGCGI CCCTGECGEA GCTTTCAACG 1681
TCCATCCTCA AGACGCTGAC GCATTTCGCC 1741
TACGRACTGA ATTC 1785

ENGTH: 1785 SEQUENCE TYPE: nucleic acid

uble
Table 3
: Thermostable DNA Amino acid
Mutant temperature(*C} mutation mutation
(7112) 61. 8 none ' none
Escherichia coli -
TH109 pAD434 67.5 | 402A=T 57His— Leu
03T—A '
JN109 pAD435 67.0 | 402A—T | STHis—Leu
JH109 pAD431 67.0 |839C—~A | 203Pro—Asn
840C—A
841T—C
TN109 pAD429 70.0 |839C—~G | 203Pro~Glu
840C—A
841T—A
IN109 pAD445 '67.5 |839Cc—A | 203Pro—Thr
841T—C
J4109 pAD468 67.1 839C—G | 203Pro—Ala
JY109 pAD4GY 67.2 |839C—A | 203Pro—11le
. 840C—~T
JH109 pAD4T0 65.2 |840C—A | 203Pro—His




TOPOLOGY: |inear m By PE mom ¢ DNA ORI G NAL SOURCE  ORGANI SM
Escheri chia col i ENIVEHEERADA48  GTOGACGEOG GACTOGOGOG AGAGCTTGTC
AAGCAGCGCA AATTCEGEHTT CCGCTCEET] 60 TGACAGATCA AAAATTTTAC GCCTGTTATT
GTCGTGCTGC ATGTAATATT 1HMARGGITA! 120 TGTAGAATTT GCATTGCGCC GCGAGICACA
AAGCCGGTTT TCGGCEAT G‘F GITTCACAC {180 GITTTCCCGG CCGCTGGEGECC GGACATCACC
TAGGAAGGAG CAGA bT FeA~TG-ACA-SS- P38- 34 -

~Thr Arg 1 CAG
-ATGATACTTGCAL;' CCG ATC GCG CGEC GCG GAG 286 G n Met
Ile Leu Ala Val Ay An Adn Ay Prolle Ala Arg Ala Gu 5

10 : rade 4ACA CGC GAA CAG GIC GIC GIT CGI CTT CTC GAC ATG CTG,_
ACG AAA GCC 334 Thr Arg Au @n Val Vval Val Arg Leu Leu Asp Met Leu Thr
Lys Al a 20 25 ) 30 GCG AGC CGG GGC GCG
AAT TTC ATT GIC TTC CCC GAA CTC GCG CTT ACG 382 Al a Ser Arg Gy Ala Asn
Phe Ile Val Phe Pro Qu Leu-Aia Leu Thr 35 40

50 ACC TTC T} E—CE6-CEE—TFE5-GAT—FFE A;g CAC—GAG mﬁﬁfﬁsgﬁ?c AT AGC 430
Thr Phe Phe Pro Arigtahtp Hi s a d 3 p Ser
55 60 ¢ E" b FAFCAGACE—BAA ATG CCC GGC
COG GTG GTC ¢GT CCATIQYC TTT |GAGS1. 8478]  none " none
Escherichia coli
JH109 pAD428 70.0 939T—-C 236 Val—Ala
940G—+C |
JH109 pAD439 71.5 939T—~C | 236Val—Ala
940G—~T
| TH109  pAD44] 7.5 |938G—A | 236Val—Ser
' 939T—G |
940G—T
| Ju109 - pAD44T 72.0 - | 938G—T | 236Val—Ser
939T—C
940G~ A
| Tu109  paDads 72.0 | 938G—T | 236Val—Ser
- 939T—C .
JH109 pAD4SO 69.5 |938G—A | 23§Val—Thr
839C—C




Phe
70

TTC
Asn
95

Val

105
ATC
Hi s
H s
135
CTC

160

Tyr du Thr o Val Val Arg Pro Leu Phe du

80 AAG GCC GCG GAA CTC GGG ATC @GBC
AAT CTG G&C 526 Lys Ala Ala Qu Leu Ay Ile @y Phe
Leu Ay Tyr 85 90
GIC GIC f ‘CCC TTC AAC ACG TCC ATT TTG GIG 574
Val Gu Ay Arlg Phe Agn-Thr Ser Ile Leu Val 100

110 GAT AAGJTCA GGC AAG ATC GTC GGC AAG TAT CGT AAG
CAT TTG CCG — 622 Asp Lys Ser Ay Lys Ile Val Ay Lys Tyr Arg Lys Ille
Leu Pro 115 120 125 130

CAC AAG GAG TACE{%% TAC CGG CCG TTC CAG CAT CTT GAA AAG 670 Gy
Al a” Tyr

Lys Gu Tyr Qu Arg Pro Phe G n Hs Leu Qu Lys

Mtiple mutation at thétmostabiliAl-Félatédds 38 GCC GAT
GGEC TTC CCG GIC TAT GAC GIC GAC 718 Arg Tyr Phe Gu Pro Gy Asp Leu
Phe Pro Val Tyr Dggﬁv%j.vqgsﬁmultiple mutants) djpving a combinationsgf

two or three amino acid mutations which had been found to
improve the thermostabilité, at three sites which had beeﬁ
‘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 préééred 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 thermostabilitj by a single amino acid substitu-
tion, as obtained in Example 3 or é. First, bécausé pAD108,
PAD402 and other'plasmids;.which ﬁad the same restriction
sites, each have two Sall and two séhI 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 2 new vector for gene incorporation, pKK
NE was prepared, into which a decarbamylase gene fragment.ﬁas
incorporated, thereby constructin§ an expressibn vector to be
used for the DNA ffagment 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'électtophoresis to
separate a-2.7—kb DNA fragment, after thch 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-



ATC TGC AAC GAT CGC CGEC TGG CCT GAA
e Cys Asn Asp Arg Arg Trp Pro Qu
175 GCC TGG CGG GIG ATG G&C CTC
814 Ala Trp Arg Val Met Ay Leu Arg
180 ' 185

-74- GCC GCG AAA

766 Ala Ala Lys m%k@'{'%

165 piefledvivn

AGG GGC GCC GAG |ATIC AT

Ay Ala du lle |l @W
190 TAC AAC Al A , GCB6GFT CCC CAG CAC GAC CAC CTG 862
-Tyr Asn Thr Pro fThr H's Asn Pro Prjo Val Pro GQn His Asp H s Leu 195

~200 ! 05— 210 ACG TCC TTC CAC CAT CTC CTA
TCG ATG CAG GCC GGG TCT TAT CAG AAC 910 Thr Ser Phe His H's Leu Lau Ser
Met G n Al a Eym&eion Tnto@EN AL JM109. 215 , 220
225 (GGG GCC TGG TCC GCG GCC GCG GGC AAG TCG GGC ATG GAG GAG AAC TGC 958
Cly Ala Trp Ser Al &fh® ¥cpl aregitricpiosesit@ piVbhe rectdn thus pyeparegss

was changed to the NdeIl 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 piasmid 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 (derivéd_from pAD108; shown in Fig. 4) and
DAD4021 (derived from pAD402; shown in Fig. 5).

The Sf;amino acid mutation is positioned on the NdeI-
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 tﬁe
236-amino acid mutation on the ClaI-SphI DNA fragment of
about 75 bp (hereinafter referred to as fragﬁent B). Theré-
fore, fragment A of pAD4021 was removed, into which site the
same fragment of pAD404 or pAD406 was incorporated, resulting
in pPAD421 or pAD422, respectively. Also, fragment B of
pADlOéG, 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
reblaced with the same fragment of pAb404, pAD406 or pAD429,
résulting in pAD424, pAD425 or pAD461, respectively; frag-

ment A of pAD402 or pAD423 was replaced with the same frag-



530
ATC GIG GCG CCG
Val- Ala Pro Thr

PATIEN S

EEL

240 ATG CTG CTC GGC CAC TCC TGC
1006 Met Leu Leu Gy H's Ser Cys Ile
245 250

C

255 GCT CTC A y AC GAG GTG ATC ACC GCC GCC GIC GAT 1054
Ala Leu Thr Thr Leu Gu |Giu Val Ile Thr Ala Ala Val Asp 260
265 270 CIC GAT dcc TeC GAA CTG CGT- GAA CAC ATC TT.C

AAC TTC -AAG CAG Lll02-Leu—~Asp—Arg-Cys Arg Qu Leu Arg Qu H s Il e Phe' Asn
Phe Lys G n 275 280 285 290
CAT CGI CAG CCC CAG CAC TAT GGTI CTG ATC GCG GAA CTC 1141 Hi s
Arg G n Pro G Repfoff\pADERY, L’P,Qﬁ\llllténg\l%n@w'tﬁéuor pAD455 (shown in F9§.

300 TGAGGTT OGTTG TTCTCGEOGEC CTGEGTCACA TCCAGGOGCG
1201 CCAGHGGT CG%A %ﬁ&%@i; BP0 EABAAP CLeRomNGRAGATGC
1261 GGGT

1551 CaOTCOOOA MR ol T%@%% S o e

1381 ATAGATTTEE BARMINGT Fe6uBGAGACECHDAGOPANT$3 CHADASTLIS PRRAGKGAACC 1441
GTGCCCAGAT CAAAGAATGA GACCGACGCG CCGGCCGOGG CAAAGGATGA TCCTCAGGGT 1501
CGGATCTATC GCT VEAXSCAGGAG GGOGCACGCT GGCTGCTGAC GGOGGAGGAA 1561
GGGTTGCTGG CAAA Neeone m T TC 162
ATCGTCGATT ACATCAACGG TACA%“&%%E eﬁ%‘i@ﬁ
. ACCCTCGGGA TATGRRREGAGeREASH LR 3G LY CEAIRETumeAGIRES THAGOBLATHI6SCE rdns 1

TGGCTGAAAT TCEAEA%ICG CTCAAAGAGC TACGAGCTCGA ATTC 1785
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
according to the degree of an improvement in the thermosta-
.bility attained by a singie mutation. For the decarbamylase
produce§ 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 mui:agenesis.



SEQ | D NO—6—SECIENGEoE GTH. 1785 SEQUENCE TYPE: nucleic acid
’ g‘ (]

STRANDEDNESS: (RH OPA! near MOLECULE TYPE: Genomi c DNA ORI G NAL
SOURCE  ORGANI| Syt ESCherIChla coli STRAIN: JMLO9 pAD4A50 GICGACGCECG
GCCTCECECG AGAG ShQ MARAY AATTCCGGTIT CCECTCCGGT 60 TGACAGATCA
AAAATTTTAC

ATGTAA;?TT TCGTACTTTA 120

Table §
Mutant Amino acid mutation Ihﬁprg%si%ﬁbl
(7112 none | 6 1. 8
Escherichia coli
- JH109 pAD421 STHis—Tyr 71.5
203Pro—Leu '
TN109 pAD422 5THis—Tyr 70.0
203Pro—Ser
JN109 pADAZ3 5THis—Tyr 75.4
236Val—Ala
THL0S pADA2Y 203Pro~Les | 77.5
) 236Val—=Ala -
TH109 pAD42S 203Pro— Ser T5.9
‘ ' 236Val—Ala
- JN109 pAD426 5THis=-Tyr "~ T78.8
203Pro—~Leu '
236Val—Ala
JHI09 pAD42T §THis—Tyr 77.8
203Pro—Ser ‘
236Val—Ala




TGTAGAATT GCATTGESE!
GTTTTCCOGG CCGCT{RERE

Thr Arg
ATG ATA
lie Leu
10

ACG AAA
Lys Al a
AAT TTC
Phe Il e
45

CTC GAT
Asp Ser

GAG ACC (

Thr Qu
75 -

GCCT GAA
A u Leu
GGEC GIC
Val Lys
110

1 CAG
CTT GCA CCG ATC CCG CGC GCG GAG  286. G n Met
Ala Val @y - Pro Ile Ala Arg Ala Qu 5
: A CAG-GIC GIC. GIT CGI CTT CTC GAC ATG CTG
GCC 334 ] Jal Val Val Arg Leu Leu Asp Met Leu Thr
20 25 30 CGCG AGC CGG GCC CCG
ATT GIC TTC CCC GAA CTC GCG CTT ACG .382 Ala Ser Arg Ay Ala Asn
Val Phe ProTahke beu Ala Leu Thr 35 40
' 50 ACC TTC TTC COG CGC TGG CAT TTC ACC GAC GAG GCC GAG
AGC 430 Thr Phe Phe Pro Arg Trp His Phe Thr Asp Qu Ala GQu Leu

55 60 85 TTC TAT
GAA ATCeeC-BeE—EE6-GTEe~6TEe—E6T—EeA—EFE-FF—eA6—476—Phe Tyr G u
Met P{o G WutBito Val Val Afing deid sbtatidahe IG efg'"’g sture%c) 70

—BO—AAG-CLE—CEE-CAA—-CTE—666 T CTG GGC TAC
CTC {526 (IiR)Ala Ald Gu Lenon&ly Ile Al PielAdh LeulAy Tyr Al a
- 85 96 95--GF6] GTC GAA GGC
AAG CET CGC TTC AAC ACG TCC ATT TTG GTG| 574 Val Val|[Gu Gy Gy .
Arg AY Opddnervehil I&r). Jer Ile Leu Val 100 105
| | TH108 pAD45]  STHis=Tyr 740
203Pr_o-’Glu
JU109 pAD452 §THis—Tyr ' 75.3
' ' 236Val—Ser
JN109 pAD453 © 203Pro~Glu. 76.0
236Val—Ser
TN109 pAD4Gl 203Pro—Glu | 79.0
| 236Val—Ala |
THI09 pADAS4 57His—Tyr 80.4
' 203Pro—Glu
236Val—Ser
109 pAD4SS |  STHis—»Tyr | 80.8
203Pro—Glu
236Val—Ala
JN109 pAD456 ' STHis—=Tyr 78.5
‘ 203 P ro—Leu
236Val—Ser




| GAT AAG TCA G5
.Lys Ser

120

TAC CGG CCG TT
Arg Pro Phe G
145 CGI TAT TRHC
Arg Tyr

- 150
- 76 -

Ay Ly

Tyr Arg Lys Ile H's Leu Pro 115

CTC GSBOTFC CCG GTC TAT GAC GIC GAC

Phe G uf Pr y Phe Pro Val Tyr Asp Val Asp

155 160

Example 10 _

Reaction temperature characteristics of decarbamyl&se
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 bactérial cells were washed with 0.1 M K-phos~
phate buffer (pH 7.0), and then sﬁspended 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 vield 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% carhamyl—D-péhydroxyphenylglycine,.0.1%

K-phosphaﬁe buffer (pH 6.5)) were kept at various tempera-

| tures of 30°C to 85°C for 3 minutes, respectively, to which

100 pl of the diluted crude enzyme solution (or when the
temperature was in the range of $0°C to 80°C for higher
thermbstabilityJ(the temper#ture was in the range of S0°C to
65°C for the crude enzyme solutioﬁ 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 temperatﬁres for 20 minutes. Thgn, the reaction was
allowed to stop Sy adding 250 pul of 20% trichloroacetic acid

solution, followed by centrifﬁgation, after which the super-

" natant was analyzed by high performance liquid chromatography

A A

TERERT|AAG TAT CGT AAG ATC CAT TTG CCG 622 Asp

130 GGI CAC AAG GAG TAC GAG-@CC
MG 670 Ay His Lys Au Tyr du Ala Tyr
135 ' 140

718



K AAC GAT CGC CGC TGG CCT GAA 766 Al a
Asp Arg Arg Trp Pro Qu 165
G GTG ATG GGC CTC AGG GBC GCC GAG ATC
Val Met Gy Leu Arg Ay Ala GQu lle lle

GOC GOG AAA ATG r:-.,' .
Ala Lys Met Ay RERDH 1
170

ATC TGC G&C GGC

Cys Ay dy $0 185 190 TAC AAC ACG
CCG ACC CAC AAT C® > CACG 34C-CAC CTG 862 Tyr Asn Thr Pro
Thr -H's Asn Pro Prjo Val L.sJdAsp His Leu 195 200
205 —7T0 ACG TCC TTC CAC CAT CTC CTA TCG ATG CAG GCC GGG

TCT TAT CAG AAC 910 Thr Ser Phe His H's Leu Leu Ser Met An Ala Gy Ser
Tyr @ n Asn (Nakalai tesque ZQQBmosil SC18-AR colufifip). Taking the activz25

GGG GCC TCG T GGC AAG ACG GGC ATG,GAG GAG AAC TGC 958 Gy
Ala Trp Ser N%YAPE %9 &£ esylﬂ% THhe zplakivre @ctivfity /Al eggh tempera- 230
235

o Gan ATC GFE™® 158 LR K1 T %ﬁ’%%%er %g‘ﬁ@ff r1gl % S‘ﬁeﬁhfcc

Gu lle Val enzyme pédduced by E. coli JMPOP paD4SS exhibits thaShigHdst CTC
ACT ACG ACG CTG GAA GAC GAG GIG ATC ACC GCC GC GTC GAT 1054 Ala Leu Thr -
Thr Thr Leu GAFtA¥Htydar waltepperatprespgopnd; AhIC ABg has exfgemely

265 improve37£%ability, indicating that it was improved into an .

enzyme capable of acting at higher temperatures, as compared
with the enzyme produced by E. coli JM109 pAD10S.

Example 11

pH stability of decarbamylase improved in thermosta-
bility

A shaken culture containing a thermostability-improved
decarbamylase-producing strain, E. cdli JM109 pAD416 (FERM
BP-3915) or E. coli JM109 pAD4S55 (FERM BP-4036), was prepared
in 10 ml of 2YT medium and incubated overnight. After har-
vested, the bacterial cells were washed with 10 mM K-phos-~
phate buffer (pH 7.0; containing 0.5 mM dithiothreitol), and
suspended ih 1 ml of the same buffer, after which the suspen-
sion was disrupted with a small-sized ultrasonié.disrupting
appgratus 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 ul of each of these
buffers, 200 ul of the crude enzyme solution was added, and
- the mixture was incubated at 40°C for 12.5 hours. Then,
100 pl of the migture was added to 1 ml of substrate solution

(1% qarbamyl-D-p-hydrbxyphenylglycine, 0.1% K-phosphate



CTC GAT CGC TGC !mm CAC ATC TTC AAC TTC AAG CAG . 1102 Leu
Asp Arg Cys Arg “Hils Il e Phe Asn Phe Lys A n 275

280 .290 CAT CGI CAG CCC CAG CAC TAT
GGT CTG ATC GCG|™H \A¢'I‘(MAR1997 1141 Hs Arg Gn Pro.Gn H's Tyr Ay
Leu Ile Ala QuljL 295 300 TGAGGITGCC
GAAAAGCATG TGT 'CbIIG TICT > CTGGGFCARA -TCCAGGCGCG 1201 CCAGGGTGAC
GCTGGTGGAA TAGT TCAG SGCGATCCGC AAGGAGATGC 1261 GGGTICGCCGG

'AGOGGCAAAG CCOGACATTC GTTTCGCACC GACGGCCGTC GTGAACTCGA 1321 CAGTCCGOGA
GAAGGGECGTA TTGCGCGECC TGGACCTGTA CGTGGAACTG TAGCCCATAT 1381 ATAGATTTCC

AAAGAGTTTC GGBEABSORDHCEOGDECE0 1666008 GI GreAGEEARANER 01°4Y 1 a ETEEGHAGAT
CAAAGAATGA GA CGCG CCGGCCGCGG CAAAGGATGA TCCTCAGGGT 1501 CGGATCTATC
GCTCCGCCCT Feactiencniskurer wagcrnelivzed docthpEawe MeenecEs MeETGG

oncanoes TeeRRe A R UR R S ARt N O

TATCCAAGAG CCAGTE] GAfe TeTATGHT %ﬁ%%@%@@ﬁl{mm}ﬁél aICgl_Ttﬁ%“T
TCGACAATCG CT%AQ}?OAW%C lTAgiGAGC;'GA ATTC
n Fig. 8.

Example 12

Preparation and expression of expression véctor for
decarbamylase improved in thermostability

(1) Preparation of vector for expression of foreign
gene

First, a vector was prepared for the incorporation of

~a thermostabilitybimproved decarbamylase gene and expression

thereof (Fig. 9). From pUCiS HindiII-CfrlOI-fragment of
1.3 kb was prepared by the PCR method, at which time as the
PCR primer, a primer havxng a sequence desxgned so that an
NdeI restrictipn site.was formed at the initiation codon site
of a lacz geneyinside the HindIII restriction site and the
séquenge coﬁld’bé fgrther @igested with HindIII and CfrloI,
was used forithe reaction. This DNA fragment obtained by the
PCR was digested Qith HindIII and CfrioI, followed'by liga-
tion with ;,4-kb fraément 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
prépared by the PCR method, at which time as the PCR primer,
a pPrimer having a sequence designedlso that an Ndei restric-

tion site was substituted for the Ncol restriction site



-

“77- SEQID NO 17 S
STRANDEDNESS:
SOURCE  ORGANI
CATA TG ACA CGT

H: 1559 SEQUENCE TYPE: nucleic acid
near MOLECULE TYPE: Genonic DNA ORI 3 NAL

Ms‘cherﬁm qol i STRAIN:  JMLO9 pAD421

\ : :
Thr Arg CAG ATEG ATMMRCEQ GG 1IGGA CAA CAA GGT CCG ATC GCG CGC CCG GAG
60 G n Met Ile Lep Ala Val .d N A n gy Rrolle Ala Arg Ala G u

5.

4

10 .15 ACA CGC GAA CAG GIC GIC GIT cGr

CIT CTC GAC ATGLCIG ACG-AAA—SEE— 108 Thr Arg Gu G n Val Vval Val Arg Leu
Leu Asp Met Leu Thr Lys Ala 20 25 30

inside the EcoRI restriction site and the sequence could be
further digested with EcoRI and EcoRV, was used for the reac-
tion. This bNA 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 0.6-kb fr;gment
from pTrc99A, resulting in plasmid 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 Sspf, which afforded
expression vector plasmid pUCNT for the expression of foreign
genes (Fig. 10).

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

frqm pAD455 haviné é gene fo: one kind of decarbam-
ylases improved_in thermost;bility, oniy the gene portion
coding for thé decarbamylase was prepared by the PCR method,
at which_time as the.PCR primer,.a_primer having a sequence
designed so that an Ndel restriéfion.sité was formed in the
initiatioh codon portion of the gene and a PstI restriction
site was made jgst 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 décarbamylasé improved in thermostability.

(3) Expression of thermostability-improved

decarbamylase expression vector



GCG AGC

Ser
40+
ACC
Asp
65

Phe
70

TTC
Asn
95

Val

105
ATC
H s

Hi s
135
CTC

Arg

GAC
Au
TTC
Tyr

AAT
Leu
GIC
Val

CAT
Leu
CAC
Lys

GCC

CGG BGC GCG ALT TTC ATT GIC TTC CCC GAA CTC GCG CTT ACG 156 Al a

Ay

GAG
Al a
TAT
Au

CTG
Ay
GIC
du

TTG
Pro
AAG

Al Phe Pro Gu Leu Ala Leu Thr 35 '
WAWEM%’ T{ 50 ACC TTC TTC CCG CGC TGG TAT TTC

et FAG Cic GAT Adc| 201 Thr Phe Phe Pro Arg Trp Tyr Phe Thr
G} |eu ABARSIN7 55 60
GAG PCC ‘GAA ATG COC |GGC CCG4@TG GIC CGT CCA CTC TTT GAG 252

Thf B-t—kt—Pro—a&y Pro Val Val Arg Pro Leu Phe GQu :

75 . 80 AAG GCC GCG GAA CTC GGG ATC G&C

GCCTAC CT GAA CTC 300 Lys Ala Ala Gu Leu dy Ile dy Phe

Tyr Al g : .

S GonnEEEYsy e rEsedtll PR AR ASE AR M%re 348

Eb¥hédienyal cbys HE191AbY the dA3kilh! cHiridecmbehod/al A 100

110 GAT AAG TCA GGC AAG ATC GIC GGC AAG TAT CGT AAG

€ligken 39d tagp of sthdsr tehysfommanteEvVagold Wﬂlﬁé PY¥P438g Lys Ile

130

SRER B2 -AAEB RS RESBAES R R FrTEMSHAR PR ERRUIHNEY AF4s @y

Gu EyPch& NsahZufs A uRee Bhe xﬁ&eﬁm L&dh 1d Welk¥Sharvested

TTC

CGI TAT TTC GAG CCG GGE GAT
@CﬁrﬁﬁéiéﬁﬁfméﬁﬁbrﬂﬁidﬁA@as_ﬂﬁébared by the method_as shown

in (Example 10), and the decarbamylase activity was measured
to be 5.6 unites/ml per culture solution.

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

D-a~amino acids can be produced with high efficiency.



'Arg- Tyr Phe G.u Pro Gly Asp Leu Gy Phe Pro Val Tyr Asp Val Asp

150 160 GOC GOG AAA ATG GGG ATG TTC
ATC TGC AAC GAmeA@EMEl&'ﬁSHﬁE'EAA 540 Ala Ala Lys Met Gy Met Phe Ile

Cys Asn Asp Arg
- 78 -

GIG ATG GGC CTC
Met Gy Leu Arg
190

~Trp “P‘""_G—

le &ys Ay Gy 180

- 45 -

"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)

GPCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
: Thr Arg

1 .

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG -
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 GTIT CGT CTT CTC GAC ATG CTG ACG ARA GCC
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 GARA CIC GCG CTIT ACG
A%g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
40 45 . 50

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC'-
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
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
Lys Ala A]s.a Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
L 90 95 .

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

GAT ARG TCA GGC AAG ATC GTC GGC AAG TAT CGT AAG ATC CAT TTG CCG
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
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
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp

60
120
180
238

286

334

382

430

478

526

574

622

670

718

170 - 175 GCC TGG CGG
a Arc ATC TGC GGC GGC 588 Al a Trp Arg Val

185



TAC AAC AKJS CCG ACC CAC AAT CCC CTIT GIT CCC CAG CAC GAC CAC CTe
Asn Thr Pro"Thr His Asn Pro Leu Val Pro @n H's Asp His Leu 195
210 ACG TCC TTC CAC CAT CTC CTA

Ser Phe His Hs Leu Leu Ser

200

Met Gn Ala qy| Ser Tyr
225 (GGG CGCC TG MCOMARG99LC

Ay Ala Trp Ser|] Ala Ala Ala Lys Val
230 DR

Ala Leu Thr Thr Thr Lgyg Gu Asp Gu 13;
265 270 CTC GAT CGC TG

AAC TTC AA@CGA@G ALR TG GG AQE QY ADY STGOr JACIGAT LGaC £6Q TGGUCEY SAR| e PR Asn
Pheg le Cys Asn Asp Arg A.??E;l'rp Pro Glu

Phe Lys G fl37&la Lys Met Gly M

TCG ATG CAG GEQ@E#&J?@ENT AAC 684 Thr

215

Gy Mt u du Asn Cys
_ 240 ATG CTG CTC GGC CAC TCC TGC
APT GIG GO dCG ACC SGG GAA ATG GTC 780 Met Leu Leu Gy His Ser Cys lle
Val Ala Pro Thr Ay Qu Ile Val - 245 :
255 GCT 'CTC ACT ACG ACG CTG GAA GAC GAGMGFG ATC ACC GCC GCC GIC GAT 828
Ile Thr Ala Al gg4al Asp

CGG GAA CTG CGI GAA CAC ATC TTC

250

 CAT CGT caG coc A cac TaT aar cr&dTc oo @A crct

Arg A n Pr&cC medicsc Tgre by ceeuctd acédlatcChee leag are ATC TGC GGC GGC 29814
300 Ala Trp Arg Val Met Gly Leu Axg Gl_y Ala Glu

1180 185

TAC AAC ACG CCG ACC CAC AAT CCC CCT
‘{197:5': Asn Thr Pro Thr His Asn Pro Pro
200

ACG TCC TTC CAC CAT -CTC CTA TCG ATG
Thr Ser Phe His His Leu Leu Ser Met
215
GGG GCC TGG TCC GCG GCC GCG GGC AAG
Gly Ala Trp Ser Ala Ala Ala Gly Lys

230 235

ATG CTG CTC GGC CAC TCC. TGC ATC GTG
Met Leu Leu Gly His Ser Cys Ile Val
245 ' ' 250

GCT CTC ACT ACG ACG CTG GAA GAC GAG
Ala 12-216 Thr Thr Thr Leu Glu Asp Glu
265

CTC GAT CGC TGC CGG GMA CTG CGT GAA

Leu Asp Arg Cys Arg Glu Leu Arg Glu
275 280

CMCGTCAGCCCCAGCACTATGGTCT@
His Arg Gln Pro g;.n His Tyr Gly lLeu
P 5 :

GTT
val

CAG
Gln
220

GTG
val

GCG
Ala

GTG
val

CAC
His
ATC

Ile
300

Cccc
Pro
205

GCC
Ala

GGC
Gly

cCG
Pro

ATC
Ile

ATC
Ile
285

GCG

Ala

TCAGGTTGCC . GAAAAGCATG TGTGTCGTTG TTCTCGGCGC
CCAGGGTGAC GCTGCTGGAA TAGTACCACG ACCGCTTCAG
GGGTCGCCGG AGCGGCAAAG CCCGACATTC GTTTCGCACC

CAGTCCGCGA GAAGGGCGTA TTGCGCGGCC TGGACCTGTA
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC GGCGCGCCTA

GTIGCCCAGAT CAAAGAATGA GACCGACGCG CCGGCCGCGG
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT
GGGTTGCTGG CAAAGCCCAA GCCGCCCGGC CTTGTTCCGG
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT

ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA

Ile Ile Cys Gly Gly
190

CAG CAC GAC CAC CTG
Gln His Asp 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 GAA ATC GTC
Thr Gly Glu Ile Val
255

ACC GCC GCC GTC GAT

Thr Ala Ala Val Asp

270 _

TTC AAC TTC AAG CAG

Phe Asn Phe Lys Gln
290 -

GAA CTC
Glu Leu _

CTGGGTCACA TCCAGGCGCG
‘GGCGATCCGC AAGGAGATGC

GACGGCCGTC GTGAACTCGA

CGTGGAACTG TAGCCCATAT
GCCCCATGTG AGCGAGAACC
CAAAGGATGA TCCTCAGGGT
GGCTGCTGAC GGCGGAGGAA
CACTTGAGAA TGCGATCGCC
CCCTGGCGGA GCTTTCAACG
AGACGCTGAC GCATTTCGGC

TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC

636 Tyr

220

GEC AAG GTG GGC ATG GAG GAG AAC TGC 732

260

290
915 Hi s

862
910
958
1006
1054
1102
1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



TGPAGGTTGCC GAAAAGCATG TGIGICGITG TTCTCGECAEC CTGEGTCACA. TCCAGECECG 975
CCAGGGTGAC . (T,

ACCCCTTCAG GGCGATCCGC AAGGAGATGC 1035

coojjocosce Gd E GTTTCGCACC GACGGECCGTC GI'GAACTCGA 1095
CAGTCCGCCGA TGGACCTGTA CGTGGAACTG TAGCCCATAT 1155
ATAGATTTCC GGCGCGCCTA  GCCCCATGIG AGCGAGAACC 1215
GIGCCCAGAT CCGECCCECEG CAAAGGATGA  TCCTCAGGGT 1275
CGGATCTATC GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1335
GGGTTGCTGG C CTTGITCCGG CACTTGAGAA TGCGATCGCC 1395
ATCGTCGATT

- CATATCGCGI CCCTGGECGGA GCTTTCAACG 1455
ACGCTCGGCGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGEC 1515
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGACII'IﬁA ATTC 1559

- 79 - SEQ ID NO: 2
SEQUENCE LENGTH: 1785
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: GenomicC DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD402 (FERM BP-3912)

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTIT CCGCTCCGGT 60
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA 120
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTICACAAC 180
GTTPTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ;ﬁA gJG:T 238
Phr Arg
1

.CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG 286
Gln Met fle Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu

ACA CGC GAA CAG GIC GTC GIT CGT CTT CTC GAC ATG CTG ACG ABMA Gce 334
Thr Arg Glu Gln Val Val Val Arg Leu Leu Asp Mgt Leu Thr Lys Ala
20 _ 25 o 0

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 Tlstg
35 40 45

ACC TTC TTC CCG CGC TGG TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 430
Thxr Phe Phe Pro Arg Trp Tyr Phe Thr Asp Glu Ala Glu Leu A:g Ser
55 - 60

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 ng Phe Glu
70 75 .

AAG GCC GCG GAA C'fC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CTC 526
Lys Ala aAla Glu Leu Gly Ile Gly Phe Asn Leu Gly 'rg;' Ala Glu Leu
85 90

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATIT 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 TG 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 Gitsl Lys
: 135 140 1

CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GTC TAT GAC GTT GAC 718
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro val Tyr Agg val Asp
‘150 . 155 1



SEB | D NO 18 SEQUENCE LENGTH. 1559 SEQJENCE TYPE: nucleic acid
STRANDEDNESS: doubl e TOPOLOGY: |inear MOLECULE TYPE: Genonic DNA ORI 3 NAL
SOURCE ORGANLSM—Esehes+ehta—yol | STRAIN: JMLO9 pAD422
CATA TG ACA CEREPRACT* ENT [

DA

Thr Arg ‘ R
e o

ATG ATA CTT
AGA-GEC

|1 €& Leu Ala V3
_108 Thr Arg A n (

-t

' - "1 CAG
GGT CCG ATC GCG CGC GCG GAG 60 A n Met

Prolle Ala Arg Ala Qu 5 .
GAA GIC GIC CIT CGI CTT CTC GAC ATG CTG
ACG AAA GCC n Val Val Val Arg Leu Leu Asp Met Leu Thr

Lys Al a 2 25 - 48 - 30 GCG AGC CGG GGEC GCG
AAT TTC ATT GIC TTC CCC GAA CTC GCG CTT ACG 156 Ala Ser Arg Ay Al a Asn.

10

Q.

Phe Il e Val iﬂw ggry\@ﬂi% BTG TG AT PGQAAC GAT CGC CGC TGG CfF GAA 766
45 Slet ASE MeCPRE AR TME PAT AEECTRRCTOGRE aaG G
GAG CTC GAT AGC 201 Thr Phe Phe Pro Arg Trp Tyr P’he Thr Asp An Ala @n
Leu Asp SerGCC TGG CGG GTG ATG G&DS CTC AGG GGC GCC GAG G@C ATC TGC GGC GGC e
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 GTG GGC ATG GAG GAG AAC TGC 958
.Gly Ala Trp Ser Ala Ala Ala Glv Lys Val Gly Met Glu Glu Asn Cys
230 235 240 .
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 G'fG 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 o
TGAGGTTGCC GAAAAGCATG TGTGTCGTTIG TTCTCGGCGC CTGGGTCACA TCCAGGCGCG 1201
" CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG GGCGATCCGC AAGGAGATGC 1261
"GGGTCGCCCG 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 CAAAGCCCAR GCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681
ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC 1785



TTC TAT GAG ACC GAA ATG CCC GGC COG GTG GTC CGT CCA CTC TTT GAG 252 Phe
Tyr Gn Thr Gu Met_Pro @G al Val Arg Pro Len Phe Qu 70

75~ i 80 A@% GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC
GCT GAA CTC  3{ ys Al d-Al- ul Leu Ay Ile Ay Phe Agn Leu Ay Tyr Al a
A u Leu 90 95 GIC GIC GAA GGC GGC
.GIC AAG CGTI' CCC T TTG GTG 348 Val val du dy dy Val
Lys Arg Arg Phe  Leu Val 100 105 .

110 GAT AAG T(4
396 Asp Lys Ser |

AAG TAT. CGT AAG ATC CAT TTG CCG
y Lys Tyr Arg Lys Ile His Leu Pro 115

120 . 125 130 GGI CAC AAG GAG TAC GAG GCC
TAC CGG CCG TTC CAG CAT CTT GAA AAG 44449G"y_ Hs Lys Qu Tyr Qu Ala Tyr
Arg Pro Phes@hnipiwne:L®2u G u Lys 135 140

145 CGT TAﬁﬁm@@%@G;GB?GAT %;I/'C GGEC TTC CCG GIC TAT GAC GIC GAC 492
Arg Tyr Phesé-ggﬁm' F RRG . SLE Aqddy Phe Pro Val Tyr Asp Val Asp

150 POROT DEDNIE egg“ﬁe 160 GCC .GCG AAA ATG GGG ATG TTC ATC
TCC AAC GAT MOGECURECTYEEs Géeron®A pN2b40 Ala Ala Lys Met Gy Met Phe Ile Cys

0 I SQYRCE '
Asn Asp Arg A%)%GA%%M: Esc%;egichia coli '
STRAIN: JM109 pAD404 (FERM BP-3913)

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 -ACA CGT 238
Thr Arg
1

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

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

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 382
A.;.g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
40 ' " 45 o 50

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 Sexr :
55. 60 _ 5

TTC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TIT GAG 478
Phe Tyr Glu '.l‘h:g Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu
7 75 S 80

ARG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GRA CTC 526
Lys Ala Ala Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
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

edaki o

GAT ARG 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 ARG 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



. 80 - " 165 1 170 - ' 175 GOC TGG OGG GTG
ATG GGC CTC AGG |RBPLACEMENT SHEEXtC Tac aoc aac - 588 Ala Trp Arg Val Met

Gy Leu Arg Ay AIEdT Tle Ile s Ay Ay 180 185
190 TAC AAC A lfmAWFA-' TCT GIT CCC CAG CAC GAC CAC CTG 636
Tyr Asn Thr Pro {Thf Hi's Asn Pro{Sqr Val Pro G n H's Asp Hi's Leu 195

200 265 ' 210 ACG TCC TTC CAC CAT CTC CTA
TCG ATG CAG GCC TCT TAT CAG 684 Thr Ser Phe His His Leu Leu' Ser
Mt Gn Ala Ay TYT- 3 n Asn - 215 220

225 GGG GCC TGG TCC GCG GCC GCG GGC AAG GIG GGC ATG GAG GAG AAC TCC 732

- - 50 -

GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA 766
Ala Ala L{g Met Gly Met Phe lle Cys Asn Asp Arg Arg Trp Pro Glu -
1 170 175

GCC TGG CGG GTG ATG GGC CTC AGG GGC GCC GAG ATC ATC TGC GGC GGC 814
Ala '{'gg Arg Val Met Gly Leu Arg Gly Ala Glu Ile Ile Cys Gly Gly
185 - 190

TAC AAC ACG CCG ACC CAC AAT CCC CTT GTT CCC CAG CAC GAC CAC CTG 862
Tyr Asn Thr Pro Thr His Asn Pro Leu 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
o 218 220 225

. GGG GCC TGG TCC GCG GCC GCG GGC AAG GTG GGC ATG GAG GAG AAC TGC 958
Sly Ala Trp s:: Ala Ala Ala Gly Lys .-Val Gly ¥et ©2lu Glu Asn Cys
230 235 240

ATG CTG CTC GGC CAC TCC TGC ATC GTG GCG CCG ACC GGG GAA ATC GTC 1006
Met Leu lé.:g Gly His Ser Cys Ile Val Ala Pro Thr Gly Glu Ile Val
250 255

GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 1054
Ala 1'2.23 Thr Thr Thr Leu Glu Asp Glu Val Ile Thr Ala Ala Val Asp -
_ 265 270

CTC GAT 'CGé 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 TTCTCEGCGC CTGGGTCACA TCCAGGCGCG 1201
CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG GGCGATCCGC AAGGAGATGC 1261
GGGTCGCCGE AGCGGCAAAG CCCGACATTC GTTTCCCACC GACGGCCGTC GTGAACTCGA 1321
CAGTCCGCGA GARGGGCGTA TTGCGCCGCC TGGACCTCTA CGCTGGAACTG 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 CTCAAAGAGC TACGAGCTGA ATTC 1785



Gy AlaTrp Sef Ala Ala Ala @y

230

ATC GIG GCG CCG
Ala Pro Thr
255 -GCT CTC ACT
Ala Leu Thr Thr Thi
265
TTC. AAC TTC AAG ¢

Val

A

€

LAG

CTC GAT C
876 Leu Asp

Lys Val

@PE@WA&@F&

Au lle Val
£G AQNART9ZAA| G

I~

Asn Phe Lys dn 27/
290 CAT CGI CAG CCC CAG.CAC TAT GGI CTG ATC GCG GAA CTC

Hs Arg Gn Pro An Hs Tyr Gy Leu Il e~ Ala~G u Leu 295
300 TGAGGT’J@:GDG&AAAGCATG TGTGTCGITG TTCTCGGCGC CTGGGTCACA TCCAGGCGCG 975

GIGCCCAGAT
CGGATCTATC

5

%@&

) Val

Gy Mt Ju Qu Asn Cys -
240 ATG CTG CTC GGC CAC TCC TGC

780 Met Leu Leu Ay His Ser Cys Ile
245

280

250

AC GAG GIG ATC ACC GCC GCC GIC GAT
Il'e Thr Ala Ala Val Asp 260
TGC CGG GAA CTG CGT GAA CAC ATC
Arg Cys Arg Gu Leu Arg Au His Ile Phe

285

FRSI&ETTTCGCACC GACGGCOGTC GTGAACTCGA 1095
{dch T&GACCTGTA. CGTGGAACTG TAGCCCATAT 1155

ATAGATTTCC WTT@WAW A GCCCCATGIG AGCGAGXACC 1215
WCCGACGCG CCGGCCGCGG. ; CAAAGGATGA: TCCTCAGGGT 1275
CT. GGCTGCTGAC GGCGGAGGAA 1335
CACTTGAGAA TGCGATCGECC 1395

FECAAEERCCEEN GRETCH¥ecrE 1daECAEEEaTL 4 560

sot
: ATIT NTOSPECERT.
ACCCTCCEA mm%m ACCOa T TCCCRAATOT drTreataac 1oy

Al 5120

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT 238

CAG ATG ATA CTT GCA GTG
Ile Leu Ald val

Gin

ACA
Thx

GCG
Ala

35

ACC
Thx

TTC
Phe
Lys

GTC
val

GAT
115

GGT
Gly

Met

ceC
Arg
20

AGC
Ser

TTC
Phe

TAT

‘GCC

Ala
GTC

vVal
100

p Lys

CAC
His

TAT
Tyr

5

GAA CAG GTC GTC

Glu

CGG
Arg

TTC
Phe

GAG
Glu

GCG
Ala
85

GAA
Glu

TCA
Ser

Lys

TTC
Phe

Gln

GGC
Gly

cce

Pro

ACC
Thr

70

GAA
Glu

GGC
Gly

GGC
Gly

GAG

Glu

GAG
Glu
150

val

GCG
Ala

CGC
Arg
5

Val

AAT
Asn
40

TGG.

Trp
5.

GAA ATG

Glu

CTC
Leu

GGC
Gly

AAG
Lys

TAC

Met

GGG
Gly

GTC
val

ATC
Ile
120

GAG

Tyr. Glu

135

CCG
Pro

GGC
Gly

GGA
Gly

GTIT.

Val
25

TTC
Pl_xe

CAT
His

CcCccC
Pro

ATC
Ile

Lys
105

GTC
Val

GCC
Ala

GAT
Asp

CAA CAA GGT

Gln
10

CGT

ATT

Ile

TTC
Phe

GGC
Gly

Gly
90

CGT

GGC
Gly

TAC

“Tyx

CTC
Leu

Gin

CTT
Leu

GTC
Val

ACC
Thx

CCG
Pro

75

Phe

CGC

Lys

CGG

Arg

GGC
Gly
155

Gly.

CTC
Leu

Phe

Asp
60

GTG
val

'AAT-

Asn

TTC
Phe

TAT

cce
Pro
GAC
Asp
cce

Pro
45

Glu

GTC

val

Leu

Asn

Tyr Arg

CCG
Pro
140

T™TC
Phe

Thr Arg
i

ATC GCG CGC <0G GAG 286
lle Ala Arg Ala Glu
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
- 5

‘CGT CCA-CTC TIT GAG 478

Arg Pro Leu Phe Glu
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

828

915



TCGCTGAAAT T ' - TACGAGCTGA ATTC

1559
- 81 - SEQ | D]\t oligr ENGTH: 1559 SEQUENCE TYPE: nucl ei ¢ aci d
STRANDEDNESS: flofibl e TOPOLOGY: | | | near MOLECULE TYPE: Genonic DNA ORI G NAL
SOURCE  ORGANI SM E1MAR 1997 a| cpl i STRAIN: JMLO9 pAD423
- 52 -

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 TCT GTT CCC CAG CAC GAC CAC CTG 862
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 M.‘G CAG GCC GGG TCT TAT CAG AAC 910
Thr Ser Phe His His Leu Leu Ser Met Gln Ala Gly Ser Tyr Gln Asn
i 215 . . . 220 : T 225 '

GGG GCC TEG TCC GCG GCC GCG GGC AAG GTG GGC ATG GAG GAG AAC TGC 958
Gly Ala Trp Ser Ala Ala Ala Gly Lys Val Gly Met Glu Glu Asn Cys
.230 235 ‘ 240 -

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 . 2590 255 :

GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 1054
Ala Leu Thxr 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

.gt;u Asp Arg Cys Arg Glu Leu Arg Glu His Ile Phe Asn Phe Lys Gln
5 .

| 280 T 25 290
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 S 30
- TGAGGTTGCC GAMAAGCATG TGTGTCGTTG TTCTCGGCGC CTGGGTCACA TCCAGGCGCG 1201

CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG GGCGATCCGC AAGGAGATGC 1261
~GGGTCGCCGGE 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 CTCAAAGAGC TACGAGCTGA ATTC 1785



CATA TG ACA CcGr

.‘%r

REPLACTENT | 1 CAG

Thr Arg -

ATG ATA CTT GCA GT CCG ATC GCG CGC CCG GAG 60 G n Mt
Ile Leu Ala Val ® Pro 1le Ala Arg Ala Qu 5

10 G‘gq%@ SAR CAG GTC GIC GIT CGT CTT CTC GAC ATG CTG
ACG AAA CCC 108pThe  Arg Ju AngVpal Val Val Arg Leu Leu Asp Met Leu Thr
Lys Al a 20 5 30 GCG AGC CGG GEC GCG
AAT TTC ATT GIC G CTT ACG 156 Ala Ser Arg Ay Ala Asn
Phe Ile Val Phe Pro Qu Leu Ala Leu Thr 35 40

45 50 ACC TTC TTC CCG L6 4G5 TAT TTC ACC GAC GAG GCC GAG
CTC GAT AGC sac?%) ;wr Phe Phe Pro Arg Trp Tyr Phe Thr Asp Gu Ala Qu Leu
Asp Ser .. sg UENCE, LEN 178 65 TIC
TAT GAG ACC “33@@ 8% <3 GTC CGT CCA CTC TTT GAG 252 Phe Tyr
Au Thr Qu- mmwseu th@b!,m Val Arg Pro Leu Phe Qu : 70

75 TOPOLOGY : GAA CTC GGG ATC GGC TTC AAT CTG GGC
TAC GCT GAA bafecnms 3‘%8 uleu Gy Ile Gy Phe Asn Leu Gy Tyr
Ala Qu Leu ORGANISL(385Escher1ch1a coli =~ 90 95 GIC GIC GAA
GGC GGC GTC AARTRBIN: CBLAY APALS AR BEB-MIB)TTG GTG 348

GTCGACGGCE GGCTCGCGCE AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGC'J.'CCGGT 60
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA 120
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC 180
GTTTTCCCGG CCGCTCGGCC ,GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT 238
_ Thx Arg
1

. CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG 286

Gln Met Ilg Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu
_ 10 15

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

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG. CTT ACG 382
Al:l".g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr .
: - 40 . 45 S0

ACC TIC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 430
Thr Phe Phe Pro A:gg Trp His Phe Thr Asp Glu Ala Glu Leu Asp Ser
5 60 65

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

AMG Gdc éCd GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CIC 526
Lys Ala A%g Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
90 . 95°

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 574
Val \{:il). Glu Gly Gly Vval Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
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



\
i T R

Val- Val Glu Gly dy Val Lys Arg Arg Phe. Asn.Thr Ser-1le Leu Val 100
105 RM@ ITCA GGC AAG ATC GIC GGC AAG TAT CGT AAG
ATC CAT TTG CCG Mﬁb Qy Lys Ile Val Ay Lys Tyr Arg Lys Ile
H's Leu Pro 115 120 125 130
GGT CAC AAG GAG TIAC TGAMARCIR9Z AC CCG TTC CAG CAT CTT GAA AAG 444 Gy
H's Lys GIuTyrGuAI'aTyr Ar ro Phe A n Hs Leu Au Lys .
135 140 145 CGI TAT TTC GAG CCG GCC GAT
CTC G&C TTC GIC TAT GAC GIC GAC 492 Arg Tyr Phe Qu Pro Ay Asp Leu
dy.Phe Pro Val Tyr Asp Val Asp 150 155

160 GCC CCG AAA ATG GGG ATG TTC ATC T AAC GAT CGC CGC TGG CCT GAA 540
Ala Al a Lys I\/Et G%AIVEt Phe Il e: Q/s Asn Asp Arg Arg Trp Pro G u

ATG GGG ATG TT TC TGC AAC GAT CGC CGC TGG CCT GAA 766
Ala Ala ]]:..gg Met Gly Met Phe Ile Cys Asn Asp Arg Arg Trp Pro Glu
170 175

GCC TGG CGG GTGC ATG GGC C'IfC AGG GGC GCC GAG ATC ATC TGC GGC GGC 814
Ala E{:a:'g Arg Val Met Gly If:g Arg Gly Ala Glu Ile Ile Cys Gly Gly '
_ 190

TAC AAC ACG CCG ACC CAC AAT CCC CCT GTT CCC CAG CAC GAC CAC CTG 862
Tyx 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 !;ig Leu Leu Sexr Met -Gln Ala Gly Ser- Tyr Gln Asn
220 225

GGGGCCTGGTCCGCGGCCGCGGGCAAGGCGGGCATGGAGGAGM{CTGC 958
.Gly Ala Trp ggg Ala Ala Ala Gly Lys Ala Gly Met Glu Glu Asn Cys
' 235 - 240

ATG CTG CTC GGC CAC TCC TGC ATC GTG GCG: CCG ACC GGG GAA ATC GTC 1006
Met Leu 152151 Gly His Sexr Cys Ile Val ala Pro Thr Gly Glu Ile Val
' 250 255

GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 1054
Ala 1;23 Thr Thr Thr Leu tz'séu Asp Glu Val Ile Thr Ala Ala Val Asp
65 270

.! CTC GAT CGC' TGC CGG GAA CTG CGT GAA CAC ATC TTC AAC TTC AAG CAG 1102
. Leu Asp Axg 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 Gla Pro ;g;g His Tyr Gly Leu Ile'Ala GluLew ~ v 77
- 295, - .300 .

TGAGGTTGCC GAAAAGCATG TGTG‘I‘CGTTG TTCTCGGCGC CTGGGTCACA TCCAGGCGCG 1201
- CCAGGGTGAC GCTGGTGGAA  TAGTACCACG. ‘ACCGCTTCAG GGCGATCCGC AAGGAGATGC 1261
GGGTCCCCGG AGCCGCAAAG CCCGACATTC GTTTCGCACC GACGGCCGTC GTGAACTCGA 1321
CAGTCCGCGA GAAGGGCGTA TTGCGCGGCC TGGACCTGTA CGTGGAACTG TAGCCCATAT 1381
ATAGATTTCC ARAGAGTTTC GGCGAGGCGC -GGCGCGCCTA GCCCCATGTG AGCGAGAACC 1441
GTGCCCAGAT CAAAGAATGA GACCGACGCG CCGGCCGCGG CARAGGATGA TCCTCAGGGT 1501
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1561
GGGTTGCTCG CAAAGCCCAA GCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681
ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC 1785




82 - ‘v* 165 170 . - 175 GOC TGG CGG GIG

ATG GGEC CTC A ATC TGC GGC GGC 588 Ala Trp Arg Val Met
Gy Leu Arg 4d e ICys Ay Ay 180 185

190 TAC AAC A

@GWAATCCCCCTGTTCCCCAGCACGACCACCTG 636
Tyr Asn Thr Pr P

hrad Ai rp Pro Val Pro Gn His Asp H s Leu 195

200 - 205 _ - 210 ACG TCC TTC CAC CAT CTC CTA
TCG ATG CAG TAT CAG MC 684 Thr Ser Phe His His Leu Leu Ser
Met G n Ala Ay Ser Tyr G-R—Asa— 215 220

225 GGG GCC TGG TCC GCG GCC GCG GGC AAG GCG GCC ATG GAG GAG AAC TGC 732
Ay Ala Trp Ser Ala Ala Ala Ay Lys Ala Gky_Met -Au Au Asn Cys

230 235 240 ATG CTG CTC GGC CAC TCC TGC
AMC GTG mc5GGGGAAATC GICc 780 Met Leu Leu Ay His Ser Cys Ile
Val Al a Pro c 245 . 250

255 GCTCT &C GAG GIG ATC ACC GCC GCC GIC GAT 828

Al a Leu ThrTQmI-OG'hr Ileueﬂ u Asp Gu Val Ile Thr. Ala Ala Val Asp
OLECULE TYPE: Genomic DNA - ' ; Ny
ORIGnuu. SOURCE
ORGANISM: Escherichia coli
. STRAIN: JM109 pAD428

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT 60
. TGACAGATCA ARAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA 120
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC 180
. GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT 238
_ ' Thr Axrg
-1

' s ..
CAG ATG-.ATA CTT GCA GTG GGA CAA CAA GGT CCG AT GCG CGC GCG GAG
Gln Met Ilg Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu

. " - 10 15

ACA CGC GAA CAG GTC GTC GTT CGT CTT .CTC GAC ATG CTG.ACG ARA GCC 334
Thx A:i-g Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
. ) 25 . .30

[
<0
oy

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG = 382
A.;.g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
40 : - 45 S0

-ACC - TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAI AGC 430
Thr Phe Phe Pro Arg Trp His Phe Thr Asp Glu Ala Glu Leu Asp Ser
o 55 60 ~ 65

TTC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TIT 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 A%g Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
. 90 .

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

GAT AAG TCA GGC ARG 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



260 g - 265 I 2707 CTC GAT CGC TGC CGG GAA CTG
CAG 876 Leu Asp Arg Cys Arg Qu Leu.Arg -

Gu Hs |1e PRREPEACPHENT SHEED| 275 280 285
-290. CAT CGTI CAECCC CAG CTAT. GGT CTG ATC GCG GAA CTC : 915
Hs Arg Gn Prio Leu Ile Ala Gu Leu 295-
300 TGAGGTTGY CGITG TTCTCXHZCGEC CTGGGICACA TCCARGCGCG 975
CCAGGGTGAC GCIGERIGCGAA oA ACCGCTTCARG GGECGATCCGC AAGGAREATGEC 1035.
GGGTCGCCGG AGRGGCAAAG CCCGACATTE GITTCGCQCC GACGECCGIC GIGAACTCCA 1095

CAGTCMECCGh GAASSEES . GEEEEECC TGGACCTGTA- CGTGGAACTG TAGCCCATAT 1155
ATAGATTTCc AAGAGITTC. GGECGAGECGC GGECGECGCCTA GCCCCATGIG AGCGAGAACC 1215 .
GTGCCCAGAT CAAAGAATGA GACCGACGCG CCGGCCE6G CAAAGGATGA TCCTCAGGGT 1275

C6 GATCTAT (GdcCa6& Gal AT 666 eGte GoeGhetCid daoCdéd tiebCrddIceBASMA 15535

. CCGTTCCTGAIBAAKS TFE et CELEHEECRe GTe AyCaaHS AepCHdd-ACH rfGBEATRECC 1395
ATCGTCGATT ACATCARSGG TACACCGCCC GAPATCGCGT CCCTGGAEBA GCTTTCAACG 1455

ACCCTCOCCA AR PMEARORCTE ' o CARITGEEC 1515
SR S R R e e e

TAC AAC ACG CCG ACC CAC AAT CCC CCT GTT CCC CAG CAC GAC CAC. CTG . 862
Tyx 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 o 225

GGGGCCTGGTCCGCGGCCGCGGGCAAGGCCGGCATGGAGGAGAACTGC 958
{Gly Ala Trp Ser Ala Ala Ala Gly Lys Ala Gly Met Glu Glu 2=n Cys
- 230 ' 235 240

ATG CTG CTC GGC CAC TCC TGC ATC GTG GCG CCG ACC GGG GAA ATC GTC 1006
Met Leu ;2.eu Gly His Ser Cys Ile Val Ala Pro Thr Gly Glu Ile Val
45 © 250 _ 255

GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 1054
Ala 1;2\6 Thr Thr Thr Leu Glu Asp Glu Val Ile Thr Ala.Ala Val Asp
: : 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
o '- 295 : 300 g

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 CTCAAAGAGC TACGAGCTGA ATTC : 1785



%

- 83 - SEQ ID*NO 20 SEQUENCE LENGTH. 1559 SEQUENCE TYPE: nucl eic acid
STRANDEDNESS: det-e—TQRPA QGY: | i near MOLECULE TYPE: ".Genomi ¢ DNA ‘ORI Gl NAL

SOURCE ~ ORGANI PE&CEM@, q i STRAIN: JMLO9 pAD424 (FERM BP- 4034)
CRTA rG Ach o] o CEHENT SHEFP

Thr Arg 1 CAG
ATG ATA CTT GCA CCG ATC GCG CGC.GCG GAG 60 A n
Met Ile Leu Al a iy Prolle Ala Arg Ala Qu 5
10 A CAG GIC GIC GIT CGI CTT CTC GAC ATG CTG
ACG AAA GCC 108 A : JVval Val Val Arg Leu Leu Asp Met Leu Thr
Lys Al a 20 R 25 - &7 - 30

SEQ ID NO: 7
SEQUENCE LENGTH: 1785
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear .
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: 'JM109 pAD429

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 ACA CGT 238
Thr Axg
1

.CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG 286
Gln Met Ile Leu Ala val Gly Gin Gin Gly Pro Ile Ala Axg ala Glu

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

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CT;.l' ACG 382
A%g Ser Arg Gly Ala Azr& Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
) 45 . S0

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 430
Thxr Phe Phe Pro A;g Trp His Phe Thr Asp Glu Ala Glu Leu Asp Ser
5 60 65

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

AAG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC ‘TAC GCT GAA CTC 526
Lys Ala A%g Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu -
. 90 N 95

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 574
Val !{3% Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
: 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 CI_LC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG 670
Gly His Lys Glu Tgr 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 Gég Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
1 155 160



'GCGAGCCGGGGCGCG
Ser Arg GIyAI
40

156 Al a

-Phe Pro Qu Leu Ala Leu Thr 35 -
50 ACC TTC TTC CCG CGC TGG CAT TTC
201 Thr Phe Phe Pro Arg Trp Hi s Phe Thr
55 60 -

TACGAGCTGA

65 TTC TAT GEC CCG GIG GIC CGI CCA CTC TTT GAG 252 .
Phe Tyr Gu T @y |Pro Val Val Arg Pro Leu Phe Qu
70 AAG GCC GCG GAA CTC GGG ATC GEC TTC AAT CTIG
GGEC TAC GCT ys Ala Ala Gu Leu Gy Ile Ay Phe Asn Leu Gy
Tyr Ala Qu Len 85 90 95 GIC GIC.
GAA GGC GEC GIC AAG CGTI CGC TTC AAC ACG T8¢ ATT TTG GTG 348 val Val Qu
Ay dy ValectysccAnan Ag & ads mtharSercel hac lgaw 860 ceec Te@cT Gaa 766
105 Ala Ala Lys M3 GUATepRBeTCle @I ARG AAPQRGT BrEITPARS AR CGT AAG
ATC CAT TTG CCG 1886 Asp Lys Ser &9 Lys Ile Val GY3Lys Tyr Arg Lys lle
H s Leu Practless cee 616 are 6ec @O ace GGC_GCC GAG ATC h%€ TG Goc Goc 814 130
GGI' CAC AAGL&Afpl Afy T #8C GLAQLACErE @yl A GAW €T 1TE TeksABI ATy 444 Ay
Hs Lys Gu Ty}Q@u Ala Tyr Argl®% o Phe G n Hs ¥ Gu Lys - '
135 g@ canterr Qb {4 chECeAdEab&ad™C %T c1c
G T TT 8
GEC T C%ﬁﬁ éﬁ&%&cﬁ £§§ Glu Val Pro Gln His Asp His Leu
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 GTG GGC ATG GAG GAG AAC TGC 958
,Gly Ala Trp Ser Ala Ala Als Gly Ly= Val Gly Met Glu Glu Asn Cys ”
238 235 240
'ATG CTG CTC GGC CAC TCC TGC ATC GTG GCG CCG ACC GGG GAA ATC GIC 1006
Met Leu Leu Gly His Ser Cys Ile Val Ala Pro ThrGly 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 o _
CTC GAT CGC TGC CGG GAA CTG CGT GAA CAC ATC TTC AAC TTC AAG CAG 1102
Leu Asp Axg Cys Axg 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
- 2985 B . 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
GGGTTCCTGG CAAAGCCCAA GCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681
ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741
TGGCTGAAAT TCGACAATCG CTCAAAGAGC ATTC . 1785



Arg Tyr Phe G u Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp

150 160 GCC GCG AAA ATG GGG ATG TTC ATC

TGC AAC GAT CGC 40 Ala Ala Lys Met Gy Met Phe Ile Cys

Asn Asp Arg Arg
16

- 84 170 175 GCC TGG CGG GIG
ATG GGC CTC AGG (GG C TGC GGC GCC 588 Ala Trp Arg Val Met
Gy Leu Arg Ay fAla ys Ay Gy 180 185

190

- 59 -

SEQ ID NO: 8

SEQUENCE LENGTH: 1785

SEQUENCE TYPE: nucleic acid

STRANDEDNESS: double

TOPOLOGY: linear

MOLECULE TYPE: Genomic DNA

ORIGINAL SOURCE

- ORGANISM: Escherichia coli
S'.I.‘RAIN° JM109 pAD431

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT 60
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA 120
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACARC 180
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT 238
. Thr Arg
1

.CJ_LG ATG ATA CT1 GCA GTG GGA CAA CAA GGT CCG ATC SCG OGC SCG GAG 286
Gin 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 CGT CTT CTC GAC ATG CTG ACG AAA GCC 334
Thr A.\z:'g Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG C'I;T ACG. 382
A%g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
. . 40 . 45 50

AcCC TTC TIC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC = 430
Thx Phe Phe Pro Arg '.l'rp His Phe Thr Asp Glu Ala Glu Leu Asp Ser - :
~ 60 ' 65

| TIC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CIC 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 CIC 526
Lys Ala A%g Glu,Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu '
_ T N 90 9s
GTC GIC GAA GGC GGC GTC AAG CGT CGC TIC AAC ACG TCC ATT TIG GTG 574
val \{3% Glu Gly Gly Val:- Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
105 110 -

GAT AAG TCA GGC AAG ATC GTC GGC AAG TAT CGT AAG ATC CAT TIG 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



TAC AAC ‘ACG CCG ACC CA
Pro Thr

Asn Thr
200

TCG ATG CAG GCC GGG|T
Mt Gn Ala Ay Ser
GGG GCC TGG TCG

225

Ay Ala Trp Ser Ala AIa Al a Gy Lys Alla. dy Met Au A u Asn Cys
230 35 240 ATG CTG CTC GEC CAG TCC TCC
ATC GIC GCG CCG ACC GGG GAA ATC GIC. 780 NEt Leu Leu Gy Hs Ser Cys Ile
Val Ala Pro Thr Ay Qu Ile Val 250 -
255 GCTCTCACTACGACGCTGGAAGACGAG GATCACCGCCGCCGTCGAT 828
Al a Leu Thrg‘i‘mﬁggw&ﬁ GGG HSPTT® AWTUAIGA ABC AT ¢¢@ cCaTaGicChsGrr 2G0
265. 1¥e B SleietcRie Gl SCAETdseAlr CHHP BB @AC ATC TTC
AAC TTC AAG CAG §76 Leu Asp Arg s Arg Qu Leu aGIu Hs Ile Phe Asn
Phe Lys G rSer7366 Cog G616 ATG 6eC cPBAGG GGC GCC GAG ATc A%85TGC G6c Gee  Brg 290
CAT CGT CAG gCiEl Har QWTL@'(BIATBE@@@M Tl Ile Cys Gly Gly 915 Hi s
Arg Gn ProGI is Tyr Ay Leu'f¥e Ala Qu Leu 190 295
300 AMAC ACG CCG ACC CAC AAT CCC AAC GTT CCC CAG CAC GAC CAC CTG 862

'l‘y Asn Thr Pro Thr His Asn Pro Asn 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 210

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 GTG GGC ATG GAG GAG AAC TGC 958
Gly Ala Trp Sex Ala Ala Ala Gly Lys Val Gly Met Glu Glu Asn Cys '
- 230 235 ' 2490
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

T : 298 © 300 ¢ SR

TGAGGTTGCC GAAAAGCATG TGTGTCGTTG TTCTCGGCGC CTGGGTCACA TCCAGGCGCG 1201

CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG GGCGATCCGC AAGGAGATGC 1261

GGGTCGCCGG AGCGGCAAAG CCCGACATTC -GTTTCGCACC' GACGGCCGTC “GTGAACTCGA 1321

gas'rccscsa GAAGGGCGTA TTGCGCGGCC TGGACCTGTA CGTGGAARCTG TAGCCCATAT 1381

TAGATTTCC AAAGAGTTTC GGCGAGGCGC GGCGCGCCTA GCCCCATGTG. AGCGAGAARCC 1441

GTGCCCAGAT CAAAGAATGA GACCGACGCG CCGGCCGCGG CABRAGGATGA TCCTCAGGGT 1501 -

CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1561

GGGTTGCTGG CAAAGCCCAA GCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621

ATCGTCCATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681

ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741

TGGCTIGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC ’ 1785

Hi s

mm "
g%mwc

vw/

T CCC CAG CAC GAC CAC CTG

‘o @n Hs

Asp H's Leu 195

636 Tyr

210 ACG TCC TTC CAC CAT CTC CTA

684 Thr

Ser

215

220

\AG GCG GGC ATG GAG GAG AAC TaC

Phe H s Hs Leu Leu Ser

732



TGAGGTTGCC GAAAAGCATG TGTGTCGTTG TTCTCGGOGC CTGGGTCACA TCCAGGOGCG 975
7 CCGCTTCAG GGOGATCOGC AAGGAGATGC 1035

CCAGGGTGAC. GCTGGTGGAA
GGGTCCCCGG AGCGGCAAAG
CAGTCCGCGA GAAGSGCGTA ]
ATAGATTTCC AAAGAGITTC,
GIGCCCAGAT CAAAGATCA @
CGGATCTATC GCTCCGCCCT

. GGGTTGCTGG CAAAGCCCAA]
ATCGTCGATT ACATCAACGG

e PCC GACGECCGIC GTGAACTCGA 1095
GTA CGTGGAACTG TAGCCCATAT 1155

CTA GCCCCATGIG AGCGAGAACC 1215

CAAAGGATGA TCCTCAGEGT 1275

IGCT GGCTGCTGAC GGCGGAGGAA 1335

CCGG CACTTGAGAA TGCGATCGECC 1395

PCGI CCCTGGCGGA GCTTTCAACG 1455

ACGCCTCGGGA TATCCAAGAG CCACTGICAC TCCATCCTCA AGACGCTGAC GCATTTCGEC 1515
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGACCTBA-ATTC 1559

- 85 - SEQ BERND N@d 9

SEQUENCE LENGTH:

SEQUENCE TYPE:

MOLECULE TYPE:
ORIGINAL SOURCE

178S

nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

Genomic DNA

ORGANISM: Escherichia coli
s’ﬂu&IN: JM109 pAD434 S

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT 60
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA 120
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC 180
GTTTTCCCGG CCGCTGEGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT 238

CAG ATG ATA CTT GCA GTR

Gln Met Ile Len

ACA CGC GAA CAG
Thr Arg Glu Gln
20

GCG AGC CGG GGC
A%g Ser Arg Gly

‘ACC TTC TTC CCG
Thr Phe Phe Pro

TTC TAT GAG ACC
Phe Tyr Glu Thr
70

*Ala

GTC
Val

GCG
Ala

CGC
Arg
55

GAA
Glu

ARG GCC GCG GAA CTC

Lys Ala Ala Glu
85

GTC GTC GAA GGC
Val Val Glu Gly
100

GAT AAG TCA GGC
ﬁg Lys Ser Gly

GGT CAC AAG GAG
Gly His Lys Glu

CGT TAT TTC GAG
Arg Tyr Phe Glu
: 150

Leu

GGC
Gly

AAG
Lys

TAC

Tyx
135

CCG
Pro

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

CTA

ccc
Pro

ATC
Ile

AAG
Lys
105

GTC
val

GCC
Ala

GAT
Asp

Caa
Gln

10

CGT
Arg

ATT
Ile

TTC
Phe

GGC
Gly

Gly
90

CGT
Arg

GGC
Gly

TAC
Tyr

CTC
Leu

Thr Arg
1

CAA GGT CCG ATC GCG CGC GCG GAG 286
Gln CGly Pro Ile Ala arxrg Ala Glu
15.

CTT CTC GAC ATG CTG ACG AAA GCC 334
Leu Leu Asp Met Leu Thr Lys Ala
. 30

GTC TTC CCC GAA CTC GCG CTT ACG 382
Val Phe Pro Glu Leu Ala Leu Thr
45 : 50

ACC GAC GAG GCC GAG CTC GAT AGC - 430
Thr Asp Glu Ala Glu Leu Asp Ser
60 65

CCG GTG GTC CGT CCA CTC TTT GAG 478
Pro Val Val Arg Pro Leu Phe Glu
75 80

TTC AAT CTG GGC TAC-GCT GAA CIC 526
Phe Asn Leu Gly Tyr Ala Glu ‘Leu .
95 g

CGC TTC AAC ACG TCC ATT TTG GTG 574
Arg Phe Asn Thr Ser Ile Leu Val
' . 110 .

AAG TAT CGT AAG ATC CAT TTG CCG 622
Lys Tyr Arg Lys Ile His Leu Pro
' 125 130

CGG CCG TTC CAG CAT CTT GAA AAG. 670
Arg Pro Phe Gln His Leu Glu Lys
140 145

GGC TTC CCG GTC TAT GAC GTC GAC 718
Gly Phe Pro Val Tyr Asp Val Asp
155 .. 160



SEQUENCE LENGT H: 1559 SE
TOPOLOGY: |inear MOLECULE
Escherichia coli STRAI N:
CATA TG ACA CGT 12

Thr Arg CAG ATG ATA CTT
60 An Met Ile Leu Al a Val

aci d STRANDEDNESS: doubl e
ORI G NAL SOURCE  ORGANI SM

GGTI CCG ATC BCG CGC CCG GAG
olle Ala Arg Ala Qu

5 10 : _ 15 ACA CGC GAA CAC GIC GTI CGT CTT
CTC GAC ATG CTG ACG AAA GCC 108 Thr Arg Qu dn Val Vval Vval Arg Leu Leu
Asp Met Leu Thr Lys Al a 20 25 30
GCG AGC CGG GGC GCG AAT TTC ATT GIC TTC GAA CTC GCG CTT ACG © 156 Al a
Ser Arg Gy Ala Asn Phe Ile Val Phe Pro U Leu Ala Leu Thr 35

40 . GCC GCG AAA 4G GGG ATG TTC ATC TGC Q@ GACCCTTRd NGCOIT GBE TGE6CAT

TTC ACC GAelGA?éaGE? HaE BpCiEAFhacHe CysgEnThre m f;‘@ TopoP?¢ §1%rp Hi s Phe
Thr AspGIuAIad‘ Leu Asp Ser - 60

65 TTC TA&c&AHacAbés @it XrtGebEeToRed cee (@de GAE z@GTAEEPrGGT&EEEcGAGau 252
Ala Trp Arg Val Met Gly Lem Arg Gly Ala Glu I.‘;g. Ile Cys Gly Gly :
. 180 185 1

TAC AAC ACG CCG ACC CAC AAT CCC CCT GTIT CCC CAG 'CAC GAC CAC CTG 862
Tyr Asn Thr Pro Thr His Asn Pro Pro Val Pro Gln His Asp His Leu
135 ) 200 20S . 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 cz%g Asn
. 215 220

GGG GCC TGG TCC GCG GCC GCG GGC AAG GTG GGC ATG GAG GAG AAC TGC - 958
Gly Ala Trp Ser Ala Ala Ala Glv Lys Val Gly Met &lu Glu Asn Cys
; 230 ) 238 240

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 o285 . . . 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 C‘I‘GGG‘!CACA 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 CTCAAAGAGC TACGAGCTGA ATTC 1785



Phe'

75

TAC
Al a
GAA
Gy
105
ATC
Hi s
GGT
H s
135
CTC
Ay

Lys Gu Tyr u Ala Tyr Arg Pro Phe

SEQ ID NO: 1¥d0

GGC TTCS
Phe Prog {m

160 ¢ GCC GC@O%G&

STRAIN:

R%

WHGAG@-? C GAC

acid

€]

492 Arg -Tyr
L 150

Arg Pro‘Leu Phe Gu

n Hs Leu Qu Lys
145 CGT TAT TTC GAG CCG GGC GAT

Phe G u Pro Ay Asp Leu
: 155

TTCATCTGCAACGATCGCCGCTGGCCTGAA

C
Ala Al a Lyslgg[fglgf‘yg‘ggcg%ohiems Asn Asp Arg Arg Trp Pro GQu.

ORGANISM:

Escherichia coli

JM109 pAD435

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

\CRG
Gin

ATG
Met

ACA CGC

Thr

GCG
Ala
35

ACC

TTC,

. Phe

Lys

GTC
Val

Arg
20

AGC
Ser

ITC

Phe

TAT

GCC

Ala

GTC
val

. 100

GAT- A
P’ Lys’

ARG

) 11.5 “

", GGT
Gly

CGT
Arg

CAC
His

TAT
Tyr

ATA CTT GCA GTG
Ile Leu Ala Val

5

GAA CaG GTC GTC
Glu Gln Val val

CGG GGC GCG AAT

TTC
Phe

GAG
Glu

CCG CGC
Pro Ar_g

Arg Gly Ala Asn

40

TGG
Tzp

ACC Gaa, ATG

Thr Glu

’ :“70

GCG
Ala
85

GAA
Glu
TCA
ser
Lys

TTC
Phe

GAA CTC
Glu Leu.

GGC GGC
Gly Gly

GGC AAG
Gly "Lys

GAG ‘].‘AC

Glu Tyr

135

GAG CCG
Glu Pro
150

MNet

GGG
Gly"

GTC
val

ATC

Ile

120
GAG
Glu,

Reels
Gly

Gly

GTT
val
25

Phe

CTT
]_:.eu

CCC
Pxo

ATC
Ile

Lys
105

GTC

Va}_

GCC

Alg

GAT
Asp

.GLan Gln

10

CGT CTT
Arg Leu

“ATT GTC
‘Ile Val

TTC ACC
Phg__ ;f.phr .

'GGC- CCG.

Gly Pxo

GGC TTC .

Gly Phe
90

CGT CGC -

Arg Arg

GGC AAG
Gly Lys

TAC' 'CGG
'r_yr- Axrg

CTC "GGC
Leu Gly
155

Ger
Gly

crc

Leu

Phe

GaC
As

60,

GTG

AAT

Asn’

Phe

TAT
Tyx

CCG
Pro
140
TTC
Phe

Nal
- 78 e

CCG
Pro

GAC
Asp
CCC

Pxo
45

Glu

GTC
Va.'l_.

CTG
Leu

Asn

CGT
Axg
125

TTC
Phe

cCc
Pro

TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT
Thr Arg

1

ATC GCG CGC GCG GAG

Iie Ala Arg Ala $lu

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
= " 765

CGT CCA CTC TTT GAG

Arg Pro Leu-Phe'Glu

-'80‘.

¢GC TAC GCT GAR érc

Gly Tyr Ala Glu Leu
-95 :

ACG TCC ATT TTG GTG
Thr Ser Ile Leu Val
110

AAG ATC TAT 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

Tyr A u Thr G u Net rFlr-g_GAL Prog.Val Val 70
_ - 80 {RER:ACEE C GGG ATC GGC TTC AAT CTG G&C -
GCT GAA CTC 300 U la Al'a g Ay Ile Ay Phe Asn Leu Ay Tyr
Au Leu 85 [9( 95 GIC GIC
GGC GaC GTC AAG. oGT [otic HMAR®H G| T6c . ATT TTG GTG 348 val val Qu
Ay Vval Lys Arg Arg n.Thr er{lje. Leu Val 100

1190 GAT AAG TCA G AAG ATC GIC GGC AAG ' TAT CGT AAG
CAT TTG CCG 396 ./ ' 5 Ile Val Gy Lys-Tyr. Arg Lys lle
LeU Pro 115 120 125 130
CAC AAG GAG TAC GAG GCC TAC CGG OCG TIC CAG CAT CTT GAA AAG 444 Qdvy

540



- 86 - 165

ATG G&C CTC AGG GEC GCC GAG ATC KEP‘KQQ"M’ENTLL

Gy Leu Arg Ay Ala Qu lle Ile|Cy
190 TAC AAC ACG CCG ACC CAC AA C
Tyr Asn Thr Pro Thr His Asn Pro {Se

200 : 205

r VaI

Pro

d

TCG ATG CAG GCC GGG TCT TAT CAG AAC

210 ACG

o

684-TFht

Met G n Ala Ay Ser Tyr A n Asn

215

LA |

175 GCC TGG CGG GTG

588 Ala Trp Arg Val Mt

185

S 8( _
TWQWCC(, dAG CAC GAC CAC CTG 636

Hiljs Asp H s Leu 195
TCC TTC CAC CAT CTC CTA
Phe H's Hs Leu Leu Ser

220

225 GGG GCC TGG TCC GOG GCC GOG GGC AAG GOG GGC ATG GAG GAG AAC TGC 732
Gy Ala Trp Ser Ala Ala Ala Ay Lys Alggy_I\/Et Au du Asn Cys

GCC GCG AAA ATG GGG ATG TTC
Ala Ala Lys Met Gly Met Phe
165 .

GCC TGG CGG GTG ATG GGC CTC
Ala Trp Arg Val Met Gly Leu
180 185

TAC AAC ACG CCG ACC CAC AAT
Tyr Asn Thx Pro Thr His Asn
19s 200

ACG TCC TTC CAC CAT CTC CTA
Thr Ser Phe His His Leu Leu
218

GGG GCC TGG TCC GCG GCC GCG
+Gly Ala Trp Sexr Ala Ala 2la
230

ATG CTG CTC GGC CAC TCC TGC
Met Leu Leu Gly His Ser Cys
245 .

GCT CTC ACT ACG ACG CTG GAA
Ala Leu Thr Thr Thr Leu Glu
260 265

CTC GAT CGC TGC CGG GAA CTG

Leu Asp Arg Cys Arg Glu Leu
275 280

- CAT CGT CAG CCC CAG CAC TAT

ATC
Ile
170

AGG
Arg

ccC
Pro

TCG
Serxr

GGC
Gly

ATC
Ile
250

Gac
Asp

CGT
Arg

GGT

His Arg Gln Pro Gln His Tyr Gly Leu

295

TGAGGTTGCC GAAAAGCATG TGTGTCGTTG
CCAGGGTGAC GCTGGTGGAA TAGTACCACG
GGGTCGCCGG AGCGGCAAAG CCCGACATTC
CAGTCCGCGA GAAGGGCGTA TTGCGCGGCC
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC
GTGCCCAGAT CAAAGAATGA GACCGACGCG
CGGATCTATC GCTCCGCCCT GAAGCAGGAG
GGGTTGCTGG CAAAGCCCAA GCCGCCCGGC
ATCGTCGATT ACATCAACGG TACACCGCECC
ACGCTCGGGA TATCCAAGAG CCACTGTCAC
TGGCTGAAAT TCGACAATCG CTCAAAGAGC

P

CGC

TGG CCT GAA 766

TGC AAC GAT CGC
Cys Asn Asp Arg Arg Trp Pro Glu
175
GGC GCC GAG ATC ATC TGC GGC GGC = 814
Gly Ala Glu Ile Ile Cys Gly Gly
190 .
CCT GTT CCC CAG CAC GAC CAC CTG . 862
Pro Val Pro Gln His Asp His Leu
205 . 210
ATG CAG GCC GGG TCT TAT CAG AAaC 910
Met Gln Ala Gly Ser Tyr Gln Asn
220 225
AAG GTG GGC ATG GAG GAG AAC TGC 958
Lys Val Gly Met Glu Glu Rsn Cys
235 C 240
GTG GCG CCG ACC GGG GAA ATC GTC 1006
Val Ala Pro Thr Gly Glu Ile Val
.. 255 .
GAG GTG ATC ACC GCC-GCC GTC GAT 1054
Glu Val Ile Thr Ala Ala Val Asp
270 .
GAA CAC ATC TTC AAC TTC AAG CAG 1102
Glu His Ile Phe Asn Phe Lys Gln
' .285 290
CTG ATC GCG GAA CIC 1141
Ile Ala Glu Leu
" 300 : _
'.I.“I'CTCGGCGC CTGGGTCACA TCCAGGCGCG 1201
:ACCGCTTCAG .GGCGATCCGC AAGGAGATGC 1261
‘GTTTCGCACC GACGGCCGTC ‘GTGAACTCGA 1321
TGGACCTGTA .CGTGGAACTG TAGCCCATAT 1381
GGCGCGCCTA GCCCCATGTG AGCGAGAACC 1441
CCGGCCGCGE CAAAGGATGA TCCTCAGGGT 1501
GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1561
CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621
CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681

TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741
TACGAGCTGA ATTC

1785



230 235

Oh ~ GCTCGGCCACTCCTGC
ATC GTG GCG CCG ACC GGG GAA ATC C]@'PLA?(‘ MAS_}E eu Ay Hs Ser Cys lle’

Vaf Ala Pro Thr Ay Gu lle Val 245 250

255 GCT CTC ACT ACG ACG CTG GAA [GAC CAEMARJ9SIC JAQC GCC GCC GIC GAT 828
Ala Leu Thr Thr Thr. Leu Qu Asp dujVval Ile Thr jla Al a Val Asp 260

265 270 CTC GAT} C grG CGI' GAA CAC ATC TTC

AAC- TTC AAG CAG 876 Leu Asp Arpg Cys Arg GQu Leu Arg Au His Ile Phe Asn
Phe Lys @ n 275 280 285 290
CAT CGI CAG CCC CAG CAC TAT GGI CTG ATC GCG GAA CTC : 915 Hi s
Arg Gn Pro Adn Hs Tyr Ay LeuIIeAI.agru Leu 295

300 TGAGGTTGCC GAAAAGCATG TGTGTCGTTG TTCTOGGCGC CTGGGTCACA TCCAGGCGCG 975

CCAGCGTGAC GEGCEHN @A AALITAGTACCACG ACCCCTTCAG GGCGATCCGC AAGGAGATGC 1035
GGEGTCECCGEG QI}BCGAGA?{TC GITTCGCACC GACGGECCGIC GIGAACTCGA 1095
CAGTCCGCGA GREYS CEAGACCTGTA CGTGGAACTG TAGCCCATAT 1155
GGCGCGCCTA GCCCCATGTG AGCGAGAACC 1215

GGGTTGCTGG i "eg-‘,”gie‘
ATCGTCGATT ACA iwt CG ANCCGCCC CATATCGCGI CCCTGGCGGA GCTTTCAACG 1455
- ACGCTCGGGA WW@WMGMWM@E@&%@W 1586
SAGASATCA RAARMI TG \CLC TERTATR SCTCATGCIEC ATGTAATATT TCGTACTTT. 0
SRR GC GCGAGTCACA AAGCCGGTTT TCGGCGATGT (;-rtl"rcm.cmf:i 5%%0
GTTTTCCCGG CCGCTGGGCC GGACATCACC 'TAGGARGGAG CAGAGGTICA TG ACA CGT 238

Thr Arg

\CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG 286
Gln Met Ile Leu Ala Vasi Gly Gln ¢ln Gly Pro Ile Ala Arg Ala Gilu .
-5 10 . 15

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

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 382
A%g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
. 40 - .45 = 50

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 Asp Ser
. 55 "~ 60 65

TTC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TIT GAG 478
Phe Tyr Glu 'I'hg Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu
o 7 75 80 :

AAG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC ‘TAC GCT GAA CTC: ..526
Lys Ala A%g Glu Leu Gly Ile Gly Phe Asn Leu Gly'ng Ala Glu Leu
. S0 T

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TIG GTG 574
val \{gl(l). Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
' - 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



- 87 - " SEQ ID NO. . 22 SEQUEN 1559 SEQUENCE TYPE:
nucl eic acid STRANDEDNESS: doubl REP! é . »I ear MOLECULE TYPE

Genomi ¢ DNA ORI G NAL SOURCE - chia coli STRAI N:
JMLO9 pAD426
b 1 1MAR 1997
- 66 -

GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA 766
aAla Ala I.%s 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 B14
Ala 'f:a:g Arg Val Met Gly Leu Arg Gly Ala Glu Ile Ile Cys Gly Gly
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 810
Thr Ser Phe His His Leu Leu Ser Met Gln Ala Gly Ser Tyr Gln Asn
21% 220 : 225

© GGG GCC TGG TCC GCG. GCC GCGl GGC AAG GCT GGC ATG GAG GAG AAC TGC 958
+Gly Ala Trp Ser Ala Ala Ala Gly Lvs Ala Gly Met Glu Glu Asn Cys
2350 ° 235 ; 240 ’

ATG CTG CTC GGC CAC TCC TGC ATC GTG GCG CCG ACC GGG GAA ATC GTC 1006
Met Leu g:u Gly His Ser Cys Ile Val Ala Pro Thr Gly Glu Ile Val :
S 250 255

GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 1054
Ala 1'5:16. Thx Thr Thr Leu Glu Asp Glu Val Ile Thr Ala Ala Val Asp
: 265 . 270 - '

CTC GAT CGC TGC CGG GAA CTG CGT GAA CAC ATC TIC 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 CIC - 1141
His Arg Gln Pro Gln His Tyr Gly Leu Ile Ala. Glu Leu: ' T
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 AMAGAGTTTC GGCGAGGCGC GGCGCGCCTA .GCCCCATGTG AGCGAGAACC 1441
GTGCCCAGAT CAAAGAATGA GACCGACGCG CCGGCCGCGG CAAAGGATGA TCCTCAGGGT 1501
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1561
GCGTTGCTGG CAAAGCCCAA GCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681
ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC ' : 1785



CATA TG ACK GG 1277 T e M Thr Arg

1 CAG ATG ATA CIT GCA GIG GGA CAA CGC GCG GAG 60
An Mt Ile Leu Ala Val Ay Gn Gn gEPL -I}I‘f*g‘ﬁ@ g Ala du
5 10 1 GhA|CAG GTC GTC GTT CaT

CIT CTC GAG ATG CTG-ACG AAA CC 148
Leu Leu Asp Met Leu Thr Lys Al a . 25

30 GCG ACC CGG GGEC GCG AAT TTC AT C GCG CTT ACG
156 Ala Ser Arg Ay Ala Asn Phe Il dalPhe Pro Gu leu Ala Leu Thr

d|n Val Val Val Arg

35 40 - 45 50 ACC TTC

TTC COG CGC TGG TAT TTC ACC GAC GAG GOC GAG CTC GAT AGC 201 Thr Phe
Phe Pro Arg Trp Tyr Phe Thr Asp Qu Ala &"u™Leu Asp Ser

55 SEQ 1D NOH5Q2 65 TTC TAT GAG ACC GAA ATG CcCC

GEC CCG GTCFE@FGCEGFW CI@ITT GAG .252 Phe Tyr Gu Thr Gu Met Pro

Ay.Pro. VaI %ﬁ“ o |wgleir acie, 70 75
80 &G ATC GGC TTC ALT CTG GGC TAC GCT GAA CTC

300 L S HDIGEMLB'EM Le:{enGuyc bwe Gy Phe Asn Len Ay Tyr Ala G n Len 85
90 ORIGINAL SOURC C GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG

TCC ATT TTG @,‘gﬁ“ﬁ%mmg}‘@ggﬁa et Gy Gy Val Lys Arg Arg Phe Asn Thr Ser
Ile Leu Val

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 ACA CGT 238
Thr Axg
1

QAG ATG ATA CTT.GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG 286
Gin Met ile Leu Ala Val GiLy Gin Gln iy Pro Ile Ala Arg Ala Giu

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

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GéG CTT ACG 382
. A;-asl Ser Arg Gly Ala Asg Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
40 45 50

ACC'.L‘TC_TTCCCGCGCTGGCATTTCACCGAéGAGGCCGAGCTCGATAGC 430
Thr Phe Phe Pro A:s':g Trp His Phe Thr Asp Glu Ala Glu Leu Asp Ser
- ' 60 65

T‘.'I.'C TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG 478
Phe Tyr Glu Tl;g Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu ‘
_ 75 80

ARG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG: GGC TAC GCT GAA CTC 526
Lys Ala Aa.g Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
. . 90 95

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

GAT AAG TCA GGC AAG ATC GTC GGC AAG TAT CGT AAG ATC CAT TTG CCG 622
AsSp 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 ']1.'§r Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys
5 140 145

CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GTC TAT GAC GTC GAC 718
Arg Tyr Phe f;g Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
: 155 160



100

105 110 GAT AAG TEA-GGC_LAAG AIC GIC GCC AAG TAT CGT AAG
ATC CAT TTG CCG 396 Asp Lys Ser EBLAG@MEN? S}Eﬂﬂy Lys Tyr Arg Lys
Ile Hs Leu Pro 115 - s 125
130 GGT CAC AAG GAG TAC GAG GCC TAC %&ﬁg G CAT CTT GAA AAG
444 Gy Hs Lys Au Tyr Qu Ala Tyf Arg- H's Leu Qu Lys
135 140 145 TTC GAG CCG GGC GAT
CTC GGC TTC CCG GIC TAT GAC GIC GAC 492 A_rg Tyr Rhe Gu Pro Ay Asp
Leu Gy Phe Pro Val Tyr Asp Val Asp 250 155
160"

GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC CGEC TGG CCT GAA

TACGAGCTGA

540 Ala Ala Lys Met Gy Met Phe Ile Cys Asn Asp Arg Arg Trp Pro Gu
. - 68 - o
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
‘GEC 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 ARC 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 TIC 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
GGGGCCTGGTCCGCGGCCGCGGGCAAGAGTGGCATGGAGGAGAACTGC 958
\Gly Ala Trp Ser Ala Ala Ala Gly Lys Ser Gly Hnt Glu Glu Asn Cys .
23v - 235 240 R
. 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 2790 T -
CTC GAT CGC TGC CGG GAA CTG CGT GAA CAC ATC TTC AAC ‘TTC AAG CAG 1102
Leu Asp m:g 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. _ ) i
TGAGGTTGCC GAAAAGCATG TGTGTCGTTC 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 CTCAAAGAGC ATTC 1785



8 Ala Trp Arg Val
185
GAC CAC CTG 636
4 s Leu 195

%75 GCC TGG CGG

Met" Ay Leu Arg Ay Ala Qu lle lle Cy
190 TAC AAC ACG CCG ACC CAC AAT cCcC
Tyr Asn Thr ‘Pro Thr .H's Asn Pro Leu Va

200 205 CAC CAT CTC CTA
TCG ATG CAG GCC GGG TCT TAT CAG AAC 684 Thr Ser Phe Hs H's Leu Leu Ser
Mt G@n Ala Ay Ser Tyr An Asn 215 220

225 GGG GCC TGG TCC GCG GCC GCG GGC AAG GCG GGC ATG GAG GAG AAC TGC 732
Gy Ala Trp Ser Ala Ala Ala Ay Lys Ala%?y Met Au du Asn Cys

230 235 0~ ATG Cl Gt GC GGC CAC TCC TGC

- ATC GTG GCS#Q@DSNQC(BGGGGAAATC Grcs 780 . Met Leu Leu Gy His Ser Cys

Il e Val "E rL GI t}7ﬂ$e VaI 245 25.0
255 GCT CT C GAG GIG ATC ACC GCC GCC GIc At 828

'I‘OPOLOGY. linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD445

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT 60
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA 120
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC 180
GTTTTCCCGG CCGCTGGECC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT 238
Thr Arg
1

'\CAC- ATG ATA 91"1‘ GCA GTG GGA CAA ‘CAA GGT CCG ATC GCG CGC GCG.GASG 286
Gln Met I.I.g Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Aig Ala Glu C
) - 10 15

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

GCG AGC cGG GGC GCG AAT ‘TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 382
A;.g Ser Arg Gly Ala Asg Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
_ 4 45 50

! . ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 430
: Thr Phe Phe Pro A:s:g Trp His Phe Thr Asp Glu-Ala Glu Leu Asp Ser
: -60 65

TTC TAT GAG ACC  GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG 478
Phe Tyr Glu 'rl_;g Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu -
) .15 © 80

AAGGccscecmcrcsscmcsc_cmcmcchcmmccrmcfc 526
Lys Ala A%g Glu Leu Gly Ile G%y Phe Asn Leu Gly Tyr Ala Glu Leu
: . : 0 9s .

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 574
val Yg% Glu Gly Gly Vval 1.165 Arg Arg Phe Asn Thr Ser Ile Leu Val :
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 'i‘g;‘ Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys
140 145

CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GTC TAT GAC GTC GAC 718
Arg Tyr Phe ?;3 Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
155 ] 160



Al*a Leu Thr Thr Thr Leu G u Asp Gu Val_lle Thr Val Asp
265 270 CTC GAT OC;: CERTHAAS

(Jlj H s |Ile Phe Asn

AAC TTC AAG CAG 876 Leu Asp Arg
Phe Lys G n 275 280
CAT CGI' CAG CCC CAG CAC TAT GGI CTG AT Géé@&ﬁ??@
Arg Gdn Pro Gn Hs Tyr Ay Leu lle Qu Leu

Arg AU ket g

300 TGAGGITGCC GAAAAGCATG TGTGTCGTTG TTCTCGGCGC CTGGGY

CCAGGGTIGAC GCTGGTGGAA TAGTACCACG A ;
GGGTCECCGG AGCGECAAAG CCCGACATTC GITTCGCACC GACGECCGTC

CGGATCTATCAEBCREEQECHe

260

GAA CAC ATC TTC

290
915 Hi s
295

CACA TCCAGGCGCG 975
AAGGAGATGC 1035

GI&AACTCGA 1095
CAGICCGCCGA GAAGGGECGTA TTGCGCGEECC TGGACCTGTA CGTGGAACTG TAGCCCATAT 1195

ATAGATTTCC AAAGAGTTTC GGCGAGGCGC GGCGCG&@lA GCCCCATGTG AGOGAGAACC 1215
GT GCCCAGATGERABAGASI-ATEEGeCAEE gac AacCpEEuiic EXA¥\NGE dde \ 66 (G GRIGT 174p

BRCREGTIGACTESCBE@AGBAA 1335

CecewIyecli
GGGTTGCTGG CAAAGTHESAA GOCGCCCGGC CIMAGTTCOGG CACTTGARISA TGCGATCGCC 1395

ATCCTCAAT TedE A/ dédIard AaiCEEE eac ATL B et GAE M fe 66 1dd
ACGCT CGGGAA T HE6AREY\Ba COMET Gl Alsu TARAGIE AR AGNGTeTEAC CeAT]

TGGCTGAAAT TCGAGAATCG CTCAAAGAGBSTACGAGCTGA ATT@90

TAC AAC ACG CCG ACC CAC AAT CCC ACC GTT CCC CAG CAC GAC CAC
TYr Asn Thr Pro Thr His Asn Pro Thr Val Pro Gln His Asp His

195 200 205

" ACG TCC TTC CAC CAT CTC CTA TCG ATG CAG GCC GGG TCT TAT CAG
Thr Ser Phe His His Leu Leu Ser Met Gln Ala Gly Ser Tyr Gln

215 ' 220

225

GGG GCC TGG TCC GCG GCC GCG GGC AAG GTG GGC ATG GAG GAG AAC
Gly Ala Trp Ser Ala Aln Ala Gly Lys Val Gly Mat Gli Glu aAsn
230 235 : 240 -

ATG CTG CTC GGC CAC TCC TGC ATC GTG GCG CCG ACC GGG GAA ATC
Met Leu Leu Gly His Ser Cys Ile Val Ala Pro Thr Gly Glu Ile

245 250 255

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

260 ' ' 265 _ ' --270

CTC GAT CGC TGC CGG GAA CTG CGT GAA CAC ATC T'.T'.'C'AAC PTC AAG
Leu Asp Arg Cys Arg Glu Leu Arg Glu His Ile Phe Asn Phe Lys

. 2715 .. - 280 - - 285

CAT CGT CAG CCC CAG CAC TAT GGT CTG ATC GCG GAA CTC
His Arg Gln Pro Gln His Tyr Gly Leu Ile Ala Glu Leu
.. . 7 2gs ST T 300, :

CTG
Leu
210

AAMC
Asn

TGC
cys

GTC
Vval

GAT

‘ASp

CAG -

Gln
290

SECRAEG 1 g
IKTEHEC 151

1559
862

910
958
1006
1054
1102

1141

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 CAAMGAATGA GACCGACGCG CCGGCCGCGG ‘CAAAGGATGA TCCTCAGGGT 1501
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1561
GGGTTGCTCG CAAAGCCCAA GCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681
ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741

TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC

1785



~

. 89 - SEQ ID NO 23 SEQUENCE LENGTH:

' W YRE: nucleic acid .
m& gmi c DNA ORI G NAL

STRANDEDNESS: doubl e TOPOLOGY: Ii near A

SOURCE  ORGANI SM Escheri chia col i JTRAIN:  JMLO9 pAIp43z7

CATA TG ACA CGT 12 - | 1 1MAR 1997

Thr Arg : o 1 CAG
ATG ATA CTT GCA GIG GGA CAA CAA GGTI CCG AFe—eca€ece GAG 60 G n Met -
Ile Leu Ala Val Ay dn @n Gy Prollg Ala Arg Ala GQu 5

10

ACG AM GOC 108

- TOPOLOGY:

15 ACL CGC GAA CAG

- 71 -

SEQ ID NO: 14
SEQUENCE LENGTH:
SEQUENCE TYPE:
STRANDEDNESS :

1785
nucleic acid
double
linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE

ORGANISM: Escherichia col

STRAIN: JM109 pAD447 )

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

CAG ATG ATA CTT GCA GTG GGA CAA CTAA GGT £CG
Gln Met Ilg Leu-ala val GLy Gin Gln Gly Pro
10 :

ACA CGC GAA CAG GTC GTC GTT CGT CTT CTC GAC
Thr Agg Glu Gln Val Val Val Arg Leu Leu Asp
25

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC
A%g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro
40 45

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG
Thr Phe Phe Pro Arg Trp His Phe Thr Asp Glu
. 85 60

TTC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC
Phe Tyr Glu ng Glu Met Pro Gly Pro Val Val
. _ 75

ARG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG

Lys Ala A%g Glu Leu Gly Ile Gly Phe Asn Leu
' : 90

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC

Val Val Glu Gly Gly Vval Lys Axg Arg Phe Asn
100 _ 105 - :

GAT AAG TCA GGC AAG ATC GTC GGC AAG TAT CGT
Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg
115 120 -125

GGT CAC ARG GAG TAC GAG GCC TAC CGG CCG TTC
Gly His Lys Glu Tyr Glu Ala Tyr Arg Pro Phe
135. 140

CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG
Arg Tyr Phe Gég Pro Gly Asp Leu Gly Phe Pro
1 155

TC GIC GI'T CGI

TT CTC GAC ATG CTG

AATTCCGGTT CCGCTCCGGT 60
ATGTAATATT TCGTACTTTA 120
TCGGCGATGT GTTTCACAAC 180
CAGAGGTTCA TG ACA CGT 238
: Thr Arg
1

ATC GCG .CGC GCG GAG . 285
Ile 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



Thr Arg
25

GCG CTT
Leu Thr
TTC TTC
Phe Pro
60

CTC TTT
Phe G u
GCG GAA
G u Leu
90

ATT TTG
Leu Val
AAG ATC
Il e Val
125

CAT CTT
Leu Gu

Al a 20

30 GOG AGC CGG Gac GJBERRACEMENG RHERT/TTC cCoC GAA CTC
ACG 156 Ala Ser Arg Ay Al a Asi Ffﬁ'e'”‘l’le va‘r‘“"-me fro Gu Leu Al a
35 40 @'@ ' 50 ACC
CCG CCC TGG TAT TTC ACC GAC GAG GIx GA& &93? AEC 201 Thr Phe
Arg Trp Tyr Phe Thr Asp Au Ala Gju' 55

GAG 252 Phe Tyr GQu Thr A u Met al Arg Pro Lou

70 75 VR 80 AAG GCC
CTC GGG ATC GGC TTC AAT CTG GGC TAC CCT GAA CTC 300 Lys Ala Ala
Ay Ile Ay Phe Agn Leu Ay Tyr- A?a~G u Leu 85

| GCC GCG AAAIRTG GEE AFECTCAATCCEGEHaC Wiz A4E el TE8ectTenAC ACG TCC
GTGvla Aéﬂ%ﬁaﬂ%/ﬁh@a; €hg IZeyCiénlAshyAsphAgg Amy Phe pdencikhr Ser |le
100 10570 Y80 GAT AAG TCA GGC

GTGdaCocdAlaeT étc et ARCetd de ded Bec &g arc 39% A8P datSece! Gy, LYs
A yAlay SrFyArgAval Mps Glye Leh ArdgeGlyPMdaléin Ile Ile Cys Gly Glyl20 :
180" 130 GGT" CAGBAAG GAG TAC GAGL8EC TAC CGG CCG TTC CAG

GAATA\Gac el ek ad i @dd ¥ drledd 2adVdac il g BRtE G gt s

LysTyr 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 lzlig Leu Leu Ser Met Gln Ala Gly Ser Tyr Gln Asn
220 225

g?GGCCTGGTCCGCGGCCGCGGGCMGTCAGGCATGGAGGAGAACTGC 958
\Gly. Ala Txp gg..a: Ala Ala .A)a Gly Lys Ser Glvy Met Glu Glu Asn Cys
. 23% - 240 - -

ATG CTG CTC GGC CAC TCC TGC ATC GTG GCG CCG ACC GGG GAA ATC GTC 1006
Met Leu ]é.:g. Gly His Ser Cys Ile Val Ala Pro Thr Gly Glu Ile Val
- 250 255

GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 1054
Ala 15.23 Thr Thr Thr Leu géu Asp Glu Val Ile Thr Ala Ala Val Asp
5 270 o

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

CI}T CGT CAG CCC CAG CAC TAT GGT CTG ATC GCG GAA CTC ' 1141
His Arg Gln Pro (2-}.';.151 His Tyr Gly Leu Ile Ala Glu Leu ’
S - 300 - ) '

TGAGGTTGCC GAAAAGCATG TGTGTCGTTG TTCTCGGCGC CTGGGTCACA TCCAGGCGCG 1201
- CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG :GGCGATCCGC .AAGGAGATGC 1261
GGGTCGCCEG AGCGGCAAAG CCCGACATTC GTTTCGCACC GACGGCCGTC GTGAACTCGA 1321
ACAGTCTAGAOGCGA GAAGGGCGTA TTGCGCGGCC TGGACCTGTA CGTGGAACTG TAGCCCATAT 1381
TTTCC AAAGAGTTTC GGCGAGGCGC GGCGCGCCTA GCCCCATGTG AGCGAGAACC 1441
GTGCCCAGAT CAAAGAATGA GACCGACGCG CCGGCCGCGG CAAAGGATGA TCCTCAGGGT 1501
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1561
gggmccms CAAAGCCCAA GCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621
ACGgTCGATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681
TCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC 1785



135

140

CTC GGC TTC CCG GTC TAT GAC GIC GAC

G3-y Phe Pro Val : !
160 GCC GCG AAA ATG"GEG ATG TTC ATC TG(,

Ala Ala Lys Met Gy Met Phe Ile Cys Asn
- 90 -

Tyr Asp Val Asp

165

SEQ ID NO: 15
SEQUENCE LENGTH:
SEQUENCE TYPE:
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM:
STRAIN:

1785

JM109 pAD448

17¢

nucleic acid

Escherichia coli

1

45

cClL TAT IIC. CAG CCG & C GAT

{REPEAGEMENT HEETY

A

LIU

AACW;TGGCCTGAA
p)&r— rp{Pfo G u

Ad

155

|75

- 73 -

GTCGACGGCG GGCTCGCGCG AGAGCTTIGTC AAGCAGCGCA AATTCCGGTT CCGCTICCGGT
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCIGC
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

\CAG ATG ATA NTT.GCA GTG GGA
Gln Met Ile Leu Ala Val Giy
5

ACA CGC GAA CAG GTC GTC GTT
Thr Arg Glu Gln Val Val Val
20 . 25

GCG AGC CGG GGC GCG AAT TTC

Ala Ser Arg Gly Ala Asn Phe
35 40

ACC TIC

Thr Phe Phe

Pro Arg Trp His

55

TAT GAG ACC GAA ATG CCC
Tyr Glu Thr Glu Met Pro
70

AAG GCC GCG GRA CTC GGG ATC
Lys Ala Ala Glu Leu Gly Ile
,- ~ T8s .

T7C
Phe

- GTC.GTC GAA GGC GGC GIC AAG

val val

Glu Gly Gly Val Lys
100

105

GAT
Asp Lys
115

AAG ATC GTC
Gly Lys .Ile Val
120

AAG GAG TAC GAG GCC
Lys Glu Tyr Glu Ala
135

TCA GGC
Ser

GGT

Gly His

CGT TAT
Arg Tyr

™C
Phe

GAG
Glu
. 150

CCG GGC GAT
Pro Gly Asp

TIC CCG CGC TGG CAT

CAA CAA GGT

Giw

10
CGT

Axg

ATT
I;e

TrC
Phe

cly

GGC
Gly

-90
CGT
Arg

GGC
Gly

TAC
Tyr

CTC
Leu

Gin

cTT
Leu

GTC
val

ACC
Thr

CCG
Pro
.15

TTC
Phe

CGC'

Lys
cGe
GGC

Gly
155

Gly

CTC
Leu

-
.Phe |

GAC
Asp

60
GTG
val

AAT
Asn

e
Phe

TAT
Tyr

cce
Pro
140

TrC
Phe

CCG
Pro

GaC

cee
Pro
45

Glu

GTC
\{al

CTG

Leu

CGT
Axrg
125

TTC
Phe

CcCG
Pro

GGC “TAC
Gly

ACG

-ATGTAATATT TCGTACTTITA
TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT

Thr Arg -
1 .

AT
Ile

305 CGC GCG GAG

Ala Arg Ala Glu
15 ’

ATG CTG-ACG AAA GCC

Met Leu Thr Lys Ala
30

CIT ACG
Leu Thr -
50

GAA CTC GCG
Glu Leu:Ala

GCC
Ala

CTC GAT AGC -
Glu Leu Asp Ser
o 65

CCA CTC
Pro Leu
80

cGT

Arg Phe Glu

‘GCT .GAA CTC
Tyr Ala Glu Leu
TCC ATT
Thr Sexr Ile
110

Leu Val

CCG
Pro
130

TG
Leu

CAT
His

ATC

Lys Ile

CAG
Gln

CAT CTT GAA AAG
His Leu Glu Lys-
145

GTC
val

TAT GAC
Tyr Asp
160

GTC
val

GAC
Asp

60

120 -

i80
238

286.-.

334

382

-"430

478

526

574

622

670

718

Pro Ay Asp Leu

540

iR



GCCTGGCGGGTGATGGGCCTCAGGGGCGCCGAGATCATCTGCGGCGGC

588 Al a
Trp Arg Val Met Gy Leu Arg Ay Ala Qu - - =y 180
185 190 TAC AAC ACG CCG|REPLAGEMENT SHEETCT 1T ccc caG
CAC GAC CAC CTG 636 Tyr Asn Thr Pro Thr [FiSTASA Pro~Sgr|{Val Pro An His
Asp H's Leu 195 200 - : . 210
ACG TCC TTC CAC CAT CTC CTA TCG ATG CAG. ¢&Cd GZEC!%']% ‘:AG AAC . 684 Thr
Ser Phe His Hs Leu Leu Ser Met A n Ala G ) \s
215 220 25 GGGGCCTGGT GCG GCCC GCG

GCC AAG CCG GCC ATG GAG GAG AAC TGC
Lys Ala Ay Met Au Gu Asn Cys
240 ATG CTG CTC GGC CAG CAC TCC TGC AT& ©TG GOG CCG ACC GGG GAA ATG CTC
780 Met Leecd @ec@Aa hirg doer afy rbl £rcVete Al EXP cEbrcéd well ecctl baa Val 766

Ala Ala Lys M80 Gly Met Phe Ile Cys 2G6H AsSEFgODR AEH WOGENECG CTG GAAl
GAC GAG GTG ATC A¥®® Gcc Gec GTC gay?o

245

d u Val

270 CrC

280

GGT CTG AT@,@&CCQ&

&d 1o dd S Vallfe

ACC CAC
Thr His
. 200

Asn Pro

ACG
Thx

TCC TTC CAC
Ser Phe His

CAT CTC
His Leu
215

CTA TCG
Leu Ser

GCG GGC
Ala Gly

GGG GCC TGG TCC
.Cly Ala Trp Sex
230

CTG CTC GGC
Leu Leu Gly
© 0 .245

GCG GCC
Ala .Ala

ATG
Met

CAC TCC
His Ser

TGC ATC
Cys Ile

- 250
GCT GAA GAC
Ala Glu Asp
| 265

CTC ACT ACG
Leu Thx Thr
260 -

ACG CTG
Thr Leu

CTC
Leu
275

CGG GaAa
Arg Glu
280

CAG CAC

GAT CGC TGC
Asp Axg c;:a

-CTG CGT
Leu Arg

CAT CGT CaG CCC
His Arg Gln Pro
. . 295

TGAGGTTGCC GAAAAGCATG TGTGTCGTTG

AAT CCC CC§%Q‘

ATG
Met

AAG
Lys
235

GTG
val

GAG
Glu

GAA
-Glu

TAT GGT CTG
Gln His 'ry:: Gly Leu

828 Al a Leul%hr Thr Thr
| | gcd e kgt Ard M@ Géslere 5&91_%@9 GCC GAG ATC_ATC TGC268C GGC

Gy AT TrpSer- Ala Ala Ala Gy

230 235

Leu A u Asp

814

GAAIGACLA T eTTLe A4 GICGAMG CAG
876 Leu Asp A$0Cys Arg Gu LeGBArg Gu His IleXB Asn Phe Lys G n 275

1l Pxo
205

CAG
Gln
220

TCG
Ser

GCC
Ala

GGC
Gly

GCG
Ala

ATC
Ile

GTG
val

‘CAC
His

ATC
Ile
285

ATC GCG
Ile Ala
300 .

TTCTCGGCGC

CCG
Pro.

270

Gln His Asp His Le
210

CAG
Gln
225

GGG
Gly

TCT
Ser.

TAT
Tyx

AAC
Asn

ATG
Met

GAG
Glu

GAG AAC
Glu Asn
240 -

TGC
Cys .

ACC
Thr

GGG
Gly.
258

ATC
Ile

GTC

Glu val

Gee
Ala

ACC
Thx

GCC
Ala

GTC
val

GAT

TTC
Phe

ARC
Asn

TTC
Phe

AMNG
Lys

CAG
Gln
290
GAA
Glu

CTC
Leu -

CTGGGTCACA TCCAGGCGCG

CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG GGCGATCCGC -AAGGAGATGC

GGGTCGCCGG AGCGGCAAAG CCCGACATTC
CAGTCCGCGA GAAGGGCGTA TTGCGCGGCC
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC
GTGCCCAGAT CARAGAATGA GACCGACGCG
CGGATCTATC GCTCCGCCCT GAAGCAGGAG
GGGTTGCTGG CAAAGCCCAA GCCGCCCGGC
ATCGTCGATT ACATCAACGG TACACCGCCC
ACGCTCGGGA TATCCAAGAG CCACTGTCAC
TGGCTGAAAT TCGACAATCG CTCAAAGAGC

GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCECGR
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

GACGGCCGTC GTGAACTCGA
‘CGTGGAACTG “TAGCCCATAT
GCCCCATGTG AGCGAGAACC
CAAAGGATGA TCCTCAGGGT
GGCTGCTGAC GGCGGAGGAA
CACTTGAGAA TGCGATCGCC
CCCTGGCGGA GCTTTCAACG
AGACGCTGAC GCATTTCGGC
ATTC

b etz Ee E‘i\@ A AT

910
958
1006
1054
1i02
1141

1201
1261
1321 .
1381
1441
1501
1561
1621
1681
1741
1785



HlsArgGInProGInHlsTyrGIyLeuIIeAIaGIuLeu' : 295
300 TGAGGITGCC GAAAAGCATG TGTGICGT TGk
975 CCAGGGTGAC GCTGGTGGAA TAGTACCACG |

GGGTCECCGG AGCGECAAr G CCCGACATTC l(ﬁl.'- “C'T [ GAACTCGA 1095
CAGTCCGCGA GAAGGGECGTA TTGCGCGEECC TGGAGT b TAGCCCATAT 1155
ATAGATTTCC AAAGAGITTC GGCGAGECEC GECEICG b AGCGAGAACC 1215
GI'GCCCAGAT CAAAGAATGA GACCGACECG CCEjCaeL CCTCAGGGT 1275
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGECCA 2 GGAA 1335
GGGTTGCTGG CAAAGCCCAA GCCECCCGEC CTT ' AGAA—T GCGATCGCC 1395
ATCGTCGATT ACATCAACGG TACACCGCCC CATATC _ CCCTGECGGA. GCTTTCAACG 1455
ACGCCTCGGEGA TATCCAAGAG CCACTGICAC TCCAT AGACGCTGAC GCATTTCGEC 1515
TGGCTGAAAT g&gzmmr(:@s CTCAAAGAGC TACGAGCTGA ATTC o . 1559
) EQUENCE LENGTH: 1785 '

SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD4SO

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 ACA CGT 238

Thr Arg
1

CAG ATG ATA CTT GCA GTG GGA CRAd CAA GGT CCG ATC GTG CGZ GCG GAG 286 .
Gin Mec I_c.c; Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu o
. - 10 ' 15

ACA CGC GAA CAG GTC GTC. GTT CGT CTT CTC GAC ATG CTG ACG AAA GCC 334
Thx A;:g Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
o 25 o 30 T

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG'C']."].; ACG _.382__
A%g- Ser Arg Gly Ala A:g Phe Ile Val Phe Pro Glu Leu Ala Leu Thr .
.. .-.'. . . . '45 . B 50 .

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 430
Thxr Phe Phe Pro Agg Trp His Phe Thr Asp Glu Ala Glu-Leu Asp Ser =~
60 65 FRETIT

TTC TAT GAG -ACC GAA ATG CCC GGC CCG GTG GIC CGT CCA CTC TTIT GAG. 4784
- Phe Tyr Glu '.l'!"ué Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu -
' 75 80 i

ARG GCC GCG' GAA CTC GGG ATC GGC TTC AAT 'CTG GGC-TAC.GCT GAA CTC - 526
Lys Ala A%g Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu - -
. 90. N

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 574
Val \{g% Glu Gly Gly Val I.%rs Arg Arg Phe Asn Thr Ser Ile Leu Val )
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 CI}C AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG 670
Gly His Lys Glu 'fgr Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys
S 140 145

CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GTC TAT GAC GTC GAC 718
Arg Tyr Phe (g.g Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
155 160 ' ’



PE: nucleic acid

- 91 - SEQ ID NO 24 SEQUENCE LENGTH=:
, lenom ¢ DNA ORI G NAL

STRANDEDNESS: doubl e TOPOLOGY: |i near SYALT _

SOURCE  ORGANI SM  Escherichia coli “IMLOY dAD451  GTCGACGGOG
GGCTCGCGCG AGAGCTTGIC AAGCAGCGCA AATTCd%‘l MARCOILGET § 60 TGACAGATCA
AAAATTTTAC GCCTGITATT GTCGTGCTGC ATGT] MW 120 TGTAGAATTT
GCATTGCGCC GCGAGTCACA AAGCCGGITT TCGHCG 180 GITTTCCCGG
CCGCTGEGECC GGACATCACC TAGGAAGGAG CAGABGTTCA TG ACA CGT | 238

Thr ARG _ - 1 CAG
ATG ATA CTT GCA GTG CGA CA CAA GGT CCG ATC GCG CGC GCG GAG 286 G n MeL Ile
Lea Ala Val Ay Gn An Ay Prorle Ala irg Ala Gu 5 -
10 - 15 ACA CGC GAA CAG GIC GIC GIT CGT CTT CTC GAC ATG CTG
ACG AAA GCECC3X6 Ak MGOGEE atdTrcVatc et Akd GAr grdoeoGE enGGASET R Leuedhr

Lys Al a Alajila Lys Met Gly Met PhpgIle Cys Asn Asp Arg TOpCEFrnGEuCGG GGC GCG
AAT TTC ATT GTC T coc aaa cre aoBErT Acc 382 &
- 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 ARAC 910
Thr Ser Phe His His Leu Leu Ser Met Gln Ala Gly Ser:Tyr Gln Asn
215 220 _ _ 225
GGG .GCC TCE TCC GCG GCC GCG GGC ARG ACG GGC ATG GAG GAGAAC TGC 95%
Gly Ala Trp Ser Ala Ala Ala Gly Lys Thr Gly.Met Glu Glu Asn Cys
230 : 23> 240 -
ATG CTG CTC GGC CAC TCC TGC ATC GTG GGG CCG ACC GGG GRA 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 GAAAAGCA'I_‘G 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 CTCAAAGAGC ATTC 1785

TACGAGCTGA



Al a.
40

ACC
Asp
65

Phe
70
TTC
Asn
95

Val

105
ATC
Hi s

Hi s
135

Phe

Ser A‘|g Gy Ala Asn Phe Ile Val P

GAC
Au
TTC
Tyr

ANT
Leu
GIC
Val

CAT
Leu
CAC

Lys

TTC

GAG GCC GAG CTC GAT AGC 43
Ala Gu Leu Asp Ser

TAT GAG ACC.-GAA ATG CCC G&C
GQu Thr Au Met Pro Ay Pro Va Ma u tPhe G u
CTG GEC TAC GCT GAA CTC ~ 526 ;
Gy Tyr Ala Gu Leu 85 : 90

45

75

eealeu Thr 35

CGC TGG TAT TTC

rg Trp Tyr Phe Thr
60

( 'CTC GGG ATC GGC
eu Gy Ile Ay Phe -

GIC GAA GGC GGC GIC AAG CGT CGC TIC _AAC ACG TCC ATT TTG GIG 574
Gu dy dy Vval .
SEQ ID NO: 0 GAT AAG TCA GGEC AAG ATC GIC GGC AAG TAT CGT AAG

CCG Glimakh

Pro Val Tyr Asp Val Asp -

' CAG ATG
Met

Gln

ACA

Thr. Arg
.20

GCG
Ala
35

ACC
Thr

TTC
Phe

AAG
Lys

GTC

Val

-GAT
Asp
115

GGT
Gly

CGT
Arg

GCC
Ala

ol

AGC

Ser

TTC
Phe

TAT
Tyr

GCC
Ala

GTC
val

AAG
Lys

His

TAT
Tyr

GCG
Ala

Lys Arg Arg Phe  Asn Thr Ser Ile Leu Val - 100

TTGggﬁﬁggzgﬁgfﬁ}ﬁSSer Gy Lys Ile Val Ay Lys Tyr Arg Lys lle
Pr 0 s¢RANDEDNESS ;
AAGTO¥SLOGRe GA!

dad umz

eic psdd 125 130

@eﬂi% AC CGG CCG TTC CAG CAT CTT GAA AAG 670 Ay -
CULEUTYHEs T§eno@dg DRAO Phe G n His Leu A u Lys
Glmiﬁqmtcs

145 CGT TAT TTC GAG CCG GGC GAT CTC

ggj}gg . :"_’°1i718_ Arg Tyr Phe Gu Pro Gy Asp Leu Gy

* CATA TG ACA CGT 12
Thr Arg
1l .

ATA CTT GCA GTG -GGA CAA CAA GGT CCG ATC GCG CGC GCG .GAG 60

Ile
'5

Leu

CGAA CAG

Glu

CGG

Axg

TTC

Pl_le .

GAG
Gl

GCG
Ala
85

Glu
100

Ser
Lys
TTC

Phe

Lys.

Gln

GGC
Gly

cce
Pro

GAG
Glu

GAG
Glu
150

ATG
Met

Ala Val Gly Glg Gln Gly Pro Ile Ala Arg Ala Glu
’ 1l ’ 15

GTC GTC GTT CGT CTT CTC G&C MG CTG ACG AMA GCC 108"
val val V;-l Axrg Leu Leu Asp Met Leu Thr Lys aAla .
.25 . L 30 ' o

‘GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 156
Ala A:g Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
45 : - 50

.CGC TGG TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 201
Agg Trp Tyr Phe Thr Asp Glu Ala Glu Leu Asp Ser o
. : 60 ) R 1

GAA ATG -CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG 252
Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu
5 | 80" .
_CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CTC 300
Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
.. % 8s. . ... .
GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 348
Gly Val i.%g Arg Arg Phe Asn Thxr Ser Ile Leu Val
' ‘ ' ' 110

AAG ATC GTC GGC AAG TAT CGT AAG ATC CAT TTG CCG 396
Lys Ile Val Gly Lys Tyr Arg Lys lIle His Leu Pro .
120 . ) - 125 : 130 .

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

CCG GGC GAT CTC GGC TTC CCG GTC TAT GAC GTC GAC 492
Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
: 155 . 160

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



150
- 92 -

165

155

GCCGCGAAAATGGGGATG TTC
766 Ala Ala Lys Met Ay Met Phe Ile
170

AGG GGC GCC GAG ATC ATC TGC G&C GGC

Gy Ala du lle I'le Cys Ay Ay

190 TAC AAC ACG CCG ACC CAC AAT CCQ

GCC TGG
Ala Trp
180

TAC AAC
Tyx Asn
195

ACG TCC
Thr Ser

GGG GCC
Gly Ala

ATG CIG
Met Leu

GCT CTC
Ala Leu

260 -

CTC GAT

165
CGG GTG
Arg Val

ACG CCG
Thr Pro

TIC CAC
Phe His

ATG GGC
Met Gly

ACC CaC
Thr His
200

CAT CTC
His Leu

- 215

TGG TCC

Trp Ser
230

cre eece
Leu Gly
245

ACT ACG
Thr Thr

CGC TGC

GCG GCC
Ala Ala

ca¢rec
His Ser

ACG CTG

Thx Leu

CGG GAA

Leu Asp Arg Cys Arg Glu

275

280

CAT CGT CAG CCC CAG CAC
His Arg Gln Pro Gln His Tyxr Gly Leu Ile
- 295 -

TGAGGTTGCC GAAAAGCATG TGTGTCGTTG TTCTCGGCGC
"CCAGGGTGAC GCTGGTGGAR TAGTACCACS ACCGCTTCAG GGCGATCCGC AAGGAGATGC
GGGTCGCCGG AGCGGCAAAG. CCCGACATTC GTTTCGCACC .GACGGCCGTC GTGAACTCGA
CAGTCCGCGA ‘GARGGGCGTA TTGCCCGGCE TGGACCTGTA CGTGGAACTG TAGCCCATAT
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC GGCGCGCCTA GCCCCATGTG AGCGAGAACC
GTGCCCAGAT CAAAGAATGA GACCGACGCG CCGGCCGCGG :CAAAGGATGA TCCTCAGGGT
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT. GGCTGCTGAC GGCGGAGGAA
GGGTTCCTGG CAAAGCCCAA -GCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG
ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC

cTC
Leu
185

AAT
Asn

CTA
Leu

GCG
Ala

wC

Cys

GAA
Glu

265

CTG

I.eu Arg Glu Hj.s Ite

Val

170

CCC
Pro

Ser

GGC
Gly

A

Ile
250

GAC
Asp

CeT

- 178 -

GGC
Gly

CTT
Leu

ATG
Met

Lys
235

GTG
val

GAG
Glu

GCC
Ala

‘GTT

val

Gln
220

GTG
val

el

Ala

GTG

val

GAA CAC

TAT GCT CTG ATC

300

Glu

ccC
Pro
205

GCC
Ala

-GGC

Gly

cCce
Pro

ATC
Ile

ATC

Ile

GCG

Ala-

ATC
Ile
190

Gln

GGG
Gly

ATG
Met

ACC
Thr

178
ATC
Ile

CAC
His

TCT
Ser

GAG .

Glu

Gly

- 255

ACC
Thr
270

TTC
Phe

Gee
Ala

AAC

Asn

GaA CIC

Glu

Leu

TGGCTGAAAT TCGACAATCG 'CTCAAAGAGC TACGAGCTGA ATTC

TGC

-Cys

GaC
TAT

GAG
Glu

240

-Glu

GCC

Ala

TTC
Phe

185

.- 290

Gly

His

Gln
225

AAC

Asn

ATC
Ile
GTC
val

Gly

CTG
Leu
210

Asn

TGC

Cys

GTC

val

GAT

Asp

Gln

‘CTGGGTCACA TCCAGGCGCG

CGC TGG CCT GAA
Arlg Trp Pro Gu
GIG ATG G&C CTC

Met Gy Leu Arg

588

636

684

732

780 °

828

876

915

975
1035

1095
1155

1215
1275
1335

‘1395

14S5
1515
1559

862



p Hs Leu 195
TC CAC CAT CTC CTA
H's Hs Leu Leu Ser

Tyr:As'n Thr Pro Thr H's Asn Pro G u
200 © 205 |
TCG ATG CAG GCC GGG.TCT TAT CAG AAC

Met Gn Ala Ay Ser Tyr dn Asn N ' 220

225 GGG GCC TGG TCC GCG GCC CGCG G : ATGJGAG GAG AAC-TGC 958
Gy Ala Trp Ser Ala Ala Ala Gly Lys GI Met Glu §Gju Asn Cys: -

230" 235 - 40 ATG CIG CTC &(C CAC TCC TGC ATC GIG
GCG CCG ACC G3G GAA ATC GTC' 1006 : . Ser Cys Ile val Ala
Pro Thr Ay GQu Ile Val 245 250 255

GCTCTCACTACGACGCTGGAAGACGAGGTG%I;CACCGCCGCCGTCGAT 1054 Al a
Leu Thr Thr Thr Leu G u Asp Gu Val Ile r Ala Ala Val Asp 260

265 270 S DNO: JEC TGC CGG GAA CTG CGT GAA CAC ATC TTC AAC TTC AAG CAG
1102 Leu Asfg g@% el egeuacéag GJu His I'le Phe Asn Phe Lys G n 275
280 STRANDEDNE double 290 CAT CGI CAG CCC CAG CAC TAT
GGTI CTG ATCTGEI&@A (lifear 1141 Hs Arg Gn Pro An Hs Tyr Ay

E:  Genomic DNA 205 300 TGAGGITGCC
" C%SGGTCACA TCCAGGCCGCG 1201 CCAGGGTGAC
E_ISATCCGC AAGGAGATGC 1261

CATA TG ACA CGT 12
Thx Arg
1

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG 60
Gln Met Ilg Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu
_ 10 . 15

Leu I1e Al a SRE-
GAAAAGCATG PRGNS

'MUGLGRACAGGTCGTCGTTCGTCTTCTCGAGATGCTGACGMAGC& 108
Thr A.;:g Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
25 <30

GCG AGC CEE GGC GCG Jwr"'r-rc ATT GTC TTC CCC GAA CTC GCG CTT ACG 156
A%g. Ser A.rg Gly Ala A:g Phe Ile Vval Phe Pro Glu Leu Ala Leu Thr .
) . 0 4s LI .50

ACC TTC TTC cc*c;'ccc.'rss TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 201
Thr Phe Phe Pro Arg55 Trp Tyr Phe Thr Asp Glu Ala Glu Leu Asp Ser .
. - 60 . 65

TTC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TIT GAG 252
Phe Tyr Glu ‘.I.‘!’ué Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu

AAGGCCGCGGAACTCGGGATCGGCTTCAATCTé,éGCTACGCTGAACTC 300
Lys Ala A%g Glu Leu Gly Ile Gly.Phe Asn Leu Gly Tyr Ala Glu Leu = -
o T e ,_.,'_.,9_‘0, TR AU TR - R

GTC GTC GAA GGC GGC GTC:AAG CG'I.""CGC-"L"I'C'-?AKC -ACG TCCA‘.’I.‘T TTG G'I'G"- 348
val \{s% Glu Gly Gly Val If_gg Arg Axqg Phe Asn. Thr Ser -Ile Leu Val
: . 110

GAT AAG TCA GGC. AAG ATC GTC GGC AAG TAT .CGT AAG ATC CAT TTG CCG - 396
AsSp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg Lys Ile His Leu Pro
115 1120 125 L 130

GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TIC lCAG CAT CTT GAA AAG 444
Gly His Lys Glu gg Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys -
B o 140 145

CGT TAT TIC GAG CCG GGC GAT CTC GGC TTC CCG GIC TAT GAC GIC GAC 492
Arg Tyr Phe Cl-i%g Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
155 160 :

ch GCG AAA ATG GGG ATG TTIC 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



CEEEWCGCCGG AGCGGCAAAG CCCGACATTC GTTTCGCACC GACGGCCGTC GTGAACTCGA 1321
CAGICCGCCGA GAAGGECGTA TTGCGECGECC TCEA 1381
ATAGATTTCC AAAGAGTITTC GGCGAGGCGC GGCE( 1441
GIGCCCAGAT CAAAGAATGA GACCGACGCG CCGEC 1501
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGECGEC 1561
GGGITGCTGG CAAAGCCCAA GCCECCCEEC CTTGT 1621
ATCGTCGATT ACATCAACGG TACACCGCCC CATAT 1681
ACCGCTCGGGA TATCCAAGAG CCACTGICAC TCCAT : 1741
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC 1785
- 93 - SEQ I D NO 25 SEQUENCE LENGTH: 173? SEQUENCE TYPE: nucleic acid

165 - 170 175

GCC TGG CGG GTG ATG GGC CTC AGG GGC GCC GAG ATC ATC TGC GGC GGC 588
Ala ?gg Arg Val Met Gly Lgu Arg Gly Ala Glu Ile Ile Cys Gly Gly
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 C%C 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 i . 220 - . 225 ...

GGG GCC TGG TCC GCG GCC GCG GGC AAG GTG GGC ATG GAG GAG AAC ‘TGC 732
Gly Ala Trp ggg Ala Ala Ala Gly Lys Val Gly Met Glu Glu Asn Cys
: 235 240

ATG CIG CTC GGT TAC TCC “PGC ATC.GTG GCG TCG ALC GGG GAA ATC GTC - 780
Met Leu gig Gly His Ser Cys Ile Val Ala Pro Thr Gly Glu Ile Val _
: 250 . 255 '

GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC -GTC. GAT 82IS
Ala Leu Thr Thr Thr Leu Glu Asp Glu Val Ile Thr Ala Ala Val Asp

260 265 ' 270
CIC GAT CGC TGC CGG GAA' CTG CGT GAA CAC ATC TTC AAC TTC AAG CAG 876
Leu Asp A:g Cys Arg Glu Leu Arg Glu His Tle Phe Asn Phe Lys Gln
275 280 ... 285 i 290
CAT CGT CAG CCC CAG CAC TAT GGT CTG ATC GCG GAA CTC . 915
His Arg Gln Pro ggg His Tyr Gly Leu Ile Ala Glu Leu

, 300. .. -

- TGAGGTTGCC GAAAAGCATG 'I'GTG‘I'CGTTG TTCTCGGCGC - CTGGEGTCACA 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 Gca'r'rrccsc 1515
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC 1559



-

STRANDEDNESS: doubl e TOPOLOGY: |inear MOLECULE TYPE: Genonic DNA ORI G NAL
SOURCE ORGANI SM Escherichia coli STRAI z m
GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT :
AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TGDGTACTTTA 120 | TETAGAATTT
GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT |GETTAAMAR 19950
COGCTGGGECC GGACATCACC TAGGAAGGAG CAGAGGTTCAJTG ACA CGT  238)

Thr -Arg CAG ATG ATA CIT GCA GIG GGA CAA GGl CCGA CGCC CCG GAG
386 Gn Met Ile Leu Ala Val Gy @n dn AyRrc lle Alg Arg Na Qu

5 10 - 15 ACA CGC GAA CAG GIC GIC GIT CGT
CTT CTC GAC ATG CTG ACG AAA GCC 334 Tt’hrl Arg Gu d@n Val Val Val Arg Leu
Leu Asp Met Leu Thr Lys Ala - 20 25 30
GCG AGC CGGSE@ID @IDGJAAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 382 Ala
Ser Arg Ay Pro Gu Leu Ala Leu Thr 35

40 :ﬁ%ﬁﬁ dgﬁciew acld 50 ACC TTC TTC CCG CGC TGG TAT TTC
ACC.GAC GAGraeuLocte (ine&AT AGC 430 Thr Phe Phe Pro Arg Trp Tyr Phe Thr
Asp Au Al aHQ}-E‘CIE-Gu'H@p Sganomic DNA ' 55 . 60

65 ORIGINAL SOURCE '

‘ORGANISM: Escherichia coli
STRAIN: JM109 paAD423

. : , CATA TG ACA CGT 12
. : 1

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG A'l‘ClGCG CGC GCG GAG 60
-Gln Met Il: Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu :
i - 10 .15

‘ACA CGC -GAA CAG"GTC GTC ‘GTT CGT"CT‘i‘ "CTCGAC A1G CTG G ABRA GGC- - 10%
Thr mz:g Glu Gln Vval Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala .
25 30

_GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 156'
Ag.asl 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 .
Thxr Phe Phe Pro Ag:g Trp Tyr Phe Thr Asp Glu Ala Glu Leu Asp Ser
5 60 65

TTC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG 252
Phe Tyx Glu ‘1'171:6: Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu )
: 7 80

ABGGCCGCGGMCTCGGG‘ATC-GGCTTCMTCTGGGCTACGCTGAACTC l300
Lys Ala 1%; Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu :
) : 920 95

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 348
val ‘{3% Glu Gly Gly Val Lys Arg Arg Phe Asn Thx Ser.Ile Leu Val
105 | 110 .

GAT AAG TCA GGC AAG ATC G’.l'c 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 Tgr 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 (lié.g Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
1585 160

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



" o

TTC TAT GAG ACC GAA ATG CCC GGC CCG GTG GIC i 478 Phe
Tyr Gu Thr Gu Met Pro Gy Pro Val Val Arg Pr RE FUSP]* 70°
75 80 AAG GCC CGCG GAA CTC. WGGCTTC G GGC TAC
GCT GAA CTC 526 Lys Ala Ala Gu Leu Ay IlelGly _lfhmmqu]eu y Tyr Al a
A u Leu 85 90 ' 95 GIC GAA
GCC GEC GIC AAG CGT CGC TTC AAC ACG TCC ATT TT | du Qy
Gy Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val 100 105

110 GAT AAG TCA GGC AAG ATC GIC GEC AAG TAT CGT ARG ATCT CAl
Asp Lys Ser Ay Lys Ile Val

120

TAC CGG CCG TTC CAG CAT CTT GAA AAG

125

TTG CCG 622

Ay Lys Tyr Arg Lys Ile H's Leu Pro 115
0 GGI CAC AAG GAG TAC GAG GCC

Gy His Lys Gu Tyr Gu Ala Tyr

Arg Pro Phe G n H¥Seu Ju Lys 170 135 175 140
145 CGT T T GAT_CTC GCC TTC CCG GIC TAT GAC GIC GAC = 718
ng o ol SRR S BRI ey

150 180 155 135 190

TAC AAC ACG CCG_ ACC CAC AAT CCC CCT GTT CCC CAG CAC GAC CAC CTG 636
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 684
Thr Ser Phe His izii.g Leu Leu Ser Met Gln Ala Gly Ser Tyr Gln Asn
220 225

GGG GCC TGG TCC GCG GCC GCG GGC AAG GCG GGC ATG GAG GAG AAC TGC 732
Gly Ala Trp ggg Ala Ala Ala Gly-];gs Ala Gly Met ‘Glu Glu Asn Cys
_ ) 5 240

ATG CTG CTC GGC CAC TCC TGC ATC GTG GCG CCC ACC GGG GhA ATC GXC 780" - -
Met Leu 1;:1.51 Gly His Ser Cys Ile Val Ala Pro Thr Gly Glu Ile Val
: 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 A.rg Gln His Ile Phe Asn Phe Lys Gln
275 280 285 - - .7 290
CAT CGT CAG CCC CAG CAC TAT GGT CTG ATC GCG GAA CTC 915
His Arg Gln Pro g;rsx His Tyr Gly Leu Ile Ala Glu Leu
300

TGAGGTTCCC GAAAAGCATG 'rsm'rcc'm; PTCTCEGCGC c'rsés-rcacp. 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
TGGCTGAAAT TCGACAATCG CTCAAMAGAGC TACGAGCTGA ATTC 1559



>

- 94 - GCCGCGAAAATGGGGATGTTCATCTGCAACGATCGCCGCTGGCCTGAA
766 AIaAIaLys Met Ay Met Phe Ile Cys Asfpg oy DroGIu '
165 170 175 3 ATG GCGC
CTC AGGGGCGCCGAG ATC ATC TGC GEC GGC 814 al Met Ay

Leu Arg Gy Ala du:-llelle Cys Ay Ay 185
190 TAC AAC ACG CCG ACC CAC AAT CCC CCT @ CAC CTG
862 Tyr Asn Thr Pro Thr H's Asn Pro Pro Vg pgH s Leu

195 200 205 & Zﬂ ACG
TCC TTC CAC CAT CTC CTA TCG ATG CAG GCC GGG TCT TAT CAG AAC $10 *  Thr
Ser Phe H's H's Leu Leu Ser Met G n Ala_@y.Ser Tyr @ n Asn

215 220 225 GGG GCC TGG TCC GCG GCC

GOG GGC AAGER/ERGHR: AP GAG GAG AAC TGC 958

SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA:
ORIGINAL SOURCE
- ORGANISM: Escherichia coli
STRAIN: JM109 pAD424 (FERM BP-4034)

CAEA TG ACA CGT 12
- Thr Arg
1l

CAG ATG ASA CIT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG 50
Gln Met Ile Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu

ACA CGC GAR CAG GTC GTC GIT ‘CGT.CTT CIC GAC ATG CTG ACG AAA'GCC - 106
Thr A:zrg Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
: : 25 : 30

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 156
A;.g Ser Arg Gly Ala Asg Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
' 4 . : 45 - . 50

ACC TTC TTC CCG CGC TGG CAT TTC -ACC GAC GAG GCC GAG CTC GAT AGC 201
Thr Phe Phe Pro Ag'g Trp His Phe Thr Asp Glu Ala Glu Leu Asp Ser
60 . 65

ITC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG 252
Phe Tyr Glu ‘1'!,1:5 Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu
75 - ST 80 o :

ARG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CTC 300
Lys Ala J%g Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu’
. : 90 ' .85

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC ARC ACG TCC ATT TTG GIG 348
val \{g% Glu Gly Gly Val ll:%rg Arg Arg Phe Asn Thr Ser Ile Leu Val
: : - 110 S

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 -7 130

GGT C@C AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG 444
Gly His Lys Glu 'fgg Glu Ala Tyr Arg Pro. Phe Gln His Leu Glu Lys
' 140 145

CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GIC TAT GAC GTC GAC 492
Arg Tyr Phe ?;g Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
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



Gy Ala Trp Ser Ala Ala Ala Gy Lys Ser Ay MT Gu G u Asa Sys

230 235 240 A

TCC TGC

ATC GTG GCG CCG ACC GGG GAA ATC GTIC 1006
Ile Val Ala Pro Thr Gy GQu Ile Val

255 GCT CTC ACT ACG ACG CTG GAA GAC GAG GT
1054 Al'a Leu Thr Thr Thr Leu Gu Asp GQu Va
260 265 270
" CGT' GAA CAC ATC TTC AAC TTC AAG CAG 1102

le Thr Ala Al

WA\

Leu Asp Arg Cys Arg

Ser Cys
250

GTC GAT

Val Asp -

JsG GAA CTG

A u Leu

Arg Gu Hs Ile Phe Asn Phe Lys @ n 275
285 290 CAT CGI CAG
CTC 1141
Leu : 165
TGTGICGITG &4,
TAGTACCACG
CCCGACATTC
TTGCGCGECC A
GACCGACGCG
GAAGCAGGAG
GCCGCCCEEC
TACACCGCCC.
CCACTGICAC

Hs Arg Gn Pro dn Hs Tyr Ay Leu |
170

295 300

A GGAACTG TAGCCCATAT 1381
ﬁiﬁé@%@%

CGCT GGCTGCTGAC GGCGGAGGAA 1561

g\iﬁéﬁ %W%i% Gly

TCCATCCTCA AGACGCTGAC GCATTTCGEC 1741

GGG GCC TGG TCC GCG GCC GCG GGC AAG GCG GGC ATG
Gly Ala Trp ggrg Ala Ala Ala Gly Lys Ala Gly Met
: 235

Gln H

Sérter
GAG GAG AAC

Glu Glu Asn
.240

TGC
Cys

280
_CAG CAC TAT GGT CTG ATC GCG GAA

le Ala Qu

LT5GAGGTTGCC GAAAAGCATG

) 1

St GC §C|

- 1%119. I% GC%%AAAG
CGA 1321190 CAGT GAAI GGCGTA

JATAGATTTCC . AAAGAGITTC

ATGA
16CTCOGOCCT

GCGITGCTGG CAAAGCCCAA

CATERMACGG
Y ATCCAAGAG

732

"ATG CTE CTC GGC

Met Leu Leu Gly
245

GCT CTC ACT ACG
Ala Leu Thr Thr
260

CIC GAT CGC TGC
Igtsl Asp Axg Cys

CAT CGT CAG CCC
His Arg Gln Pro

CACICC TGC ATC
His Ser Cys Ile
- 250

ACG CTG GAA GAC
Thr Leu Glu Asp
265

CGG GAA CTG CGT
Arg Glu Leu Arg
280

CAG CAC TAT GGT
Gln His Tyr Gly
295

GIG GCG*
Val Ala

ccG
Pro

GAG GTG
Glu val

ATC
Ile

ACC
Thr

GGG
Gly
255

ACC
Thr Ala

- 270

GAA CAC
Glu His

ATC
Ile
285

CTG ATC
Leu Ile
300

GCG
Ala

TGAGGTTGCC GAAAAGCATG TGTGTCGTTG TTCTCGGCGC
CCAGGGTGAC GCTGGTGGAA TAGTACCACG .ACCGCTTCAG

GGGTCGCCGG AGCGGCAAAG CCCGACATTC
CAGTCCGCGA GAAGGGCGTA TTGCGCGGCC
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC
GTGCCCAGAT CAAAGAATGA GACCGACGCG
CGGATCTATC GCTCCGCCCT GAAGCAGGAG
-BGGTTGCTGG CAAAGCCCAA GCCGCCCGGC
ATCGTCGATT ACATCAACGG TACACCGCCC
ACGCTCGGGA TATCCAAGAG CCACTGTCAC
TGGCTGAAAT TCGACAATCG CTCAAAGAGC

GTTTCGCACC

CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

TGGACCTGTA"
GGCGCGCCTA

TTC
Phe

AAC
Asn

GAA
Glu

CTC
Leu

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

ATTC

GCC’

GAA A1C
Glu Ile

GCC GTC
Ala Val

TTC AAG
Phe Lys

‘GTC
val

GAT
Asp

CAG
Gln

290

- oagG
828
876
915

975
1035
1095
1155 |
1215
1275
1335
1395
1455
1515

1559



Id

TGECTGAAAT'TCEACAATCG CTCAAAGAGC TACGAGCLGALATLIC

- 95 -

SEQ I D NO 26 SEQUENCE LENGIH. 17
STRANDEDNESS: doubl e TOPOLOGY:

| i near

SOURCE ORGANI SM Escheri chia col

GGCTCGCGECG AGAGCTTGTC AAGCAGCGCA AATTCCHGT]

SEQ ID NO: 21
SEQUENCE LENGTH
SEQUENCE TYPE:
STRANDEDNESS 3
TOPOLOGY ¢
MOLECULE TYPE:
ORIGINAL SOURCE
ORGANISM:
STRAIN: JM10

CAG ATG ATA CTT
Gln Met Ile Leu
5

ACA CGC
Thr Arg
20

‘GRA
Glu

Cac
Gln
GGC
Gly

GCG AGC
Ala Ser
35

CGG
Axg

cee
Pro

ACC
Thx

TTC
Phe

TTC
Phe

T7C

TAT
Phe

Tyx

ACC
Thr

Glu
L 70

: 1559
nucleic acid

double
linear

Genomic DNA

Escherichia coli

9 pAD425

GCA GTG GGA CAA
Ala Val Gly Gln
' 10

" GTC GTC GTY CGT
Val Val val

25

Axg

ATT
Ile

GCG
Ala

AAT
Asn
40

TGG
Txp

TTC
Phe

cGC
Arg
S5

GAA ATG
Glu Met

CAT
His

TTC
Phe

cee

Pro Gly

1785

MO
ST

T ucleic acid
c DNA ORI 3 NAL

N&M 3l  GTCGACGECG

- 85 -

CAA GGT
Gln Gly

CTT
Leu

CTC
Leu

GTC
val

TTC
Phe

ACC
Thr

GAC
60

CCG .GTG

Pro Val.

75

Asp

Gce

Lys Ala

GTC
val
100

GTC
val

GAT
. Asp Lys
115 ©
GGT
Gly

CaC
His
TAT
Tyx

CGT
Arg

GCC
Ala

GCG
Ala

GCG
aAla
85

Glu

Ser

Lys

TTC

Phe

Lys

GAA
Glu

‘Gly

GAG
Glu

GAG
Glu .

150 -

ATG
Met

CTC

Leu

GGC

Gly
AAG
Lys
TAC

Tyx
135

CCG.

Pro

GGG

Gly

GGG
Gly

GTC

val

ATC
Ile
120

GAG

.Glu

GGC
Gly

ATG
Met

ATC

Ile

AAG
Lys

105

GTC
val

GCC
Ala

GAT
Asp

TTC
Phe

GGC TTC AAT

Gly Phe Asn

90

CGT CGC
Arg Arg

TTC
Phe

AAG TAT
Lys Tyr

GGC
Gly

TAC
Tyr

CGG
Axg

CCG
Pro
140

CTC
Leu

GGC
Gly
155

e
Phe
TGC
Cys

ATC
Ile

AAC
Asn

ACA CGT

CATA TG 12
. Thr Arg
.
CCG ATC GCG CGC GCG GAG 60
Pro Ile Ala Arg Ala Glu
15
“GAC" ATG CTG ACG BAR GCC ~"-~108
Asp Met Leu Thr Lys Ala
30 ‘
CCC GAA CTC GCG CTT ACG 156
Pro Glu YLeu Ala Leu Thr
45 50
GAG GCC GAG CTC GAT AGC 201
Glu Ala Glu Leu Asp Ser
_ o 65
GTC CGT CCA CTC TTT GAG 252
-Val Arg Pro Leu Phe Glu
B
CTG GGC TAC GCT GRA CTC 300
Leu Gly Tyx Ala Glu Leu
95 g
AAC ACG TCC ATT TTG GTG 348
Asn Thxr Ser Ile Leu Val
110 ’
CGT AAG ATC CAT TTG CCG 396
Arg Lys Ile His Leu Pro
125 . 130
TTC CAG CAT CTT GAA AAG 444
Phe Gln His Leu Glu Lys
} - 145
CCG GTC TAT GAC GTC GAC 492
Pro Val Tyr Asp Val Asp
: 160
GAT CGC CGC TGG CCT GAA 540
Asp Arg Arg Trp Pro Glu



TGACAGATCA AAAATTTTAC GCCTGTTATT GTCH
TGTAGAATTT GCAl TGOGCC GOGAGTCACA AAG
GTTTTCCOGG COGCTGRRCC

Thr Arg
ATG ATA
Il e .Leu
10-

ACG AAA
Lys Al a
GCG AAT
Asn Phe
45

CTC GAT
Asp Ser
TAT GAG
A u Thr
75 _

CCT GAA
A u Lou

A

e

TCGTACTTTA 120

GGACATCACC TAGEAN

bl

51 GTTTCACAAC 180
TG ACA CGI' 238 ’
1 CAG

CTT GCA GTG.GGA CAA CAA GGT
Al a Val

5 _ATC GCG CCC

GAG

dju 5

286 G n Mt .

GCC

TTC ATT GIC TTC CCC GAA CTC GCG

Ile
AGC

ACC
Au

CTC

Gy dn dn dy Pro

15 ACA CCC GAA
334 Thr Arg Gu dn Val
+20 25

Val Phe Pro Qu Leu Al a Leu

Le Ala Arg Ala

Val Val

“Tht 35

CTT CTC GAC ATG CTG
Arg Leu Leu Asp Met Leu Thr
30 GCG AGC CGG G&C
382 Ala Ser Arg Ay Ala

40

1650 ACC TTC TTC1@OG CGC TGG CAT 17€ ACC GAC GAG GCC GAG
Trp H s Phe Thr A'i'SGD Gu Ala Qu Leu
G ATC ATC TGC GGC GGC

cee 26

Ala T Vval
GAALIBO G GC

CEE ' G@ ggg hG%C PéT% A
Ax t

GGC' GCC

& 18" B &

65 3%8C

t@“cﬁ 1% YRS A5 phe - Tyr

Met Pro d Pro Val
TAC

Val

Arg Pro Leu Phe Qu

70

Tyxr
195

ARC AcgCC RYICCER ACTTETTGEC /RS GACCCRATTETG 638 TAC
B3 ?‘%Pm Henilldi R eaidel Soh V'P%A@r? B8 Loy Tyr AITQ-
85 : 90 95 : :

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
ATGTCTG™CTC GGC CAC TCC TGC "ATC GTG 'GCG CCG'ACC GGG "GAa ATC GPC ° 7180
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 Thxr 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 TTCTCEGCGC 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
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC 1559



.GTC GIC GAA GCC GCGC GIC AAG CGT CCC T
Lys Arg Arg Phe A
110 GAT AAG TCA
622 Asp Lys Ser
120

Val
105
ATC
H s
GGT
H s
135
CTC
Ay
160

CAT TTG CCG -
Leu Pro 115
CAC AAG GAG TAC GAG GCC TAC CGG @
‘Lys Qu Tyr u Ala Tyr Arg Pro H

. GCB-AGC
~Ala

e
. Thr:

Gu dy dy Vval

140

SEQ ID NO: 22

SEQUENCE LENGTH:
- SEQUENCE TYPE:
STRANDEDNESS :

TOPOLOGY :

1559
double

) linear
MOLECULE TYPE:

Genomic

ORIGINAL SOURCE
Escherichia coli

. .ORGANISM:

| CAG' ATG .ATA

Gln Met Ile
.. [

Glu

GC CGG
séx:Arg

35

Phe

TTC
-Phe

-

CcGT
Axg

TAT
Tyr

TTC
Phe

GCC
Ala

GCG

Ala Lys

‘GGC GCG

;- STRAIN: JM109 pAD426

CTT GCA GTG
Leu Ala Vval

Gln Vval val

AAT
Gly Ala Asn
- 40
TGG
Trp

CCG CGC
Pro Arg
. 55

ACC GAR ATG
Thr Glu Met
70 -

GAA CTC
Glu Leu

GGG
Gly

GGC GGC
Gly Gly Val

GGC AAG
Gly Lys

ATC
Ile
120

GAG
Glu

TAC
Tyr
135

Glu

GAG
Glu
150

CCe
Pro

GGC
Gly

ATG
Met

GGG
Gly

ATG
Met

GTC

GAG

DNA

GGA
Gly

.ACA*CGC GAA CAG GTG GTC GTT
ThrArg
: ..'.-: 20

val
25

T7C
Phe

TAT
Tyr

CccC
Pro

ATC

Ile

Lys
105

‘GTC

vVal

GCC
Ala

GAT
Asp

TTC
Phe

L ey

d

s B T

C AAG ATC GTC |

y Lyst AMARV@97 G gn

GGC TTC COG ‘GTC TAT GAC GIC GAC
Phe Pro Val Tyr Asp Val Asp

nucleic acid

Gln
10

CGT
Arg

ATT
Ile

Phe

GGC
Gly

GGC
Gly
90

- CGT

Arg

GGC
Gly

TAC
Tyr

CTC
Leu

ATC
Ile

150

- 87 -

CAA GGT CCG
Gln Gly Pro

CTT €TC GaC
Leu Leu Asp

GTC
Yal

TTC
‘Phe_

ccc
Pro
.45

ACC
Thxr

GAC
Asp Glu
60 '
GTG
val

.CCG
Pro
75

val

AAT
Asn’

TC
Phe

CIG

Asn.

TrC
Phe

cGC
Axg
AAG
Lys

TAT
Tyr

CGT
Axg
125
CGG CCG
. Pro

140

™C
‘Phe

GGC
Gly
155

TTC
Phe

CCG
Pro

TGC
Cys

AAC
Asn

GAT
Asp

GAG-

“GTC-

Leu

ACG

ATC
Ile

ATG
Met
30

GAA
Glu

GCC
Ala

CGT-

Arg

__Glj

Lys
Gln
GTC

Val

CGC
Arg

CG TTC CAGCATCT1

he Gn Hs Leu d
145 CGT TAT

CATA TG ACA CGT

GCG
Ala
15

TG

Leu

CTC

Leu-

GAG
Glu

cea
Pro

Val

I TTG GIG

574 Val

100

| GAA AAG
Lys

iC AAG TAT CGT AAG
Lys Tyr Arg Lys Ile

130
670 Ay *

C GAG CCG GGC GAT
718 Arg Tyr Phe Gu Pro Gy Asp Leu

cGC
Arg

Thr

GCG
Ala

¢cTC
Leu

CTC
Leu

. .80

TAC
Tyr

Ala

9§

wee
hx. Sex
" 110

ATC

Ile

CAT
His

TAT
Tyr

ole ]

Ile.

CAT
His

.CTT

Leu

GAC
Asp
160

TGG

155

12
Thr Arg

1
GCG GAG 60
Ala Glu
£8B GCe 108
Lys Ala
CTT ACG 156 -
Leu Thr ..

S0 _

GAT AGC 201
Asp Ser
65 |
TPT GAG 252
Phe Glu ’
GAA CTC 300
Glu Leu, ~~ @ - °
PTG GTG .. 346
Leu Val - ’
TG CCG 396
Leu Pro

130
GAA AAG 444
Glu Lys
‘145
GTC GAC 492
val Asp
CCT GAA 540
Pro Glu

Trp



- 96 -
165

GCC CGCG AAA ATG GGG ATG TTC ATC
766 Ala Ala Lys Met Ay Met Phe Ile Cys

170

AGG GGC GCC GAG ATC ATC TGC GEC GGC

Ay Ala Qu Ile lle-Cys Gy Qdy

190 TAC AAC ACG CCG ACC CAC AAT CCC

Tyr Asn Thr

200,

Pro Thr H's Asn Pro Gu Val

205,

TCG ATG CAG GCC GGG TCT TAT CAG AAC
Mt An Ala Ay Ser' Tyr.dAn Asn

225 GGG GCC TGG TCC GCG GCC GCG GGC AAG

180

18

5 TGG CCT GAA
°LmN T Hp Pro GQu
115 GOC TGG OGH
14 AlIMAR 199% Yall vet Gy Lau Arg

GIT CCCTAG > C CAC CTG
o.dn Hs Asp His Leu 195

210 ACG TCC T
910 Thr Ser

215

Ay Ala Trp Ser AlesAla Ala Gy Lyar8er Gly Met G ui@su Asn Cys

230
ATC GIG

TR R s al

Val Ala Pro Thns

255

'AC AAC ACG CCG ACC CAC AAT CCC CTT GTT CCC

195 . 200

. ‘ryr Asn Thr Pro Thr His Asn Pro Leu Val Pro

205

ACG TCC TTC CAC CAT CTC CTA TCG ATG CAG GCC
Thr Ser Phe His His Leu Leu Ser Met Gln Ala

215 -

220

GGG GCC TGG TCC GCG GCC GCG GGC AAG GCG GGC
Gly Ala Trp ggr Ala Ala Ala Gly Lys Ala Gly
o - ©7 235

‘ATG C2G"CIC GG CAC TCC “PGC -ATC GTG 'GCS €CG

Met Leu Leu Gly His Ser Cys Ile Val Ala Pro

245 _ 250

GCT CTC ACT ACG ACG CTG GAA GAC GAé GTG ATC

260 265

-Ala Leu Thr Thr Thr Leu Glu Asp Glu Val Ile

CTC GAT CGC TGC CGG GAA CTG CGT GAA- CAC ATC
Leu Asp Arg Cys Arg Glu Leu Arg Glu His Ile

275 . 280 -

285

CAT CGT CAG CCC CAG CAC TAT GGT CTG ATC GCG
His Arg Gln Pro Gln His Tyr Gly Leu. Ile Ala

295

TGAGGTTGCC GAAAAGCATG TGTGTCGTTG
CCAGGGTGAC GCTGGTGGAA TAGTACCACG
GGGTCGCCGG AGCGGCAAAG CCCGACATTC
CAGTCCGCGA GAAGGGCGTA TTGCGCGGCC
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC
GTGCCCAGAT CAAAGAATGA GACCGACGCG
CGGATCTATC GCTCCGCCCT GAAGCAGGAG
GGGTTGCTGG CAAAGCCCAA GCCGCCCGGC
ATCGTCGATT ACATCAACGG TACACCGCCC
ACGCTCGGGA TATCCAAGAG CCACTGTCAC
TGGCTGAAAT TCGACAATCG CTCAAAGAGC

300

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

ATG CTG CTC

L o B of

190

CAG CAC GAC CAC CTG

Gln His Asp 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 .

AC GGS GAA ATC 6TC
Thr Gly Glu Ile Val
255 '

ACC GCC GCC GTC GAT

Thxr Ala Ala Val Asp
270° : a

TTC AAC TTC AAG CAG
Phe Asn Phe Lys Gln .
290
GAA CTC

Glu Leu

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

636

684

732

828
876
915

975

1035

1095
1155
1215
1275
1335
1395
1455
1515

1559

G ATG GC CTC

862

CAC CAT CTC CTA
Phe His Hs Leu Leu Ser
g - 220

%CA GGEC ATG GAG GAG AAC TGC

958

CAC TCC TGC
sg%c,er A8 lle



A~

GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG A ~2IC GAT
Lou Thr Thr Thr Lou GQu Asp Qu Val Ile T W@g 260

265 .270  CTC GAT CCC TG} (TG RA€F6 GAA CAC
AAC TTC AAG CAG 1102 Leu Asp Arg Cys Algld

1054 Al a

ATC TTC

. _ Allg 'H%R GjulHi s Il e Phe Asn
Phe Lys G n 275 280 A %2%5 _ - 290
CAT CGI CAG CCC CAG CAC TAT GGT CTG ATC S-GAA-CIC . v 1141 Hi s
Arg'GnProGnHisTyrGyLeuIIeAIa]BIuLeu 295 '

300 TGAGGITGCC GAAAAGCATG TGTGTCGTITG TTCTUEEEE~ERessiCAJA TCCAGGCGCG 1201

CCAGGGIGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG GGCGATCCGC AAGGAGATGC
GGGICECCGG AGCGGCAAAG CCCGACATTC GITTCKX _ GACGGECCGIC GTGAACTCGA
CAGT CCGCCGA GAAGGGCGT A TTGCGCGEECC TGGACCTGIA CGTGGAACTG TAGCCCATAT
ATAGATTTCC @G‘M‘T@ GOOGAGEOGC GBOGCGCCTA GCCCCATGTG AGCGAGAACC
GIGCCCAGAT &4ima ; CAAAGGATGA TCCTCAGGEGT
CGGATCTATC €3 &° CCCT GCCTGCTGAC GGCGGAGGAA

As rg .&,“5‘* @@ET@WTATC&GT CCCTGECGEGA GCTTTCAACG
x --‘num @‘ . TCCTCA AGACGCTGAC GCATTTCGEC

ACGCTOGGRA T
oy GCTGA ATTC

CATA TG ACA CGT
Thr Arg

1

CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG..
Gln Met Ilg Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu
10 15

* - 'ACA €GC Ga& CAG GTC QIC G CGT Cre CIC GAC 'ATG CTG ACG AAA GCC .

Thr A:z':g Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
25 30

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG
Agg Ser Arg Gly Ala Azg Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
) 45 L 50

ACC TTC TIC CCG CGC TGG TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC
Thx Phe Phe Pro ms:g Trp Tyr Phe Thr Asp Glu Ala Glu Leu Asp Ser
: © 60 : 65

- TIC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA‘C‘I‘C TTT GAG
Phe Tyr Glu T?g Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu
. 75 - 80

AAG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CTC -

Lys Ala 1%; 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
Val ¥32(I,. Glu Gly Gly Vval Lgs Arg Arg Phe Asn Thr Ser Ile Leu Val:
v 105 110 .

GAT AAG TCA GGC AAG ATC GTC GGC AAG TAT CGT AAG ATC CAT TTG CCG

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 -

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
Axrg Tyr Phe fég Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
158 160 )

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

1261
1321
1381
1441
1501
1561
1621
1681
1741
1785
12
60
108
156
201
252
300
348
396
444

492

540



- -97 - SEQID NO 27 SEQUENCE LENGTH: 15
STRANDEDNESS: doubl e TOPOLOGY: |inear MOL
SOURCE ORGANI SM Escherichia coli ST
CATA TG'ACA CGT 12 :

Thr Arg CAG ATG ATA CTT GCA GIG GGA CAA
60 G n Net Ile Leu Ala Val Ay @dn Gn 4
5 10 - 1

ucleic acid
DNA ORI G NAL

T

TNEOY pAD4E

3 : '

GG‘}Mé&?%C J CGC GOG GAG
g |Al

a du

-~ 90 - |
165 ' 170 S 175

GCC TGG CGG GTG ATG GGC CTC AGG GGC GCC GAG ATC ATC TGC GGC GGC 588
Ala '1.‘18:8 Arg Val Met Gly Leu Arg Gly Ala Glu Ile Ile Cys Gly Gly
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 !;i.g Leu Leu Ser Met Gln Ala Gly Ser Tyr Gln Asn
220 225

) GGG GCC TGG TCC GCG GCC GCG GGC AAG GCG GGC ATG GAG GAG AAC. TGC 732
Gly Ala Trp gg: Ala Ala Ala Gly Lys Ala Gly Met Glu Glu Asn Cys )
- 235 240

. ATG'TIG CTC GGC TAC TCC TGC XIC GTG GCG CUG 'ACC GGG GAA ATC GrC -~ 780 -
Met Len 12.2151 Gly His Ser Cys Ile Val Ala Pro Thr Gly Glu Ile Val
250 . 258 ‘

GCT -C'._l'C ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 828
Ala Iz.gg Thr Thr Thr Leu Glu Asp Glu Val Ile Thr Ala Ala Val Asp
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 g;.xst-l-lis Tyr Gly Leu Ile Ala Glu Leu
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
‘TGGCTGAAAT TCGACAATCG CTCARAGAGC TACGAGCTGA ATTC : 1559



ACA CGC
Arg Gu
25

GCG CTT
Leu Thr
"TTC TTC
Phe Pro
60

CIC TTT
Phe Qu
GCG GAA
A u Leu
90

ATT TTG
Leu Val
AAG ATC
il e Val
125

CAT CTT GAA

ACG

35

GAG

40

CCG CCC TGG CAT TTC ACC GAC GAG G
Arg Trp H's Phe Thr Asp Au Ala G
65 TTC TAT GAG ACC GAA ATG CCC T=x

252 Phe Tyr Au Thr Qu Met Pro Ay Pro Val

70

CTC GGG ATC GGC TTC AAT CTG GGC

T

E @@D Fhe Asn Leu Ay Tyr Ala Qu Leu

e

linear

EQUENCE

méﬁﬁi’nﬁﬁf

TORPOLDGY 3

GT%OS%%:EWT

STRAIN :

444

@ﬂ#mAAGWﬁTC CAT TTG CCG
H,s Leu Pro 115
AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG

et

C GCT GAA CTC

50 ACC-

201 Thr Phe

55

GITG GIC CGT CCA
Val

Arg Pro Leu

80 AAG GCC

300 Lys Ala Ala

85

GGC GEC GIC AAG CGTI CEC TTC AAC ACG TCC

(]y Val

Lys Arg Arg Phe Asn Thr Ser Ile

110 GAT AAG TCA GCC

396 Asp: Lys Ser Gy Lys
120

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGTF' 6
TGACAGATCA AARATTTTAC GCCTGTTATT GTCGTGCTGC o
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT

'cmszac.mm;cmr

GLnneLI&sLeu

- ACA
.Thr

GCG
Ala

cGC

Arg

20
AGC
Ser

35

ACC

Thx

TTC
Phe

" Lys

GTC
Vval
GAT
115
GGT

 Gly

CGT
Arg

TTC
Phe

TAT
Tyr

Gce
Ala
GTC
Val
100

AAG

P Lys

CAC
His

TAT
Tyr

5

GAA CAG

Glu Gln

CGG GGC
Axg Gly

TTC CCG
Phe Pro

GAG ACC
Glu Thr
70

GCG GaA
Ala Glu
85

GAA GGC
Glu Gly

TCA GGC

Ser Gly

AAG GAG
Lys Glu

TTC GAG
Phe Glu
150

GCA GTG
Ala

GTC
va;

GCG
Ala

cGC

Glu
CTC
Leu

GGC
Gly

Lys

TAC
Tyr
135

CCG
Pro

Val

GTC

val

AAT
Asn
40

Txp

ATG
Met

Gly

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

G CGA
Gly

GTT

Val.
25 .

TTC
Phe

TAT

ccC
Pro

ATC
Ile

Lys
105

GTC
val

GCC
Ala
GAT
Asp

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG

CAA CAA GGT CCG

Gin

10

CGT
Arg

ATT

Ile

‘TTC

Phe

GGC
Gly

Gly

CTT

GTC
val

ACC
Thx

CcCG
Pro
75

TTC
Phe

90

CGT
Axg
GGC
Gly

TAC
Tyr

cTC
Leu

CGC

Lys

CGG

GGC
Gly
155

TT CTIC
Leu-

Leu

TTC
Phe

Asp

Gin Bly Pro

GAC
Asp
cec
Pro

. 45

GAG
Glu

60 -

GTG
val

AAT
Asn

Phe

TAT

Tyr

CCG
Pro
140

TTC

Phe

GTC
val

CTG
Leu

AAC

ceT
Axrg
125

TTC
Phe

cCG
Pro

ATGTAATATT TCGTACTTTA 120
TCGGCGATGT G
CAGAGGETCA TG ACA‘CGT ‘238

ATC

Tie

ATG
Met

GAA
Glu

GCC
Ala

CGT
Arg

Gee
Gly

ACG
Thrx
110

Lys
Gln

GTC
val

GCG
Ala

" 15

CcGC

.ﬁ,‘g

CTG ACG

CTC
Leu

GAG
Glu

cca

Pro

IAC

Lep

Thr

GCG

Ala

cTC

Leu

CTC
Leu
80

GCT

Tyr Ala

95
TCC
Ser

ATC
Ile

CAT
His

TAT
Tyr

ATT
Ile

CAT
His

CTT
Leu

GAC
Asp
160

Thr fa-.rg o

GCG

AAR
Lys

CIT

Leu

GAT
Asp

TTT:

Phe

GAA

Glu’

Leu

TTG

Leu

GAA
Glu
145

GTC
val

GAGf
nla Gta, . T

GCC%
Ala'

ACG[
Thr ~

--180

386
334

.30 iiﬁf 

AGC .

430

sér .-

GAG. -
Glu -

erc

‘GTG
val- .

ccG -
Pro .~
130

AAG
Lys

GAC

Asp

478

" 526

Leu . -

. 574
622
670

718



Ay Hs Lys Gu Tyr u Ala Tyr Arg Pr
135
CTC GEC TTC CCG GIC TAT GAC GIC GAC
Gy Phe Pro Val
160 GCC GCG AAA ATG GGG ATG TTC ATC
Ala Ala Lys Met Ay Met Phe 1le Cys
- 98 -
ATG G CTC AGGGGCGCC_:GAG ATC ATC

* Met Leu Leu Gly His Ser Cys

140

Tyr Asp Val Asp

165 1

- 92 -

GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT
Ala Ala Lys Met Gly Met Phe Ile Cys Asn Asp

165 170

GCC TGG CGG GTG ATG GGC CTC AGG GGC GCC GAG
Ala Trp Arg Val Met Gly Leu Arg Gly Ala Glu

180 185

- TAC AAC ACG CCG ACC CAC AAT CCC GAA GTT CCC

Tyr Asn Thr Pro Thr His Asn Pro Glu Val Pro

195 200

205

ACG TCC TTC CAC CAT:CTC CTA TCG ATG CAG GCC
Thr Ser Phe His His Leu Leu Ser Met Gln Ala

215

GGG GCC TGG .TCC GCG GCC GCG GGC AAG .GTG GGC
-* Bly Ala Trp Ser ala Ala Ala Gly Lys Val Gly
. T T 9%s =

230 -

- 220

ATG CTG CTC GGC CAC TCC TGC ATC GTG GCG CCG

245 250

Ile val Ala Pro

" GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC

Ala Leu Thr Thr Thr Leu Glu Asp Glu Val Ile

260 265-

CTC GAT CGC- TGC CGG GAA CTG CGT GAA CAC ATC
Leu Asp Arg Cys .Arg Glu Leu Arg Glu His Ile

275 280 -

285

CAT CGT CAG CCC CAG CAC TAT GGT CTG ATC GCG
His Arg Gln Pro Gln His Tyr Gly Leu Ile Ala

295

TGAGGTTGCC GAAAAGCATG TGTGTCGTTG
CCAGGGTGAC GCTGGTGGAA TAGTACCACG
GGGTCGCCGG AGCGGCAAAG CCCGACATTC
CAGTCCGCGA GAAGGGCGTA TTGCGCGGCC
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC
GTGCCCAGAT CARAGAATGA GACCGACGCG
CGGATCTATC GCTCCGCCCT GAAGCAGGAG
GGGTTGCTGG CAAAGCCCAA GCCGCCCGGC
ATCGTCGATT ACATCAACGG TACACCGCCC
ACGCTCGGGA TATCCAAGAG CCACTGTCAC
TGGCTGAAAT TCGACAATCG CTCAAAGAGC

300

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC

n Hs Leu Au Lys

GAG CCG GGC GAT

u Pro Ay Asp Leu
155

TGG CCT GAA

" Pro Qu
175 GCC TGG CGG GIG

CGC CGC TGG CCT GAA
Arg Arg Trp Pro Glu

- 175

ATC ATC TGC GGC GGC
Ile Ile Cys Gly Gly

190

Gln His Asp His Leu .

210

GGG TCT TAT CAG AAC

.Gly Ser Tyr Gln Asn

1225

ATG GAG GAG AAC. TGC
Met Glu.Glu Asn Cys
263 BRI

ACC GGG GAA ATC GTC
Thr Gly Glu Ile Val

255 -

ACC GCC GCC GTC GAT
Thr Ala Ala Val Asp

270

TTC AAC TTC AAG CAG
Phe Asn Phe Lys Gln

GAA CTC
Glu Leu

CTGGGTCACA
GGCGATCCGC
GACEGCCGTC

TGGACCTGTA CGTGGAACTG

GGCGCGCCTA
CCGGCCGCCG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

290

TCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCCCC
GCTTTCAACG
GCATTTCGGC

766

814
862
910
958

1006

1054

1102

1141

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785

540



AIaTrpArgVai I\/EtGyLeuArgGyAIaGuIIeIIeQ/s GIyGIy 180

185. 190 TAC AAC ACG CCG Al CCC_GAA_GTT CCC CAG
CAC GAC CAC CTG 636 Tyr Asn Thr Pro Thr REPBA@EM%"GSHFE@ Pro Gn H's
Asp H's Leu 195 200 Luz‘ 210 .

ACG TCC TTC CAC CAT CTC CTA TCG ATG CAG GCC
~Ser Phe His H's Leu Leu Ser Met @ n Ala Ay|}Sgr L
215 220 225 3. GCC TGG 3CG GCC GCG
GGC AAG CCG GEC ATG GAG GAG AAC TeC = 732 yAIaTrpSer h Ala Ala Gy
Lys Ala Gy Met Au Au Asn Cys 236 235

240 ATG CTG CTC GGC CAC TCC TGC ATC GIG¢GCG CCG ACC GGG GAA ATC GIC 780
Met Leu Leu G}é Hs Ser Cys Ile Val Ala Pro Thr Ay Gu Ile Val 245
250 gcz ﬁ%ﬁh CTC ACT ACG ACG CTG GAA .GAC GAG GTIG ATC ACC
GOC GCC GT(@ES@%NCE AclBL Thr, Thr Thr Leu Gu Asp Gu Val Ile Thr Ala
Al a Val ASpSTRANDm&:ss double 265 270 CTC GAT CCC
TGC CGG GAﬁk EiesgAC ATC TTC AAC TTC AAG CAG ‘876 Leu Asp Arg Cys
Arg Gu LeugRtIobF (Y qeé°%'3}!én Phe Lys G n 275 280
285 ORGANIS schggc,gqr GG CCC CAG CAC TAT GGT CTG ATC GCG GAA
crc . - STRAIN: Qﬁﬁoﬁlpanész; Gn Pro@n Hs Tyr Ay Leu Ile Ala Gu Leu

G ARC 684 Thr

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AAETCCGGTT CCGCTCCGGT 60
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA 120
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC 180
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT 238

Thr Arg
B §
,CAG AT ATA CTT GCA.GTG GGA CAA.CAA GGT.CCG ATC GCG CGC GCG GAG

'Gin Mev Ilg‘Leu Kla val- Gly Gln Gln Giy Prc Ile.Ala-Arg &la Glu
: 10 ; 15,

13}

- m
gy

. :
ACA CGC GAA CAG GTC GTC GTT CGT CTT CTC .GAC ATG CTG ACG AAA GCC 334
Thx Agg Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala

25 ' 30

- GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC. CCC GAA CTC GCG CTT ACG 382
A%g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu'Ala Leu Thr
_ . 40 45 50

ACC TTC TTC CCG CGC TGG TAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 430
Thr Phe Phe Pro Agg Trp Tyr Phe Thr Asp Glu Ala Glu Leu Asp Ser
60 65

TIC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG 478
Phe Tyr Glu ng Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu
' ' 75 . 80

ARG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CTC 526
Lys Ala A%g Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
’ ; 90 . 95 :

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 574
Val g%% Glu Gly Gly val Lgs Arg Arg Phe Asn Thr Ser Ile Leu Val
: 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 C@C AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG 670
Gly His Lys Glu Tgr Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys
5 140 145

CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GTC TAT GAC GTC GAC 718
Arg Tyr Phe ?;3 Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
155 o 160



-

295

CTGGGTCACA TCCAGGCGCG 975 CCAGGGTGAC GCTGGT
GGCGATCCGC AAGGAGATGC 1035 GGGTCGCCGG Al
GACGGCCGIC GTGAACTCGA 1095 CAGICCGCGA GAA
CGTGGAACTG TAGCCCATAT 1155 ATAGATTTCC AAAGAGITT]
GCCCCATGIG AGCGAGAACC 1215 GIGCCCAGAT CAAAGAAT
TCCTCAGGEGT 1275 CGGATCTATC GCTCCGCO
GCAGGAA 1335 GGEGTTGCTGG CAAAGCCCAA

CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGOGGA
AGACGCTGAC
1559

300 TGAGGTTGCC GAAAAGCATG Tf"_"'f""f‘f‘TT(“ TT(TCG(“’ISC

TGCGATCGCC 1395 ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT

GCTTTCAACG 1455 ACGCTCGGGA TATELAAGAG CCACTGICAC TCCATCCTCA

e

GCATTTCGEC 1515 TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTCGA
GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC CGC T®G 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 GXS GAG AAC TGC 958
B}y Ala Trp Ser Ala-pls-Ala Gly.Lys Ser Gly ¥et Glu GlLi As2 Sys -
) 230 - "~ 23y 7 T T240 - :

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 C. 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 CTCAAAGAGC TACGAGCTGA ATTC 1785

ATTC



SEQ I D NO 28 SEQUENCE LENGTH: 1785 SEQUENCE TYPE: nucl ei c acid
STRANDEDNESS: doubl e TOPOLOGY: |i near ND_ECULEMF : r@t ORI Gl NAL
SOURCE  ORGANI SM Escherichia coli STRAI N: i @}2 : S CACGGCG
GGCTCGOGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CYGETCOGGT 60 THACAGATCA
AVAATTTTAC GCCTGITATT GTCGTGCTGC ATGTAATATT TEGIACTTTMAR 1997 TGETAGAATTT
GCATTGOGCC GOGAGTCACA AAGCCGGTTT TCGGCGATGT GJTJCACAAC 180 GFTFTCCCGG
CCGCTGGGECC GGACATCACC TAGGAAGGAG CAGAGGTTCA T¢ ACATGT 238

Thr Arg 1 CAG
ATG ATA CTT GCA GTG GGA CAA CAA GGT COG ATC GOG OGC GG GAG 286 G n Met
lle Leu Ala Val Ay An dn dy Prolle¥a Ag Ala Gu 5

10 SEQ 1D No:ldy ACA CCC GAA CAG GIC GIC GIT CGI CIT CTC GAC ATG
CTG ACG AAASEBQNENCE BENGTENr 118§ G u G n Val Val Val Arg Leu Leu Asp Met Leu
Thr Lys Al aSEQUENCE E:. nucleic acid 25 30 GCG AGC CGG
GGC GOG AAT apitn ngeiﬁ‘eICCCGAACTCCBCGCTT ACG 382 Ala Ser Arg Gy
Al a Asn Phe Mobectia Peénomlig oy Ala Leu Thr 35 _ 40

45 ORIGINAL SOURCE :

ORGANISM: BEscherichia coli
STRAIN: JM109 pAD453

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT 60
TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACITTA 120
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC 180
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT 238
. Thr Arg
1

C_AG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG.CGC GCG GAG 286
Gin Met Ilg Leu Ala Val Gly Gln Gln Gly Pro lie Ala Arg ala Glu
10 " 15 .

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

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 382
Al:li.g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu ng .
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 Asp Ser
55 60 65

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

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

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GIG 574
val V{g% Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
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 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



ACC TTC TTC CCG CGC TGG TAT TTC ACC GAC GAG GCC_GAG CTC GAT AGC 430 Thr
Phe Phe Pro Arg Trp Tyr Phe Thr Asp Gu Al a '

55 60 _ ' 65 ATG CCC
GCC CCG GIG GIC CGT CCA CTC TTT GAG 478 Hh Ty‘r }ﬁ\# J&i ® 4 Met Pro dy
Pro Val Val Arg Pro.Leu Phe Gu 1 1 75

80 AAG GCC GOG GAA CTC GGG ATC GGC TTC AAT G CGCC TAC . i CTC 526
Lys Ala Ala ' GQu Leu Gy Ile Gy Phe Asn Leu @y Tyr Ala Gu Le

85 90 95 | GIC AAG
CGI CEC TTC AAC ACG TCC ATT TTG GIG 574 Val Val GQu Ay Gy Val Lys Arg
Arg Phe Asn. Thr Ser Ile Leu Val 006 - 105

| BEERTREE SRR

GAG TAC GAG GCC
TACCGGCCGTTCCAGCATCTT Hs Lys Tyr Gu Ala Tyr

MRILE =S b byttt ot e

718 Arg. Tyr Phe Gu Pro Ay Asp Leu Gy Phe Pro Val Tyr Asp VaI Asp

150 ARC ACG] GEG ACC CAC AAT CCC GAXA GOT CCC CAG CAC GAC CAC 862
Tyr Asn Thr Pro Thr His Asn Pro Glu 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 GAG GAG AAC TGC 958
Gly Ala Txp Ser Ala Ala Ala Gly Lys Ser Gly Met Glu Glu Asn Cys
230 ' " 235 240

ATG CTG CTC GGC CAC TCC TGC ATC GTG GCG CCG ACC GGG GAA ATC GTC 1006
Met Leu Iz..:u Gly His Sexr Cys Ile Val Ala Pro Thr Gly Glu Ile Val
5 250 ) 255

GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 1054
Ala g:g Thr Thr Thr Leu Glu Asp Glu Val Ile Thr Ala Ala Val Asp
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 CTCAAAGAGC TACGAGCTGA ATTC 1785



- 100- GCC GOG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA

766 Ala Ala Lys Met Gy Met Phe Ile Cys Asn | T o Qu

165 170 175 %@M%&MFTGGGCCTC
AGG GEC GCC. GAG ATC ATC TGC GGEC GGC 814 a Trp Arg Val Gy Leu Arg
Gy Ala du llelle Cys Ay Qy 180

190 TAC AAC ACG CCG ACC CAC AAT CCC GAA GT ¢AC CTG 862

Tyr' Asn Thr Pro Thr H's Asn Pro u Val Pro|d Leu 195
200 205 210
- 97 =

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

" “ACK CGC GAA CAG GTC GTC GTT CGT CTT .CTC GAC ATG CTG ACG AKA GCC 108
Thx Agg Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
25 : 30 : :

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTIT ACG 156
A;.g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
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 TIT GAG 252
Phe Tyr Glu '1‘171:5 Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu -
75 80

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

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 348
Val V{g% Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
: . 105 110

GAT ARG TCA GGC AAG ATC GTC GGC AAG TAT CGT AAG ATC CAT TTG CCG 396
o Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg Lys lIle His Leu Pro
L 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



ACGTCC TTC CAC CAT CTC CTA TCG ATG CAG GCC GGG TCT TAT CAG AAC
Ser_ Phe H's H's Leu Leu Ser

215

220

Mt Adn Ala d

GGC AAG TCA GGC ATG GAG GAG AAC TGC
Lys Ser Ay Met Au.-Au Asn Cys

240 , ATG CTG CTC GGC CAC TCC TGC ATC GIG

Met Leu Leu Gy His Ser Cys Ile val Ala Pr
255 GCT CTC ACT ACG A

1054 Ala Leu Thr Thr Thr

250
GCC GCC GIC
Al a Val Asp
TGC CGG GAA
Arg Gu Leu
285
CTC
295

GACGGECCGTC
CGTGGAACTG

GAT
260
CTG CGJ,

Arg Gu

i

CAC ATC TTC1
Il e Phe Asn 5

958 |d

REBLAL

22

4

CCG

y Aa Tro Sor
1301 1MAR 1997

(o3 0 Wl

'cd

ACC GG

Al
235
AA

[hr Gy g u
2.CIG GAA GAC GA

val

a)
C

265 - 98 -

Leu Gu Asp Gu

al

910

ATC GIC

Thr.

GCG GCC CCG
a AlaAady

1006
245

GIG ATC ACC
Ile Thr Al a

270 CTC GAT CCC

280

C TTC AAG CAG |,1102 Leu Asp Arg Cys
e Lys A n 275

GCC TGG CGRIGre &3 dBCTCTAGGEXLCAG: GAC AXT ABCTTdT GeAEcCCG sedA
Ala 'rgp Prg1vVal ¥YenrGlyGhen Prg GnAkk S18yEledllel @ys Ble Gllva G u Leu
180 CGITTG TTCTCGGECGC

CTGCECTCACA THAARREGHCE datd) heEicCiali¥ec BabCal et dASTACEACAC T
GGOGATCCGC ARGCAGATIBE BR6 PhEGG ECEECEE0 AAGRANAG

300 TGAGGIT

Thr Ser Phe His

GGG GCC .TGG
Gly Ala Trp

TCC
Sexr
230

ATG
Met

CTG
Leu

CTC
Leu
245

GGC
Gly

GCT
Ala

CTC
Leu
260

ACT
Thr

ACG
Thx

CTC
Leu
275

GAT
Asp

CGC
Arg

TGC
Cys

CAT CGT CAG
His Arg Gln

ccc
Pro

TGAGGTTGCC GARAAGCATG
CCAGGGTGAC GCTGGTGGAA
GGGTCGCCGG AGCGGCAAAG

His
215

GCG
Ala

cac
His

ACG
Thx

CGG
Arg

CAG
Gln
23S

CTC
Leu

CTA TCG
Leu Serxr

GCC
Ala

GCG GGC
Ala Gly

TCC
Ser

TGC ATC
Cys Ile
- 250

CTG
Leu

GAA GAC
Glu Asp
265

GAA
Glu
280

CAC TAT GGT
His Tyr Gly

CTG CGT
Leu Arg

TGTGTCGTTG
TAGTACCACG
CCCGACATTC

CAGTCCGCGA GAAGGGCGTA -TTGCGCGGCC

ATAGATTTCC AAAGAGTTTC
GTGCCCAGAT CAAAGAATGA
CGGATCTATC GCTCCGCCCT
GGGTTGCTGG CAAAGCCCAA
ATCGTCGATT ACATCAACGG
ACGCTCGGGA TATCCAAGAG
TGGCTGAAAT TCGACAATCG

GGCGAGGCGC
GACCGACGCG
GAAGCAGGAG
GCCGCCCGGC
TACACCGCCC
CCACTGTCAC
CTCAAAGAGC

ATG
Met

AAG
Lys
235
GTG
Va;

GAG
Glu

GAA
Glu

CTG:
Leu

B GAAARGCATG T

CAG GCC
Gln Ala
220

GGC
Gly

GCG
Ala

GCG
Ala

CCG
Pro

GTG
val

ATC
Ile

ATC
Ile
285

CAC
His
GCG
Ala

ATC
Ile
300

TTCTCGGCGC
ACCGCTTCAG
GTTTCGCACC
TGGACCTGTA
GGCGCGCCTA
CCGGCCGCGR
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

6

CLCRAC ARSI HEd TBuGCA!

GGG
Gly

ATG
Met

GAG
Glu
24

ACC
Thx

GGG
Gly-
255

ACC
Thr
270

GCC
Ala
TTC
Phe

AAC
Asn

cTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CAAAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

TCT TAT
Ser Tyx

GAG
Glu

GAA
Glu

GCC
Ala

TTC
Phe

CAG AAC
Gln asn
225

AAC
Asn

TGC

Cys
0

ATrC
Ile

GTC
val

GTC
val

GAT
Asp

CaG
Gln
290

AAG
Lys

PCCAGGCGCG
AAGGAGATGC
GTGAACTCGA
TAGCCCATAT
AGCGAGAACC
TCCTCAGGGT
GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

GIBAACTCGA 1321 CARSPCCGCGA GA&GGGCEPA TTGCGCGGECC TGRAGCTGTA
TRCEA A 8 kar

684

732

828

876

915

975
1035
1095
1155
1215
1275
1335
1395
1455
1515
1559



ATAGATTTCC AAAGAGTTTC GGOGAGECGC GEiEfEiETA GCCCCATGTG AGCGAGAACC

GI'GCCCAGAT. CAAAGAATGA GACCGACECG CCEECCCLai

CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT
GGGTTGCTGG CAAAGCCCAA (CCGCCCGEC CTTGITCCGS
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT]
ACGCCTCGGGA TATCCAAGAG CCACTGICAC TCCATCCTCA
TGCCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTA

1441
AAFEA-FOFGAGGGT 1501
; éEE 3GAA 1561
ITICGCC 1621
GAACG 1681
CGGC 1741
1785

- 101 - SEQ ID NO 29 SEQUENCE LENGTH 1549 SEQUENCE TYPE: rucleic acid

STRANDEDNESS: doubl e
' - 99 -

SEQ ID NO: 28
SEQUENCE LENGTH: 1785
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD454

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 GGT
"Gln Met Ile Leu Ala Val Gly Gln Gln Gly

ACA CGC GAA CAG GTC GTC GTT CGT CTT CTC
Thr Agg Glu Gln Val Val Val Arg Leu Leu
25

GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC
A%g Ser Arg Gly Ala Asn Phe Ile Val Phe
. 40

ACC TTC TTC CCG CGC TGG TAT TTC ACC GAC
Thr Phe Phe Pro Arg Trp Tyr Phe Thr Asp
' 55 . 60

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

AAG GCC GCG GAA CTC GGG ATC GGC TTC AAT
Lys Ala A%g Glu Leu Gly Ile Gly Phe Asn
) 90

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC
val g:% Glu Gly Gly Val Lys Arg Arg Phe
105

GAT AAG TCA GGC AAG ATC GTC GGC AAG TAT
?ig Lys Ser Gly Lys Ile Val Gly Lys Tyr
120

GGT C@C AAG GAG TAC GAG GCC TAC CGG CCG
Gly His Lys Glu Tyr Glu Ala Tyr Arg Pro
135 140

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

CCG
Pro
GAC
Asp
cCC

Pro
45

Glu

GTC,

val

CTG

-Leu.

‘ARC
Asn

CGT
Axg
125

TTC
Phe

folele]
Pro

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 Tyxr Ala Glu Leu
9s

ACG TCC ATT TTG GTG
Thx Serxr 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



TOPOLOGY: |inear MOLECULE TYPE: Genomnic DNA SOURCE ~ ORGANI SM

Escheri chia coli STRAIN. JMLO9 pAD455 (FERM mg Y Py

' CATA TG ACA CGT 12 ,-.@MFMQEEM
Thr Arg 1 CAG
ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC cat 1MAR 1992 60 G n Met
IIe_LeuAIaVaIGIyGInGInGIyProIIeAIaAgLﬂaGIu 5
10 15 ACA CCC GAA CAG GIC gC GIT cGr d GAC ATG CTG
AUG AAA GCC 108 Thr Arg Au dn Val Val Vat—Arg-Lleu leu Asp et Leu Thr
Lys Al a 20 25 30 GC CGG G&C
GCG AAT TTC ATT GIC TTC CCC GAA CTC GCG Ghp ACG 156 Ala Ser Arg Ay Ala
Asn Phe IIeG}{@IGéDhe Pro Gu Leu Ala Leu Thr 35 40
45 s M- GRT CGLATGG TRGGACET GAR GAGSECC

Ala Ala
GAG CTC GAT AGC

%%% ot mgﬁﬁﬁ%@ B AsH ﬁ%e“?h?r%ﬁ}“a u Ala
G u Leu Asp Ser 55 0

65 TTC TAﬁ;@?GA?m AINGGGECCTECASEOGCERE GAG XXCT ACCAGCTGET BECGAG814 252
Phe Tyr d u Thrigy 0-eRlpter &y ﬁ‘s’o%lGIVaP%%“Fﬁ(g Lde QuseCly Gly
75 . 80
AAC |

70

TAC ACG CCG ACC CAC AAT CCC GAA GTT CCC CAG CAC GAC CAC CTG 862
Tyr Asn Thr Pro Thr His Asn Pro Glu 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
GGGGCCTGGTCCGCGGCCGCGGGCAAGTCAGGCATGGAGGAGAAC'I.‘GC 958
‘Gly Ala Trp Ser Ala Ala Ala Gly Lys Ser Gly Met Glu Glu Asn Cys
- 230 - 235 230
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 GTIG 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 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 ACATCAACGE TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681
ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC ' 1785



AAG GCC GOG GAA CTC GGG ATC GGC TTC AAT CTG
Ala Ala Qu Leu Ay Ile Ay Phe Asn Leu Gmig(

N

113 i\E’E .‘-:\w 85

90" 95 GIC GIC GAA. GGC GCC |GF - E*fCAAC ACG
TCC ATT TTG GTG 348 Val Val Qu dy dy Val ys1A“9A£\ %Dh n Thr Ser
Il e Leu Val 100 105 GAT AAG TCA
GCC AAG ATC GIC GGC AAG TAT CGI AAG ATC CAT TIGLCCG . 396 spjLys Ser Gy
Lys Ile Val Ay Lys Tyr Arg Lys Ile His Leu Pjo 115 120
125 130 GGTI CAC AAG GAG TAC TTC CAG
CAT CIT GAA AAG 444 Gy His Lys Qu Tyr Gu Ala Tyr Arg Pro Phe G n His
Leu Au Lys 135 - 101 - 140 145
CGI TAT TTG F GAT CTC GGC TTC CCG GIC TAT GAC GIC GAC 492 Arg
Tyr Phe G lsggsg .Leiss@ y Phe Pro Val Tyr Asp Val Asp

150 SEQUENCE TYHFxS nucleic acid 160 GCC GCG AAA ATG GGG ATG TTC

ATC TGC AA mgmecm GAA 540 Ala Ala Lys Met Gy Met Phe Ile
Oys Asn Asrilie BB foaiZcUona

ORIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: JM109 pAD455 (FERM BP-4036)

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 GAR'CAG GEC GIC GTT CGT CTY CTC GAC AG CTG ACG ABA GCC 10§ °
Thr A:;g Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
25 - 30

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

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 Asp Ser
- 85 60 . . 65

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

AAG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CTC 300
Lys Ala I%a Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyxr Ala Glu Leu
5 - 90 95

GTC GTC GAA GGC GGC GIC AAG CGT CGC TTC AAC ACG TCC ATT TIG GIG 348
val ‘{g% Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
' 105 110

GAT ARG 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.



- 102 -

Tyr Asn Thr

200
Met dn.

165

Pro Thr -

170 '
GTG ATG GGC CTC AGG GGC GCC GAG ATC ATC TGC GGC (KEP
Mt Gy Leu Arg Ay Ala Qu lle Ile Cys Ay Gy

H s- Asn Pro Ju Val
, 205.

TCG ATG CAG GCC GGG TCT TAT CAG AAC
Ala Ay Ser Tyr @ n Asn ;
225 GGGGCCTGGTCCGCGGCCGCGGGCAAGGCGGGCATGGAGGAGAACTGC

Pro d niHils
210 ACE
684 Thr

S¢r

_I

Ay Ala Trp Ser Ala Ala Ala Ay Lys AlaGgy Mt Gu G Asn Oys

230

- GCC

- ATG

Ala Trp

180

TAC
Tyx Asn
195

ACG
Thr

TCC
Ser
GGG
Gly

GCC
Ala

CcTG

Met Leu

GCT
Ala

CTC
Leu
275

CAT
His

TGAGGTTGCC
CCAGGGTGAC
GGGTCGCCGG
CAGTCCGCGA
ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

cGe
Arg

ACG
Thr

TTC
Phe

TGG
Txp

CTC
Leu
245

ACT
Thr

cec
Arg Cys
* CAG CCC
 Gln Pro

235
165

170

GTG
Val

ATG
Met

GGC
Gly

CcTC
Leu
185

'AAT
Asn

ccG
Pxo

ACC
Thr His

200
CAT
His
215

GCG
Ala

CAC
His

CTC
Leu

CTa
Leu

TCG
Ser

TCC
Ser
230

GCC
Ala

GCG
Ala

GGC
Gly

GGC
Gly

CAC-
His

TCC
Sex

TGC
Cys

ATC
Ile
250

ACG
Thx

ACG
‘Thr

CTG
Leu

GAA
Glu
265

GAaC
Asp

TGC CGG

Arg

GAA
Glu
280

CIG CGT

Leu

CAG CAC TAT

295

GAAAAGCATG TGTGTCGTTG
GCTGGTGGAA TAGTACCACG
AGCGGCAAAG CCCGACATTC
GAAGGGCGTA TTGCGCGGCC
ARAGAGTTTC GGCGAGGCGC
CAAAGAATGA GACCGACGCG
GCTCCGCCCT GAAGCAGGAG
CAAAGCCCRAA GCCGCCCGGC
ACATCAACGG TACACCGCCC
TATCCAAGAG CCACTGTCAC
TCGACAATCG CTCAAAGAGC

GGC
.Gly

GAA
Glu

ATG
Met

AAG
Lys
235

QTG
Vval

GAG
Glu

GAA
Arg Glu

GGT CTG
Gln His Tyr Gly Leu

240

GCC
Ala

GAG
Glu

GTT
val

ccC
Pro
205

CAG
Gln-
220 -

GCC
Ala

GCG
Ala

GGC
Gly

GCG
Ala

“CCG
Pro

GTG
val

ATC
Ile
CAC
His

ATC
Ile
} 235

ATC
Ile
300

GCG
Ala

- PMPCTCGGCEC
ACCGCTTCAG

GTTTCGCACC
TGGACCTGTA

GGCGCGCeTA

CCGGCCGCGG
GGCGCACGCT
CTTGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

-CAG

175

ATC
Ile
190

ATC
Ile

CAC

Gln His

GGG
Gly

TCT
Ser

ATG

Met Glu

TGC
Cys

.GAC

TAT
Tyr

GAG
Glu

GGC
Gly

GGC
Gly

(ohivel
Leu
210

CAC
His

AAC
Gln Asn

225

AAC
Asn

TGC
Cys

240

GGG
Gly
255

ACC
Thr

ACC
Thr
270

GCC
Ala

TTC
Phe

AAC
Asn
CTC
Leu

GAA
Glu

CTGGGTCACA
GGCGATCCGC
GACGGCCGTC
CGTGGAACTG
GCCCCATGTG
CARAGGATCA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA
AGACGCTGAC
ATTC

Glu

GCC
Ala

TTC
Phe

GTC ™
val

ATC
Ile

GTC
val

GAT
Asp

AAG
Lys

CAG
Gln
290

TCCAGGCGCG
AAGGAGATGC

GTGAACTCGA -

TAGCCCATAT
AGCGAGAACC

TCCTCAGGGT

GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

220
732

588

636

684

732

780G

828

876

915

875
1035
1095
1155
1215
1275
1335
1395
1455
1515
1559



ATG CTG CTC GGC CAC- TCC TGC- ATC OTG GOG CCG ACC GGG GAA kTC GTC  ?HU Met

Ley Leu Gy Hs Ser Cys Ile Val Ala Pro Thr Ay & 245 -
250 255 GCT CTC ACT ACG ACG CTG \AC Gt 1C ACC
GCC GCC GIC GAT 828 Ala Leu Thr Thr Thr Leu Gju whed LENAMAREE [ Thr Al a
Al a Val Asp 260 _ 265 - ' GAT CCC -
TGC CGG GAA CTG CGT GAA CAC ATC TTC AAC TTC AAG . %Q?ASpArg Cys
ArgGuLeuArgGqusIIePheAsnPheLyanZ § 280
285 290 CAT CGT CAG CCC CAG CAE TAT GGI CTG ATC § GAA
CTC : 915 Hs Arg A n Pro An H s Tyr—a-y p G u Leu
295 300 TGAGGTTGCC GAL AAGCATG TGTGTCGTTG TTCTCGGCG '

CTGGGTCACA TCCAGGCGCG 975 CCAGGGIGAC GCTGGIGGAA TAGTACCACG ACCGCTTCAG

AR (X 7 CGCCGG AGCGGCAAAG CCCGACATTC GITTCGCACC
¥ . GTLGGCGA GAAGGECGTA TTGCGOGECC TGGACCTGTA
CGTGGAACTG sfmmféé' 1EIEEbJATAGATTTCC AAAGAGTITTC GECGAGECEC GECGCGCCTA

GCCCCATGT G@E—QMAACI&T!BEIS GIGCCCAGAT CAAAAGAATGA GACCGACGCG CCEECCECEG

Senomse BN ATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT
RS GREL TG EGG CAAAGCCCAA GOCGCCCGGC CTTGITCCGG
CACTTGAGAA TWE@QME@GTCGATT ACATCAACGG TACACCGCCC CATATCGCGT

AGACCCTGAC
1559

CCCTGECGEEA CG, 1455 ACGCTCGCGA TATCCAAGAG CCACTGTCAC TCCATCCTCA
%%A ,

a A ciACTan- 130

TGTAGAATTT GCATTGCGCC' GCGAGTCACA AAGCCGGTTT TCGGCGATG'L‘ GTTTCACAAC 180
GTTT‘I‘CCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT 238
Thr Arg
1

«CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG 286
"Gin Met Ile Leu Ala Val Gly Gln Gln Gly Pro ile Ala Arg ala slu

ACA CGC GAA CAG GIC GTC GTIT CGT CTT CTC GAC ATG CTG ACG AARA GCC 334
Thr mz:g Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
_ e 28 30

GCG AGC CGG GEC GCG AAT TTC ATT GTC TTC CCC GAA CIC GCG CTT ACG 382
A%g Ser Arg . Gly Ala Air(; Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
DI . R as 50

ACC TTC.TTC CCG CGC TGG TAT TTC ACC -GAC GAG GCC GAG CTC GAT AGC™ 430
Thr Phe Phe Pro ms:g Trp Tyr Phe Thr Asp Glu Ala Glu Leu Asp Serxr
; . 60 ‘ 65

TTC TAT GAG ACC GAA ATG CCC GGC CCG G'.I.‘G.G'.l.‘c CGT CCA CTC TTT GAG 478
Phe Tyr Glu '1‘17116: Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu
o . .15 80 '

AAG GCC'GCG ‘GAA CTC GGG ATC GGC TTC.AAT CTG GGC TAC GCT GAA CTC 526
Lys Ala A%g Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu .

5
GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC ATT TTG GTG 574
Val W{g% Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
N 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-ccs 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 Gég Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Val Asp
15 155 - 160

ATTC



- 103 - SEQ ID NO 30 SEQUENCE LENGTH. 17§

TYPE: nucleic acid
STRANDEDNESS: doubl e TOPOLOGY: |inear MOLE DNA ORI G NAL
SOURCE ORGANI SM  Escherichia coli STRA Ggiggﬁag%ncGWCEACEECG
GGCTCGCGCG AGAGCTTGIC AAGCAGCGCA AATTCCGGTY ( 6@ TGACAGATCA .

AAAATTTTAC GCCTGITATT GICGTGCTGC ATGTAATATT T %20

- 104 -

GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA 766
Ala Ala Llsrs Met Gly Met Phe Ile Cys Asn Asp Axrg Axrg Trp Pro Glu
.165 170 175

GCC TGG CGG GTG ATG GGC CTC AGG GGC GCC GAG ATC ATC TGC GGC GGC 814
Ala 'frs:g Arg Val Met Gly Leu Arg Gly Ala Glu Ile Ile Cys Gly Gly
185 190 -

TAC AAC ACG CCG ACC CAC AAT CCC CTT GTT CCC CAG CAC GAC CAC CTG 862
Tyr Asn Thr Pro Thr His Asn Pro Leu 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

GGGGCCTGGTCCGCGGCCGCGGGCAAGTCAGGCATGGAGGAGAACTGC 958
“Gly ala Trp giﬁ.Ma Ala Ala Gly Lys Ser Gly Met Glu Glu Asn Cys
. 235 . 2490

ATG CTG CTC GGC CAC TCC TGC ATC GTG GCG CCG ACC GGG GAA ATC GTC 1006
Met Leu 1;2151 Gly His Ser Cys Ile Val Ala Pro Thr Gly Glu Ile Val
. 250 ' 255

GCT CTC ACT ACG ACG CTG GAA -GAC GAG GTG ATC ACC GCC GCC GTC GAT 1054
Ala ]:‘.Z.tseg Thr Thr Thr Leu Glu Asp Glu Val Ile Thr Ala Ala Val Asp
_ 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 '.I.‘I'L'l' GGT CTG ATC GCG GAA CTC 1141
His Arg Gln Pro Gln His Tyr Gly Leu Ile Ala Glu Leu
295 300

TGAGGTTGCC GAAAAGCATG TGTGTCGTIG TTCTCGGCGC CTGGGTCACA TCCAGGCGCG 1201
CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG GGCGATCCGC AAGGAGATGC 1261
GGGTCGCCGG AGCGGCAAAG CCCGACATTC GTTTCGCACC GACGGCCGTC GTGAACTCGA 1321
CAGTCCGCGA GARGGGCGTA TTGCGCGGCC TCGGACCTGTA 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 CTCAAAGAGC TACGAGCTGA ATTC - 1785



GI'TTTCCCGG CCGCTGGEGECC GGACATCACC TAGGAAGGAG

Thr Arg
ATG ATA
Ile Leu
10

ACG AAA
Lys Al a
GCG AAT
Asn Phe
45

CTC GAT
Asp Ser

75

GCT GAA CTC

d u Leu

CaC O30 CTCAMGOT, SBeblSed Al

CTT GCA GIG GGA CAA CAA GGT CCs AT
Gy A@n dn dy Pro Ile Al ajAijg
- 15 ACA CCC GAA CAG GIC ‘
334 Thr Arg Au dn Val

Al a Val

GCC

20
TTC ATT GIC TTC'CCC GAA CTC GOG CTT ACG

Il e Val

AG@%SUE

I

25

Val

al

Ar 9. ‘Leu Leu

Phe Pro Qu Leu Al a Leu ilgy -35.

TR 238
286 A n Met
5

C GAC ATG CTG
Met Leu Thr

—30__GCG AGC CGG GGC
382 Ala Ser Arg.dy Ala

40

0 ACC TTC TTC CCG CGC TGG TAT TTC ACC GAC GAG GCC GAG

3@25’:.; o€

aobiey

SEQUENCE TYPE:

ORIGINAL SO

ic acid -

TAT GAG ACGTRAMDEDNBSSCCAe@L«LCG GTG GIC CGT CCA CTC TTT GAGS

du Thr G G ¥eEoF g &

e Pro Arg Trp Tyr

’}FaPro \Val Val Arg Pro Leu Phe GQu -

¢ ARPSRELE PA%

onemm.ysnsuharﬂm&mwu GI y Ile @y Phe

STRAIN:G5JM109 pAD468

Phe Thr Asp Gu Ala Qu Leu
60 '

65 TTC

478 Phe Tyr

70

GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC

Asn Leu Ay Tyr Al a

95 GIC GIC GAA .

(@.€] TCC AIT TTG GIG 574 -
TTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT

TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT
GTITTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG.

+CAG
‘Gln

ATG
Met

ACA CGC

Thr

GCG
Ala
35

ACC
Thr

Phe

Lys

GTC
Vval

GAT
Asp
115

GGT
Gly

CGT
Arg

Arg
20

Serxr

TTC
Phe

TAT

Tyx

GCC.

Ala
GTC
Val
100
Lys

CAC
His

TAT
Tyr

ATA
Ile

Glu

CGG
Arg

PrC

Phe

GAG

Glu

Ala
8s

GAA

Glu
Ser
Lys

TTC
Phe

GGC
Gly

cce
Pro

ACC
Thr
70

Glu
Gly

Gly

GAG
Glu

GAG
Glu
150

. GCA
ala’

GTC-

Val

GCG
Ala

cecC
Axg
55

GAA

Glu

CTC |
Gly:

Leu

GGC
Gly

AAG
Lys

TAC
Tyr

GTG GGA. Caa

val

GTC
val

AAT
Asn
40

Txp

ATG
Met

‘GTC
val

ATC
Ile

120

GAG
Glu

135 |

CCG
Pro

GGC
Gly

Gly

GTT
val
25

TTC
Phe

TAT

ccc
Pro

ATC
Ile

Lys
105

GTC
val

GCC
Ala

GAT
Asp

‘Gih

10
CGT

ATT
Ile

TTC

Phe..

GGC
Gly

GGC -

Gly

CcGT
Arg

GGC
Gly

TAC
Tyr

CTC
Leu

CAA GGT

Gln

CIT

‘Leu

GTC

val-

ace

CcCG
Pro
75

Phe

T
cec’

Axg

Lys

CGG
Axrg

GGC
Gly
155

Gly

CcTC

Leu

TTC
‘Phe

Asp .

60

GTG
val

AAT
Asn

TTC
Ph_e

TAT
Tyr

cCG
Pro
140

TTC
Phe

CCG
Pro

GAC

cCC
Pro

GAG'

Glu

GTC
val

CTG
Leu

Asn

CGT
A.rg
125

prC
Phe

CCG
Pro

Glu Leu Ala Leu Thr

TCGGCGATGT GTTTCACAAC
CAGAGGTTCA TG ACA CGT

Thr Arg.

ATC GCG CGL GCG G@G

Ile Ala Arg ALa Gla
. 15

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

GAA CTC GCG CTT ACG
50

GCC GAG CTC GAT AGC
Ala Glu Leu Asp Ser
' 5

CGT CCA CTC TTT GAG
Arg Pro Leu Phe Glu
8o - -

GGC TAC GCT GAA CIC .
Gly Tyr Ala Glu Leu
' 95 o

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



Val ‘'Val Qu Gy Gy Val Lys Arg Arg Phe Asn T
105 110 GAT AAG TCA GGC AAG A
ATC CAT TTG CCG 622 Asp Lys Ser Ay Lys Il¢
H's Leu Pro 115 120

Hs Lys Qu Tyr AQu Ala Tyr Arg Pro Phe G n
135 - 140 145
CTC GCC TTC CCG GIC TAT- GAC GIC GAC 718 Arg—F
Ay Phe Pro Val Tyr Asp Val Asp.

160 - 106 -

GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA 766
Ala Ala li.;srg Met Gly Met Phe Ile Cys Asn Asp Arg Arg Trp Pro Glu
. - 170 - 175 _

GCC TGG CGG GTG ATG GGCCTC AGG GGC GCC GAG ATC ATC TGC GGC GGC 814
Ala ‘{:g Arg Val Met Gly Lgu Arg Gly Ala Glu Ile Ile Cys Gly Gly
" 185 - 190

. TAC AAC ACG CCG ACC CAC AAT CCC GCT GTT CCC CAG CAC GAC CAC CTG 862-
Tyr Asn Thxr Pro Thr His Asn Pro Ala 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 rzli.g Leu Leu Ser Met Gln.Ala Gly Ser Tyr Gln Asn
' T - 220 225

Gg;GGCCTGGTCCGCGGccscGGccmTCAGGCATGGAGGAGAACTGc 958
Gly Ala Trp s;.g Ala Ala Ala Gly Lys Ser Giy Met Glu €lu Asn Cys .
' o236 ' 235 - 240

ATG CTG CTC GGC CAC ‘TCC TGC ATC GTG GCG CCG ACC GGG GAA ATC GTC 1006
Met Leu 22151 Gly His Ser Cys Ile Val Ala Pro Thr Gly Glu Ile Val
250 255

GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 1054
Ala l;:g Thr Thr Thr Leu Glu Asp Glu Val Ile Thr Ala Ala Val Asp
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 o 2.85 : 290

CAT CGT CAG CCC CAG CAC TAT GGT CTG ATC GCG GAA cre 1141
His Arg Gln Pro g-;.!s\ His Tyr Gly Leu Ile Ala Glu Leu
o : . 300 .

TGAGGTTGCC . GAAAAGCATG TGTGTCGTTG TTCTCCGCGC CTGGGTCACA TCCAGGCGCG 1201
CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG GGCGATCCGC AAGGAGATGC 1261 '
GGGTCGCCGG AGCGGCAAAG CCCGACATTC GTTTCGCACC GACGGCCGTC GTGAACTCGA 1321
CAGTCCGCGA GAAGGGCGTA TTGCGCGGCC TGGACCTGTA CGTGGAACTG TAGCCCATAT 1381
ATRGATTTCC AAAGAGTTTC GGCGAGGCGC GGCGCGCCTA GCCCCATGTG AGCGAGAACC 1441
GTGCCCAGAT CAAAGAATGA GACCGACGCG CCGGCCGCGG CAAAGGATGA TCCTCAGGGT 1501
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1561
GGGTTGCTGG CAAAGCCCAR GCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681
ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC 1785



- 104 - GCOC GOG AAA ATG GGG ATG TTC ATC T@EE-AAC, GAT OGC CGC TGG CCT GAA
766AIaAIaLys Met Ay Met Phe Ile Cys Aspiki Arle

165 170 176 3 ATG GCC CTC
AGG GGC GCC GAG ATC ATC TGC GGC G&&C 814 bt Gy Leu Arg
Gy Ala du llelle C¢ys Ay dy 180

190 TAC AAC ACG CCG ACC CAC AAT cCcC CTT C CAC CTG 862
Tyr Asn Thr Pro Thr His Asn Pro Leu Val H sf Leu 195

200 . 205 . - 2T0 AC CAT CTC CTA
TCG ATG CAG -GCC GGG TCT TAT CAG AAC 910 Thr Ser F Ms~Hi s Leu Leu Ser
Mt An Ala Ay Ser-Tyr An Asn 215 220

225 GGG GCC TGG TCC GCG GCC GCG GGC AAGOTCA GCC ATG GAG GAG AAC TCGC 958

EQcD
(231336 Al a TrgEggENCAépLENa AIa Gly Lys Ser Ay Met Au A u Asn Cys

240" ATG CTG CTC GGC CAC TCC TGC
ATC GTG GORTRICR I -E;iﬁzi?\‘i‘cf%?c 1006 Met Leu Leu Gy His Ser Cys Ile

Val Al a Pr @oForoG3:y Oingak| e Val 245 - 250
255 CCT L EA 5 MOFAPBLGANAGAC GAG GTG ATC ACC GCC GCC GIC GAT 1054
Ala Leu Thr =‘E%§c%ﬁcﬁ§9 cgll.i! Val Ile Thr Ala Ala Val Asp

STRAIN: JM109 pAD469

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT 60
. TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA 120
TCTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC 180
GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT 238

'.l‘hr Arg

.‘SEG EEG ATA CTT GCA GTG GGA CAA CaAA GGT.CCG.AEC CCG CGC. GCG GAG 286
GIn et Iig ‘Leu Ala Val Gly Gln'Gln Gly Pro Ile Ala Arg Ala Glu o
: 10 . 15 :

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

GCG AGC CGG GGC GCG AAT TTC ATT GIC TTC CCC GAA CTC.GCG CTT ACG 382
A%g Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
_ T 45 _ 50

ACC TTC TTC CCG CGC TGG TAT TTC ACC GAC GAG 'GCC GAG CTC GAT AGC 430
Thr Phe Phe Pro Arg Trp Tyr Phe Thr Asp Glu Ala Glu.Leu Asp Ser :
M 55 60 - 65

TTC ‘TAT GAG ABG-GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG 478
Phe Tyr Glu ng Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu
- S . R 75 . 80 ’

AZG:GCC GCG GaA CTC EGG ATC GGC TTC AAT ‘CTG GGC TAC. GCT GAA CTC 526
_LQS'Ala_Aég Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
' : " R 90 ' 95 :

GTC GTC GAA GGC GGC GTC AAG CGT CéC'TTC AAC'ACG'TCC'ATT TTG GIG 574
val gg% Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
S 105 - o 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
: 150 158 160



260" 265
CGI. GAA CAC ATC TTC AAC TTC AAG CAG
GQu H s Ile Phe Asn Phe Lys A n 275

290 CAT CGI CAG CCC CAG CAC TAT GGT CTG AT(q
Hs Ar)g Gn Pro An.Hs Tyr Gy Leu lle Ala:
TGAGGTTGCC GAAUaGCATG TGTGICGITG TTCT¢

300

1261 GGGTCGCCGG AGCGGCAAAG CCCGACATTC GTTTCGCACC GACECCSHe

270
1102 L

1321 CAGTCCGCGA GAAGGGCGTA TTGCGCGGCC TGGACCTGTA CGTGGAACTG TAGCCCATAT

1381 ATAGATTTCC AAAAGTTTC GGCGAGGECEC GEﬂﬂEGCCTA GCCCCATGIG AGCGAGAACC 1441
'cceeuceceu CAAAGEATGA TCCTCAGGEGT 1501

GI'GCCCAGAT

ACG
Thr

ACC CAC
Thr

His
200

_Asn_Pro

‘TCG
Ser

CTA
Leu

caT
His
215

TTC
Phe

CTC

His Leu

GCC
Ala

TGG
Trp

“rCC
Serxr
230

GCG
Ala

GCC
A;a

GCG GGC
Ala Gly

cre
Leu
245

ATG
Met

CTG
Leu

CAC
His

TCC
Ser

TGC
Cys

, ATC
Gly ‘Ile

: 250
GCT
Ala

CTC
Leu
260

ACT
Thr

ACG
Thx

ACG
Thr

‘CTG
Leu

GAA GAC
Glu Asp
265 @ -

CGT .
Axg

}
Glu
280

TGC CGG
Cys Axg

cee:
Arg‘

cTC
Leu
275

GAT

CTe
Asp

Leu

CAG CAC"TAT GGT
Gln

295 -

cee
Pro

CAG
Gln

CAT
His

CGT
Arg

TGAGGTTGCC GAARAGCATG TGTGTCGTTG
CCAGGGTGAC GCTGGTGGAA TAGTACCACG
GGGTCGCCGG AGCGGCAAAG: CCCGACATTC
CAGTCCGCGA GAAGGGCGTA. TTGCGCGGCC
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC
GTGCCCAGAT CAAAGAATGA GACCGACGCG
CGGATCTATC GCTCCGCCCT GAAGCAGGAG
GGGTTGCTGG CAAAGCCCAA GCCGCCCGGC
ATCGTCGATT ACATCAACGG TACACCGCCC
ACGCTCGGGA TATCCAAGAG CCACTGTCAC
TGGCTGAAAT TCGACAATCG CTCAAAGAGC

ATG
Met

AAG
Lys
235

GTIG
val

GAG
Glu

Gaa
Glu

CIG

His 'Tyr Gly Leu

ccc
Pxro
205

CAG
Gln
220

TCA
Sex

GCC
Ala

GGC

GCG
Ala

CCG
Pro

GTG
val

ATC
Ile
CAC
His

ATC
Ile
285

GCG
Ala

ATC
Ile
300

PTCTCGGCGC

ACCGCTTCAG

GTTTCGCACC
TGGACCTGTA

GGCGCGCCTA
CCGGCCGCGE-

GGCGCACGCT
CITGTTCCGG
CATATCGCGT
TCCATCCTCA
TACGAGCTGA

Gly.

15896

L

1621

ggﬁaﬁ@%’@F Py 17

T CCC ATT GTT
Ile val.

CAG CAC-GAC CAC crs 862
Gln His Asp His Leu
; 210
GGG TCT TAT CAG AAC 910
Gly Ser Tyr Gln Asn
.. 225
ATG GAG GAG AAC TGC 958
Met Glu Glu Asn Cys
240 - :
ACC GGG GAA ATC GTC 1006
Thr Gly Glu Ile Val
255
ACC GCC GCC GTC GAT 1054
Thr Ala Ala Val Asp
270 _
TTC AAC TTC ARG CAG 1102
Phe Asn Phe Lys Gln
. 290
GAA CTC . 1141
Glu Leu
CTGGGTCACA TCCAGGCGCG 1201
GGCGATCCGC AAGGAGATGC 1261
GACGGCCGTC GTGAACTCGA 1321
CGTGGAACTG TAGCCCATAT 1381
GCCCCATGTG AGCGAGAACC 1441
CAAAGGATGA ‘TCCTCAGGGT 1501
GGCTGCTGAC GGCGGAGGAA 1561
CACTTGAGAA TGCGATCGCC 1621
CCCTGGCGGA GCTTTCAACG 1681
AGACGCTGAC GCATTTCGGC 1741
ATTC : 1785



~ 105 -

STRANDEDNESS: doubl e TOPOLOGY:
SOURCE ORGANI SN: Escherichia coli

i near

SEQ I D NO 31 SEQUENCE LENGTH: 1785 SEQUENCE TYPE

NCLE.“_‘

STRAI

Thr Arg CAG ATG ATA CTT GCA GTG GGA -CCA

286 A n Met Ile Leu Ala va
5 10
SEQ ID NO: 33

SEQUENCE LENGTH:

SEQUENCE TYPE:

STRANDEDNESS :
TOPOLOGY :
MOLECULE TYPE:

ORIGINAL SOURCE
ORGANISM:

STRAIN: °

Ay Gn A@n Ay Pro lle
1909 -

1785
nucleic acid

Genomic DNA

double
linear

Escherichia coli

JM109 pAD470

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT

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

Gln

Thx

GCG
Ala
35

- ACC
~Thr

Phe

GAT
Asp
115

GGT
Gly

CGT

ATG
Met

CGC
Arg
20

AGC
Ser

Phe

TAT

GCC
Ala

GTC
vVal
100
Lys
CAC

His

TAT
Tyr

ATA
Iie

GAA
Glu

CGG

TTC
Phe

Glu

GCG
85

Glu

TCA
Serx

AAG
Lys

TTC
Phe

cTT
Leu

Gln

GGC
Gly

cce
Pro

ACC
Thr
70

Glu

GGC
Gly

GGC
Gly

GAG
Glu

GAG
Glu
150

GCA

Ala

GTC
val

GCG
Ala

CGC
Arg
55

Glu-

CTC
Leu

Gly

Lys

TAC

Tyx
135

CCG
Pro

GTG
val

GTC

val

GTC
val

ATC
Ile
120

GAG
Glu

GGC
Gly

GGA CAA CAA GGT

Gly

GTT
Vval
25

TTC
Phe

TAT
Tyx

cCcC
Pro

ATC
Ile

Lys
105
GTC
val

GCC
Ala

GAT
Asp

GIn

10

CGT
Arg

ATT
Ile

TTC
Phe

Gly

Gly
S0

CGT
Arg
GGC
Gly

TAC
Tyx

CTC
Leu

Gin

CTT
Leu

GTC
val

ACC
Thr

CcCG
Pro
75

TTC
Phe
cee
Axg

Lys

CGG

GGC
Gly
155

Gly

CTC
Leu

T™rC
Phe

GAC
Asp

CCG

Fxoé

Asp

cee
Pro
45

GAG
Glu

60 .

GIG

val:

AAT
Asn

Phe

TAT
Tyx

CCG
Pro
;40
TTC
Phe

GTC

val

CTG
Leu

Asn

CGT
Axg
125

TTC
Phe

CCG
Pro

Gly

ATGTAATATT TCGTACTTTA
TCGGCGATGT GTTTCACARAC
CAGAGGTTCA TG ACA CGT
Thr Arg

1

ATC
Ile’

GCG
Ala -
15

CGC GCG

Ala

GAG
Glu

ATG
Met
30

CTG
Leu

ACG
Thr

AAA
Lys

GCC
Ala

GAA
Glu

CTC
Leu

GCG
Ala

CTT
Leu

ACG
Thr
50

GCC
Ala

GAG
Glu

CTC
Leu

GAT
Asp
65

AGC
Ser
GAG
Glu

CGT CCa

‘"Pro

CTC
Léu
80

TIT
Phe

TAC

Tyx
95

GCT
Ala

GAA
Glu

CTC
Leu

GTG
val

ch
Serxr

ace
Thr
110

ATT
Ile

TG
Leu

ATC
Ile

CAT
His

TTG
Leu

cce
Pro
130

Lys

CAT
His

CTT
Leu

GAA
Glu
145

AAG

Gln Lys

GTC
val

TAT
TYyr

GAC
Asp
160

.GTC
val

GAC
Asp

nuclelc acid

bTAGAATTT
[ TTTCCCCG

60
120
180
238

[
-]
2}

334
382
430
478
526
574
622
670

718



el

GAA CAG GIC GIC GIT CGI CIT CTC GA
G n Val Vval Val Arg Leu Leu Asp Met
30 GCG AGC CGG G&C _

ACG 382 Ala Ser Arg Gy Ala Asn{Pile
35 40
CCG CGC TGG TAT TTC ACC GAC GAG
Arg Trp TyrPhe. Thr Asp.Gu Ala dugleu Asp Ser

65 TTC TAT GAG ACC GAA
478 Phe Tyr Glu Thr Gu Met Pro Gy Pro Val Val Arg Pro Leu

- 176 - 80 AAG GCC

TR SEEERREn Ay

16595 GIC GIC GAlﬂv TTC AAC ACG
ATT TTGeE <,5<,7 % chgcl;c ere a G%ch\éaéAGL)ﬁcAg e Thr Ser
Leu Val aja ¢

ATC GTC CeaahAG TAT C8F RRGIRE L Eaf Hdactls f%e GGGASG%AG o o

190 rGIy Lys
Val GIyIA_&/sTyrA Lys Ile H's Leu Pro 115
TAC AAC AC ggs C CAC AAT CCC CAT GTT CCC

?gg Asn Thx Asn Pro His Val Pro

205

ACA CGC
Arg Gu
25

GCG CTT
Leu Thr
TTC TTC
Phe Pro
60
CTC
Phe
GCG
du
90
TCC
Ile
AAG
Ile
125

334 Thr
{ENT S 20
TC CCC GAA CTC
2'%'19&6 Pio Qu Iégu QIC?:
430 Thr Phe
55
G GIC CGI CCA

TTT
Au
GAA
Leu

GAG

Ar

ot

GAC CAC
Asp His

CAG CAC
Gln His

CTG
Leu
210

ro Thr His

200

CTC
Leu

862

ACG
Thr

TCC
Ser

TTC
Phe

CAC
His

CAT
His
215

CTA
Leu

TCG
Ser

ATG
Met

CAG
Gln
220

TCA
Sgr

GCC
Ala

GGG

TCT
Gly

Sexr

TAT
Tyx

CAG
Gln
225

AAC
Asn

910

GCC
Ala

GGG
Gly

T™CC
Ser
230

GCG
Ala.

GCC
ala

GCG
Ala.

GGC
cly

AMG
Lys
239

GGC
Gly

ATG
Met

GAG
Glu

AAC
Asn

GAG
Glu
240

TGC
Cys

Trp 958

TCC
Ser

ATG
Met

CTG
Leu

C1C
Leu
245

CAC
His

TGC
Cys

ATC
Ile
250

GTG
Val

GCG
Ala

CCG
Pro

ACC
Thr

GGG
Gly
255

GAA
Glu

ATC
Ile

GTC

1006
Val :

Gly

ACT
Thx

aCG
Thr

CIG
Leu

GAA
Glu
265

GAC
Asp

GAG
Glu

GTG
val

ATC
Ile

ACC
Thr
270

GCC
Ala

GCC
Ala

GTC
val

GAT
Asp

1054

ceT
Axg

CGC
Axg

CIG
Leu

GAA
Glu

CAC
His

ATC
Ile
285

TrC
Phe

AAC
Asn

TTC
Phe

AAG
Lys

CAG
Gln
290

1102
Glu

280

TAT GGT
His Tyr Gly

CTG
Leu

ATC
Xle
300

GCG
Ala

GAA
Glu

CTC-

1141
Leu .

CAGTCCGCGA

ATAGATTTCC
GTGCCCAGAT
CGGATCTATC
GGGTTGCTGG
ATCGTCGATT
ACGCTCGGGA
TGGCTGAAAT

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

CAARAGGATGA
GGCTGCTGAC
CACTTGAGAA
CCCTGGCGGA.
AGACGCTGAC
ATTC

TCCAGGCGCG
AAGGAGATGC
GIGAACTCGA
TAGCCCATAT
AGCGAGAACC

TCCTCAGGGT

GGCGGAGGAA
TGCGATCGCC
GCTTTCAACG
GCATTTCGGC

1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1785



GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC»—GAG~6AZ’ SAA:
Hs Lys Gu Tyr Qu Ala Tyr Arg Pro Phe Qi R AGH Egu\?_ f
135 140 1 CGT TAT TTC(
CTC GGC TTC CCG GIC TAT GAC GIC GAC 718 A 9 4{MARW9E ro Ay Asp Leu
Ay Phe Pro Val Tyr Asp Val Asp ' o
160 : ; GCG AAA ATG
GGG ATG TTC ATC TGC AAC GAT CGC CGC TGG GAA 766 Ala A a Lys Met Gy

Met Phe Ile Cys Asn Asp Arg Arg Trp Pro d b 1 170
175

- 111 -

SEQ ID NO: 34
SEQUENCE LENGTH: 926
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double.
TOPOLOGY: linear
MOLECULE TYPE: Genomic DNA
ORXIGINAL SOURCE
ORGANISM: Escherichia coli
STRAIN: HB101l pNT4553 (FERM BP-4368)

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

ACA CGC GAA CAG GTC GTC'CTM CGT CTT CIC GAC™ATG CIG ACS AAa GCC 108
Thr Agg Glu Gln Val Val Val Arg Leu Leu Asp Met Leu Thr Lys Ala
0 25 . 30

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

TPC TAT GAG ACC GAA ATG CCC GGC CCG GTG ch 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 A%a Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyxr Ala Glu Leu )
5 : 90 _ 95

GTC GTC GAA GGC GGC GTC AAG CGT CGC TTC AAC ACG TCC-ATT TTG GTG 348
Val z%%.Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
) : 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 CCGITTC 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



GOC. TGG OGG GTG ATG GGC CTC AGG GGC GOC GAG AT, :
Trp Arg Val Met Ay Leu Arg Ay Ala Qu Ile |IEEKP

185 190 TAC AAC ACG CCG ACC iy o G AR S CCC CAG
CAC GAC CAC CTG 862 Tyr Asn Thr Pro Thr Hi f : ] fro G n His
Asp Hi s Leu 195 . 200 | 1 997 . 210
ACG TCC TTC CAC CAT CTC CTA TCG ATG CAG GCC ofGlICT TAT cAG 910 Thr
Ser iPhe His His Leu Lau Ser Met A n Ala Ay Sr Tyr G n ASH

215 220 \ 225 ICG T GCC GCG
GGC AAG TCA GGC ATG GAG GAG AAC TGC 958GIyAIaTrpSer a Ala Ala Ay
Lys Ser Ay Met Au Gu Asn Cys _ 112 230 235 ’,

240 ATG CTG CTC GGC CAC TCC TGC ATC GIG GCG CCG ACC GGG GAA ATC GTC 1006
Met Leu Leu Ay Hi $6Ber Cys Ile Valt®a Pro Thr Ay @% |le Val 245
250 GA! GIG ATC_ACC
GCC GCC GTC éi\ﬁig f@ﬁ?‘% %&%ﬁ%ﬁ%%ﬁ SR e gy TR Al
Al a Val Asp 190

TGC CGG GAA&*:%GQFCGAA CAC ATC TTC AAC TTC AAG CAG 1102 Leu Asp Arg Q/s

g G Leo SEQ IOFICER 2eE B J0ncah EnpieTieEre 4 cac 9 e e 2ais

285 200 205 210

ACG TCC TTC CAC CAT CTC CTA TCG ATG CAG GCC GGG TCT TAT CAG AAC 684
Thr Ser Phe His lzii.s Leu Leu Ser Met Gln Ala Gly Ser Tyr Gln Asn
15 220 225

GGG GCC TGG TCC GCG GCC GCG GGC AAG GCG GGC ATG GAG GAG AAC TGC 732
Gly Ala Trp gg:g Ala Ala.Ala Gly Lys Ala Gly Met Glu Glu Asn Cys
235 -240

ATG CTG CTC SGC™cal” TCCTGC ATC GTG GCG COG' ACC ‘GEG vak ATC GTIC ~ - "780°
Met Leu :;.:151 Gly His Ser Cys Ile Val Ala Pro Thr Gly Glu Ile Val
250 255

GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 828
Ala ggg Thr Thr Thr Leu Glu Asp Glu Val Ile Thr Ala Ala Val Asp
265 270 .

CIC 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 C;;.n His Tyr Gly Leu Ile Ala Glu Leu .
5 300 )

TGAGGCTGCAG ' 926



o

CAT CGT CAG CCC CAG CAC TAT GGT CTG ATC GOG GAA CTC 1141 H s

Arg Gn Pro @n Hs Tyr dy Leulle Ala Qu Leu _ 295

300 TGAGGITGCG T TG TTCTCGGECEC CTGEGTCACA

CCAGGGTGAC CGCTQ ACCGCTTCAG GGCGATCCGC l'<|l e !'iﬁ ,
GGGTCECCCG AGCG GTTTCGCACC GACGGCCGIC GT e

CAGICCCCGA GAAQ
ATAGATTTCC AAAG
GIGCCCAGAT CAAA

GGCGCGECCTA

CGGATCTATC GCTORGCCCT  GAAGCAGGAG JGGCGCACGCT

GGGITGCTGG

CAAAGCCCAA GCCGCCCEEC CTTGrIarHs

ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT

ACGCTCGGGA TATCCAA Cg %%OTCCATCCTCA

TGGCTGAAAT TCGACAA

CGTGGAACTG TAGCCCATAT 1381
GCCCCATGIG AGCGAGAACC 1441
CAAAGGATGA TCCTCAGGGT: 1501
GCCTGCCTGAC GGECGGAGGAA 1561
CACTTGAGAA TGCGATCGECC 1621
CCCTGGCGGA GCTTTCAACG 1681

1741

TAW@ i ragment CO(;I- °f785

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 pretein is subjected to mmtagenasis.

in the DNA fragment coding for a

bamylase protein is subjected to

2. A preparation process according to claim 1, where-

single strand.

wherein the mutagenesis causes a

microorganism-dexrived decar-

mutagenesis in the form of a

3. A preparation process according to claim 1 or 2,

sites.

in the random mutation is caused

random mutatién at mutation

4. A preparation process according to claim 3, where-

by chemical mutagenesis.

5. A preparation process according 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 dccording to any one of
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- 107 - SEQID N —SEQUENCE LENGTH: 1785 SEQUENCE TYPB"IMMMHMM
STRANDEDNESS:  doj#hl Tehmear MOLECULE TYPE: II
SOURCE  ORGANI iHugblfi STRAIN: JMLO9 pAD469

GGCTCGCGOG AGAG] , AATTCCGGTT CCGCTCCGGT [6%
AAAATTTTAC GCCTE ATGTAKTATT TCGTACTTTA |01 SHBCANRS BEny
GCATTGCGCC  GOGA! FCGGCGATET GTTTCACAAC 180 GIREPLECESG

AGAGGTTCA TG , ACA CGI 238

Thr Arg CAG ATG 7 A , CAA CAA GGT. CCG ATC GCG CGC. GCG GAG
286 A n Met Ile Leu Ala Val Ay An Adn @y Prolle Ala Arg Ala A u-

5 claims Zyto 5, wherein the siymleachrOBIRGANACAGTRDIGIE GIT CGT

CTT CTC GAC 334 g Ju Gn Vval Val VaI Arg Leu
Leu Asp Met fgﬁggggaq?ggéﬁﬁﬁﬁgcgrang é&e Uﬁ% strand coggalnlng th

30 codons corresponding to the amino acid sequence of the
decarbamylase protein.

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

9. A preparation process according to claim 5, where-
in the mutagenes;s is effected w1th nitrous acid.

i0. a pr&paratlon pr ccess according itoc any cne cf
:claims 1 to 9, wherein the microorganism is Agrobacterium
radiobacter KNK712 (FERM BP-1900).

1l1. 2 preparatibn 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. 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 deéafbamylase improved
in thermostabiliﬁy, characterized in that a microorganism
-transformed with a recombinant élasmid 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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40° 50 ACC TTC TTC CC6 ¢bC TGS TAT ©
TTC ACC GAC AGC 430 Thr Phe Phe Pro—Arg—F Y.
Thr Asp Gu Alfa|[du Leu Asp Sdr | 55 5 THI Sﬂlgplgggﬁéﬁ‘
65 TTC TAT GAG A GGC TAG’GTG GTC CGT CCA CLC TTTREEAAS 4
Phe Tyr Qu Th—Gu Mt Pro Gy Pro Val Val Arg Pro Leu Phe Gu

70 75 80 AAG GCC GCG GAA CTC GGG ATC
GGC TTC AAT CTG GGC TAC GCT GAA CTC 526 Lys Ala Ala Qu Leu Ay Ile Qy
Phe Asn Leu QQS}VPQrdﬁw%FhamylEéa is 63°C or fower, and the thermosgeble

Vel val G o PG A L AR AT SR el FSERR Y 100

105 is 65°C oflRighdsAT AAG TCA GCC AAG ATC GTC GEC AAG TAT CGI' AAG
ATC CAT TTG CCG 622 Asp Lys Ser Ay Lys Ile Val Gy Lys Tyr Arg Lys I1e
Hs Leu Pro 115 16. A production?gprocess accoxrding tol2baim 14,

130 GGT CA AAG GAG,TAC GAG.GCC TAC CCG TTC CAG, CAT CIT

670 dy H s"I5E @ ﬁ?maaawaemm%?gpm BrermgstabiLitE PY SPL?AL9§

135 higher inlffle thermostable temphfaturé3s WakalTC GAG COG GGC GAT
Cre cac e MR LT Shemmpatele tenphidturss

17. A production process according to claim 14,

wherein the decarbamylase improved in thermostability is a
decarbamylase containing a substitution of another amino acid
for at least one amino acid selected from 57-histidine,
203-prgline and 236-~valine of a decarbamylase derived from
Agrobacterium radiobacter KNK712 (FERM BP-1500).

18. A production process according to claim 17,
wherein another amino acid is tyrosine or leucine for
57-histidine, leucine, serine, asparagine, glufamic 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 is
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
JM10S 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
pAD445S, E. coli JM109 pAD447, E. coli JM109 pAD448, E. coli
JM109 pAD45Q, E. coli JM169 pAD421, E. coli JM109 paD422,

E. coli JM109 pAD423, E. coli JM109 pAD424 (FERM BP-4034),

i\
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- 108 - @& TG TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA
766 Ala Ala Ly Ile Cys Asn Asp Arg Arg TrpTﬁ){SOSI-@E"fH BEEN
165 - 175 GCC TGG CGG Qgr
AGG GGC GCC (A GGC - 8i% Ala Trp Arg Val

Gy Ala G'u }! 160 - 185

190 TAC AAC AT OCC ATT GTT CCC CAG CAC GAC CAC CTG 862

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 pAD4S4,
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 HB101 pNT4553 (FERM BP-4368).

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

23. a production process éccording to claim 20,
wherein tﬁe decarbamylase with a thermostable temperature 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 radiobacter 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, hist;.i.dine or threonine for 203-proline,

Th:s Sheet Has B
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Tyr Asn Thr &7 ST &3feTlo !le Val. Pro Gn Hs Asp Hl':lml 195

200 LI OB LA | 210 ACG TCC TTC CAC
TCG ATG CAG CAG AAC 910 Thr Ser Phe““‘“”“l" “ Ser
Mt An Ala e | 5 215

225 GGG GGC AAG TCA GGC ATG GAG GAG AAC TGC

Ay Ala Trp By Lys-Seit7Gy. et A u du Asn Cys

230 e - 240 ATG CTG CTC GGC CAC TCC TGC
ATC GTG GCG CCG ACC GGG GAA ATC GTC 1006 Met Len Leu Gy His Ser Cys Ile

Val Ala Pro Thr Gy Qu Ile Val 245 250

255 CCT CTGEnaCa1&%Lnd\Cehedbn G dA\gefhe Jdz ABE-HELLAXC CCC GTC GAT 1054
Ala Len Thr Thr Thr Len Qu Asp Qu Val Ile Thr Ala Ala Val Asp 260

265 25. 27‘0 profaciGion @@gcw: FTHEOBAAICFS AT aBRACEAC ATC TTC

AAC TTC AAG G u Ar S Gu.Leu.Arg G HlsIIePheAsn
Phe Lys adn }(} |'2%, %gr%‘g % dec rbamylase wtg% a L{: 290
CAT CGT Cm(3AEQSIQA@éﬁﬁg%égﬁIeegi-égﬁé /ECh A ©h€ transformant 1141 Hi's

Arg Gn Pro dn Hs Tyr Ay Len Ile Ala Ju Lea 295

300 TGAGGT FECToCAAWEBAEs GTCTBGUPGCPAPSTLQEERE BPSHBITACA .-TEGAGGCCCG 1201
CACECETAAC Gl G5 phbibd /(PR BE-39137; &, €oli JH109 pADA0S (FERM BB~ ~OT
3914), E. coli JM109 pAD416 (FERM BP-3915), E. coli JM109
| DAD428, E. coli JM109 pAD429 (FERM BP-4035), E. coli JM109
pAD431, E. coli JM109 pAD434, E. coli JM109 pAD43%, E. coli
JM109 pAD439, E. coli JM109 pAD441, E. coli JM109 pAD44S,
E. coli JM109 pAD447, E. coli JM109 pAD448, E. coli JM109
PAD450, E. coli JM109 paAD42l1, E. céli JM109 pAD422, E. coli
JM109 pAD423, E. coli JM109 pAD424. (FERM BP-4034), E. coli
JM109 pAD425, E. coli JM109 pAD426, E. coli Jﬁ109 pPAD427,
E. -coli JM109 pAD451, E. coli JM109 pAD452, E. coli JM109
PAD453, E. coli JM109 pAD461, E. coli JM109 pAD454, E. coli
JM109 pAD4S55 (FERM BP-4036), E. coli JM109 pAD456, E. coli
JM109 pAD468, E. coli JM10'9-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-c-amino acid is -converted
into the correspon&ing 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 resultincj D-a-amino
acid is collected.

27. A decarbamy.lase characterized in that tﬁe thermo-
stable temperature thereof is improved by 2°C or higher.

28. A decarbamylase characterized in that at least
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GGGTCECOCG AQCHHLAMG-—SEEeAEA TC GITTCGCACC GACGECCGIC GIGAACTCGA 1321

CAGTCCGCGA

‘.. JCC TGGACCTGTA CGTGGAACTG TAGCCCATAT 1381

ATAGATTTCC A STTTC  GECEAAGIGC GGCGCGCCTA GCCCCATGTG AGCGAGAACC 1441

GIGCCCAGAT Q , B ACQCG CCGGECCGCGA CAAAGGATGA TCCT

CCGATCTATC T - (AGCAGHAG GGCGCACGCT GGCTGCTGAC GGCCM'&E "III " IIII
GGGITGCTGG G oeeeseCHSC CTTGT CACTTGAGAA TaoaATcate

ATCGTCGATT A TCAACGG 0000' CATAT CCCTGECGEGA GCTTTCAACG 1681

ACGCTCGCGA TA

AC TCCATCCTCA AGACGCTGAC GCATTTCGEC 1741

TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC 1785
- 109 - SE% I D NO 33 SEQUENCE LENGTH:. 1785

ne 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 élaim 28,,Wherein
the number of replaced amino acids is in the range of 1 to 3.

30. A decarbamylase containing a substitution of
anothexr 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. 1 decarbamylase according to claim 30, wherein at
least 203-proline is replaced with another amino acid.

34. A decarbamylase according to c¢laim 33, wherein
another amino acid is leucine, glutamic acid, serine, aspara-
gine, threonine, alanine, isoléucine 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 ;cid sequence as
shown in Sequence Listing, SEQ iD NOs: 2-34.

38. A DNA fragment coding for a decarbamylase protein
improved in thermostability wh.i.ch. is attained by substitution
of another base for at least one base of a DNA f ragment

-
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JMLO9 pAD4ATO| GICGA SCY CGCECG AGAGCTTGIC AAGCAGCGCA AATTCCGGTT
CCGCTCCEGET 601% CAIAMAATTTTAC GCCTGTTATT GICGIGCT
TCGTACTTTA} 320 TGTAGAATTT l TTGCGCC GCGAGICACA AAGCCGGT]
GITTCACAACY] 1 CCCGG GGGESCLEBACATCACC TAGGAAGCJ

ACA CGTI 238

Arg 1 CAG ATG
ATA CTT GCA GIG GGA CAA CAA GGT CCG ATC GCG CCC CCG GAG 286 G n Met Ile

Leu Al a valcotliig Fdr @ Ri&k¥ofFahilshCdét Brd HePAhdbShiilase proteinZso

10 15 ACA GAA CAG GIC GIC CGT "CTT CIC GAC ATG CTG
ACG AAA GCGhat 3134léaat png & (th@ govaéshirdivigl amigo LecidseisAsp-Met Leu Thr
Lys Al a 25 30 GCG AGC CGG GGC GCG

AAT TTC AT'Pléf&dTTC CCC GAA CTC GOG CTT ACG 382 Ala Ser Arg Gy Ala Asn

Phe I1e Val Phe Pgg, GAu K& Us Al dnen@l
45 ool e ladBrdBho o clain 3% SEMEBG coc o
CTC GAT AGa decdsﬂarﬂswasﬁhprﬂmrPMpﬂbgeJ rin bBrerkbetdbiliAsp whichAle G u Leu

Asp Ser attained by substitution of another base for at least one of
the bases constituting a codon corresponding to histidine
which is 57-amino acid, proline which is 203-amino acid, or
valine which 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 protéin 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 ohe of guanine,

thymine and guanine (GTG) of a base sequence coding for

This Sheet Has Been R laced




55 : L@Mf HIEF('L 65 TTC TAT GAG-ACC GAA ATG CCC GGC
CCGGTGGTC(B@___ G 478 Phe Tyr G u Thr A up NEsl
Val Val Arg Prp Leu Phe G u 70 1‘“‘“H“‘“1“ﬂ|ﬂ|ﬂ|“l
80 AAG GCC PG 985G |ATIC GBC TTC AAT CTG.GGC TAC GCI* GBA GTC*  $528

Lys Ala Ala @b Leu Ay Ile vy Phe Asn Leu Ay Tyr Ala Qu Leu

85 90 - 320 -GTC GIC GAA GGC GGC GIC AAG CGT
CGC TTC AAC ACG TCC ATT _TIG 5 574 Val VvVal u dy Ay Val Lys Arg Arg
Phe Asn Thr Ser Ile Leu Val 100 105 110
GAT AAG TCA GGC AAG ATC GIC GGC AAG TAT CGT AAG ATC CAT TTG CCG 622 Asp

Lys Ser
120

125

Ay LyeslinkewWath Glsy thgSanifio Ac@dLys dnimdHagibdenuer 2B is

130 GGI' CAC AAG GAG TAC GAG GCC

TAC CGG CCG THRPlesed CartiCrnothar Amse sogkhaly Shejvalips & wreBhacedu Ala Tyr

Arg Pro Phe @
145  CGT TAT"
718

150
b

¢

base

Leu G u _Lys
ik talanfts 2 it Bage HreEaEn T
Arg Tyr Phe G uaPr On @k ASRgh&L Q&og&@nfr& YahihYio AStheV.%'LnAﬁPe

ase
TA.

44,

135 140
CCG GIC TAT GAC GIC GAC

sequence CAT of clalm 40 is replaced with TAT, CTT or

A DNA fragment according to claim 41, whexein the

sequence CCT of claim 41 is replaced with TCT, CTT, AAC,

GaA, ACC, GCT, ATT or CAT.

45. A DNA fragment according to claim 42, wherein the

base

ACG,

46.

sequence GTG of claim 42 is replaced with GCG, GCT, ACC,
TCA, TCG or AGT.

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:

34.

47,

17-23, 27, 29 and

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.

An expression vector which is pAD402,

pAD404,

49,
PAD406, pAD416, pAD428, pAD429, pAD431, pAD434, pAD435,
PAD439, pAD441, pAD445, pAD447, pAD448, pAD450, pAD421,
PAD422, pAD423, pAD424, pAD425, pAD426, pAD427, pAD45S1,
PAD452, pAD453, pAD461, pAD454, pAD455, pAD456, pAD468,
PAD469, pAD470 or pNT4553.



- 110 - GCC GCG AAA ATG GGG ATG TTC ATC TGC AAC GAT

Igg Ala Al a LRE@CMWSHEJ Il e Cys ﬁg ASG?:CA[I'%GAW"}MWLWC

AGG GGC GCC GAG|ATC ATC TGC dd GaC 814 Ala Trp Arg Val¢ Ar g
Gy Ala Gu lle|l I $1BAR B Fy 180 185
190 TAC AAC ACEG CCG ACC CAC CCC TARIGTT CCC CAG CAC GAC CAC CTG 862

Tyr Asn Thr -P§o Thr—H—s—Asn ofH s Val Pro An H s Asp His Leu 195
205 , , 210 ACG TCC TTC CAC CAT CTC CTA

TCG ATG CAG GCC GGG TCT TAT CAG AAC 910 Thr Ser Phe H's His Leu Leu Ser
Met A n Ala Ay Seb0TyrA GimanA$nrmant microorganismihich is E. coli

200

225

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
pPAD429, (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
pPAD421, E. coli JMY09 paD422, E. coli JM109 pAD423, E. coli
JMLO09 pAD424 (FERM BP-4034), E. coli JM109 pAD425, E. coli
JHM109 pAD426, E. coli JM109 pAD427, E. coli JMLO9 pAD451,
E. coli JM109 pAD452, E. coli JM169 pAD453, E. coli JM109
PAD461, E. coli JM109 pAD454, E. coli JM109 pAD455 . (FERM BP-
4036), E. coli JM109 pAD456, E. coli JM109 pAD46S, E. coli
JM109 DAD469, E. coli JM109 pAD470 or E. coli HB10l pNT4553
(FERM BP-4368). :

51. A method for increasing, by one or more, the
number of mutations in amino acids related to the thermosf-

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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GGGGCCTGGTCCGCGGCCGCGGGCAAGTCAGGC'ATGGAGGAG
Ala,TrpSeﬁ”"AlaAlaAlaGyLysSerGIyIVbtGIuGIuAan/s 230
235 ZdQ=m ATG CTG CTC GEC CAC TCC TGCA !mg;mrg
ACC GGG GAA REEME&EMEMB&I:H{ Leu Leu Gly Hs Ser Cys Ile V ”"I
Ay du lle Nl o 250 255
CTC ACT ACG JAQG G@P{MAM%AC G GIG ATC ACC GCC GCC GIC GAT 1054 Al a Leu

u @u Asp

y |

Thr Thr Thr {L uf{val Ile Thr Ala Ala Val Asp 260

265 240—HE GAT CGC TGC CGG GAA CTG CGT GAA CAC ATC TTC
AAC TTC AAG|CAG 1102 Leu Asp Arg Cys Arg Qu Leu Arg Qu His Ile Phe Asn
Phe Lys @ n 275 280 - 122 - 285 290
CAT CGI CAG CCC CAG CAC TAT GGI CTG ATC GCG GAA CTC 1141 Hi s
Arg Gn Pro @n Hs Tyr Ay Leu lle Ala GQu Leu 295

300 TGAGGITGCC GAAAAGCATG TGIGICGITG TTCTCGECAEC CTGGEGTCACA TCCAGGECAECG 1201
CCAGGGIGAC CER& MmN HAa et ACCACG ACCCCTTCAG GGCGATCCGC AAGGAGATGC 1261
GGGTICECCGG AGCGGCAAAG CCCGACATTC GITTCGCACC GACGGECCGTIC GIGAACTCGA 1321
CAGTCCGCGA GAAGGGCGIA Protosaece THEANGRBEA tCCramndTe FABRERIALon38 1

ATAGATTTCC CXﬁ%AGT TIC GGCGAGGCGC m GCCCS.%G%% A%A CC 1441
GTGOCCAGAT hf 1501
CCGATCTATC GEZQ@QQCB @&Eﬂ‘ﬂ%&@% @'@Qt@%ﬁ%ﬁém
GGGITGCTGG CAAAGCCCAA CTTGITCCGG CACTTGAGAA T TCGCCC 1621
ATCGTCGATT ACATB#¢0681 i4CASHGEEE i 6ATIMGAEGEnCEESERDGGA GCTTTCAACG 1681

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 thg 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.



ACGCTCGGGA TATCCAAGAG CCACTGICAC TCCATCCT CA AGACGCTGAC GCATTTCGEC 1741
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ABSTRACT
DNA CODING -FOR DECARBAMYLASE

IMPROVED IN THERMOSTABILITY AND USE THEREOF

A DNA fragment coding for a decarbamyiase'protein
improvéd in thermostability as the result of replacement of
at least one base of a DNA fragment coding for a decaibamy—
lase protein derived from a microorganism with anothexr base

and the resultant replacement of at least one of the corre-

sponding amino acids, and its productibn process; a vector

containinyg the DNA fragment; a transformant obtainerd by

- transformation with the vector; as well as a decarbamylase

improved in thermostability and its production pfocess.. Also
disclosed is a process for producing a D-c-amino acid, which

comprises converting an N-carbamoyl-D-c-amino acid into the

corresponding D-a-amino acid in an agueous medium by the

action of a decarbamylase having a thermostable temperature

of 65°C or higher; and collecting the D-a-amino acid pro-

duced.
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STRAIN: HB101 pNT4553 ( FERM BP- 4368)

CATA TG ACA CGT 12
Thr Arg = 1 CAG
ATG ATA CITT pee CAA CAA GGT CCG ATC GCG CGC GCG GAG 60 A n Met
"eLe“A'a'REPLECE@T Sy Prolle Ala Arg Ala G u 5
10 ' B 9.~ EC GAA CAG GTC GIC CTT CGT CTT CTC GAC ATG CTG
ACG AAA GCC ’08{];%@59% a [1 3 n Val Val Val Arg Leu Leu Asp Met Leu Thr
Lys Al a po 7 25 1/10 30 GOG AGC CGG GGC
GCG AAT TTC} ALL.GIC TTC CTC GCG CTT ACG 156 Ala Ser Arg Ay Ala
Asn Phe Ile}Val Phe Pro Gu Ueu Ala Leu Thr 35 40
45 50._ACC TITC TTC CCG CCC TGG CAT TTC ACC GAC GAG GCC GAG
CTC GAT AGC 201 Thr Phe Phe Pro Arg Trp His Phe Thr Asp Gu Ala Qu Leu
Asp Ser ' 55 Fig. 1 g0 : 65 TTC
TAT GAG ACC GAA ATG CCC GGC CCG GIG GIC CGI' CCA CTC TTT GAG 252 Phe Tyr
Gu Thr Gu Met Pro Ay Pro Val Val Arg Pro Leu Phe G u 70
75 0 AAG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC
GCT GAA CTC 300 LYs Ala Ala Gu Leu Ay Ile Gy Phe Asn feu Gy Tyr Al a
A u Leu _ %0 90 ' 95
R
., ‘k"\_\'

—— by oy
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Thermal treatment temperature (°C)

Strain 712 B.coli JM109 pAD402 E.coli JM109 pAD404
. —_8— cosheae R, VN
E.coli JM109 pAD406 E.coli JML09 pAD416



GTC
Val..
105
ATC
H s
GGT
H s
135
CTC
Ay
160
540

GTC GAA GGC GGEC GIC AAG CGT CGC TTC AAC ACG TCC ATT TTG GIG 348 Val
GQu G,y Ay Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val 100
110 GAT AAG TCA GCGC AAG ATC GIC GCC AAG TAT CGI AAG
oA bvs, Ser Gy Lys Ile vVal Ay Lys Tyr Arg Lys Ile
LACEMENT SHEET] 120 ° A
TAC GAG GCTTTAC CGG CCG TTC CAG CAT CTT GAA AAG 444 Ay
r @ UMARa99pr |Arlg Pro Phe Gn His Leu Gu Lys
140 - 145  CGT TAT TTC GAG CCG GGC GAT
GeC TTC GIC-TAT-GASH GIC GAC 492 Arg Tyr Phe Gu Pro Gy Asp Leu
Phe Pro Lval. Tyr Asp Val p 2710 150 155
GCC GCG AAA ATG TEGATG TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA
Ala Ala Lys Met Gy Met Phe Ile Cys Asn Asp Arg Arg Trp Pro G u

CAT TTG
Leu Pro
CAC AAG
Lys Gu

<

Fig. 2
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30

30 |

Residual activity (%)

20

10 1 | | | 1 | 1
2 4 6 8 10 12 14

Number of reaction (times)

Strain 712 g.coli JM109 pAD402 E.coli JM109 pAD404
—8— Y N - -

E.coli JM109 pAD406 E.coli JM109 pAD4ls
- _—-
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-112- 165 170 175 GCC TGG CGG GIG
ATG GEC CKHC AGG GGC GCC GAG ATC ATC TGC GEC GGC 588 Ala Trp Arg Val Met
Ay Leu Arg, lle lle Cys Ay Gy 180 185
190 TAC AAGQ T CCC GAA GIT CCC CAG CAC GAC CAC CTG 636

Tyr Asn Thr o0 Qu Val Pro dn H's Asp H's Leu 195
200 210 ACG TCC TTC CAC CAT CTC CTA
TCG ATG CAG

G AAC 3§§/6 Thr Ser Phe H's H's Leu Leu Ser
n 215 220
225 GGG GGC AAG CCG GGC ATG GAG GAG AAC TGC 732
Ay Ala Trp y Lys Ala Ay Met Au Gu Asn Cys

230 235 240 ATG CTG CTC GGC CAC TCC TCG
ATC GIG GCG CCG ACC GGG GAA ATC GIC 780 Met Leu Leu Ay His Ser Cys Ile Val
Ala Pro Thr Ay Gu Ile Val

Mt An Ala

Fig. 3

gc?
pvu *

pREL33-
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A9

245 @; 250 _ 255 GCT CTC ACT ACG ACG CTG GAA
GAC GAG GTG.AIC ACC GCC GCC GIC GAT 828 Ala Leu Thr Thr Thr Leu G u Asp

Gu Val Ile p 260 - 265
270 CTC GA CTG CGT GAA CAC ATC TTC AAC TTC AAG CAG 876

&
Leu Asp Arqd dys Arg Gu Led Arg Gu His Ile Phe Asn Phe Lys G n 275
280 &LﬂﬂA&sBW . 290 CAT.CGT CAG CCC CAG CAC TAT

GGTI CTG ATC GAA CTC 915 Hs Arg G n Pro dn Hs Tyr Ay
Leu Ile A3 G u Leu 295 4/10 300 TGAGGCTCCAG

926 113
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CLAI M5 1. A process for preparing a DNA fragrreht coding for an

enzyme protek abl e of converting an N-carbanyl- D-a-amno acid by
renoval of Rgg%éggﬁgﬂni #p into the. corrsponding D-a-anm no acid
(hereinaftgr -L§£EET decar banyl ase) inproved in thernostability,
characteriged i that a fragnent coding for a m croorgani smderived
decar banyl fase éﬂ&MéRﬁPRZ ubjj ected to nut agenesi s. 2. A preparation
process adc i to clai , Where- in the DNA fragnment coding for a

m croor ganji smderive r banyl ase pr %ﬂd’l is subjected to nutagenesis -
inthe fo Lngl e styand. . 7"A preparation process

according to claiml1l or Z7— wherein the nutagenesis causes a random
nmutation at nutation ' '

pADA021
£.2kb




si tes. :
the random mut Eﬁ:iﬁESHE
preparation prpcgss accordir

rocess according to claim3, where- in
chem cal nutagenesis. 5 A

any one of <clains 2 to 4, wherein the DNA
fragment codin (NBJHQ$*§52 rigani smderi ved decar banyl ase protein is

i ncorporated ijntjo a  phag n ubjected to nutagenesis in the formof a
single strang. A paration process according to any one of
clains 2 to 5k wherein the singfje-stranded DNA fragnent is a DNA strand
cont ai ni ng the codons ing to the am no acid sequence of the
decar banyl ase protein. 7. A preg?r%tion process according to any
one of 1

- pADASS
£.7 kb

<
%=
]
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- 114- cl ai
conpl ement ary

t he single-stranded DNA fragnent is the
trand containing the codons corresponding

t énd of the®

to the amno afi m@gf . decarbanyl ase protein. 8. A
preparation prfo ess acco P claim5, where- in the nutagenesis is
effected with hy ro 9. A preparation process according to
claimb5, er t he- nutag ngsis is ef ted wth nitrous acid.

10. A preparation pro ording to aﬂy ne of clains 1 to 9, wherein

t he mi croorgani Simts- Agrobact eri um

FPig. 7

300

250

200

150 -

Relative activity (%)

100 |

0 l L I I I l
30 40 50 60 70 80
Temperature (°C)
E.coli ju109 pan108 E..coli JH109 pAD4SS

R W Py



sp. KNK 712 (FERM BP- 1900) .

11. A preparation process according to

claim1 or *2, wherein the mutagenesis is site-specific nutagenesis at

mutation sit 12. A preparatlon process according to claim11,
wher ei n ponﬁEEBE@CEM@NT on (PCR) is used in the site- specific

mut agenesi s.
12, wherein sim
BP—1900). iﬁaﬁkﬁgz ces|
t her nost abi | § the._characteri ged

4

reconbi nant plasm d contai ni ng

epar ati on process according to claim 11 or
s Agrobacterium sp. KNK 712 ( FERM

s for producing a decarbanyl ase i nproved in

in thaBsaom croorganism transfornmed with a
a DNA fragnent coding for the

decar banyl| ase—proterhd—iaprave
t he preparation process

100

Residual activity (%).
w
O
T

in thernostability, which is prepared by

Fig. 8

10 11

E.coli JH109 pAD416 E.coli JK109 pAD4SS

: .. -
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according to
according to -

d. 15. A production process

N the thernostable tenmperature of the
m croorgani s rf ved decarbanyl ase is 63[err]C or |ower, and
t he t her nost f the decarbanyl ase inproved in

thernDstabiIit h|g er. 16. A production process
I B a decar banyl ase |nproved in thernostability

by 2[err]C o]

9/10
- Pig. 9
g ~
-’ .‘h ‘
‘\“ 937 N
pUC19 v
2.7 kb
PCR « o PCR
Preparation of © Preparation
NdeI restriction of Ndex
site restrict.f.on
site
- -
- 2 = —
=3 s 3 32
- 3 |t Iy
co
1.4 xb : 3.6 kb
Hiad M - ~"Eeo Bl
cfr 101 A Y
1.3 &b 90
N
% -~
" ‘-
‘\-‘{‘
e pTrcide
4.2 kb
\
(AN W
fide 1 Hde 1
Ssp 1 Ssp I
2.0 xb 0.6 kb

PcR

Preparation of NdeI and
Pstl restriction sites
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17QTA product i of X ) to claim 14, .wherein the decarbanyl ase
i nproved in the ﬁ\ B§§E§ﬂ35F5§E decar banyl ase contai ning a substitution

of anot her am n cid for at |gapt one am no acid selected from
57-histidine, 203-pAAMARI®I P3p-valine of a decarbanyl ase derived from

"Agrobacterium sp. KNK 712 (Ferm BP} 1900) . 18. A production process
accordjng ta claimlv/, wWhereérh pnother amno acid is tyrosine or |eucine
for® 7- hi stidilne._leucipe. serihe, asparagine, glutanic acid, al ani ne,

i sol euci ne, histidine or threonine for 203-proline, and al ani ne,

t hreoni ne or serine for 236-valine. 10/10 19. A production process
according to any one of clains 14 to 18, wherein the transfornmant

m croorganismis -~ Escherichia coli (E coli) JM09 pAD402 ( FERM BP-3912), -

Fig. 10
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E. coli JMLO9 pAD404 (FERM BP-3913), E. ,coli JMLO9 pAD406 -
BP-3914), E. coli JMLO9 pAD416 (FERM BP-3915), E. coli IMLD REpARARRAENE. SHEET
col i JMLO9 pAD429 (FERM BP-4035), E. coli JMLO9 pAD431, E.|colii IMLOQ
pAD434, E. coli JMLO9 pAD435, E. coli JML09 pAD439, E. col Ngog MAR 1997
pAD441, 'E. Coli JMIO9  pAD445, E. coli JMIO9 pAD447, E. col{ JMmE0

pAD448, E. coli JMLO9 pAD450, E. collR33MI09 pAD421, E. col 09

- 4034)

pADA22,  E. coli IMLOS PARER oo e MRRBERIZS FERM
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IMPROVED IN THERMOSTABILITY AND USE THEREOF

ABSTRACT

A DNA fragment coding for a decarbamylase protein
improved in thermostability as the result of replacement of
at least one base of a DNA ffégment coding for a decarbamy-
lase protein derived from a microorganism with another base
and the resultant replacement of at least one of the co:re;
Sponding_amino acids, and its production process; a vector
containing the;DNA fragment; a transformant obtaihed by
transformation with the vector; as well as a decarbamylase
improved in thermostability and its production process. Also

‘disclosed is a process for producing a D-c-amino acid, which
comprises converting an N-carbamoyl-D-a;amino acid into the
corresponding D-a-amino acid in aﬁ aqueous medium by the’
action of a decarbamylase having a thermostable temperature
of 65°C or higher; and collecting the D-a-amino acid pro-

duced.

(No suitable figure)
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E' coli JMLO9 pAD425, E. coli JMLO9 pAD426, E.

7, E dotiralop
JMLO9 pAD451, E. coli JMLO9 pAD452, E. coli i JMLO9
pAD461, E. coli JMLO09 pAD454, E. coli JMI09 {AL 6), E. coli
JMLO9 pAD456, E. coli JMLO9 pAD468, E. coli | i JMLO9
PAD4A70 or E. coli HB101 pNT4553 (FERM BP-4368)|. locess for
produci ng a D-a-ami no acid, charac- eri zed ilh that an
N-carbanyl -D-a-amino acid is converted intot a- ani no
acid in an aqueous nedi um by

the action of a decar barryl ase with a
t her rmstabéﬁnas%maa

acid is col-. lect edw&&mq"f“rgg%o‘iig#%ﬁe B e § %#1 e

i'On- process ng. to claim
20, whedecarhamyldsesr O£ GHEERE ni &rdbkuRLsh®. a0to i dttalni BRELI Jldnicd

stability tolerable to repeated use by an improvement fn the
thermostability, various properties other than thermostabi).
ity should, of course, be taken into consideration, and it ig

desirable to use a decarbamylase exhibiting high themost&ble

temperature, for example, in the range of 60° to 63°C, from

the first. From this point of view, a decarbamylase produced

by Agrobacterium radiobacter 'SP-KNK 712 (Ferm BP-1900)

is preferred because of its relatively higher thermostable tempera-

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 S7-histi-

dine, 203-proline or 236-valine with a different amino acid,

as showm 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 about S°C or higher, and in
some cases, by 10°C or higher.

For example, it is possible to obtain a decarbamylase

lmproved in thermostability by the substitution of leucine or

tyrosine for S7-histidine; of leucine, asparagine, glutamic
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form *. 22. A production process accordln.f e
I mobi | 1 zed decarbanyl ase is repeatedly used. bang .
process according to claim?20, wherein the dec
thernostabl e tenperature of 65[err] Cyer_higher
containing a substitution of another amno acid|f
acid selected from 57-histidine, 203-proline ang

yl ase derived fron1Agrobacteriun1sp KNK 712 ( FER
productiog R5OC

ageordin -
tyrosine of Féu0|re° it geﬁ9%?|€hﬁu§%%'868ﬁﬁge' A8 i ne,
g'ogt am c &ﬁlrdonméll&fngae:s.nbsebeumlevaﬂln%t | danenar ai BreRRiNaxiRG
proline,
acid (Sequence Listing, SEQ ID NOs: 2-30).

rein the
tion

e am no
‘a decar bam
24 A

As the DNA
sequences coding for these decarbémylases improved in therﬁo-

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-nucleotides corresponding

to 203-proline; of GCG, GCT, ACC, ACG, TCA, TCG or AGT for

GTG, i.e., 938- to 940-nucleotides éorresponding to 236~

valine (Sequence Listing, SEQ ID NOs: 2-30). Once the

thermostability-related amino acids are identified, the use

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 subjécted to
mutagenesis for a further improvement in the thermostability.

In case of Agrobacterium radiobacter sp.KNK 712(FERM BP-
1900), the derivative having two or ﬁhree 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'mutaﬁt) is produced, for
example, as follows.

In the gene structures of pAD1(08 (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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and al ani ne, threonine or serine for 23y "QQEEH‘ZS. A
production process according to any one of clains g #ein |t he
decar banyl ase with a therno-

‘ Clor'hfggﬁi Llis |t he
transformant microorganismE. coli JML09 pAD402 (F gol
JMLO9 pAD404 (FERM BP-3913), E. coli

JMLO9 pAD416 (FERM BP-3915), E. coli =J¥09 pAD428
( FERM BP- 4035), E. coli JMLO9

stabl e tenperature of

JMLO9 pAD406 (‘E_ BP- 3914) .1 H col
iE.” col1 JMLO9 pACK29

the degree of thermostability improvement obtained by a

single mutation. For the décarbamylase having two or more

amino acid mutations in three kinds of amino acid;, it is

possible to select any combination of the substituted amino

acids as described above.

The above-described method is not limited to the case
of Agrobacterium radiobacter sp.KNK 712(Ferm BP-1900), and it

can be used, in general, for a further impt0vement in the.

thermostability of a decarbamyiase enzyme. That is, accoxd-

ing to the method for making an enzyme thermostable as de-
scribed above, several kinds of decarbamylases improvgd 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 to find other amino acids giving

an improvement in the thermostability. Under the circum-

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

thermostability.

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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E.

or

pAD431, E. coli JML09 pAD434, E. coli JML09 pAD435, EJ

i JMLO9 pAD441, E. coli JMLO9 pAD445, E. coli J
JMLO9 pAD448, E. coli JML09 pAD450, E. coli JMLO9 pAI:421 @2{89“997] 0c
pAD422, E. coli JML09 pAD423, E. coli JML09 pAD424 ( HER 34)
JMLO9 pAD425, E. coli JMLO9 pAD426, ﬁs coli JMLO9 pAD4pTE
pAD451, E. coli JML09 pAD452, E. coli "JML09 pAD453, E

i JMLO9 pAD454, E. coli JML09 pAD455 ( FERM BP-4
pAD456, E. coli JMLO9 pAD468 E. coli JMLO9 pAD469, E. col

. cdle GE1R3 RNIPRR LRV, BP. 430

produci ng a

N- car bampien@saeadhNGodrig! fior QORKE
acid in an aqueous nedi um by

MDY FAD447, E.

E.i

. 26. A progcess for
A Tio- b4 CieRapLLe *fe§?5ﬂﬁf%41§4ﬁﬂ the oNA *frag-
east 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 compris£n§ 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.
Accoxding to this serxies of operations, it is possible

to increase, by one or more, the number of mutations in the

thermostability-related amino acids.

In case of Agrobacterium radiobactex sp.KNK 712 (Ferm BP-
1900), as the vector in step 2), any vector can be used so
lonq as it has been prepared by giving an Ndel restriction
site in an expression.vector which is pUCl1l9 hawving incoxpo-

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

[REPLAC #4700 pAlEI o

et IMEOY
coli JMLO9 pAD44Gl,
036 E. —cori’ JMLD9
JMLO9 pADA470

dol i

Hi68eab ¥ Ud BB 1e3ROALL NGy B @- ani no
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tHe action of a decar banyl ase with an |nproved t her nost abl e
2[err] C or higher, and the resulting D a-am no

tenperatuyre by
aci d e R
27. A decarbanyl ase characterized in that the therno é@gghg%ﬁi 36
thereof is inproved by 2[err]C or higher

o

a ur e
281 QA decarba ase

characterized in that at | east

: A6 JULTIL 118
one am no acid of a decarbanyl ase w t+h2a ther nost abl enper - ature o}
65[err]C or lower is replaced with another am no aci ¢, ™so*that the

t her nost abl e tenperat.ure thereof is increased to

-+

ceeds. The D-a-amino acids produced can be separated and

purified by a conventional separatioh nethod.

The D-ac-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 quantitative analy-

sis of D-ac-amino acids produced were conducted by high per-

formance liquid chromatography (HPLC) or thin layer chroma-
tography (TLC).

Example 1

Mntagenesis of Agrobacterium.rad1ocbater sp.KNK 712
decarbamylase gene with hydroxylamine
Plasmid pAD108 having a KNK712 decarbamylase gene was
digested with restriction enzymes HindIXI and EcoRI, which

was mixed and ligated with the digest of an M13mpl8 double-

stranded DNA with HIndXIXII and EcoRI. This was transformed

into E. coli JM109, which was mixed with 2 ml of H top agax
medium (10 g/l bactotrypton, 8 g/l NaCl, 8 g/l bactoagar)
containing 100 mM isopropyl-p-D~thiogalactopyranoside (IPTG)
and 0.2% S-bromo-4-chloro-3-indolyl-f-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 NacCl,
agar),

12 g/1 bacto-
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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65[err] C or higher.

t he nunber of IS |
30. A decarbanyl ase containing a substitution of anotthqgr q J@Laﬂﬂm fo
| east one ami no acid selected from 57-histidine,

236-val i ne of a decarbanyl ase
BP- 1900) .

| east 57-histidine is replaced with another am no aci
decar banmyl ase according to claim 31, wherein
tyrosine or |eucine.

wher ei n

203-p ol Fne and
derived from Agrobact er}

31. A decarbanyl ase @8cording to cl el
. 32. A
anot her amno acid is

wher ei n at trdcsasﬁ Q08B-y§aqll)i,nandsa r 2RG-eall W 20% podyleshy dena @ lyciod.
34. A decar Iase according to claim33, wherein another amno acid is
8 3c“d“°§k*|sﬁé““égﬁaV%? added to the supernatant at a

| euci ne,

1/5 volume, so that phage particles were precipitated and

collected by centrifugation. These recombinant phage parti-

cles were treated in NHZbH having a final concentration of

0.25 M (pH 6.0) at 37°C for 1 to 8 hours. The phage parti-
c;és were precipitated with a PEG-NaCl soluﬁion, and then

dissolved in sterilized water, with which E. coli JM109 was

infected. The microorganism was cultured on 800 ml of 2YT

medium, and a double-stranded DNA having some mﬁtation was

prepared by the alkaline-SDS method and CsCl ultracentrifuga-

tion method. This was digested with HindIII and EcoRI, and

then incorporated into pUC1%, which was transformed into E.
coli JM109, and then plated on a 2YT agar plate containing
S0 ug/ml ampicillin. Thus, about 15,000 E. coli trans-

formants each having a mutant decarbaniylase gene were ob-
tained.

Example 2

Mutagenesis of Agrobacterium radiobacter'sp.KNK 712
decarbamylase gene with nitrous acid
The recombinant phage particles obtained by incorpo-
rating a KNK712 decarbamylase gene into M13mpl8 as prepared
1;n Example 1 were cultured on 800 ml of 2YT medium for prepa-
ration, and then subjected to phenol extréction 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,

33. A decarbanyl ase according to claim 30,

This Sheet Has Been Rep
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—KNK 712 ( FERM
m 30, wherein at



gi'ne, fhreonine al ani ne, isoleucine or histidine. oy
decarbanylase—aeee#dpng—Lg4ﬂéun130 wher ei n -at |l e

replaced with 36. A decar
cl ai m 35, wh.erngi !ﬂm ﬁl}lﬁlﬂ no acid is alanine, t
37. A decar bam m no _agihd sequence as
Listing, SEQ | D NGs: - 38. A DNA frag

decar banyl ase protein |nproved in thernostability
substitution of another base for at |east one base

anylase accor

Qunrﬁpquﬁ

shomn I N Sequg:

 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 mutagenesis is effected with nitrous acid.

10. A preparation process according to any one of

claims 1 to 9, wherein the microorganism is Agrobacterium
radiobacter sp.KNK 712 (FERM BP-1900).

1l1. 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. A preparation process according to claim 11 or

12, wherein the microorganism is Agrobacter;um radxobacter
sp.KNK 712 (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 prbtein 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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119 cgd4—ng—4‘—eﬁ a—croorgani smderived decar banyli@* pfrbﬁﬂémﬂ‘ QQF ﬂ
at | east one“m‘&m

Hdlng amno acids is re- C “*—:39 A
DNA fragment ﬁm im38, coding for a dec r @3@_[}_\997 ei.n ;

i nproved in |sty*vvh|ch is attained by subs | of anotjh
base for at | east one of the bases™ cbissttut | ng a codpn te‘o
histidine which is 57-amno acid, proline which is- 2pP3-am no acid, or
valine wnich is 236-an no acid, of a DNA fragnment codi

decar banyl . ase protein-derived from Agrobacteriumsp. KNK (Ferm BP— 1900) so
that at | 885ivededeganhpydagei ks 631G ot douwes.aend Rkhenhthemrasdabdgi no aci d.
40. A DNAfL{;@QQEQ&:é CCP rt:q\en%ecar L2

amyigse ié%%ng%'Q%rthermostability

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
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 decarbamylase derived from

Agrobacterium radiobacter sp.KNK 712 (Ferm BP-1900).

18. A production process accorxding to claim 17,

vwherein another amino acid is tyfosine_or leucine for
57-histidine, leucine, sefine, asparagine, glutamic 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 is
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 paAD439, E. coli JM109 pAD44l, E. coli JM109
- pAD44S, E. coli JM109 pAD447, E

. coli JM109 pAD448, E. coli
JM109 paD4S0, E

. coli JM109 pAD421, E. coli JM109 pAD422,

E. coli JM109 pAD423, E. coli JM109 pAD424 (FERM BP-4034),

-+ This Sheet Has:Been Replaced




a“decar barryl ase protein in which at |east one of cytosi Rﬂ’LACEm]‘une and:
thym ne (CAT) of a base—sequence coding for hi st i di ng mvth—rs~%he amno
acid of an1no aci 7 S replaced with another] Hasg,s t he

hi sti di ne u Mﬂlﬁﬁ[‘m h,tyrosine or |eucine. EQ&ILH%
fragnent a arkm 39, coding far a decarbgmtlase protein jn
which at |east one of cyt osi ne, cytééﬁné and thynin% (CCT) of a base
sequence codi ng for proline which is the am no acid —nunber
203 is replaced with another base so that the proline is repl aced

wi th serine, |eucine, asparagi ne glutam c acid, threonine, al ani ne

i sol euci ne d&r ﬁPé%lﬂﬂﬁ? PAD425, E. cp}i JMPPRA PAHRPNE -acebi dMPSt o cl ai m
Chymi ne and BARART Aot { R b""é%ﬁéﬁgé-@ SeaBental Toibel paPish, £ 21u0an e
. 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 HBiOl pNT4553 (FERM BP-4368).

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

‘21. A production process according to claim 20,
wherein the decarbamylase is allowéd té act in an immobilized
form. ' |

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

23. A production process according to claim 20,
wherein the decarbamylase with a thermostable temperature 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, 263—proline ;nd 236-valine of a decarbam-
ylase derived from Agrobacterium radiobacter sp.KNK 712 (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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120 - . _valine which is the anino acid of amino aSIET l‘; e
replaced with anot her base so that the valine:is repl i

serine or ¢ ﬂﬂmuﬂﬁmuﬂmm 43, Arha Tragment accor pi b

CTA. 44° A'DMA f¥adgment accordtMy to claim41

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

another amino acid for at least one amino acid selected from
57-histidine, 203-proline and 236-valine of a decarbamylase

derived from Agrobacterium radiobacter sp.FlﬁK 712 (FERM BP-1900).

31. A decarbamylase according to claim 30, wherein at

least S57-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, sSerine, aspara- .

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

lmproved in thermostability which is attained by substitution
of another base for at least one base of a DNA f ragment

;\\;“**~\~“\\\\\‘\\
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base sequence CCT of clai m41 I's replaced with TCT, CTT“‘
GCT, ATT or

AACHVENT SHEET|
A DNA fragnent according Eo claimA42, \i/nere'
El'gi, ?gzeoﬁwnmmmmf,uﬂ'al m42 is replaced with GCQ GC"I@@?QUI; 1994ca

A base sequence conprising;a;base sequence;
com posed of ©233- f'o 1141-bases of g PNA fragnent as showm ™ §equence
Listing, SEQ | D NOCs:

2-16, 24-26, 28 and 33, and a basé&_sequence conposed
of 7- to 915-bases of a DNA fragnent

as shown in Sequence Listing, SEQ ID
NGCs: 17-23, 27, 29 and 34.
DNA fragrrecQ’t gordl n

47. An expressi on vector conprising a
38.to
m cr oor gani sm“tr

RE {4 Pt RBANA AP idnparbamy ner pRRAEt HATC T

I'Ng t0 cl ai m 47.
that at least one of the corresponding amino acids is re-

placed.

33. A DNA fragment according to claim 38, coding for

a decarbamylase protein improved in thermostability which is
attained by substi;ution of another base for at least one of
the bases constituting a codon corresponding to histidine
which is S7-amino acid, proline which is 203-amino acid, or
valine wnich is 236~amino acid, of a DNA fragment coding for
a decarbamylase protein derived from Agrobacterium radioba-
cter sp.KNK 712 (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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49. An expression vector which is pAD402, pAD4 AD "... " == %4D4F2W°* Gop\
pAD429, pAD431, pAD434, pAD435, pAD439, pAD44 "‘- X

, \[‘lAh
PAD4A50, pAD421, pAD422, pAD423, pAD424, pAD425 "7XDZFZ'6',

AD451,
pAD452, pAD4A53, pAD461, pAD4A54, pADASS, pAD456 p 499939 AD470 or
PNT4553. - 121 -° L4y - ornant n1croorgan|sm
whi chzi's E. col

T

thermostable temperature is different with the respective

decarbamylases of these microorganisms. To attain exceilent

stability tolerable to repeated use by an improvement f{n the
thermostability, various properties other than thermostabi].-
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 63°C, from

the first. From this point of view, a decarbamylase produced

by Agrobacterium sp.KNK 712 ° (Ferm BP-1900) -

is preferred because of its relatively' highex thermostable tempera-

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 S7-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

_°n1Y by the replacement of one amino acid but alsoc by the

combined replacement of two or three amino acids. 1In the

present invention, the thermostable temperature could be

lncreased by at least 2°C, mostly about 5°C or higher, and in
some cases, by 10°C or higher.

For example, it is possible to obtain a decarbamylase

ilmproved in thermostability by the substitution of leucine or

tyrosine for S7-histidine; of leucine, asparagine, glutamic



.JMLO9 pAD402 (FERM BP-3912), E. col | IMLO9 pADAO4 (F 5]

JMLO9 pAD406 (FERM BP-3914), E. coli JMLO9 pAD416 ( LAPE

HO= q
JMLO9 pAD428, E. coli JMLO9 pAD429, (FERM BP-4035), |ET coli JMLO9 pAD
(e

E. coli JMO9 .pAD434, E. coli JMO9 pAD435, E. coli [NLOAGMARINI E
JMLO9 pAD441, E. coli JMLO9 pAD445, E. coli JMLO9 pADM47, E. coli JNLQ

coli
ol i
31,
oli
9

pAD448, E. coli JMLO9 pAD450, E. coli JMLO9 pAD421, E.lcott—IMIOT pADA4
E. coli JML09 pAD423, E. coli JMLO9 pAD424 (FERM BP-§034), E._coli

22,
9.

PADA25, Eacid) ithrdWh@fePdPigéride o 204

_ LPAPA 2 Tor fof @Qlahidd09 pADAS],
E. coli JMLO9 pAD452, E. coli JML09 pAD453, E. coli JMLO9 pAD461, E. col
JMLO9 pADEEReoH ne @xi s¢kLoe PRDASH: (VERkeRBPas UBG6Y S fferead] amibb09 pADASE,
E .

col i JNH D468, E._.coli JN&OQ AD469 E. coli JNRPQIPAD47O or E
coli HB10% %TQ"@%%‘“&‘-’EE ng g 6B B'NOs: ' 2-30) -
sequences coding for these decarbamylases improved in thermo-
stability, there were obtained those which contain a substi-
tution of TAT, CIT or CTA for CAT, i.e., 401- to 403-nucleo-

tides corresponding to S7-histidine;

of TCT, CTT, GAA, AAC
or ACC for CCT,

i.e., 839- to 841-nucleotides 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 NOsa' 2-30). Once the

thermostability-related amino acids are identified, the use
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
-mntagenesis for a further improvement in the thermostability.
In case of Agrobactérium sp. KNK 712 (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., S7-histidine, 205-
proline and 236-valine (muftiple muﬁant) is produced, for

example, as follows.

In the gene structures of pADl08 (coding for a natu-

rally occurring decarbamylase) and pAD402 (coding for a

decarbamylase having Tyr substituted for S7-His), respective-

ly, as shown in Figs. 4 and S, SphI and Sall are close to

each other in the vicinity of the decarbamylase gene; there-



51. A method for I ncreasi ng, by one or nore, the
amno acids related to the thernost-
characterized in that it com prises:

coding for a decarbanylase inproved in thernostability

conprising the frag- nments by repeated, yise of the procegs accordlng to
claim1l, said decarbanyl ases each contalning one am no aci
the respective amno acid sites; 2) finding out festriction

nunber £
ability of a decarh

enzynes, each of which can yield a DNA fragnent conprising a DNA portion
coding for gRg affrdaNSe! PRLARSIANNILY LebALSEhaN W edihda By &' cavage for

sxngle mutation. For the decarbamylase having two or more

amino acid mutations in three kinds of amino acids, it is

possible to select any combination of the substituted amino

acids as described above.

The above-described method is not ;imited to the case,
o£ Agrobacterium sp,KNK 712 (Ferm BP-1900), and it .
can be used, in_éeneral, for a further improvement in the -
thermostability of a'decarbamyiase enzyme. That is, accord-
ing to the method for making an enzyme thermostable as de-
scribed above, several kinds of decarbamylases iﬁproved in
thermostability can be obtained by the replacement of an-
"amino acid, from which the thermostability-related amino
acids are identified, and stili another replacement of this
amino acid makes it possible t& find other amino acids giving
an improvement in the thermostability. Under the circum-
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

thermostability.
i) Restriction enzymes are found out, each of which
can yield a DNA fragment comprising a DNA portion coding for

one of ;he thermostabiliterelated amino acids by cleavage

for the DNA fragment.

2) A DNA fragment comprising a DNA portion coding for



- 122 - the DNA fragnent;

conprising a DNA portion coding for one amno acid muta

DNA frag- nents or. vectors conprising the fragnments
corresponding restriction enzyme in step 2); 4

correspondi ng DNA fragment but havings no amno acid t
DNA f.ragnent coding for

3) obtaining a

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 descrlbe¢ above.

4) The mutation-containing DNA fragment obtained in

step 2) is incorporated into the remaining DNA fragment after
the cleavage for removin§ the corresponding DNA fragment in
step 3) or into the vector comprising the remaining fragment.

S) The—operatioﬁs in steps. 2) to 4) are repeated, if
necessary.

Accoxding to this sexies of operations, it is possible

to increase, by one or more, the number of mutations in the

thermostability-related amino acids.

In case of Agrobacterium sp.KNK 712 (Ferm BP-
1900), as the vector in step 2), any vector can be used so
long as it has been prepared by giving an Ndel restriction
site in an expression vector which is pUC1l9 having incorpo-

rated thereinto one of the DNA fragments shown in Sequence

Listing, SEQ ID MOs: 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 Ndel restriction site in any vector



a' decar banyl ase or a vector conprising the fragnment with

restriction enzyne as descri bed above; 5) incorp@ﬂ@ﬁm @HEET
fragment obtained in step 3) into the remai ning DNA frdgrfent “af ter—tHk

cl eavage for renmov- ing the correspondi ng DNA fragnent ir"quQ% i ft @
the vectqQr conprising the remaining fragnent; and 6) repeating|the
operations in steps 3) to 5), if neces¥ ry. 52). YAveet s ¢
pUC NT for the expression of a

forei gn gene.

ceeds. The D-a-amino acids produced can be separated and

purified by a conventional separation method.

The D-o-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 1nvent19n. The detection and quantitative analy-
sis of D-c-amino acids produced were conducted by high per-
formance liquid chromatography (HPLC) or thin layer chroma-
tography (TLC).

Example 1

Mutagenesis of Agrobacterium sp. KNK 712

decarbamylase gene 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 Ml3mpl8 double-

stranded DNA with HINdIXII and EcoRI. This was transformed

into E. coli JM109, which was mixed with 2 ml of H top agax
medium (10 g/l bactotrypton, 8 g/l NaCl, 8 g/l bactoagar)
containing 100 ﬁM isopropyl-B-D-ﬁhiogalactopyranoside (IPTG)
and 0.2% S-bromo~-4-chloro-3-indolyl-f-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 and

collected by centrifugation. These recombinant phage parti-

cles were treated in Nﬂibﬁ 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. coli JM1L09 was

infected. The microorganism was cultured 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 HindIIX and EcoRI, and

then incorporated into pUCl9, which was transformed into E.

coli JM109, and then plated on a 2YT agar plate containing

S0 ug/ml ampicillin. .Thus, about 15,000 E. coli trans-

formants each having a mutant decarbamylase gene were ob-
tained.

Example 2

Mutagenesis of Agrobacterium sp.KNK 712
decarbamylase gene with nitrous acid _

The recombinant phage particles obtained by incorpo-
rating a KNK712 decarbamylase gene into Ml3mpl8 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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claims 2 to S, 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 S5, where-

in the mutagenesis is effected with hydroxylamine.

9. A preparation process according to claim 5, where-

in the.mutagenesis is effected with nitrous acid.

10. A preparation process according to any one of

claims 1 to 9, wherein the microorganism is Agrobacterium
sp.KNK 712 (FERM BP-1900).

11. A preparation process according to claim 1 or 2,

wherein the mutagenesis is site-specific mutagenesis at

matation sites.

12, A preparation process according to claim 11,

wherein polymerase chain reaction (PCR) is used in the site-

specific mutagenesis.

13. A preparation process according to claim 11 6r

12, wherein the microorganism is Agrobacterium --sp.KNK' 712

(FERM BP-1900).

14. 1 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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derived decarbamylase is 63°C or lower, and the thermostable

temperature of the decarbamylase improved in thermostability
is 65°C or higher.

16. A production process according to claim 14,

wherein a decarbamylase improved in thexmostability 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

-

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 decarbamylase derived from

Agrobacterium :gp.KNK 712 (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, glutamic acid,

alanine, isoleucine, histidine dr 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 is
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 JMI109 pAD429 (FERM BP-4035), E. coli

JM109 pAD431, E. coli JM109 pAD434, E. coli JM109 pAD43S,

E. coli JM109 pAD439, E. coli JM109 pAD44l, E

. coli JIM109
pAD44S, E.

coli JM109 pAD447, E.

coli JM109 pAD448, E
JM109 paAD450, E.

. coli
coli JM109 pAD421l, E.

coli JM109 paAaD422,
E. coli JM109 pAD423, E

. coli JM109 pAD424 (FERM BP-4034),
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E. coli JM109 pAD42S, 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, ﬁ. coli JM109 pAD469, E. coli JMlOQ
PAD470 oxr E. coli HB10l pNT4553 (FERM BP-4368).

20. A précess for prodﬁcing a D-o-amino acid, charac-
terized in that an N-carbamyl-D-a-amino acid is converted
~into the corresponding D-c-amino acid in an aqueous medium by
the action of a decarbamylase with a thermostable temperature
of 65°C or higher, and the resulting D-c-amino aéid 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 repeatedly used.

23. A production process according to claim 20,
wherein the decarbamylase with a thermostable temperature 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, 263-prdline and 236-valine of a decarbam-
ylaée derived from Agrobacterium sp.KNK 712 (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-prolina,
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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

another amino acid for at least one amino acid selected from
57-histidine, 203-proline and 236-valine of a decarbamylase

derived from Agrobacterium sp.KNK 712 (FERM BP-1900).

31. A decaibamylase according to claim 30, wherein at

least S7-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, aspara-

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



e YTy ———,

o

- 119 -

REPLACEMENT SHEET

e T

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 substigntion of another base for at least one of
the bases constituting a codon corresponding to histidine
which is S7-amino acid, proline which is 203-amino acid, or
valine wnich is 236-amino acid, of a DNA fragment coding for
a decarbamylase protein derived from Agrobacterium -sp.KNK
(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 atlleast one of cytosine,
adenine and thymine (CAT) of a base sequence coding for
histidine which is the amino acid of amino acid number S7 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



