DESCRIPTICN STERECSTRUCTURE OF DECARBAMYLASE AND. USES THEREOF 5

‘"TECHNI CAL FI ELD The present invention relates to a crysta”mmmmmmmmmmﬂmne

- which converts D-N-carbanoyl -a-anm no acids to corresponds

acids. (hereinafter referred to as 10 decarbanyl ase). The presgpto.i nvention
also relates to the .stereostructure of degarbanyl ase determ ned by X—ray
crystal |l ography using the crystal, and the use thereo
particularly, to methods for de3|gn|ng amno acid nutation uwm\mmmlthe
stability of the enzyne (e.g. , heat 15 resistance, organicﬂmumm
resistance, air oxidation resistancepegtRiprioRange the opti mugp-of the
enzyme reaction, and inprove the specific activity of decarbanylase by
utilizing its stereostructure. Mdreover, the present invention relates to
a nethod for produsTEREOSTRUORURE aoE ﬁﬁcnuBAMYEAsE AND| UBEROTHRREOF
above-descri bed stereostructure, resultant decarbanyl ase nutants, and uses
t hereof . BACKGROUND ART 25 Optically active D-a-am no acids are valuable
conpounds Sas pharmaceuti cal internetE@ENSCARaFIELDI arly, exanples of the
D-a-ami no acids, which are industrially wuseful, include D phenylglycine
and D- para- hydroxyphenngIyC|ne which are intermediates in the 30
production of sem -synfthet pecegenitciiniviems imn &eﬁmtgwnmhehl@ry@&phab&spmrlns
As a net hod fogg%ucwﬂgcﬁucéoﬁb&@m @-Nag%%am%jgf& hath SOMId NI ¢

removi ng a car group from a correspon bannyl-a am no acid
so as to obtai ﬁ,or;egpondlng D-a-amino acids. (herelnafter referred to as

10 decarbamylase). The present invention also relates to the
stereostructure of decarbamylase determined by X-ray
crystallography using the crystal, and the use thereof, and
more particularly, to methods for designing amino acid
mutations f:o improve the stability of the enzyTne'(e.g. , heat

15 resistance, organic solvent resistance, air oxidation
resistance, etc.), change the optimum pH of the enzyme
reactlon and :merove the SpelelC activity of decarbamylase
by utilizing its stereostructure. Moreover, the present
invention relates to a method for producing decarbamylase

20 mutants by utilizing the above-described stereostructure,

resultant decarbamylase mutants, and uses thereof.
BACKGROUND ART

25 Optically active D-a-amino acids are valuable
compounds as pharmaceutical intermediates. Particularly,
examples of“the D-a-amino acids, which are industrially
useful, include : D-phénylglycine and
D-para-hydroxyphenylglycine which are intermediates in the

30 production of semi-synthetic penicillins or semi-synthetic
cephalosporins. As a method for producing such D-a-amino
acids, a method comprising remoVing a carbamoyl group from-.

a corresponding D-N-carbamoyl-o-amino acid so as to obtain
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the D-a-anmino acids is known. In this case, the renmoval of a carbanoyl
group is conducted by a chemcal nmethod or a nethod utilizing an enzyne .
reaction of a mcroorganism 5 An enzyne which renoves a carbanoyl group is
call ed decarbanylase. This enzyne catal yzes the conversion of

D- N- car banoyl -a-am no acid to D-a-am no acid- This enzyne has been
identified frombacteria of the genera Pseudononas, Agrobacterium

~Aerobacter, Aeronpnas, Brevibacterium 10 Bacillus, Flavobacterium Serra.

ti a, Mcrococcus, Arthrobacter, Alcaligenes, Achronobacter, Moraxella,

Par acoccus, Bl &&i&ﬂcb@bmlﬁmﬁa@ﬂa@@%oﬁhe a fRidCddke SQ‘iHéeBEﬁlo@'der_/@f
nucl eic acid sequen(‘be of decarbanyl ase has. been determ ned fromthe genus

Agr obact eri um e GREPROVAGrHIRR &FF FRIMSF AR Er2 NEremEabonetiped or a

Agr obact eri um mthdﬂ\lmﬁan(dﬁa@@u kertd i Wrddctdn O8NE4 ahicPOSEgEREYRES are
not stable to the point of being resistant to conditions under whi ch the

enzynmes 20 are industrially used in reactions at roomtenperature or high
tenperatuse, and the stabéhiiyeoih il permveld ancdisamayl igiidupens LI dde
cost of pr OdUCtdSeca A so-cal | ed, . ".bioreact or"gE?]lfch as mmbl l'i zed enzyrre or

i nobi i zed bACCEFPTNY IS Used 5 rgfpadte r g BAESi 8'r FEVES Sd s OB5  an
enzynme reacti oP-No qarbagey ladv-entiageacildyto I-dtdansimocaaeid. th’BhEsleenzq}n&o a

limt to the n ddueto tability of
t he enzyne, exggt%?é%%r}td Fﬁ’?ﬁ%e%r?ggféﬁ%e cogﬁ ©6f prgauc s %’6’? e
pur pose of ef f dgFiobaofeqyiuny adegivdantemhi cteraratrads).z e Bravitseftdrium,
react | ongoi n | BAuSUULA, APPELETHbIBSrsLIET © | SoArgemINd | Ohi A S OR, o

rapidly or efficiently creati n an enzynme having excel | ent "physi cal
propertles (e d:thgvbacter, Alcaligenes, Achromobacter, Moraxella,

~ Paracoccus, Blastbacter, and Comamonas. The amino acid
sequence and/or nucleic acid sequence of decarbamylase has
been determined from the genus JAgrobacterium (e.g.,
15 Agrobacterium radiobacter NRRL B11291 and Agrobacteriumsp.
' KNK712 (Kaneka bacterium)).

In general, most enzymes are not stable to the point
of being resistant to conditions under which the enzymes
20  are industrially used in reactions at room temperature or
high temperature, and the stability of enzymes often has
an influence on the cost of products. ‘A so-called
"bioreactor”, such as immobilized enzyme or immobilized
bacterium, is-used to repeat reactions in order to cause
25 an. enzyme reaction to proceed advantageously. 1In this case,
there is also a limit to the number of times an enzyme can
be used due to the stability of the enzyme; exerting an .
influence on the cost of products.

30 _ For the purpose of effectivelyusing an enzyme, which
‘catalyzes an useful reaction, in industrial applications,
there is a demand for a method for rapidly or efficiently
creatinganenzymehavingexcellent physical properties (e.qg.,
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stability) or a high catalytic activity. As a nethod of obtaining an
enzyme having an inproved physical property or function, a. so-called
random screening nmethod is known, in which a gene encoding an enzyne is
artificially nutated 5 by chem cal treatnment, enzyne treatnent, or the

i ke, the reconbinant DNA having the nmutagian is introduced into a host
cell, and an enzynme having an intended function and/or - physical property
is screened. On the other hand, with the recent advances in structural

bi ol ogy, the stereostructure 10 of a number of proteins including enzynes
have been reveahgdi Ot y§ 'Ry £ dDM APEYC 05 NI 8Pl Vil S, %@%h&%
stereostructure_and nolecul ar design techni ques, nDdlflcatlon

physi cal propePbtédndmd @c §nyEne havsng é}mslmmo%rpnmx@lmmgerty

conducted. 15 Fherhgemiohhea s&&r@@ﬁé&%ﬂ&n@fsc%e@n%@ Re ﬁ%du§§q<n3‘.ﬁ{ ein

refers to the three di nensi onal structure of the protein defined under
certain condi t t18n¥PiRE ByIeMe eRABNhENIeRSYTentE dFtifkchrblyimitated

the proteisn haviynghkhecdd ereaemaaitd eadymBCErkatmeh@#edotntRethfke, the
t hr ee- di nensi onal tructure. _under the. certain condjtions. The

st er eost r uct ur &eGPTR DA DNADAHO G dhe MHAE IR 2§ Anteadnged igraghy or
n]lc.lcl gar mggnelt he:slteeélan&xd an é’heyﬂadnévmglamlﬁftehhedpﬂyﬁccﬂbn RIrRIE | es
0 ecar banyl a

d t hod h ful l
car 11 60 out -1 oBSEACH Lo+ SRES R SHIACH L oaphiel ha 1o QPR *L O B bo)

“havi ng i npr ovedekeatt adeanseannestwhbthnaa.hmolndysttheudQenﬁnﬁhﬁucture

decar banybase 30 gl (JPLSINALI AN PUBLE6AL| B ORSRIN - FULLhGr . @

mut ant havi ng |nprove sta €en o Site- spec
mut agenesi s (Jbﬁan&s@aIaJQFXR%#&IQEW&E%&W(ﬂr NMR analYSlS and, using

stereostructure and molecular design techniques,
modification of the physical properties or functions of
proteins has'beeﬁ increasingly conducted.
15 |
The term "the stereostructure of a protein” as used
herein refers to the three-dimensional strﬁcture_of the
protein defined under certain conditions and by the amino
acid sequence of the protein, i.e., the protein having the
20 amino acid sequence is folded into the three-dimensional
structure under the certain conditions. The
stereostructure of a protein may be determined by X-ray

crystallography or nuclear magnetic resonance.

25 _' The modification of the physical properties of
decarbamylase with the random screening method has been
successfully carried out. to obtain an enzyme-producing
bacterial strain (E. coli JM109) having improved heat
resistance, which is an induétrially useful decérbamylase

30 mutant (International.Publicatixn1W094/03613). Further, a
mutant having improved stability has been obtained by
site-specific mutagenesis (Japanese Léid-Open Publication
No. 9-173068). These examples are mutants which were
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No. 9-173068). These exanples are nutants which were 4 produced based on
the primary am no acid sequences thereof, but not by nmeans of a rational
nol ecul ar design nmethod wutilizing the stereostructure of enzynes. 5 The
stereostructure of decarbanylase and simlar enzynes has not been
determned. It has been found from sequenge-simlarity analysis for
proteins, whose amno acid sequences had al ready been known, using a
protei n sequence database, PIR Rel ease57 (National Center for

Bi ot echnol ogy 10 Information (NCBI)) that decarbanyl ase has a weak sequence

simlarity of abeulicea 30984 Sn¥HE P58 rv Wil ndSadfh dasfie it %teg:%'o%%e--

However, none of the stereostructures of  these enzynes having we
sequence sim | &ttt poa\RY Heeans def egnihfdd.onpered kpeulay dgspgncimethody

i mpossible to h%igskingt enkhetetrebaesticaldr 8roknggarishanyl ase by a
so-call ed honol ogy nodeling technique using the stereostructures of

simlar proteins, which is of ten used for the nol ecul ar design technique
- (e.g., Swess-Pdbvi ewer Th8ndebiragspragtafk b6BWHssarbamyilhekeanti Bifinkr
ormatics (SIB), ExPASy Nblecul%r BIO|O% 20 gﬁrver ‘avaj | abl-e from
http: // ww. expS8¢YRRF) Pascigk, bRen drETERINsdn, ME. 289D 8 §8URBDEF °Hind
t he Swi ss- PdbVisewaenceAingihariotyank1en sCHOoP pratiedits)f whoska dide) kegd
El ectrophoresis 18 271452%%§%f %fe% i f khe stereostruct%re of a simlar
enzyme is det eP FAREHCEFHT A% PEGT “PBVBht AT 'Y FLEEQ TS SEBYEBAEe
simlarity of HetsbatharPIRNRelelasest7e(National Cen e doroBideeahbhaiphgse
with a ghifiCrepb ASEHLACINESS ) AR BELANL Ny L83 R0P 2 A BLAGH) 30
ato e ~data of de

.desi gn net hod. e accurat c coordina carbanylFaseI's
requi red to predinglanhtvooficaiogd AbtdPRohe hwdopladei nsucbhaagemidaske

opti mum pH. of 338 R9€¥fBase. However, none of the stereostructures of
these enzymes having weak sequence similarity have beeh
determined. Therefore, it is practically impdssible to

15 estimatethestereostructurecﬁfdecarbamylasebyiiso-called
'homology modeling technique using'the stereostructures of
.similar proteins, whichisoftenusedfor themoleculardesign
technique (e.g., Swiss-Pdbviewer (modeling program) (Swiss
Institute of Bioinformatics (SIB), ExPASy Molecular Biology

20 Server (available from http://www.expasy.ch/)): Guex, N.
andPeitsch,M.C. (1997) SWISS-MODEL and the Swiss-PdbViewer:

An environment for comparative protein modeling,
Electrophoresis 18, 2714-2723). Even if the
stereostructure of a similar enzyme is determihed, it is

25 difficult to obtain, based on a sequence similarity of less
than 30%, the stereostructure model of decarbamylase with

a sufficienf accuracy for application of a reasonable
molecular design method. The accurate atomic coordinate

data of decarbamylase is required to predict amino acid

30 mutations involved in a change in the optimum pH of an enzyme
reaction, an improvement in specific activity, and the like

with high precision for .the purpose of molecular design.

If the stereostructure of decarbamylase can be determined,



reaction, an inprovenent in specific activity, and the like with high
preci sion for-the purpose of nolecular design. |If the stereostructure of
decar banyl ase can be determned, 5 precise analysis of the stereostructure
and a reasonabl e nolecul ar design technique based thereon can be :
conducted, thereby further making it possible to.rapidly or efficiently
‘obtain a nodified enzyne which is advantageous in industrial 5
applications. (Problemto be Solved by the Invention) To solve the

- above-descri bed probl ens, an object of the present invention is to obtain

a single CryStheeﬁselgnﬁ?&@&Qa%' hE \Q’{E'ei‘go%%gﬁwﬂlg’gt E?I.duéegehg hgﬁ!’dé”' al
appliations,and reveal the sfereostructure of decarbanylase ~w R -ray
cryst al | ogr aphipolagoinerdedieettethniguebasedt theneent¢am bescondpetedde a
decar banyl ase gybaBLyHILohd S iRl fg FE%B8L36T0US Flph AIYSIY bRE18RBLEEGLT ONS
by conducting 15 nol écul ar design for the purpose OP an”i nprovenent. 0f the
reactivity w t RbbafincampdisiedLengime wvhdchsig pdgantageous igsipdustsial
decar banykase) apppttaikzahison of reaction pH  the stability against heat
and air oxidation, and a nethod for producing D a-am no acids using the
obtained 20 decarbanylase nutant. DI SCLOSURE OF THE | NVENTI ON (Means -for

Splving the Problem Zﬁpfbgléﬁvgatgéssgivéaebpreﬁgntnbgﬁeﬂbhpn haye st udi ed
vigorously to solve the abaove-descr.i bed roblgnl Asa_result, O?’Hsmgle

crystal of decarbanyl a5 SHY S ThERRP YR okt PrePlemPstaf PSS PEwere
obt ai ned. The phecipzesgher dosidritcian eis otodebaahama asimgias cef<etran ned by

f,;;](rjag crygtall 9arappyngPats! "nfeleady AP RAQYS 8P ASETERL; JBt hod
appliations, andreveal the stereostructure of decarbamylase
with.x—fay crystallography. Another object of the present
invention is to provide a decarbamylase mutant which is more
‘advantageous in industrial applications by conducting
15 molecular design for the purpose of an improvement of the
reactivity with D-N-carbamoyl-oa-amino acids (i.e., the
sﬁbétrate of decarbamylase) ,. optimiiation of réaction pPH,
the stability against heat and air oxidation, and a method
- for producing D-a-amino acids using the obtained

20 "decarbamylase mutant.
DISCLOSURE OF THE INVENTION

(Means for Solving the Problem)

25 The inventors of the presenf invention have studied
vigorously to solve the above-described problem. Asaresult,

- a single cfys tal of decarbamylase and a heavy atom derivativé |
crystalthereofwereobtained..Theprecisestereostructure

of decarbamylase was determined by X-ray crystallography

30 using a heavy atom isomorphous replacement method and a
multi-wavelength anomalous dispersion method. Basedon the
stereostructure, a mutant having improved characteristics

were produced. The present invention was thus completed.



mul ti-wavel engt h anonal ous di spersion nmethod. Based on the
stereostructure, a mutant having i nproved characteristics were produced.
~The present invention was thus conpleted. - 6 The present invention

rel ates to decarbanyl ase crystal having a space group P21212 in the
ort hor honbi c system and an am no acid seqggence set forth in SEQID NO: 1,
or 5 a space group P212121 in the orthorhonbic systemand an amno acid
sequence set forth in SEQID NO: 2. The present invention relates to
decar banyl ase crystal having a space group P21212 and an am no acid
sequence set forth in SEQID NO: 1, or a-space group P212121 in the
ort hor honbi ¢ system 10 _and an am no_aci d sequence set forth in SEQ ID NO. :
2. In one enbodi ment, TPRe RG8FA Hayehbiena rgdiatesel to | AecREPABY ARSEf . a

rect angul ar paea&belaemmgaa%plaee 4B 08, Qppiheewesort@oﬁ@m%ﬁ@sgséem
b=135.5-138.0 A, _.and ¢=66.5-68.5 AL The anino acid ence may be SEQ ID

NO. : 1. I'n ano?ﬁgra’_ESa‘@ﬁBBd?%‘ﬁtse‘i‘F%“%? v b Emlh Hay SEL JdR NOcal 1L +i ATt he
BB 5705 A R G A G B R A "L n Lence
a= and ¢ e _am no aci d sequence
may be SEQ I D R feqlur’i"“é’r?otsff'etr %%%d%ﬁeﬁﬁ% OIH’ NPystal nBye hBEES§ini t
cell in the foimréﬁtmbnareleatas\gw a:Iecpﬂl"rainh}el pmjgsﬁuai hasindt ki §pace
constants: b=133. 0-.135. =119, am no
aci d sequence @%@él PG af'lnlo ac&/eé 5?83‘3?03 ?'ﬁg fpl)?%tskeﬂf‘ FﬁgeHP. on
may provi de a B@yst él. whixlspeoet grpsp B212:@asin die orthorbolbacysyet e
atoms pejodecarRanh A o 4&@%&'&& ride 98¢ eOheAl IR g P LAY et 2l

atom nay be any mercury, atinum [ea um osm um and
uranium In an%ﬁém@wmntthetﬂemteémy hayen mitrrayllpm\tMeﬂbmzen

crystal, prepasgeth Pedr=2RRiI1MG g8¢aiPaikhapRd and has lattice constants:
a=66.5-68.5 A, b=135.5-138.0 A, and c=66.5-68.5 A. The
amino acid sequence may be SEQ ID NO.: 1. In another
15 embodiment, the crystal may have a unit cell in the form
of a rectangular parallelepiped and has lattice constants:
a=68.5-70.5 A, b=138.0-140.5 A, and c=68.5-73.0 A. The
amino acid sequence may be SEQ ID.NO.: 1. In another
embodiment, the crystal may have a unit cell in the form
20 of a rectangular parallelepiped and has laft'ice constants:
a=81.5-82.5 A, b=133.0-135.0 A, and c=119.5-121.5 A. The
amino acid sequence may be SEQ ID NO.: 2. In one aspect,
the present invention may pro'vide a crystal which contains
at least oﬁe or more heavy metal atoms per decarbamylase
25 molecule. In one embodiment, the heavjr metal atom may be
| any of mercury, gold, platinum, _iead, iridium, osmium, and
uranium. In another embodiment, the present invention may'
provide frozen crystal, prepared by freezing decarbamylase
crystal in liquid nitrogen.

30 | | |
In another aspect, the present invention provides
amethod for preparingacrystal of decarbamylase , comprising
the steps of: providing decarbamylase solution having a



crystal in liquid nitrogen. 30 In another aspect, the present invention
provides a nmethod for preparing a crystal of decarbanyl ase, conprising

- the steps of: providing decarbanyl ase solution having a 7 concentration of
1-50 ng/m ; providing precipitant solution containing polyethylene glycol
(PEG or nethoxypol yethylene glycol (PEGWE) having a concentration of
5-30 % and a buffer agent having a concentration such that pH 6.0-9.0 5
is provided; mxing the decarbanyl ase solution with the precipitant
solution; and allowing the resultant m xture solution to stand for a

pr edet er ni ned 86hE8HL AL AbARANIEY . mb i1 AOTRRAAASLCIYPLA L LB1AEIMR | 1

the solution.to a pre etermned siz | n "ohe enbodi nent
met hod 10 of p¢eg§mnnngml4ym~thxmemkmgls(t%‘&)c@rrwﬁrcéemp%yﬁghaledpopl et

of the decarbagylase peteiie) Having &Q&inttatin 0¥ SHiY LAY, solutl on

and the step of allowmng the resultant mxture solution to stand conprises
suspendi ng thebﬁfﬁﬁﬁrégeHFobPH@nébFaPﬁéﬁePﬁr?ﬁéoﬁlﬁPﬁ@ $bap BH &-80Pubion

reservoirs15 hokdppgviRear aaikiin@rthes Qié&amamﬂl &s 8636 BEt LOAL RLBRT thEhe
precipitant solution in the solution reservoir has a vapor pressure |ower

than a vapor pPESSHPEtant:felhfienseabfopldpwing &be FﬁspﬁéaﬁﬁtﬁbﬂtHFe
present invents@MutiBf b d tihds iR aC?ﬂ@déﬁé&nmhéanﬁeﬁl&ﬂQm etimef uhfie1

 docarbanyl ase gl UuLa Rongbinen LS 2 LOSIPTER' Phd 200 TPLUAL PR: g2
suspendi ng t heppedéteemilneflsdizeodt aored | Dnide embodimenep inothe metihofl et
cLa0e oLy SoL8E! BReRERE YRLENUEhH: " Byb up 6L shebe BhmBEUb Sykd 30! o
vapor pressuredropbet of the decarbamylase solution with a droplet of the
| i)r'eci_pitant- solution, and the step of allowing the resultant
mixture solutioﬁ to stand comprises suspending the mixture
droplet obtained in the mixing step on a solution reservoir
15 holdingtheprecipitantsolutionin51éealedcontainer. The
precipitant solution in the solution reservoir has a vapor
pfessure lower than a vépor pressure of Ithe mixture droplet.
Also, in the method of present invention, the mixing step
comprises mixing a droplet of the decarbamylase solution
20 with a droplet of the precipitant solution, and the step
of allowing the resultant mixture solution to stand comprises
suspending the mixture droplet obtained in the mixing step
on a droplet stage of a solution reservoir holding the
precipitantsolutioninéisealedcontainer. The precipitant
25 solution in the solution reservoir has a vapor preSsure lower
-than a vapor préssure of the mixture droplet. In another
embodiment, the predetermined period of time during which
the mixture solution is allowed-to stand is one day to three
weeks. In another embodiment, the method further comprises
30 placing the decarbamylase solution in a size exclusion
semi-permeable membrane after the étep of providing the
decarbamylase solution. The mixing step comprises

diffusing the precipitant solution through the



than a vapor pressure of the m xture droplet. In another enbodinent, the
predeterm ned period of time during which the mxture solution is allowed
to stand is one day to three weeks. In another enbodi nent, the method
further conprises 30 placing the decarbanyl ase solution in a size exclusion
sem - perneabl e nenbrane after the step of groviding the decarbanylase
solution. The m xing step conprises diffusing the precipitant sol ution
through the 8 sem -perneabl e nenbr.ane into the decarbanyl ase solution. In
anot her enbodi nent, the mixing step conprises gradually adding the

preci pi tant Solské}n'r-@geme%&edﬁ%ﬁﬁo%%' 35205 2hd! GeRarvand16ke %foqatqfon. .

allowing the resultant m xture solution to 5 stand conprises allo t he
m xture sol uti @n apothercenhprdimentl ddecBakingestep cAMBIIRGS @m@@ll ,

the present | '&‘d‘a&h'g%erﬁ‘%@éfﬁli%&ngESQ&@%HM'%&B@&&EB%&%Q%Q)bl%tlon
stereostructure having protein stereostructure_topology Ttepresented in

Figure 1. In oR8dekBedstemiof @Héoﬁ’rl@é?eﬁflel{)eﬁﬂ*l/éﬂ?Fdhl’F‘é‘F%? g@lyFion to

decar banylsase Q&_wnagcamﬁeméehaaﬂowiﬁgdméhnﬁifmh@é WS EOIVRItY REahd in
" secondary structure _ containing four hel i ces and %melve P sheets. |na

preferred enbédﬁﬁ%%?Qﬁcqqﬁ?%ﬂ%%engqlﬂﬂﬁﬁq%ﬁ emRpdimerty Fhej gresent

involved in an mkyéwmohea»_eéwﬁbﬁreoormeéaasﬁaenynaasescdaeaciammdglwa- c
‘acid residues; ne I ne r.eaction

\é]%l ne_resi % E % ¥
is D N-car barm? FeregRtRYCt i y; aar'?dlga %ﬂ%‘é‘ﬁ’ét% %Fﬁafi 5u8§FF$e SPPE°Her eof
S character|ze@rhyeateﬂeaao§u@umbuae h&ui ngeaembolitmeate- thedprgsaatt ve

site repr! sented b ure 3...1n | TBRS h e
i nventi onp0 t helf)l?’g;sllécnf)g |rr?vlean ?songgeﬁgfq‘égg%{)&g%ggnz nelrfrﬁ)l éecgf)esrhz\%?
decar banyl ase saodiwichy eafieueitnre sgpgtnanengheﬁeosepgndary' Structure

containing foura helices and twelve ff sheets. Inapreferred
embodiment of the present invention, amino acid residues
involved in an enzyme reaction are one cysteine residue,
15 two glutamic acid residues'; one lysine residue, and a
substrate .of the enzyme reaction is D-N-carbamoyl-a-amino
acid; and a substrate-~binding active site thereof is |
characterized by a stereostructure having a
substrate-binding active site represented by Figure 3. 1In
20 another embodiment of the present invention, thé present
invention relates to an enzyme molecule having decarbamylase
activity wherein a substrate | thereof is
D-N-carbamoyl-a-amino acid, wherein the ‘enzyme molecule has
an active site cavity formed of at least amino acids
25 corresponding to the following amino acids of SEQ ID NO.: 1
‘or 2: Glu at position 46, Lys at position 126, Glu at
position 145, and Cys at position 171. In another
embo_diment, in a reaction, the D-N-carbamoyl-a-amino acid
can interact with amino acids corresponding to Lys at
30 position 126, His at position 143, Glu at position 145, Arg
' at position 174, Argat position 175, andThr at position 197
of SEQ ID NO.: 1 or 2 at :the active site cavity. 1In another

embodiment, amino acids corresponding to Glu at position 46,



D- N- car banoyl - a-am no acid, wherein the enzyne nol ecule has an active site
cavity forned of at |east am no acids 25 corresponding to the follow ng
amno acids of SEQIDNO: 1 or 2. Qu at position 46, Lys at position
126, Qu at position 145, and Cys at position 171. In another enbodi nent,
in a reaction, the D -N carbanpyl -a- amga acid can interact with anino
acids corresponding to Lys at 30 position 126, His at position 143, du at
position 145, Arg at position 174, Arg at position 175, and Thr at
position 197 of SEQID NO: 1 or 2 at the active site cavity. In another

embodi nent, angpQ aﬁt%%ﬁ%ﬂ%@@“@dlﬂcﬂrga@ o§iti?8§'i179'8>f4§EQ9LDl@)U af
position 145 and Cys at position 171 or 2 have a

hydr ogen bond 9F & &ays: arhyfyedsn &oad Yﬁé aa&a,'t@ér m%l?%u%%\ﬂtt yhe| gckhve her
embodi ment, thgit® N- cadparpy! - a- aming acighdthee! ecbpbofiinghthe grene 5

- consi sting of D-N-carbanp heni gl yci ne

D- N- car banoy! - BaNaﬁ?HPB%?% yRPLDE; feid DR S&lissheA - PFRy ERCar§ T RUP
D- N-car bagoyl -¥eh&neting N-car bagpyl - al ammau EaPband PErBlyén VL Rt itee,
DN—carbarmyI-- partic acid, D arbarm f g}tram'c acid, 10
D- N- car banoyl -* gﬁyﬁ?ﬁng#BﬁFﬁgﬁéji AEYCLRE N car banoyl -i sol euci ne,
D-N-car Eam)y: n)yzsu-a&rbax@oy&ephéﬁynalahme; ne D- l\bem&mmaaheymt%mﬁae '
D- N- car banoy spar agi ne car banoyl - prolin D-N-.carb | ut am ne,
D- N- car banoy! - g ‘8 ﬂiéa“‘i%Plfl\ﬁ\Erdﬁ?%armyl seri ngD %%%%%%ﬁgo%/ ?ﬁ?le'b% ne,
D- N- car banoyl -Dfyptapbamoy hnalspaik tardyanby D—-Nycasbasoyllﬁglahamtneracld
enbodi ne r e elates to ?%W
char act e??zedhlgyﬁagé g%]g%@‘/ gii’%?%é of a corrpﬁ)exlgoﬁg ecar%any ase, a mut ant

t hereof , or aP-Mceaykamoyl-isoleucine, D-N-carbamoyl- ly51ne,
D-N-carbamoyl-leucine, DfN-carbamoyl-methionine,
D-N-carbamoyl-asparagine, D-N-carbamoyl-proline,
D-N-carbamoyl-glutamine, D-N-carbamoyl-arginine,

15 D-N-carbamoyl-serine, D-N-carbamoyl-threonine,

D-N-carbamoyl-tryptophan, and D-N-carbamoyl-tyrosine. In
another embodiment, the présent inventioh relates to a
décarbamylase complex characterized by a stereostructure
_ of a complex of decarbamylase, a mutant thereof, or an active
20 fragmeht thereof, and D-N-carbamoyl-u-amino acid or
D-o-amino acid. The complex is constructedwith amolecular

design technique from a stereosfructure of decarbamylase.

In one aspect of the present invention, the present

25 invention relates to a method for designing decarbamylase

mutants, comprising the step of designing the decarbamylase
mutants having a physical property and/ora functionmodified .

based on a stereostructure of decarbamylase accordlng to

any one of claims 14, 16, and 21. In another aspect, the

30 present invention relates to a method for designing
‘ decarbamYlase mutants, comprising the step of: producing -

a crystal of an-enzyme having decarbamylase activity:

determining a stereostructure of the crystal by subjecting



20 fragnment thereof, and D-N-carbanmoyl =u-am no acid or D-a-am no acid. The
conplex is constructed with a nol ecular design technique froma:
stereostructure of decarbanylase. In one aspect of the present invention,
the present 25 invention relates to a nethod for designing decarbanyl ase
mutants, conprising the step of designipgiphe decarbanyl ase nutants having
a physrcal property and/or a function nodified based on a stereostructure
of decarbanyl ase according to any one of clainms 14, 16, and 21. In another
aspect,. the 30 present invention relates to a met hod for designing

decar banyl ase gag%.gstﬁgmyr §d—r}_%yt r@ry'sg n| nk%pLucAng dés %@% 'tl‘i’e an

~enzyme having car ase activrty;, deter a stereos re of the
crystal by subjie@@rhgmylaee mutea el s HayliingoaX- Henreved phlyisdgadphyopently
- designing the aﬂa?afbéﬁ}ﬂ:@%& ”Héé@&soﬂa’(hégdé{?ehﬂﬁﬁgdegtQPé(ééEﬁuc efr?é’.er?y

and/ or function based on t det erm ned stereostructure.
aspect, the prE&BafiothareasPeats dihg pyesgns invenEHion FGrlaGG§| ’g?uarrgethod

decar banykase ffyi'aﬂé§1gﬁ9H§r&éd:aﬁ'ﬁbérh?lé&@pmuﬁéntﬁre@@rﬁ PdsPn§T¥RE bt Hh an
enzynme havi ng decar banyl ase actrvrt%c%ieternrnrn ereostructure of the

crystal by suBfecRTRBRY¥HRY & y&iEta F@yeBF?@FaFPBbPSp@%caH%%mbhﬁﬁ% t he
decar banyl ase autﬁﬁiﬁthéfenﬁhiﬁ@r@mmﬁﬁtu& erforaaét ¥rasdaoroy
function based o e determ ned ﬂsgstructur roduci ng. t he

ocar banyl ase. FRPARCEING|THa FEYERBOCTetaX FEYSE o100 PROY i So SRR
t he. net hod ofthheqmuarﬁﬂmyhmmynmmmamsSanﬁwmﬂpsamudhmteveﬁ phyéﬁ&ﬁmylase
of the pygsent |nven%|on anot 15 enbod tegdof desi |ng

t he decar anyI%E%P%ﬁ %nt?ndpgrlntéﬂﬁgaiyb ase |f|8at|&ﬁ e
characterrstrcstenéosheuehuyemaamdennnﬂutmnnthhedgceupammhasetmutpmﬁsa

change In one embodiment, the stereostructure used in the method
of the present invention is e stereostructure of
decarbamylase of the present invention. 1In another

15 embodiment the step of designing the decarbamylase mutants
is 1ntended for a modlflcatlon of one or more characteristics

of the enzyme selected from the group consisting of a change

in substrate specificity, a change in specific activity,

an improvement in stability, optimization of optimum pH,

20 and a change in water solubility. In another embodiment,
the production method of decarbamylase mutants is intended

to improve stability; Preferably, the mutant designing for

an improvement in stability includes a mutation including

_ substitution of an amino acid residue which leads to a

25 reduction in activity due to air 'oxidation. In another
embodiment, the modification of the characteristics of the
enzyme includes a change in specific activity and

optimization of optimum pH.

30 In another aspect, the present invention relates to
a decarbamylase mutant obtainedwith the method of the present
‘invention. The present invention also relates to a method

forscreeningand/ordesigninganinhibitor for decarbamylase



in substrate specificity, a change in specific activity, an inprovenent in
stability, optimzation of optimmpH 20 and a change in water solubility.

I n anot her enbodi nent, the production nethod of decarbanylase nutants is

i ntended to inprove stablllty Preferably, the nmutant designing for an

i nprovenment in stability includes a nutatg gn_including substitution of an

am no acid residue which leads to a 25 reduction in activity due to air _
oxi dation. In another enbodinent, the nodification of the characteristics

of the enzyne includes a change in specific activity and optimzation of

opti mum pH. 30 e I
decar banyl ase nggﬁgﬂggﬁégﬁgga%Eeg%@%g%%%?ﬁ&% b? €Q%I%$§%§ﬁ?aﬁ§ﬁbgﬁ??on
The present iniemiethel spadtat dbet prgsepthbuvenpion reenidgs antethod

desi gni ng an 'Egkb(hgnﬁif £h d@ﬁ?érp?ﬂ'iﬁ?ﬁptléé 01b3b1:'~6tt'é1nz'eﬂg¥§n|3§ having

stereostructure of t resent I'n andther aspec present
i nvention providest glearthd@*s P@@mml aping Qﬁ%ﬁérsepﬁﬂ%tsllﬂ’élélrlﬂrtdt &Pn

enzynes hgvi ngged8rBhmyeast 3090 Rit B Y1 NheCist SRUANGRHidE | 8Fl i kY to
5 decarbanyl ase by utiTizing e stereostructure of a decarbanyl ase

crystal “or decéﬁﬁéﬁ?ﬁ@KéaSBRFEFSDE$CRFP¢PeNr€PmYNESBRAmvNGS 10 Figure 1 is
a di agram showi ng the protein stereostructure topology of decarbanyl ase.
The strand structure is |nd|cated b triang)I¥ The a helix structure is

i ndi cated by circles. "N B FIIQN, OF THE RRAWINGS, net wor k

"C-ternt indicates the carboxy tern1nus 15 Figure 2 is a ribbon-strand
di agram of, decarbanyl age,, Jhe, P $irand §iLyeb’ eshdwhRg ehed BYoPLghes:
stereostructure topology of decarbamylase. The f strand

structure is indicated by triangles. The o helix structure

is indicated by circles. "N-term” indicates the terminus

of a network. "C-term” indicates the carboxy terminus.
15 ' '

' Figure 2 is aribbon-stranddiagramof decarbamylase.
The p strand structure is indicated. by plates. The o heiix
structureisindicatedbyhelices. The aminoacidsidechains
involved in catalytic activity are indicated by ball and

20 stick notation.

Figure 3 isaschematicdiagramshowing the substrate

binding manner of the active 'site of decarbamylase. R-
indicates the side chain of a D-a-amino'acid. The names of

25 amino acids are indicated by residue numbers and

' triple-character notation.

Figure 4 is a diagram showing the stereostructure

of the catalytic active site of decarbamylase. The 3 strand

30 structure is indicated by sheets. The. o helix structure is
indicated by helices. The amino acid side chains involved
“incatalyticactivityareindicatedbyball andsticknotation.

The names of amino aclds are indicated by residue numbers



structure is indicated by helices. The am no acid side chains involved in
catalytic activity are indicated by ball and 20 stick notation. Figure 3
is a schematic di agram showi ng the substrate binding manner of the active
site of decarbanylase. R indicates the side chain of a D-a-am no acid. The
names of 25 am no acids are indicated by fesidue nunbers and
triple-character notation. Figure 4 is a diagram show ng the
stereostructure of the catalytic active site of decarbanyl ase. The (3
strand 30 structure is indicated by sheets. The a helix structure is

i ndi cated by hghh0€§iHIEQC§H%?8t I lofhf§oghai ns involved in catalytic
y ball "an

activity are indicate stlck notation. The names of am no
acids are indicated by residue nunbers 12 - and triple-character notation.

Figure 5 is a diagram ﬁbgﬁwgsalyaa@f Q?}iﬁlesrﬁfwfh e Ha%chlPatet gksqn map
calculated from1.00 A and O f

racti on data. u is a
di agr am showi ng§1&feEeRER Rﬁ‘é?%r%ﬁn z&‘aIUPPﬂGPéﬁ(EGdP%FP’Er]s&f? réﬁ‘n@apeﬁpaéed
from 1. 00sA angiér2dcfiofi §kaction data. 10 Figure 7 is a diagram showi ng
a Harker plane of an anonal ous Patterson map cal cul ated where 0.98 Ais
regarded as anonalous data. 15 Figure 8 is a representative electron

density map of the cafagyiéCears ia/eiisaigﬁam ishdvwaiald @gnh&ﬁe&t gnaast pEchure
of the present d£9¥ggé}182 PatEterson map caAIC.'AJ:{?Y#:I\IgJ LgUTmTHEO ngx\ﬂil 9.\12722
diffraction data.
10 |
Figuré 7 is a diagram showing a Harker plane of an
anomalous Patterson map calculated where 0.98 A is regarded

" as anomalous data.

15 _ Figure 8 is a representative electron density map
ofthecatalyticactivesite,indicatingthestereostructure

of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
20 '
Hereinafter,thepresentinventionwillbedescribed

in detail.

The ferﬁ “decarbamylase activity” as used herein

25 refers to the activity to convert D-N-carbamoyl-o-amino acid .
to D-a-amino acids by removing a carbamoyl group modifying
the amino acid. The term "decarbamylase” refers to an enzyme
having decarbamylase activity. Examples_ of decarbamylase
include an enzyme having an amino acid sequence of SEQ ID
30 NO. .: 1 or SEQ ID NO.: 2. Decarbamylase of SEQ ID NO.: '1 was
isolated from Agrobacterium ép . KNK712, and sequenced. The
enzyme having the amino acid sequence of SEQ ID NO.: 2 is
an enzyme that was obtained by screening mutated E. coli



Hereinafter, the present invention will be described in detail. The term
"decar banyl ase activity" as used herein 25 refers to the activity to
convert D-N-carbanoyl-a-amno acid to D-a-amno acids by renoving a

car banoyl group nodifying the amno acid. The term "decarbanyl ase"” refers
to an enzyme having decarbanyl ase activify. .Exanpl es of - decar banyl ase

I ncl ude an enzyne having an am no acid sequence of SEQ ID 30 NO : 1 or SEQ .
I D NO : 2. Decarbanylase of SEQID NO: 1 was isolated from Agrobacterium
sp. KNK712, and sequenced. The enzyne having the am no acid sequence of

SEQ ID NO.: 2 ksradfs€RayiRgt Pahavmsyohtidhted byoseperoinginutated E. col |
13 strains havi ng randomy nutated SEQ ID NO.: 1. The term"rrutant" as

used herein like "a nutant of decarbanyl ase or other enzynes" refers to an
enzyme which 5 has anTnmmmmmmwea@,euba&lmgratn |lgiasd “@nmudahBoofci d
substitution, addtl del et i am no_acid_ _sequence,

whi | e keeping FCFEEQ{"YSQFF oFf ?ﬁéé’éc‘?r}megﬁ of“re HS &P gin&l2 &Ry 1CRhe
term"actpve fhagnantamied edsid cse@efxfcagnmun(goartt Leakt bhe amino acid

SV aet “pore SRR DeAEe, AR i SR S e

| east part of sbquant:ewngilee]geepengtatelyaséfp«nstt@f tihe | @abivibpoaf t he

specific activihy ofy y@ﬂf PidstyBRl. CRAYEer@ LV S/ L R blaheRlr LERSES Y000 Of

the specific ac ori gi'nal enzyme, ess than
10% of the speeifragmerti (payt) e the mming iagd dc F?ﬁﬂ&ﬂ“eagfuée@leﬁ’éa@iln '

refers t9o a shpgtsifldsifhe Yr 8E3HRBTIGASEn YHED vbtﬁc‘.H QMR psnabuidgse 20
contai ning an approprl ate conposition of a precipitant eIg
art of the activity of the original enzyme. n this. case,
"at least part of the activity" represetatively refers to
at least 10% of the specific activity of the original enzyme
and preferably at least 50% of the specific activity of the
15 original enzyme, or if desired, less than 10% of the specific

activity.

The term "native crystal” as used herein refers to

a single crystal of decarbamylase which is grown in buffer

20 containinganappropriate compositionofaprecipitant(e.gq.,
ammonium sulfate, polyethylene glycol, etc.), an additive

salt, and the like, and does not contain a heavy metal atom.

The “*heavy atom derivative crystal” as used herein

25 refers to axiy one of the crystals obtained in the following
manners: (i) apreparednative crysital is soakedinasolution
containing a heavy metal compound (e.g., mercury, gold,
platinum, lead, iridium, osmiiim, uranium, etc.), so that
heavy metal atoms are coupled with decarbamylase in the

30 crystal via covalent bonds or coordinate bonds without
disturbing the crystallinity, (ii) decarbamylase is grown

to single crystal in buffer solution containing an

appropriaté composition of a precipitant (e.g., ammonium



ammoni um sul f at e, polyethylene gl chI , etc.), an additive salt, and the
| i ke, and does not contain a heavy netal atom The. "heavy atom derivative
crystal" as used herein 25 refers to any one of the crystals obtained in
the following nanners : (i) a prepared native crystal is soaked in a
solution containing a heavy netal conpaunig (e.g., nercury, gold,
platinum lead, iridium osmum uranium etc.), so that heavy netal atons
are coupled with decarbanylase in the 30 crystal via coval ent bonds or
coordi nate bonds wi thout disturbing the crystallinity, (ii) decarbanylase
is grown to fSis[lg|fat@:_r,y_§bﬁilefﬁybéhﬁéQ:fl}‘&%l;l,t ieﬂ:@dqqnhﬂﬁ@ﬂtf\@el s%gﬁcr,;)aﬁaate
conposition o recipitan e.g., anmonium sul fate, pol yethylene
glycol, etc.), tgﬁplaﬁ?ﬁ 1 ?O@%&ﬁ?og%wm%tﬁﬁ ovessigsqrdbedheayniagatne
above- descri bedohpaupdnedtal anc aprrbsskrdtancoppeapihétiongongant (aiipna and
(ii1i1) a decarbanylase nutant jn which a nethi oni ne and/ or. cysteine 5 '
residue is subgﬁ%ﬁﬁéﬁ‘ﬂﬁfﬁ @%#%ﬂ%hﬁé} W8 SRR ing| @,%FXFH%W?
enpl oyed. 51 n omesédinedi dsnt sabstheéuperdsentithnveallenomethyshahe ahd/or
decar banyl ase - i L.No.aci equence of SEQID 10 NO: 1 or 2 may
be grown in prg%!&ﬂtgg %tgg}"ﬁt F%neg‘gnf)gféﬁi‘ng pol yet hyl ene gl ycol (PEG or
nmet hoxypol yet hyl ene gl ycol (PEGWE), a buffer agent, and any additive salt
while carefully adjustjnget ratd v ddis 30! 4 Wit hin
a predeterm ned range %the-edge}ggc%g%ﬁry%gg éll’gé_lg%%ggﬁgrlgﬁ on |°§1’1¥’%gg€r%}ﬁ1,
the pol yethyl eRé gryaspasrlamet haxypel pet Ayilaneagifcopquencencf aEQNIPs
5-30 wt % oand npH:i $ & & RaP)be 4P6wR ihhpASCIb Nt ab1kRsbn LE6DAPLPQEES
comonl y used for grovvth of protein crystal, i1.e., a vapor diffusion :
met hod, " a di al JSTECHBYAERS GAICQLlbdFEF Itthdiethoxypolyethylene glycol
(PEGMME), a buffer agent, and any additive salt while

carefully adjusting the concentration and pH of the solution
within a predetermined range (the decarbamylase
15 - concentration is 1-50 mg/ml, the polyethylene glycol or '
_methoxypolyethylene glycol concentration is 5-30 wt%, and
pH is 6.0-9.0). Any of three kinds of basic technologies
commonly used for growth of profein crystal, i.e., a vapor
diffusion method, a diaiysis method, and a batch method
20 (Methods in Enzymology, Vol. 114, Diffraction Methods for
BiologicalMacromolecules Part AorVol. 276, Macromolecular
Crystallography' Part A), may be employed.- The vapor-

diffusion method is preferable.

25 ' According to the vapor diffusion method, a droplet
of a protein solution containing a precipitant is placed
in a container holding a buffer (external solution)
containing a high concentration of precipitant, and fhe
container is sealed and alioﬁed to stand. There are two

30 methods for placing the droplet: a hanging-drop method and
a sitting-_drop method. In the hanging-drop method, a small
droplet of protein solution is placed on a cover glass, and

the cover glass is reversed in a reservoir so as to seal.



20 (Methods in Enzynol ogy, Vol. 114, Diffraction Methods for Biol ogical
Macr onol ecul es Part A or Vol. 276, Macronol ecul ar Crystall ography Part A),
may be enpl oyed.- The vapor- diffusion nmethod is preferable. 25 According
to the vapor diffusion nethod, a droplet of a protein solution containing
a precipitant is placed in a container-hgkding a buffer (external
solution) containing a high concentration of precipitant, and the
container is sealed and allowed to stand. There are two 30 nethods for

pl acing the droplet: a hanging-drop nethod and a sitting-.drop nethod. In
the hangi ng-drDp tkéhstitténgratbp dethbat ah apptepnisdéudroplés ptaged on
a cover gl ass, . and S is reversed in r,ese I r o]
sear 15° In the Lostatts S Efp R BRE A St U o iR AFSRTER o Bfefena
install ed wi t hsalahion eepladed ansnhéldx:bpbé’etstﬁgqa,r@km hhespésérvoits

pl aced on the I e [YQLT Iedvmthacver

gl ass or the Ifﬁe%aﬁ‘ﬁgs‘é%%ﬁ?l ‘gﬁlgﬁ‘?ﬁg g elé{éervo 6 tilt%1 gt

precipi taht whthe mesemréimnmnitaind gpewicliptidEn t yhpﬂesen‘smamltdamounml I

protein dropl ets %1fp91t|"a‘h'tpi£%}tes%%ﬂjitx%«%’gﬁg&’%ﬁr%%%@f “Sh?g

method cont ai NS Yt he OW Nng “conponent s avin
mol ecul ar wei ghreeip1baot 090dutind psefledabltnenvanar adjef 05 ian etwtmd

wei ght of 75000204l Bs G 801319 QBm;":QnthE't %a) fEQ o@ﬂbéiﬂdﬁﬁh&&iﬁ'&

l'ithiumchloride, or magnesium chloride, as an additive salt, having a
concentrati on dMecwar HMeidhdspfr4Q00 12000 ¢ Al BLSEGTROLY AN AKEFRIA| um

chloridejo anﬁloi@éuﬁaﬁu:féllﬁitear 700N andf a REdcdn gaiilord 8£pLevidlaydd, pH
6.5-8.0, and p St

o & Oh i ST h Bl Bl i, ot S SR g e o aees SRS RS ot o
potassiun1phos¢&mﬁmzadﬂﬁk1ve salt, having a concentration of 0.1-0.5 M
(best results are obtained with 0.2 M lithium chloride),
and (c) a sufficient amount of buffer agent to provide
15 PH 6.5-8.0, and preferably pH 7.5. To thisend, 0.05-0.1 M
HEPES (Sigma, St Louis, MO, USA) can be used. Other buffer
‘agents such as sodium phosphate, potassium phosphate, and

fris(hydroxymethyl)aminomethane malate, may be used.

20 The term “batch method” refers to a method in which
a precipitant solution is added in small batches to a protein
solution; when the solution is turned slightly cloudy,
insoluble matter was removed by centrifugation; and

_ thereafter, the supernatant is transferred to a small test

25 tube which is in turn sealed and allowed to stand. The term
"dialysis method” refers to a method in which a protein
solution is subjected to dialysis using a semi-permeable
membrane in a buffer containing a precipitant (external
solution) (Methods in Enzymology, Vol. 114, Diffraction

:30 Methods for Biological Macromoleeules Part A).

The term "predetermined size” as used herein refers

to a minimum size which can be measured by X-ray



tris(hydroxynet hyl )am nonet hane nal ate, may be used. 20 The term "batch

- nmethod" refers to a nethod in which a precipitant solution is added in
snmal | batches to a protein solution; when the solution is turned slightly
cloudy, insoluble matter was renoved by centrifugation; and thereafter,
the supernatant is transferred to a small 1gest 25 tube which is in turn
seal ed and allowed to stand. The term "dialysis nethod" refers to a nethod
in which a protein solution is subjected to dialysis using a '

sem - perneable nmenbrane in a buffer containing a precipitant (external

sol ution) (Mt bogstabhl&orgphyogyin \ftle chbé o Bkcacbamyla3de Netrbads fer

'Bi ol ogi cal Macroml ecul %s P%rt @) Thﬁ ée{_lm "predeterm ngd size" as used
herein refers M8¥ B RESEEREAPIYZE: 410 ch*Qah THR- reFTHyPRedgeygined
crystal | ographperiodtdf thee" ais dexal bhemedias eefens o iat pemapdbefptther abl y
0. 3x0. 3x0.1 - t ] iqd, of time" d_herein-
refers to a ?;%ngf%%g{'ﬂ;e& g:li} f%%?%%etdfg&%gt ggcl?zlée%? &r %?é%g Em‘r'e‘%?igh a
predet er rtPned 8igéezer aromepr e In| bhe heasase decadbamland dsetha phesentsent

i nvention, it : Py ef : r S hys-pr.epar ed
native crystal Egye‘gg%géba%ﬁgég ?%E%P%e%%bipl ﬁ:@? _gt?hgﬁg?%d‘ggggéﬁ ned
size suited for 10 X-ray crystallography has (1) an outer shape of a

rhombic plate, and (nd didigrefdesd adtiWal eit?g%mbsfdaéé&f@&ﬂyléé@hg

crystal s havi ng t he_ sane outer shape. Wien condiiions such as preci pitant
and buffer, arESEQpIRON®at el ) BAYERY cthe RFedetefmined oSEF§sFaltednfar
needl e orocol uxnedy shapet ABodiapley Adsi(Ned anheugdrt BAYpar 6f Nt rissht 26! €

(o X ST RIALE OS2 RrESLELRg, ettt Sy B O 5L e LLen?
among crystals having the same outer shape. Whenconditions,

- such as precipitant and buffer, are appropriately selected,
small or micro crystals in a needle or columnar shape may

15 be obtained though they are not suitable fbr X-ray
- crystallography. Concerning the use of such Crystals, if

a microcrystal of an enzyme is crosslinked by a protein
crosslinking reagenﬂt such as glutaraldehyde, it is possible

to maintain a stable enzyme reaction for a long time even

20 when an organic solvent is used. This technique is called
CLEC (Cross-Linked Enzyme Crystal) which has been reported

(N. L. St. Clair & M. A. Navia, (1992) J. Am. Chem. Soc.

114, 7314-7316). The decarbamylase crYstal of the present
invention extends the range of application of the CLEC

25 technique.

In one embodiment of the present invention, a heavy

atom derivative crystal useful for X¥ray crYstallography,

i.e., a crystai in which heavy metal atoms are coupled with

30 proteins in the crystal while the crystallinity of native
crystal is maintained, 1is provided. The heavy atom_'

derivative crystal is utilized when using a heavy atom

isomorphous replacement method and a multi-wavelength

]



crosslinking reagent such as glutaral dehyde, it is possible to maintain a
stabl e enzyne reaction for a long tine. even 20 when an organic solvent is
used. This technique is called CLEC (Cross-Linked Enzyme Crystal) which
has been reported (N L. St. Cdair & M A Navia, (1992) J. Am Chem Soc.
114, 7314-7316).. The decarbanyl ase crystakh of the present invention
extends the range of application of the CLEC 25 technique. In one

enbodi nent of the present invention, a heavy atomderivative crystal
useful for X-ray crystallography, i.e., a crystal in which heavy netal
atons are couphadmailbls3@iPietei s ratHdie whhiyht ate WMid i ttb@hﬁmbal Fopity

of native crystal is | nt al ned rovi ded. . The heavy, ,ato erjiyative
crystal js utiPF2&8% #efa‘%@r Tg’(f’ng‘feﬁﬁguétf)@pg]‘%%ﬁ%ﬁ%vﬁet hod
and a mﬂti-mame&shgnbﬂmkc&muumyxngedagm@prepaﬁ&HMpdmdﬂndadfeo@ming
t echni ques f.or

: totein X-ray.cr ph The heavy atomderiv ve
crystal of decgﬁgéXﬁI%@%S g %rse ‘} )Vhécrrr‘eflﬁg&a )ésgaﬁ??l‘éy 'H%?"i’%
crystal 1A a sobmppundwifi 8h amentreti heah ﬂmmzi;derseaedecﬁlmmq)oumdemtratumunt
t hat provi des [ o] ng [,.Qn h N [ can
be stably nain?a? g &$90ﬁ ?ﬁge ?Eggvgr Pgagyg¥%rggnéggan ang %%% ution
and decay. Exéﬁpl@t‘bﬁam@awwvenﬁkﬂdaaﬁnpaum@seuwéuhbnttﬂéssohktngn amd hod

include netal gabhg. orgmrascomvﬁgp&y%@ﬁlpwnagmsaédﬁﬂqh@wakarng e

pl ati num |r|d|un% osm um  nercury, urani um sanmariu
heavy metal soBRERgdndiddde ametatksadtst igh vmsenlﬁa@%aéommmmd%n of

0.1-100 1y of chbgeN¥YniIRE Yo P PIHRE numl Cr A& EMT S Shfifly | mEBEGHYY lead,
thiosalicylate sodium which is a nercury coggound and 15 gota55|um
di cyanoaur at e. $F§# 1 %Ad WW%se fi-app? dhe Beavy metal soaking method,

a stock solution which has a concentration of 0.1-100 mM
of heavy metal compound, such as EMTS (ethyl mercury
thiosalicylate sodium) which is a mercury cémpound, and
15 potassium dicyanoaurate (I), and which has an appropriate
composition .o'f a precipitant and an additive salt which
provides a desired pH. 'A preferable example of the stock
solutionis0.01 MHEPESbuffer (pH 7.5) containing20-30 wt$%
polyethylene glycol 6000 and 0.2 M lithium chloride.
20 Whether or not heavy metal atoms are introduced into a crystal
(i.e., coupled with proteins in the crystal) is judged by
collecting X-ray diffraction intensity data of a crystal
prepared with the soaking method and comparing the data with
the diffraction intensity data of a previously obtained

- 25 native crystal.

Alternatively, a midroorganism which produces
decarbamylase {e.g., recombinant E. coli having DNA of the
genus_Agrvbacterium)'may be grown and cultured in medium

30 containing selenomethionine or selenocysteine containing
selenium which is a heavy metal atom, so that a mutant in
which the methionine or cysteine residue of decarbamylase
is substituted with selenomethionine or selenocysteine rﬁay



conposition of a precipitant and an additive salt which provides a desired.
pH. A preferable exanple of the stock solutionis 0.01 MHEPESbuffer(pH 7.5)
cont ai ni ng20- 30 wt % -pol yet hyl ene gl ycol 6000 and 0.2 M ithiumchloride.

20 Whet her or not heavy nmetal atonms are introduced into a crystal (i.e.,
coupled with proteins in the crystal) is jugdged by collecting X-ray
diffraction intensity data of a crystal prepared with the soaking nethod
and conparing the data with the diffraction intensity data of a previously
obtained 25 native crystal. Alternatively, a m croorgani-sm which produces
decar banyl ase (& @btaimedrbi D&nth&. decarbamylage DNt ofwhieh Hgenns metal

Agr obacterivm b r.own and ltured ,in Lum 30 containjng .. .

sel enonet hi oni r?reEac}é"rs %E RGEYS ueclenec%%rr?tea‘frhlf%ggggéflgﬁiwq}%qatcghf%ogmy
nmetal atom sometdtod aubheatvyiatomidextivdiel veidrystialiecan by Jirxspered diydue
of decarbanyl a ' .t yt | el 2t hi oni.ne, pr enocyst ei ne
may 18 be obt al gﬁﬁﬁgl%ﬁ]eéoglegglr#gn&%sea%ﬁ{% %}%J(#]lrﬁ]egvcyO%ﬁde]t éllo(%lya'torrs are
i ntroduced can be thus obtained without the soaking nethod, a heavy atom
derivative crystal canhe;pr N i ( :
above-descri bed condit ilgné.g %%P?%P%é{r?g%ﬂtggkn%%h?ﬁ%t éfottéeilkﬁ s(l:lrfféatral S
suffer nuch diawsdedamage fremfs raysher Bherefore, i isvnpeniant soobtaim

crystal which i88istas W@YLesRsEWimdge sHortRt il bYcPEEEPh My $er@brm
crystal |l ographic anal ysis. Recently, an attenpt has 10 been nadé to obtain
hi gh-qual ity afdOf¥gREYEEatLiPeEAPRACIIRBEYT b dRCLBf 1T eBRiFgt MBS hass and

measuringot he beleyst@hduheab i bbitaih OREsh(fehhods idhENAYMELGe¥o1Melion276,

Macromol ecul ar jGrystal oarapy, Farfrla £t e9, Yale WaRLiehring the
crysfal.when it is frozen (Methods in ENZYMOLOGY, Vol. 276,
_ MacromolecularCrystallography,PartA,editedbyC.W.Carter;

' Jr.andR.M.Sweet,[13]PracticalCryocrystallography(D.W.

15 Rodgers)). 1In general, when a'protein crystal is frozen,

the protein crystal ié treated with a solution contaihing

a stabilizing agent for freezing such as 'glycerol _f'or the

purpose of preventing decay of the crystal due to freezing.

In the present invention, the native crystal of decarbamylase

20 . and the frozen heavy atom derivative crystal may be p_repared

by soaking a sm-all crystallized droplet or a crystal removed

from an soaking solution directly into liquid nitrogen to

freeze instantaneously'without addition of a stabilizing

agent for freezing. Alternatively, a frozen crystal may be

25 prepared by subjecting a crystal soaked in a stock solution
containing a stabilizing agent for freezing added, to the

above-described instantaneous freeze procedure.

For novel proteins such as decarbamylase, since the

30 stereostructure of similar proteins is not known, it -is
.impossible to conduct structural analysis by a molecular
replacement method which utilizes the stereostructure of:

" the similar proteins. The stereostructure of such novel



Jr. and R M Sweet, [ 13 ] Practical Cryocrystallography (D. W 15
~Rodgers)). In general, when a protein crystal is frozen, the protein
crystal is treated with a solution containing a stabilizing agent for
freezing such as glycerol for the purpose of preventing decay of the
crystal due to freezing. 1In the present ggvention, the native crystal of
decar banyl ase 20 and the frozen heavy atom derivative crystal may be
prepared by soaking a small crystallized droplet or a crystal. renoved
froman soaking solution directly into liquid nitrogen to freeze

i nst ant aneouslyrmtéhmslt magldiblel atetafrminead abgyl hzimvyamﬁmfoéoﬁém&@g

Al ternatively, rozen £rys par ectjn yst al
soaked in a st% %%?%??g éhﬁéyﬁ{qg} a&P||§ﬂﬁ8M8§§ﬁ# ?re%i#
added, to the Dﬁﬁﬁm&eﬂbenmdmnbdmfbanma@b@gxcaIQmWM@ Falrtnwyel
proteins such e 30 steregstr c | ar
proteins is nd$§ ﬁdézbyaﬁy Sﬁ*ﬁ%o@%fb# c%ﬁﬁﬁtt r%c ur fmﬁﬁé?gtfs by
a nol ecular rapd adder@medsret trod mmmomcsh zevol heZN er edstrontlecubdr the

Sl ar prot el giye Tty SEELENS! PGIUAL i UPByTONP! chcellolie! BndRoA Do

determ ned by a eavy a olis enent
ENZYMOLOGY, . Vofweeatp or Bifmuhuwwmm@m ammﬂ@m@gﬁmmemw@mmm es

Part B, edite é&’té’hv‘%&%@fle&%g\ffH‘ lahd MdtRods E"Béﬁ\@{;ﬁ
Met hods i n ENZYMOLOGY, Vol . 276, Macronpl ecul ar Crystall ogr Part A

i ted by C Wokarith, MACTanQieetir CRESHd L LrarARaT | 2Ry dh erpited

anomal oupo di spgy &i. AN G@Eﬁ&d JeEdHAed . hy Swdbt )T | rre@@eflhc&rldylv%r@@@rd,
ENZYMOLOGY, é) 276 thr ecular éstal raphy, Part A edited 10 by
C. W. Carterdengi %r“r&’rR”a a%?zdé%tf)“ igilpdi Fhers Toralerdntedeisa®y for

Ca|Cu|atIngiﬂthéﬁlfﬁéréhdﬁ&md&ﬂﬁﬁanﬂIﬁﬁﬁhféﬂﬁityamongthedlffractlon
data of a native crystal and a heavy atom derivative crystal
or the difference indiffraction intensity among diffraction

15 data measured at different wavelehgths. . When the
stereostructure of decarbajnylase is determined withtheheavy -
atom lisomorphous replacement method or the multi-wavelength
anomalous dispersionmethod, a heavy atomderivative crystal
containing mercury, gold, platinum, uranium, or selenium

20 atom, etc. as a heavy metal atom'may be used. Preferably;
a heavy atom derivative crystal obtained by a soaking method
using the mercury compound EMTS or potassium dicyanoaurate

(I) may be used.

25 : The diffraction data of a native crystal and a heavy
atom derivative crystal may be obtained using a beam line
for of protein crystal structural analysis from R-AXIS IIc
(Rigaku Corporation) or SPring-8 (Nishiharima Large"
synchrotron radiation facility). To apply a

30 multi-wavelength anomalous dispersion method, diffraction
data of multiple wavelength may be obtained using a beam
line for structural analysis of protein crystal of SPring-a .
The obtained diffraction image' data is processed by a data



the difference in diffraction intensity anong the diffraction- data of a
native crystal and a heavy atom derivative crystal, or the difference in
diffraction intensity anong diffraction 15 data measured at different

wavel engt hs. When the stereostructure of decarbanyl ase is determ ned mnth
t he heavy atom i sonorphous repl acenent -.nmgiphad or the nulti-wavel ength
anomal ous di spersion nethod, a heavy atom derivative crystal containing
“nmercury, gold, platinum uranium or selenium?20 atom etc. as a heavy
metal atom nay be used. Preferably, a heavy atom derivative crystal
obt ai ned by a @m@bemgimgtmm@gramlagthhhememcuRyAmaﬁpaumdoENESeoer@&%ﬁSIUm

d 5.The. di t, dat t t al
and & hoavy aPENEgIAR AIRAE) of dhe LI E st e g S dRnbERRE 1 or
of protein cryépalsztugrarﬁbresmng&nscﬁysﬂal%aﬁﬂridﬂsj ipRiog &kt lection
Corpor at| on) o5 n3REL18sBabbhehidiatddayl BhacropyREDIStran Lokl lon, o

facility). To apply a fi-wavel € anomal ous disper .
~diffractién dét@fdfvermrﬁ‘pﬁibammeemgfhem;lomanmbnallmmﬂm a:gmallne@me li ne

for structural yaga léﬁb%h@foﬂoéﬂ%%%ﬁﬁ&@%ngtf‘?é'&gr a1, 10fe BBLRLD

diffraction image data 1s process roc 55|ng progra
attached to R- 8K Beavy mt@h@mmmﬁpmqmm 1@r tmeherysrtam ar

i mge pr oceSSI agepréwtémﬁate(@r u.s,%bwaéeéﬁfe%mee BaYELALoANG F' nt 0
reflection En5|t¥5data Based on the reflection intensity dat a 0

native crystal figes eFefFE@tP&ﬁgFﬁFbﬁﬂﬁﬁﬁﬁkﬁﬂie§u¥ﬁﬂtlﬁ$bveﬁﬁ¥EYeﬁ§ths
of a healy atoPRedfsy¥ehh¥& 6ryctRY, (BHetPOBi Biobechfb1863Vy BRbRbgi8LONE

COUpl ed with pggt Shgg ﬂesea@%hcéggﬁgil SERC) or other similar diffraction
data analysis programs are used to determine an initial phase
where more precise heavy atom position parameters are

- employed. The resulta_nt ihitial phase is improved to a more

15 reliable phase by performing phase extension calculations

gradually from 1low resolution to high resolution in

accordance with a solvent flattening method and a hiStogram

" matching method using the program DM (CCP4 package) or a

similar phase improving program (electron density improving

20 program), where the solvent region of decarbamylase crystal

' is 30-50%, and preferably 35%. Inaproteincrystal, solvent

molecules (mostly water molecules) other than the protein

account for 30-60% of the volume. A volume occupied by

éolvent molecules in a solution 1is herein referred to as

25 a "solvent region”". In general, when a resultant protein

crystal has nbn-cr:ystallographic symmet-ry, it is possible

to increase the reliability of the phase by performing
electron density averaging which is called

non-crystallographic symmetry (NCS) averaging. It has been

30 known that the crystal of decarbamylase contains two

molecules in a nonsymmetric unit from the results of

measurement of the density of the crystal. It is inferred

thaf ~the decarbamylase molecule in a crystal has a



are calculated using a difference Patterson map and, thereafter, the
program PHASES (W Furey, University of 10 Pennsylvania or CCP4 (British

Bi ot echnol ogy & Bi ol ogi cal Science Research Counsil, SERC) or other
simlar diffraction data analysis prograns are used to determ ne an
initial phase where nore precise heavy_apem.position paraneters are

- enpl oyed. The resultant initial phase is inproved to a nore 15 reliable
phase by perform ng phase extension calculations gradually fromlow
resolution to high resolution in accordance with a solvent ,flattening
nethod and a hhshagyaﬁalmageabngcmetqbeﬁou_lai agitshe Mﬁ@dm%(@ﬂé’étﬁ@ﬁkage)

iml h t
orogram | wher BoRRGtydARc R Palrbha SF e S pbast St pYnr KRR S A ST e, and
preferably 35%labaepinyenathodsdmd ,refinehheavy atonds coostliyatasera

nol ecul es) ot her tgan %hg Brotehn account for 30- 6g9’9f the v % me, A -
vol unme occupi el® By T3¢ rli 9h8P8LEI es PAMEC BYU'[IO[H [ ’ﬁerelfﬁo? P29 to
as 25 a "S§ol vehransfabdndn dmdl petet bbn isleioulrad=d .t aMeanphafie, ra regioh al

haS__HOD'PWSta&bﬁgﬁ%ﬁgggog&mc@ecdfeé Baf? ?raﬂn% té’xifé‘?rléaf&ﬁ fied . .o

-reliability of y performng ensity averagi ng
cal l ed non-cr¥$seal thgr aplect symmeengitKCRammvebeainmed by Hae beelvadt known

that the crystahsptolefgiiAHOLSe QAR AEGLHG oG 15 18 fo tric

unit fromthe results o measur enment e density of e crystal. It is

inferred that%ike %EFBEW@@OW%&P—@‘EI‘Fﬁ’d‘gzlay%‘?%‘rc%t%uzqgraphlc
noncryst abl ogr 3pkiné t HRmaitel itk &?fd% md3ne e@h@ﬂeﬁ? ARG IY a 4R L1 {EPLe

cal cul ated -using a phase after gl(_y1 a solvent _flatteni n%Jr'réret hod and
refined heavy BE®AF AR é’r§° eRBATEMRR Hy FLPhPEnSTRIEE 9N RE ri x

cont ai ni ng the stereostructure model.

A stereostructure model of decarbamylase may be

15 constructed with Program O (A. Johes, Uppsala Universitet,
Sweden) based on thé electron density map displayed on
three—dimeﬁsional_graphics in accordance with the folldwing
procedure. Firstly, a plurality of regions ha&ing
characteristicaminoacid sequences (e.g., apartial sequence

20 containing a tryptophan residue) are found on the electron
density map. Next, a partial structure of an amino acid
residue corresponding to its electron density is constructed

using ‘Program O on the three-dimensional graphics while
referencing the amino acid sequence where the found regions

25 are used as starting points. This process is sequentially
repeéted, thereby matching all amino acid residues _of
decarbamylase to respective electron density. As a result,

the initial stereostructure model of the whole molecule is
constructed. - The consfructed stereostructure model, which

30 isusedasastartingmodel structure, isrefinedin accordance
with a refinement protocol for a structural refinement
program XPLOR (A.T. Brunger, Yale University), so that

three-dimensional "coordinates describing the



5 translation and rotation is calcul ated. Meanwhile, a region in which
protein nolecules called a mask exist is identified fromthe electron
density map obtained by the solvent flattening nmethod., NCS averaging
calculation is performed wth the program DM or the |ike using a
non-crystal |l ographic 10 symetry matri x -apg a mask, thereby obtaining-a
~nore reliable phase and an el ectron density map used for construction of

the stereostructure nodel. A stereostructure nodel of decarbanyl ase may be
15 constructed with Program O (A. Jones, Uppsala Universitet, Sweden)
based on the eb&etm@mtdmmxmmp e dieflryded The sheeseoditmersiueealofgrhehi cs

| accordance W ye S8l 04 BCoPRARGIULE ( Fid Stdeg R B AL LY 0hun

regi ons having chara rls 'c amno a sequ

sequence .20 codnsSBQ hgNe . trymanﬁWMBsesrdaerrac&utemﬁkhmnahevebmgsmaa
density map. t, f am po e
correspondlngN?§ i %ﬁH 4%%%§%éﬁiﬁ*%£hg %trugtdggthFﬁgibggng§FBt

t he t'hree-=di nehgivam agyepid e \whdwn 1ne$%@éﬁﬂ:Nﬁg t Be may e detérsdgeednce

where the founﬂ éﬁq@{ elmct Qﬁ- bg&t&%aiécuTgﬁggﬁ_%@ﬁ\gnkS

sequentially r eat er eby natc mno aci d resi
decar banyl ase m@th9§pé5ﬂ#uh éh%cﬁﬁ@ﬁeéé sueyurpas of ridw| resuihent nEMIE

stereostruct ur gergakiok tdie ol e aﬁhe@an%dc?tln@onﬁﬁé ugheYe-&dBScribed

constructed stereostructure nmodel, which 30 is used as a starting nodel
structure, is PEPPREYTER -docordEieeleftEANensiityiafo R tcothe ppdgL

structurab ref caﬁmmhctabﬂg raa Kﬂéeﬁr(u&tﬁraarwlgﬂ[emé{ai e Uni MerSinhiherSO
that three-di nsio coordi nat es, .descri bin shereogtru ture are
i PBPCaETPERERREIER Therr a P et of necaPBanyTate

refined. The s
decarbanylase(acgordengrUanytheepmasﬁunMunvention is completed. The

thus-determined stereostructure of decarbamylase may be
compared with the stereostructure of various proteins
15 (including enzymes having a function similar to that of
decarbamylase) registered in the Protein Data Bank (PDB)
whichisiipubliCdatabankforthestereostructureofproteins.
The stereostructure of N-carbamyl-sarcosine-amidohydrolase
which catalyzes a decarbamylation reaction similar to that
20 of decarbamylase (Protein Data Bank ID: INBA) is known.
However, the stereostructure of decarbamylase is not
. recognized as having structural similarity: - to the
stereostructure of'this enzyme. Among the proteins whose
stereostructure is registered in the Protein Data Bank,
25 penicillin - acylase (1PNK), glucosamine-é6-phosphate
synthetic enzyme (1GDO), glutamine
phosphoribosylpyrophosphate amidotransfelase (1ECF),
proteosome (1PMA), etc. have a so-called four-layer sandwich
structure, in which a helices are in close contact with the
30 bpposite sides of a sandwich of two B_sheets in a substructure
of'fhe stereostructure called a domain, indicating the
similarlity fo _the stereostructure of decarbamylase.

However, these domain structures are different from the



in SEQID NO.: 1) and the stereostructure of the native-crystal of a

decar banyl ase nutant (e.g., a decarbanylase nutant 5 having a sequence
shown in SEQID NO.: 2) may be determined by calculating the initial phase
by the nol ecul ar replacenment nethod using the stereostructure of the

resul tant EMIS derivative crystal, and-casducting the above-descri bed
procedures, i.e.,the electron density inprovenent, the nodel 10
.construction, and the structural refinement. In this manner, the

determ nation of the stereostructure of decarbanyl ase accordlng to the

pr esent inventSbﬂresstDuptated ofhedethubauyilese ned stbeeosbpodbgieanf

decar banyl ase h the tereostructure of various,proteins
15 (i ncluding %%}Z(a mﬁgw ﬁfragl d? #]f &TOJT frat %Ot%bﬁpﬁﬁﬁﬁ ase)
registered in Shéupt@rélrtqmlapﬁarm' (F’Plﬁ}or@«hl%malls .a( PB4 ) ¢ RimrtabBn@ .- f or

t he stereostrugtur51557protegﬂs otH&E g&gﬁﬁpstqﬁﬁ; ostruct e of

N-car banyl - sar cosi ne--an dohydrol ase catal yzes a ecarb ation
reaction 8i m |é¢canb@mitaae b chamadbeyiasd 'KQEPrRﬁIeahldjaﬂ?a SBmkldISD:LnlalBA)

s knoun. - HOWgVEKect SEELS MY Of . decarhapy! 388alrBafghaskefgni zed
i R Foe?

as havi ng structur arity stereostructure o s enzyme
Anong t he prot%|%V%5§8re§F§F€G§PF&c%%rt§W pégtle doar |11‘?Yter¥eSPF6't’é?h Dat a

Bank, 2? %ggl) Csti:ttn&ﬁ& l asﬂ'ﬁ(éﬁﬁhﬁk Béhﬂcﬁﬁﬁiﬂlftﬁgﬁ‘habqs@é@gﬁreihmfélﬁétﬁ
enzyne (1 am ne osphori bo yr ophos te am.dot r ansf el ase
CIEEE o) e s R Rn o BrenE i hpat L g R S E e AR By
structur®0 in shrabtarael unessace anpeboseéncontact with the 30 opposite
sides of a sandwi ch of two sheets in a substructure of the stereostructure

called a domain, indicating the simlarlity to .the stereostructure of
decar banyl ase.  HoweveFhe tteese” dderiix "sas ucied berai e miffefrer eata hediwabe

structure which is one of the secondary structures of proteins
or peptides and one of the most energetically stable
15 sfructures in which every 3.6 amino acid residues constitute
' one turn which spans a pitch of 5.4 A_. Examples of amino
acids which are likely to form an o helix include glutamic'
acid, 'lysihe, alahine‘, and leucine. Conversely, examples
of amino acids which are unlikely -t-o form an a helix include
20 .valine, isoleucine, proline, andglycine. The term "8 sheet”
as used herein refers to one of the secondary structures
of protein or polypeptide in which two or more polypeptide
strands having a zigzag conformation are arranged in parallel
in the shape of a sheet where the amido-groups and carbonyl

25 groups of the peptides a_nd the carbonyl groups and amido
groups of the 'neighboring peptides lform hydrogen bonds,
' respectivély, and which is energetically stable. The term
“parallel p sheet” refers to a f sheet of the type that the
amino acid sequences of adjacent polypeptide strands have
30 the same directions. The term “"antiparallel f sheet” refers
to a f sheet of the type that the amino acid sequences of
adjacent polypeptide strands have the opposite directions.

The term "f strand” as used herein refers to a single peptide



23 stereostructure of decarbanylase in the topol ogical arrangenent of a
helices and 3 strands , i.e. , protein spatial structural topology (T.P.
Flores et al., (1994), Prot. Eng. 7, 31-37). In other words, the
stereostructure of 5 decarbanyl ase is characterized by parallel R strands
in a 1 sheet structure (Figure 1). Furthes, -decar banyl ase has a novel
stereostructure in terns of the four-layer sandwich structure. Thus, the
term "topol ogy" as used herein refers to. the arrangenent or spatial
configuration of the secondary .10 structural units of a protein. The term
"a helix" as usddangr econstfitnsing aahefi cstheetst r witicte Wesch a s zdgeaaf t he
secondary struglwresmafipnhoteins or peptides and one of the nost
energetically stable 15 structures in which every 3.6 am no acid residues
constitute one turn which spans a pitch of 5.4 A Exanples of anino acids

which are likely to forg@ds 2ekghitd ﬂ%t‘%e@l&&f@&fv téﬂggna%yfééfon of

al ani ne, and | euci ne. Cbnversel¥ exanpl es of am no_aci _
unl i kely o fofRcaxbamydrse rARfadBing FRPRRe3§ SR Efate, (Aolamiacapgid

glycine. The tﬁ'”t”hbéuﬁhﬁ6§1t1@§ m@dc&ecm AT dyS tr&n%%sohtt pesgesendary
structures of _protein_or peptide in which two qQr nore polypeptide

strands havi ng383z1828§9 céﬁfH mat toRTard ZFr ARYL4VeR b&rgPF@Pthﬁ PhRedshape
of a sheet vxheaemblfretm@@gfxmmoammmbmﬁyéraatgbﬁupw@ftﬁ@ﬁ pepthees

and the carbonyl gr s.and anld ar t.he ei hhori ng pep |des form
hydr ogen bonds}é 85§8§¥}F§8I ﬁﬁlmﬂﬁgﬁe?ge%ﬁ%? Jﬁ%f&ﬁﬁygtégﬁ IRGESt or m
~ "paral | ell01 shé&efrih meﬁeamamsaﬁuk sheeinbérm¢me¢w$arthaterhetianbno @hed
sequences of agdjace I a i ' The
orm ~anti paraf POE - (37 SR ERFRRLEE SLEAECA-]UE HobiBaRQTRoE LORLEI0ES
amno acid squeﬁgggndary structural unit consisting of four a helices

and twelve ff strands. Table 1shdwsallsecondarystructural
units.



adj acent pol ypeptide strands have the opposite directions.
as used herein refers to a single peptide 24
whi ch has a zi gzag

strand"
(3 sheet,

car boxy-term nal
(an am no acid at about position 280 to Zhe-carboxy term nus at position

303 in SEQ I D NO.:
i nt er nol ecul ar
subjected to this study,

I nteractions.

a secondary structural.
Table 1 shows al
Secondary Structure fieQn

strands.

i nt eraction.

The

regi on of

The term "~

strand constituting a
conformation. It was reveal ed that the

5 decar banyl ase cont ai ni ng about 30 residues

1 or 2) isinvolved in formation of a diner through
Further, in the decarbanylase crystal

the dinmers 10 formtetraners due to internol ecul ar

four-layer sandwi chTébd€cdure of decarbanyl ase conprises

unit consisting of four a helices and twelve

secondary structural units. 25 - Table 1
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U1158- Yali61 Arg279- Arg®ehedss 4r| det 168
(4237- GLu239 Cys242- Ley24#0 -Arg3s

10

15

20

25

30

1 1efo @PﬂQS Trp229- Gﬂy234
Glnd -Glnl0
- Phedl -¥al43
GlyS0 -Yall99

Glu6l -Asp65
Arg78 -Leu87

Glul45-Tyrid8 Argl06-Vallld
Prol77-Leul85 Ile120-Argl25
Thr211-Asn226 Val158-Vall6l
Arg27955r3282_ . Alalg4-Met168

I1e190-Tyr195
Trp229-G1y234
Gly287-61u239
Cys242-Leu2d4
Cys249-Val251
I1e257-Leu260
Glu267-Asp274

Characteristics of the stereostructure of

decarbamylase of the present invention will be summarized

belo_w.

( 1 ) Astructurecalleda four-ldye_.r sandwich inwhich
two ahelices are closely in contact with each of the opposite
sides of a sandwich of two f§ sheets cohsisting of six p strands
(Figures 1and 2). InFigure 1, four ahelices at the first,
third, fifth, and sixth positions from the amino terminus
arecloselyincontact with the ff sheets (hereinafter referred
to as al, a3, a5, and a6).

(2) AP sheét essentially consists of six pafallel
B strands and has an orie_ntation which has not been observed -
in proteins whose stereostructure is known (Figure 1).



15 Cys249-Yal251 11e257-Leu260 Glu267-Asp274 Characteristics of the
stereostructure of decarbanyl ase of -the present invention wll be .
sumarized 20 below. (1) A structure called a four-layer sandwi ch in which
two a helices are closely in contact with each of the opposite sides of a
sandwi ch of two f sheets consisting of sixe0-strands 25 (Figures 1 and 2).
In Figure 1, four a helices at the first, third, fifth, and sixth _
positions fromthe am-no termnus are closely in contact with the A sheets
(hereinafter referred to as al, a3, a5, and a6). 30 (2) A P sheet

essentially consists of(3di quamalnloeIaClslt mﬁdsluaﬁdWhashawa@mlymeaen@mmwh| ch

has not been ohseryad,d %&é%&%%@in%&@r 9511 ééﬁ?@%d&gkgure

1). 26 (3) As am no aci‘d resrdues ch catal'yze enzyme reactions,
cystei ne resi deae lmlgemmiu%cpderléﬁm@@e r@ﬁéd%l apdrtagg GGGlnéne

hi sti dine resi %%,m%%‘i 50 YAy . rﬁﬁ'éjé{efvé‘éﬁtgol@ Bk@@@ytmﬁﬁﬁ hyg site

Is present which has 5 a substrate bi nd I ng manner gk;J:re I'S not
possessed> by énFypeErakebd neiadepannek ingurs I@ddﬂ#—? iguret ppsseggpdrhe

car boxy-term ngly @Gy s0lndeuls t3¢-ertirdieanrk! a%s kaokal § Figuler ggtion of a
di mer through internolecular 10 interaction. The specific coordinate data

of the above-descri bed stereostructure has been registered in the Protein
Data Bank (PDB: run by4ThehBesaaiddy -Gdintiiilat &g oroF abidutCidigbsifues

o "ot ot SIS b B R IR b RIS Wi R R e ShARBELEES
10 interaction.

The specific coordinate data of the above-described
steréost'ructure has been registered in the Protein Data Bank

(PDB: run by The Research Collaboratory For Structual

15 Bioinformatics(RCSB))astmpound:N-Carbamyl-D—AminoAcid
Amidohydrolase, Exp. Method: X-ray Diffréction (Acc. No.:

1ERZ). The data is herein incorporated by_reference.

The stereostructure determination of decarbamylase
20 of the present invention has been completed, whereby amino
acid residues of the enzyme involved in catalytic activity
can be inferred: not only the stereostructure of the enzyme
alone but also the stereostructure model of a complexobtained
by the enzyme being bound to a substrate (e.g.,
25 D-N—carbamo.yl—hydroxyphenylglycine ) can be easily
constructed by a molecular modeling technique
(Swiss-PDBViewer (above), Autodock (OxfordMolecular), Guex,
N. and Peitsch, M.C. : (1997) SWISS-MODEL and the
Swiss-PDBViewer: An environment for comparative protein
30 modeling, Electrophoresis 18, 2714-2723; Morris, G.Metal.,
J. Computational Chemistry, 19:1639-1662, 1998; Morris, G.M.
et al., J. Computer-Aided Molecular Design, 10, 294-304,
.'1996; Goodsell, D.S. et al., J. Mol. Recognition, 9:1-5,



1ERZ). The data is herein incorporated by reference. The stereostructure
determ nati on of decarbanylase 20 of the present invention has been

conpl eted, whereby am no acid residues of the enzyme involved in catalytic
activity can be inferred; not only the stereostructure of the enzyne

al one but al so the stereostructure nodel- @ff a conpl ex obtained by the
enzyne being bound to a substrate (e.g., 25

‘D- N-car banoyl - hydr oxyphenyl gl yci ne) can be easily constructed by a

nol ecul ar nodel i ng technique (Sw ss.-PDBVi ewer (above), Autodock
(CXfordNbIecuIa9P§)Ghewlthhthandtéhebsthuchhﬁe @magfheswkSSeNEBEhcandethe

Swi ss- PDBVi ewe v gggnt £ t rote 3 del in
El ect rophor esi fsrl 1"44{ %la%qrﬁgl\ﬁe%h{?ng Eﬂgld %53 at Bﬁg?ént
Chemi stry, 19: @63@1 mVelsgse forrd cat@lMticereaktiod. ar@brqhﬁ ceralitded

Mol ecul ar EES'HQCE%R%§%9§5 gﬁ %é@ﬁ@t £Pedseld b rourfd 2 3bp% Mebnt .

Recogni ti on he sfereostructure an
st er eost r fict ur Bhempgdiivea sitteucefur deeerbanpngase as formsidd afesi dgevipyesent

at an active sesﬂpkggla?%aﬁawatdfdf@@f&begcaﬁqst m%gl%tmm4ﬁé¢ama§tﬂ of

the active site can ound to sonme extent. 5 fhe acti've site o
decar banyl ase F¥Stélmedrot74.cand Aratlohpr{Bidgrant ho dthel apalysds ofu46,

Lys126, Hi s143cofbd#¢8d arhdisd E%lda\ﬁ:ﬁ%lﬁue%n@oﬁﬁﬂlg% c(dr:ﬂpgiﬂl%cﬂ) inl8fino

anal ysis of conserved am no, acid. residues found onpari son in am no
aci d sequence RFEH SEFARRSE WELR FY2XESER ké%‘ﬁ’tf&&’&ak‘l ‘-’rurfrr}qq gimipapithes
decar banybase, wsunmmmmea,nduahtas lafEi@a's eSag @SiitS i Halaad, ﬂyéésts

S L0, Sl en @0 0 Ty e Bty BRMOLYEh MBS Rt Vi g
essential to fbnrtaﬂq&tédfytalrcaeqttibmerhenaatecuhachclyslari isexpeetedt e

for the enzynﬁt&Qﬂ?%ﬁQQtalytic residue essential to formation of an acyl

intermediate which is an intermediate for the enzyme reaction

15 (Figure 3), suggesting that decarbamylase is a cysteine

hydrolase. This finding 1s 1in agreement with - the

experimentalfactthatamutationfromCysl71toSer17lcauses

a loss of catalytic activity (R. Grifantini et al., (1996),

J.Biol. Chem. 271, 9326-9331). The role of Argl74 and Argl175

20 'is considered to belto contribute to stabilization of the

carboxyl group of the D-N-oa-carbamyl amino acid substrate

- due to electrostatic interaction.

_ Based on these findings from the stereostructure,

25 modifications of decarbamylase can be designed for the
- purpose of improving the stability or enzymatic éctivity

of decarbamYlase. The term "stability” of an enzyme as us'_ed
herein refers to that even after the enzyme is denaturated

at a temperature (e.g., 70°C) higher than usual environment

30 for livingorganisms, the enzymaticactivity remains at least
10%comparedwithbefbrethethérmaldenaturétion,preferably

at least 25%, more preferably at least 50%, even more
preferably at least 80%, and most preferably at least 90%.



15 (Figure 3), suggesting that decarbanylase is a cysteine hydrolase. This
finding is in agreenent with the experinental fact that a nutation from
Cysl71 to Serl1l71 causes a loss of catalytic activity (R Gifantini et
al., (1996), J. Biol. Chem 271, 9326-9331). The role of Argl74 andArgl75
20 is considered to be to contribute to-stabi-lization of the carboxyl
group of the D-N-a-carbanyl am no acid substrate -due to electrostatic
i-nteraction. Based on these findings fromthe stereostructure, 25
" nodi fications of decarbanyl ase can be designed for the purpose of :
i mprovi ng the gmaimpidyensntend yabid iagtnay by meakudtedabamyl(dseretaadeer m

stability" of e |10 rs to at n after the
enzyme is dena’?&r a?%%gﬁéﬁﬁgdm#%%%t ?.ceg.' , 78&% hitgﬁglr TR
envi ronnent 30 acddviiityi" ngsongadi esein heefery e ian asttiinitty temeonseat:

| east 10% conpa ' r t h l, den ratign eferably ' at

| east 25% m)p@ E‘? e%&gg'%&éﬁ -%glggto %6&?.toe'\%g%}:fgns)séngﬂipg%?%ﬁvrﬁ aCdSst
80% and Post phencdgiaybamyllaget igomentdonad.i nprovenent in stability may
" be neasured by OIm (difference in denaturating tenperature). The term
"enzymatic - activity" as used herein refers to an activity to convert D
-N-- carbanoyl --a- ani AiBeadi®f® o €6FLE8pEIRA D arammleRitrr sdgRaAn
decar banyl ase itechaAtiuenedor TAmb€sMt "HeEd QM Rl e P he rEAINE ¢UleR-s0€S8I gN
t echni que"” for ﬁ nu%gnt npl ecul e_as used herein refers to that the am no
aci d sequence ARt hBesTRIRBATIRT/FEIGICH g fhst &tersostetizepetde -
mol ecul e lioef or protedhi 68 @ep@lypepéiideambyeeatsr befgrevhacdltepnare.gnal yzed

L nEr o ool pESREFSEASELERLR By, SO ELAELE) AEhEY MaR0eb"' e 2EELATR, 11
characteristics.(e.gqg., catalytic activity and interactions
with other molecules) of each amino acid:; and amino acid
mutations appropriate for desired modifications of

15 characterisfics(e.g.,anjﬂmmbvement:U1catalyticactivity
and an improvement in protein stability) are calculated.

The design me_thod is pfeferably performed us'in'g a _compﬁter.
Examples of computer progfams used in the design method
include as mentioned herein: 'X—ray diffraction data

20 processing program DENZO (McScience)fas a program for
analyzing the structure; PHASES (Univ. of Pennsylvahia, PA,

USA) as a program for determining the phase; program DM (CCP4
package, SERC) as a program for improving the initial phase: -
progfam 0 (Uppsala Universitet, Uppsala, Sweden) as a program

25 - for obtaining three—dimensional graphics; XPLOR (Yale
_ University, CT, USA) as  a program for refining the
stereostructure: and Swiss-PDBViewer (above) for a program

for mutation introduction modeling.

30 Examples of amino acid mutation as used herein for
design of mutants include amino acid addition, deletion,
or modification as well as amino acid substitution. Amino

acid substitutionrefers to that one or more amino acid (e ) g.,



mut ati ons appropriate for desired nodifications of 15 characteristics
(e.g., an inprovenent in catalytic activity -and an inprovenent in protein
stability) are calculated. The design nethod is preferably perfornmed using
a conmputer. Exanples of conputer prograns used in the design nethod

i nclude as nentioned herein: X-ray diffragpi on data 20 processing program
DENZO (McSci ence)as a programf or analyzing the structure; PHASES (Univ.
of Pennsylvania, PA, USA) as a programfor deternining the phase; program
DM (CCP4 package, SERC) as a programfor inproving.the initial phase;
program 0 (Uppdaka dniiver sictiets,, Lﬂnﬁaﬂmbl&/\ladelm) a%io pd@gdls?lm 26d fére

obtai ning three: Q@Eggg?ggnql 59”%,Ph' CSy P?g%Yal e Unl versit N (%'%OUSA) asa

program for refining Stertosty idT e for
a program for spbssiftotedmitdutoei samerndebiengo amlﬁ)oaarqnim OfAnﬁJﬂd’hﬁ)chl d

mut atron as_usgdobet g Nl oL, o deslan ObyTibans L nlude aning agi d adgiti on.

del eti on, i catl on am no acrd acid
substi t ut Pon ramépe acd-dshapreferaplyiralanine @@1@6( endgnoz;e gBefdraBlwan no

aci ds, preferaply dniflobRasfChes: ad8daPbCanPorl el Al YodsPi AL B0, AE1 dS)

of an original _ peptide are substituted wth ammno
aci ds. Am no aBl@no agidi dpletien referhdo (tﬂi@topnmpﬁ maracamind 4@1@

1-20 5 anino agkds. , P1ei6raRino Jaéifa@mﬁ%f%%%ay andoﬂaﬁ&nerséfgé nal-°

am no acids)-are added. to_an origi pepti de chai_n Am no acl etlon

na
refers to that™8he P&EeLesa®lant md Pél’ a‘f’edi:;) are d?d-e&rﬁq‘nﬁr%la@sorﬁsﬂ@f@ ably
1-10 anmi ho acipeptedd. NMAmenpr eifoqrdabuhc»aﬂfﬁmm 2t Ueded! epdel gisedhd¢ om an

original 10 peptid o acid flcatlonlncl es, but is not linited
to, am dation, P%rgﬂ'g%le a??()n %’B‘}n?%% carboxylation, sulfation,

halogenatlon alkylation, glycosylation, phosphorylation,
hydroxylation, acylation (e.g., acetylation), etc. An
amino acid to be substituted or added may be a
15 naturally-occurring amino acid or a non-naturally-occurring
amino acid, or an amino acid analog. A naturally-occurring

amino acid is preferable.

The term "natura_lly4occurring amino acid” refers to

20 the L-isomer of a naturally-occurring amino acid. Examples
of the naﬁurally—occurring amino acid refer to glycine,
"alanine; valine, leucine, isoleucine, serine, methionine,
threonine, phgnylalanine, tyrosine, tryptophan, cysteine,
proline, histidine, asparticacid, asparagine, glutamicacid,

25 glutamine, y-carboxyglutamic acid, arginine, ornithine, and
lysine. - Unless otherwise mentioned, all amino acid are

herein L-isomers.

_ The term "non-naturally-occurring amino adid"

30 refers to an amino acid which is not usually found in
naturally-occurring protéins. - Examples “of the
non-naturally-occurring amino acid include norleucine,

paranitrophenylalanine, homophenylalanine,



hal ogenation, al kyl ation,-glycosylation, phosphorylation, - hydroxyl ation,
acylation (e.g., acetylation), etc. An amno acid to be substituted or
added may be a 15 naturally-occurring amno acid or a '
non-natural ly-occurring amino acid, or an amino acid analog. A

naturally occurring anmno acid is preferggle The term

"natural ly-occurring amno acid" refers to 20 the L-isoner of a
natural |l y-occurring am no acid. Exanples of the naturally-occurring am no
acid refer to glycine, alanine, valine, |eucine, isoleucine, serine, '

met hi oni ne, tbe—@«amlmero@h@ﬁyllallawlﬂe,, 3 YA 6162 - B VA ORI 1 i 8EDE,
proline, hIStIBIne artic acid, B ragi ne, a‘&Iutamc acid, 25

gl ut am ne, y- car’bof gPu prérgép&near RePhSP fPRdNCand | ysine. Unless
otherwi se nentioned, all amno acid are herein L-isoners. The term

"hon-natUraIIy-occurrl amino acid" 30 refers to an amino.acid which is
not usually found in ﬂﬂFuF%F?y YRERP rF S s T e%f%ﬁpFBsaomo%ﬁ%Ule
non- nat ur a8l | y- etdchrisgoanama@amdtiodad D lburtehasrd puysmeal property and/or

paranltrophenylalanlne ho ny|] al ani araf uotr ophenyl al_ani ne,
-am no- 2- benzprFoﬂiPPoanr'%{g%fgoy{lf_‘fs%r&faﬂo ﬁﬁﬂe Olél %“ 1e % Ph
D-phenyl al ani nemiihe taand"aﬂmndo@0|d1amhm@g m&hmunﬂn@,a nohegvaeiné, whi ch

is not an amn ph cal property and/or function simlar
to those of anaaﬁghgyggagmg@%ﬁe Iégbof the am no acid anal og include

ethionirie, canavanine, 2- nethylglutan1ne etc. 10 In another enbodi nent

of the prgsent inventigg, aﬁotﬁéfaémirﬁé@t rB»E ac’PfFe ?i%léslé%t' AnbBRtighM 8T a

peptide salt, _such as ammoniumsalt (alk anmoni um sal t
sul fate, decarbamylase mutant may be 1n the form of a peptide salt

such as ammonium salt (alkyl or aryl ammonium salt), sulfate,
hydrogen sulfate, phosphate’, hydrogen phosphate, dihydrogen
phosphate, thiosulfate, carbonate, bicarbonate,benzonate,
15 ' sulfonate, thiosulfonate, mesylate (methylsulfonate),

ethylsulfonate, and benzenesulfonate.

Hereinafter, amind acid mutations in a protein for

producing amutant will be discussed. Methods for amino acia

- 20 substitution and the like include, but are not limited to,
'changing a codon, which is a DNA sequende encoding an amino

acid, in techniques utilizing chemical synthesis or genetic

engineering.

25 A certain amino acid may be substituted with another
amino acid in a protein structuré, such as a cationic region
or a substrate molecule binding site, without a clear
reduction or loss of interactive binding ability. A certain
biological functionof aprotein is definedby the interactive

30. ability or property of the protein. Therefore, a particular-
amino acid sub_stitution may be performed in an amino acid
secjuénce, or at the DNA code sequence level, to produce a

protein which maintains the original property after the



hydr ogen sul fate, phosphate, hydrogen phosphate, dihydrogen phosphate,:

t hi osul fate, carbonate,. bicarbonate, benzonate, 15 sulfonate, :

t hi osul fonate, nesylate (methylsul fonate), ethylsulfonate, and

benzenesul fonate. Hereinafter, amno acid nutations in a protein for
producing a mutant will be discussed. MetBads for am no acid 20
substitution and the |ike include, but are not Iimted to, changing a
codon, which is a DNA sequence encoding an amno acid, in techniques
utilizing chem cal synthesis or genetic engineering. 25 A certain am no
acid may be subsbstitetient h Emetdore anardoasmmbdif izgirions of peptitdase,
such as a cati Qqi str eblndln gsi:te, wi thout a
cl ear reducti g% %Jr'gﬁggégg%ft?ﬂg% eralgjrﬁ Vﬂé\} (§0%%'%6?0I IU‘lctype tc%(eirefa{"“ﬁy Q

bi ol ogi cal funperﬁnrmédaWptboetnC1eadelbaedSb9ftheolqgecattusefGDnebsL|ty
or property of the protein. Therefore, a particular amno acid
substitution may be perforned in an am no acid sequence, or at the DNA
code sequénce | evel, Weepitbgakove-desrribednpdhfighbianaanddesigyedal

property after tﬁgehy?tir st 44 &W&ex@@eﬁff ifo a\fﬁrd'sofdéy?%d 'tfakeﬁaihegs of

pepti des as disclosed herern an encodi ng such peptldes
per formed wit h6fRsifleratiensesThy hydsophobdic guéng| l@%ptlﬁﬁ an

above- descri beﬂm%@ﬁ'téntcﬁéléﬂnﬁl agr&mﬁr@@prottlaqnhwéﬁcﬁpaﬁbiﬁtéyawﬂ@ées of

am no aci ds naﬁ taken into , consideration. The hydrophobic am no acid
I ndexes play a

o1 ABLFR ARG EOR n WiHeRh &%ge&eﬁﬁ&léﬁ ReFPORiZRdi hbhethRti ve
bi ol ogi cab funstton, (wRiteh | g ganar abbylieeagni zrdri.n the lﬁomt M@le J

ond D00l U1 B9y A0k, 1Bl ARICHACRE iz do02l TR dudi e
gener at ed acid contributes to the secondary structure of a generated
protein and then regulates interactions between the protein-
and other molecules (e.g., enzymes, substrates, receptors, |
15 DNA, antibodies, antigens, etc.). Each amino acid is given
ahydrophobicity index based on the hydrophobicity and charge
properties thereof as follows: isoleucine (+4.5); valine
(+4.2); leucine (+3.8): phenylalanine (+2.8);
cysteine/cystine (+2.5); methionine (+1.9); alanine (.+1 .8);
20 glycine (-0.4): threonine (-0.7): serine (-0.8): ti'yptophan
(-0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2):
glutamicacid (-3.5): glutamine (-3.5); asparticacid (-3.5):
asparagine (-3.5): lysine (-3.9): and arginine (-4.5)).

25 It is well known that if a certaih amino acid is
substituted witlh another amino acid having a similar
hydrophobicity index, a resultant protein may still have
a.biolo'gical function similar to that of the original protein

_ ‘(e.g., a protein having an equivalent e'nz.ymatic activity).

- 30 For such an amino acid substitution, the hydrophobicity index
is preferably within +2, more preferably within 1, and even
more preferably within #0.5. It is understood in the art
that such an amino acid substitution based on the



protein and then regul ates interactions between the protein and other

nol ecul es (e.g., enzynes, substrates, receptors, 15 DNA, anti bodies,
antigens, etc.). Each anmino acid is given a hydrophobicity index based on
t he hydrophobicity and charge properties thereof as follows: isoleucine
(+4.5); valine (+4.2); leucine (+3.8); -phegnylal anine (+2.8);

cystei ne/ cystine(+2.5); nethionine(+1.9); al ani ne(+1..8); 20 glycine(-0.4);
threonine(-0.7); serine(-0.8);tryptophan (-0.9); tyrosine (-1.3); 'proline
(-1.6); histidine (-3.2); glutamc acid( 3.5);glutam ne(-3.5);aspartic
acid(-3.5); - ahydragh091¢1$y5ﬁsIqﬁﬁmuidhta ORs alebaribed nien (U4, Baren®5 It

ani o aci d havi'G 420 %r 10r- WPHRS el Eefy Reacste S 1R EORERRPE may
still have a bydroghaéhCimMcumdnxssmIaﬂgﬂninﬂuﬁ+3ﬁoxhelps1@enak3po®tein
(e.g., a protein_haying_an £qui tic activi For such an
anino acid subgfp?ﬁ¥FSnF£Fﬁ§ ﬁ?% 'gh%blgi¥§gWﬁ8e?01l %%%ﬁ%ﬁ&blysﬁftﬂ?n 2,
nore pref érabl y+@i Bhi nadpanagiey ent0 ke glrudiaarias | +8i-2hi: ngtDYElnBt (0%;
understood in that 4s h a tit bas the 32
hydrophob|C|ty£|§ g%?lc ie t "de cr?%ﬂg ﬁ gs§%£féntgiiﬁfni 554, 1€l

am no acid resh@ﬁéédaﬁé(gpvédtQKﬁﬁQﬂﬂQthgo)hm&ﬁbﬂﬁmﬂn9&3ﬂ|3Mk¥@blne -

argini ne (+3.0j- 1Iw rl%u(c"ﬁté)lv-l @?P%rstdl%tﬁﬁ'n‘é f+§ 8}) ‘tydlashiad - @CW
(+.3.01); serlne ; aragj ne (+0 utan1ne +0 2) ?ﬁ yci ne
e

(0): threoninBh ?“ﬁ ﬁ}an%Pﬁll e (2 b'5f¥“iaF§ﬁP grpag s{- ﬁ?stld (19.5);
cystei nefol. 0) uneéhsbobaahat @) andhionecid mdyTe sthﬁiﬁ&tédhl&h anbtgéguUCi ne
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still provide a biological equivalent. For such an amino
acid substitution, the hydrophilicity index is preferably
within +2, more preferably =1, and even more preferably +0.5.

15 ' | | |
The term "conservative substitution” as used herein
refers to amino acid substitution in which a substituted
amino acid and a substituting amino acid have similar
hydrophilicity indexes or/and hydrophobicity indexes.
20 Examples of the conservative substitution ihclﬁde, but are
not limited to, substitutions withi_n-each of the following
, Qroups: arginine and lysine; glutamic acid and asb‘artic acid;
 serine and threonine; glutamine and asparagine; and valine,
leucine, and isoleucine, whichare well known to those skilled

25 in the art.

.Inforn'lation on the mechanismof a catalytic reaction
obtalned from the stereostructure is very useful for
molecular de31gn aiming for an 1mprovement in the specific

30 -act1v1ty of an enzyme and optimization of the optimum pH-
of a reéction. In the present invention, by changing the
pKa of the side chain sulfide (SH) group of Cysl71 of

decarbamylase, an amino acid mutation which leads to changes



amino acid which has a sinmilar hydrophilicity index and can still provide
a biol ogical equivalent. For such an amino acid substitution, the
hydrophilicity index is preferably wthin 2, nore preferably 1, and even
nore preferably 0.5 . 15 The term "conservative substitution” as used
herein refers to amno acid substitutianggn_which a substituted am no
acid and a substituting am no acid have simlar hydrophilicity indexes
or/and hydrophobicity indexes. 20 Exanpl es of the conservative substitution
include, but are not limted to, substitutions within each of the
following gr oumsthar@eammadthystyeaxgd thendst eaf pHdana ks gaehd;

serine and threonin a e a a ne: .and valine, . ]eucine, and
i sol euci ne, whiP@F° é‘%&c%é‘:i n}igﬁme]?%e ﬁ(ﬁf&%g’ﬁ’ &0 aeld mytatign on the

| nf or mati on onpKae otfedﬂmﬂsmngxfouap o:ﬁxaltyélestﬁaate@nbyobhacmzdtihgrrthbe_
stereostructur is.ver eful .for u ar deSJ im' ng for

i mprovenent | n gtsrﬁé‘;)(:él T'u'i ?@te&ql\ﬂ?f of LR ?Eaa%%?% ﬁgt fdn- of
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pronot es det acRfERPXY group o Glu46 an /or Glu is preferable.

In view of the stereostructure of decarbamylase of

. the present invention, it is inferred that five cysteine

15 residues present in decarbamylase are involved in the

function and physic_al properties théreof, such as cafalytic

activityand resistance toairoxidation. Concering the role

of a cysteine residue of decarbamylase, adifferent bacterium

(Agrobacterium radiobacter NRRL B11291) having a high level

20 of sequence homology with decarbamylase - of the

above-described bacterium (Agrobacteriumsp. KNK712 (Kaneka

bacterium) ), has been studied by combinations of amino acid

mutations, denaturing agentfs, and Cys modification agents

(R. Grifantinietal., (1996), J. Biol. Chem. 271, 9326-9331).

25 In this study, the five cysteine residues are not involved

in the formation of disulfide bonding, and the catalytic

activity of decarbamylase derived from A. radiobacter NRRL

B11291 is lost by substitution of Cysl172 .corresponding to

Cysl71 toSerbut not affe_cted by the other cysteinemutations.

30 It is inferred that Cysl71 is essential to the catalytic
éctivity. This is also strongly suggested by the fact that '

a corresponding cysteine residue is conserved in _ot'her

similarenzymes. The term "correspondingaminoacid” asused



of the thiol group (SH of Cysl7]., and has substantially 10 no influence
on the electrostatic field around the side chain carboxy group of Glu46
and/ or Glul45, is preferable. In view of the stereostructure of

decar banyl ase of the present invention, it is inferred that five cysteine
15 residues present in decarbanyl ase are gavelved in the function and

physi cal properties thereof, such as catalytic activity and resistance to
air oxidation. Conceringthe role of a cysteine residue of decarbanyl ase, a
different bacterium (Agrobacteriumradi obacter NRRL B11291) having a high
|’ evel 20 of seheeerds tefetodp, amanmmaaiﬂamﬁllaaeerbéinlra:ot&aliﬂuﬂeﬁieeﬁnébed
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a corresponding cysteine residue is conserved in other sinmilar enzynes.

The term "correspondi ng ani no acid" as used 34  herein refers to an_anino
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present in a samil ayspég2i &ndnCys2aa are|5351ly modified chemlcally,and
positioned at the loop structure portion on the molecule
surface. By substituting two cysteine residues (Cys243 and
15 Cysz79)6fA.radibbacterNRRLB1129lcorrespondingtoCys242
and Cys278 of SEQ ID NO.: 1 with alanine, a mﬁtant having
. improved stability has been obtained (Japanese Laid-Open
Publication No. 8-84584). As described above, Cys242 and
_ Cys278 are confirmed to be present on the molecule surface
20 from the stereostructure, and it is suggested that these
Cys residues are involved in the resistance of decarbamylase
to air oxidation. It is inferred that Cysl192 and Cys249
buried within the molecule do not dontributé much to the
_ improvement of the resistance to air oxidation.
25 Nevertheless, by substituting Cys192 and Cys249 with
hydrophobic amino acid residues having a large volume so
as'to compensate for the side chain volume or the cavity
in the molecule, a resultant decarbamylase mutant can have

improved stability against heat or organic solvents.

30

If may be considered that not only cysteine residues
but also methionine residues are involved in a reduction

in the eniymatic,activity of decarbamylase due to air



site and has a similar contribution to a catalytlc activity. In .
" decar banyl ase having am no acid sequences of SEQ 10 IDNO: 1 and 2, it is
inferred that Cys192 and Cys249 are wunlikely to be nodified and are buried
within the nolecule, and Cys242 and Cys278 are easily nodified

chem cally,and positioned at the | oop stsBcture portion on the nol ecule
surface. By substituting two cysteine residues (Cys243 and 15 Cys279) of A
radi obacter NRRL Bl11291corresponding to Cys242 and Cys278 of SEQ ID NO.: 1
with alanine, a nutant having inproved stability has been obtained
(Japanese Laidoxbénti@ubhhtanﬂ@heronsesw&BﬂQn<ﬁSS¢e®ddﬁqu aboverdilyg242 .
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in which the extending direction of a peptide principal chain

is largely chan_ged between the secondary structures in the
stereostructure. Further, Met4 andMet72 are located around
15 .. the molecule surface and substantially buried within the
molecule, but is positioned at a site which causes them to.
easily contacf solvent molecules _a.hd the like. Therefore,
these  are 1likely to be involved in the resistance of
decarbamYlase to air oxidation. Based on these structural
20 findings, other amino acid substitutions by which the
resistance of decarbamylase to air oxidation is expected
tobe increasedcanbedesigned. Specifically,Met4andMet72
aré substituted with hydrophobic amino acid residues which
compensate for the side chain volume or the cavity in the
25 moiecule énd do not suffer from air oxidation, so that the
resultant mutant can have improved resistance. Met238 and
Met243 are fully exposed to the outside of the molecule.
Therefore, preferably, by substituting these residues with
neutral or hydrophilic amino acids which do not suffer from_
30 air oxidation, the resistance can be improved. Further, the
turn structure portion of decarbainylase_ ranging from Met238
to Met243 contains Cys242 which is susceptible  to air

oxidation. Byproducinga triple mutant in which these three



5 nol ecule, while there are two residues which are fully exposed to the
outside of the nolecule (Met238 and Met 243) and which are present at the
turn structure portion. It is inferred that these two residues are nuch
nore involved in the resistance of decarbanylase to air oxidation. The
termturn 10 structure” or "(3 turn strucBgre” as used herein refers to a
| ocal structure consisting of ‘three or nore amno acids in which the
extending direction of a peptide principal chain is largely changed -
bet ween the secondary structures in the stereostructure. Further, Met4and
Met 72 are | ocaeetidaesuate ISl el ot et i et Is apiparog it es s hanacabby oori ed

within the {;?8{%81 848 dFeRes! %hatth% %h%_ﬁe 8&8@‘35@&2&@5& kel y
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suscepti bl e to£g$$ifgt f] @@ p?o%UC|ng atriple mutant in which these
three 36 residues are substltuted W th appropriate am no acids, or -

Other thancysteine andmethionine residues, adesign

which focuses on generaliy known factors in the stability

15 of a protein may be conducted, such as amino acid mutation
which compensates for the cavity in the molecule (e.g., the
cavity formed around an amino acid Asn92 of decarbamylase) R
mutation of amino acids having disadvantageous conformation

in terms of enerqgy (e.g., amino acids Pro2p3'and Va1236 of

20 decarbamylase), and stabilization of an a helix structure.

As a design strategy different from the
above-describedmodificationdesignbyaminoacidmutations,
aregion inferrednot tobe involved in the enzymatic activity

25 of deéarbamylése is deleted to modify décarbamylase to a
lower molecular weight enzyme, thereby making it possible
to improve the stability. For example, a part or entirety
-0of a loop structural region away from an active site may
bedeleted,resultinginaamorecloselypackeddecarbamylase.

30 © Further, the inventors of the present invention infér that

- a region of decarbamylase having'about 30 residues from the
carboxy terminus is involved in formation of a dimer. It

is inferred that when decarbamylase exhibits cafalytic.



producing a nutant in which the turn structure containing the three
resi dues are deleted, the resistance to air oxidation can be inproved.
Al ternatively, by replacing the 5 sequence of the turn structure containing
these residues wth another protein f3 turn structure, the resistance to
air oxidation can be inproved. Wen desigpizng cysteine and nethionine
mut ants, an opti nmum amino acid can be selected by substituting these
residues with other am no acids on 10 a conputer to anal yze the structural
‘energy in.terms of the stability of the nutants. O her -than cysteine and
met hi oni ne restdpabilatdesi gryendrvalhbh6fasestiondgeaebahlyyakaawnptasénts in
the stability i%Stgg”ﬁb I QLein naérbg c€ggucted, ch as ninoda%bd
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havi ng about 30 residues fromthe carboxy terminus is involved in
formation of a diner. It is inferred that when decarbanyl ase exhibits
catal ytic. 37 The decarbamylase mutant of the present invention

may be designed or prepared by a number of methods other.

than the above-described methods. For example, the sequence

15 of an enzyme having decarbamylase activity may be mutated
by oligonucleotide-specific mutagenesis or other
conventional technical means (deletion) . at the sites
identified as being desired for mut_ations using the present
invention. Alternativély, decarbamylase mutants may be

20 prepared by site-specific substitution of a specific amino
_acidwiﬂnanon—naturally-occurringaminoacid. For example,
decarbamylase mutants may be prepared by substitution of
aspecificcysteineormethionineresiduewithselenocysteine

or selenomethionine. This may be achieved by growing a host

25  living organism capable of expressing either a wild-type
polypeptide or a mutant polypeptide on growth medium which
either(orboth)naturally—occurringcysteinéornmthionine

has been exhausted, and either (or both) selenocysteine or

- selenomethionine has been enriched. When a homologous

30 recombinant method is used, mutation is introduced into a
DNA sequence encoding decarbamylase using a synthetic
oligonucleotide. Such an oligonucleotide contains a

nucleotide sequence adjacent to a desired mutation site.



‘capability in a general buffer, the decarbanylase is present in the form
of a dimer or. tetramer. It is inferred that a nononmer protein is nore
~advantageous in ternms of a recovering process fromthe denatured state of
the protein. If the diner 5 formation is inhibited by deleting a part or
entirety of the carboxy-term nal region ofg about 30 residues, a stable
nononmer can. be prepared. From an industrial viewpoint, is utilized as a
so-called imuobilized enzynme where the decarbanylase is inmobilized on a
carrier. Also, in this 10 case, a nononer can be nore efficiently

i mobi i zed. Tivutdedanbamy ase pRepitedfin hteDFREAN] dnMENDNAN s e ndR

desi gned or prepared by a nber of nethods other than the above-descri bed
net hods. For ef&ﬁp&%?a¥h@m§gﬂﬁﬁnéﬂr1§n3T SHILTRSfre SRECAAG 9d R arfiFagineade
activity may beohypeaiped debythelriegdnucl eot i de-speci fic nut agenesi s or- ot her
conventional technical neans (deletion) at the sites identified as being
desired for nutations using the present invention. Alternatively,
decarbanylsase nutants Fag BNA 2{(:qrepss od mtatéé cﬁmﬁamylsambu:buhbea of a
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sel enocyst ei ne selenonethlonlne has been enriched. Wien a honol ogous 30
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encodi ng decar barpkasagusi Bgfars it Actet imdgamickeoéidiea lﬁsucbeq{ience

ol ' gonucl eot dgugggﬁ’ﬁldgﬁg adesireddecarbamylase mutant encoding sequence .
' the expression vector also contains a promoter, an operator,
15 a ribosome binding site, a translation initiating signal,
end;'if necessary, a repressor dgene or various activator
genes, and a regulatory sequence encoding a stop signal.

In some embediment, when a produced mutant is desired to

be secreted, nucleotides encoding a "signal sequence” may

20 beinsertedbeforethedecarbamylasemutantencodingsequence.
In order to be expressed under the control of regulatory

- sequences, a des_ired DNA sequence must be operatively linked

to the regulatory sequences. Specifically, the
decarbamylase mutant encoding sequence under the control

25 of the regulatory sequences must have an initiation signal
(i.e., ATG) to maintain an appropriate reading frame for
_thepurposeofenablipgthissequencetoproduceanexpressioh

product.

30 Any of a wide range of available, well known
expression vectors is useful for expression of a sequence
encoding the mutated decarbamylase of the present invention.

These include known bacterial plasmids (e.g., pBR322), a



“nucl eoti de sequence adjacent to a desired nutation site. 38 Mitation nmay
be prepared in the full-length DNA sequence of decarbanyl ase or any
sequence encodi ng a fragnment pol ypeptide thereof. 5 The DNA sequence of
nmut at ed decar banyl ase produced by the above-described nethod or an
alternative known method in the art in_.aggordance with the present

i nvention may be expressed using an expression vector. As is well known in
the art, the expression vector typically contains elenments 10 which enabl e
self replication in a host cell independent of the host genone, and one or
nor e phenot ypemoeeketdef bostsehagsi 6g. pBakaiasoqeabt.er RPASephiage HNREG ,of a
DNA sequence surrounding a desired decarbanyl ase nmutant encodi ng sequence,
the expressi onZeR{3FMy soo’c":o?ﬁ%?‘hsp]fﬁﬂjdirﬁ)% derivaddrigsothersox . RREsone
bi ndi ng site, wmettams| aldmmisdtiirng advf nFraiggrealts ofda idhmeweseddal BNA
repressor gene_qr_various activator en \nd_a_requl at se nce. ,
encodi ng a stosgg}lﬁﬁgﬁ' al‘ﬁog%%o%%%rgﬁémqﬁ\ﬁne&\ueé’ ofiice ﬁﬁﬁgﬁ?%?g
desired t& beDNAcsegedncruckuohi desaemectipngobtaingdabysaquembehatayn20 be

i nserted beforecthe -Ranylia t encodi ng sequence. In order to be
expressed unde?ftﬁepggﬁﬁéglggh ?gaggaﬁgéy sequences, a desired DNA

sequence nust be operatively linked to the regulatory sequences.

Specifically, the dec l.as enGod| t hes cantrol
25 of the reqgulatory sgﬁggﬁgég%ﬁﬁg¥&%§@g g% ?E??%%??g%ngggﬁgﬁgéfipg}?HATG)

to maintain anT@@pI8pei Bee aXRRASHI Y akea fRVR saanenas pbse ePCEARBYEHY this
sequence1bho prodhredab EKBIIANIS keGueRERMEH bedsdMY n0h vacHoe I BRERP BEs
avai l abl e, well _kno ex€£e55|on vectors is useful for expressjion of a
sequence of such useful expression regulatory sequences include other
sequences known to regulate viral gene expression and a

combination thereof.

15 - A wide range of species of hosts are useful for
production of the decarbamylase mutant of the present
invention. -Examples of such hosts include bacteria (e.g.,
E. coli, Bacillus, and Streptomyces), fungi (e.g., yeast),
animal cells (e.g., a CHO cell), plant cells, and transgenic

20 host cells.

It should be understood that not all expression
vectors and systems function in the same manner for expression
ofthemUtatedDNAséquenceofthepresentinventiontoproduce

25 the decarbamylase mutant. Not all hosts function equally
well in the same expression system. Nevertheless, it is

. possible for those skilled in the art to select appropriate
vectors,expressionregulatorysequenqes,andhostswithout
conductingundﬁeekperimentationcn:departingfromthescope

30 of the present invention.

For example, the replicatidn ability of the vector

must be taken into consideration in screening. Various



encodi ng the nutated decarbanyl ase of the present invention. These include
known bacterial plasmds (e.qg., pBR322), a 39 nore w de host range of
plasm ds (e.g., RP4, phage DNA), 2 plasnmd, or yeast plasm ds as
derivatives thereof, and vectors consisting of fragnments of a chronosoneal
DNA sequence, a nonchronosoneal DNA sequggce, and a synthetic 5 DNA -
sequence, such as a vector obtained by a conbination of a plasmd and
phage DNA. Any of a wi de range of regulatory sequences which regulate the
expressi on of a DNA sequence when operatively 10 linked to the DNA
sequence can bgadtedsi fmistvebeortakeranphes ebnsdderatebul BXPEE8s8ERINng

regul atory sequences i.nclude other sequences own for | ate, viral gene
expr essi on ande§pr88ﬁﬁPHaﬁ?%%acmﬁFgafgcﬁsw ggx?"%%%s 8 qélfe"‘tﬁ tachudeost s

are useful for thprodlaetive sfrdmetiiefanbayytase thd aeigudhtblte abereny,

I nvention. Exanpl.es.of such hqsts. . nclude ba ria (e.q., E. coli, -
Baci | | us, and %Brde%thgrryccoé%ét%ﬁ%t% e‘f"bgt,l 9e§i\'§7 ,Secii’rﬁr%hq %Ié(fcl’cg“(%.bt.‘e, a
CHO cel |) 5, pl detacrbhinglaard t mahagéni cof20 hbet cpresentt shouédtben.
under st ood t ha . pr i Q Qr, y fuyunction in the
same nmanner fo%agg%rcggélrgﬁ’ %?éﬁ%g' pr?&te'L %ﬁg&%ﬁggéq%é’ﬁ’g%%# @ hsee%?%@%ﬂ'
i nvention to psé¥ucEues shmldbbartsdinn dstomeansideridtioal.l Adsist $hoeldon
equally well b8 UL § RIS Y the BortfUANG 591 thia LE10 00831 I ©
for those skilled in the aft to sel ect approg | ate vectors, expression
regul at ory seqi€fites, thaiteviestwiothbue decarbasyilagemhantekpdhenrasht i on
or departpng f a8 4BE1FEPRD s3ereft mMBRuPEESLBAuEEY eNHORDINQyEX8MPbEa t he
replication ability of the vector. . .. .

aprotein and the ability to forman approprla_te higher-order

structure, fermentation reQuireme;lts, ease of purifying the

decarbamylase mutant from the host, and'safety. Among these

parameters, thpse skilled in the art can select various

15 combination of vector/expression regulatory syst—em/hoét,

which can produce a useful amount of mutated decarbamylase.

Decarbamylase mutants produced by these systems or
other systems may be purified by various conventional
20 processes for purifying naturally-occurring enzymes having

decarbamylase activity.

Once a mﬁtation to decarbamylase is created at a -
desired position (e.g., an active site, a site involved in
25 stability, or a binding site, etc.), the resultant mutant
may be subjected to testing on any of intended several

characteristics.

For example, mutants may be screened with respect

30 to a change in electric charge at a physiological pH. The
charge change is determined by measuring isoelectric points

(pI) of a decarbamylase mutant while comparing these with

the isoelectric points beforemutation. Isoelectric points



must be taken into consideration in screening. Various 40 factors nust be
taken into consideration in screening expression regulatory sequences.
Exanpl es of these include the relative strength of a system the
regulatory ability, and the conpatibility with a DNA sequence encoding the
5 decarbanyl ase nutant of the present iavgRtion. Particularly, the
conpatibility with a potential secondary structure should be taken into
consideration. A host should be selected by considering the conpatibility
with a selected vector, the toxicity of the decarbanyl ase nutant to the
host, 10 the abirki mgakQreachet gant vlecpregueresikhenalicbbtiaheel @lieh a

protein and the I 1i to. form at e hi her- rder tructur
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created at a desired position (e.g., an active .site, a S|te i nvol ved in

25 stability, or a bin t rs
subj ected to testing oﬁbgﬁ?é%f Gr\tlmntteéend'g (Taé’gg(ear a%urﬂ&% acteri ét {Tgéepf—flc
exanpl e, nut anfStHE}tBcCcAMATeR Lkt hatd¥padacaritanylasechafie aptEveeyric

charge atoa physi gh@@ntaladddroy1L8r 98 aBaBeRiheaddhemBd -y Measuri ng
isoelectric points. (pl) of a .decarbanylase nutant while conparing these
wth ability to convert D-N-carbamoyl-a-amino acid to D-a-amino

acidusingan assay as describedherein (see Example 7 below),

for example.

15 : D-a-amino acids produced by utilizing the
decarbamylase mutant of the present invention may be used
as pharmaceutical intermediates (e.g., D-phenjrlglycine and

D-para-hydroxyphenylglycine) to produce pharmaceuticals
" (e.g., synthetic penicillin and synthetic cephalosporin).

20 A pharmaceutical composition containing the thus-produced
pharmaceutical may also be provided according to the present
invention. The pharmaceutical composition may contain a
pharmaceufically'acceptable auxiliary component including

a excipient, a stabilizing agent, a carrier, etc.

25
D-a-amino acids produced by utilizing the
decarbamylase mutant of the present invention may be used
as pesticide intermediates (e.g., D-valine) to produce
pesticides (e.g., fluvalinate). A pesticidal composition
30 containing the tnus-producéd pesticide may also be provided

according to the present invention. The pesticidal
- composition may contain an agriculturally acceptable

auxiliary component including a excipient, a stabilizing



"the isoelectric points before nmutation. Isoelectric points 41 are neasured:
by gel electrophoresis in accordance with a nethod described in Wllner,
D., Analyt. Chem, 43, p. 597 (1971). A decarbanylase protein having a
changed surface charge is a nmutant having a pl changed by a substituting 5
am no acid positioned on the surf ace of. tfie enzyme, as provided by the
structural information of the present invention. "Further, nutants nay be
screened for high specific activity conpared with native decarbanyl ase. The
activity 10 of nutant decarbanyl ase is determ ned by nmeasuring its

ability to conwgehntD M ¢ara®y| «dxxanm no acid to D-a-amino - acid using an
assay as described herein (see Exanple 7 below) , for exanple. 15

D-a-am no acids produced by utilizing the decarbanylase nutant of the

Ig eﬁent| ' lnvent ion gﬁy beauéﬁinoas éﬁ@dmfﬁf%aﬁélad' NRY “%’tﬂfﬁﬁ& 9the
phenyl g yC|n 2n ar roxyphenyl gl yci ne

phar naceut i cal ecas! Gmyqﬁ? é’?‘?&‘t EE HX?IP Vel s‘y‘h‘f%é’i]rq,n TEGhBe¥s6A n) .
20 A phar maceuhscahteﬁmadiateen(eogt ai mnmgammetm-wayb&eﬁc aCJ_d) ‘of
pharnaceutlcal o] Rr vi ded acco the resent enti on
The pharnaceutlca ﬁ%S%VF oﬁoﬁ%§ Rt <£%¢%ﬁa dtl@éll %8@59able
auxi l'i ary conponent |nclud|ng a eXC|p|ent a stabilizing agent, a carrier,

etc. 25 D-a-am no acidg,py g@QE%@ %ﬁﬂgﬂfﬂ%ﬂ ehf%?gﬁﬁéégggzég?gpggg%?t of

the present invention iy used as
D-valine) to piababétoﬁésﬂﬁhl@@@a¥bagyla$¢umakan&ﬁeyn?Aemz&mé&idamilar

conposi t 1@n 30tREARPERLNMEY. smetémlerar Qﬂﬁcﬁf'o&&ééac' de Y nli 99, % sPRQY! ded

according to the present”invention. pesticid
be de51gned by utlllzlng the structural information of

decarbamylase. Those skilled in the art can identify the
inhibitors as being competitive, uncompetitive, or
noncompetitive based on, for example, computer coﬁpatiblé
15 enzyme reaction kinetics data employing standard formulas
in Segel, I.H., Enzyme Kinetics, J. Wiley & Sons, (1975).
Further, the inhibitors may be designed using information
of reactionintermediates of decarbamylase orenzymes similar
thereto- (e.g., the stereostructure of a complex with a
20 substrate or reaction product). Such information may be
useful for design of improved analogs of known compounds
which serve as inhibitors of known decarbamyiase Oor enzymes

thereto, and a novel class of inhibitors.

25 Inastill anotherembodiment of the present invention,
the stereostructure of decarbamylase of the present invention -
may be utilized to modify polypeptide enzymes or protein

enzymes (e.g., amidase or nitrilase) having an amino acid

sequence similar to that of decarbamylase. = Such
30 modification may be conducted in a manner similar to that
+for the above-described mutant design. The “similar

polypeptideenzymeorproteinenzyme"pfeferablyhasanamino
acid sequence which is identical to the amino acid sequence



conposition may contain an agriculturally acceptable auxiliary conponent

I ncl udi ng a excipient, a stabilizing 42 - agent, a carrier, etc. D-a-amno
aci ds produced by utilizing the decarbanylase nutant of the present

i nvention may be used 5 as internediates (e.g., D alanine and D aspartic
acid) of food additives to produce food_additives (e.g., Alitane). In
~anot her enbodi nent of the present invention, inhibitors of decarbanyl ase
mutants or enzymes simlar 10 thereto may be designed and produced. Such
inhibitors may be designed by utilizing the structural information of
decar banyl ase. oFh@s€asbami edsé rdpie it &@by B8Ot 1H WD he 1 brhp iy $has
bei ng conpetitiyv nconpetitive, .Qr nonconpetitive based on, for exanple,
comput er  Compatia 18 SARAMNG ifisTuaNE PES BHeSBhAIyiety 3t Avaatd

for mrJ]I as ihn Seg%lt,), p}:efleraEm%y&l‘té It 5@% éndWm?ﬁa ﬁréﬂﬂmab_‘]g}l%ﬁ)least
Further, the inghibitors _may.be._designe sing_informati on .of reaction

i nt er medi at es gg%de889b89§¥&§818F anyﬁég EF%PﬁgF tonh & £Egip .&9%lPH89

st er eost r Gct ur ¢hefact ioonpl t& off ddcarRanpldse (atamde b €antineadi @dudiber Such

ot or ] on Tgga, I6LLo 0T 55186 Bla HEESUEF 5031005 LR e

t hereto, and aGhud¢él, btiai26ofGluhiahitand.CPSlThastSEQ IHndither lewirodi) pent
of the present .| ' . 3t e[ t t f

pr esent || nvent FonLeaen by, & TRt ddf YrErBalig UL IENOE nbEs i
enzynes (e.g., Parfaaselyr 9Akt r ppdseyehampng amedsiradlaciP§®.sequence simil ar
to that p decarbanyl ase. Such 30 nodification may be conducted in a manner

simlar to that ,for the above-described nmutant design. The "simlar
: As an example of the transformation of a

characteristic of acertain enzyme using the stereostructure

of an enzyme simiiar thereto, there is a study in which the
substrate specificity of an enzyme called expandase was

15 transformed by utilizing the similar stereostructure of an
isopenicillin synthetic enzyme. See International
Publication W097/02005. Addording to this documént, the
isopenicillin synthetic enzyme whose the stereostructure

_ had already been determined (Roach(1995), Nature, 375,
20 700-704) and expandase which is similar to the synthetic
enzyme in the primary structure (i.e., amino acid sequence)

and had been suggested to have a similar stereostructure

were comparedwith eachotherwithrespect to their sequences,
thereby identifying the amino acid residues of expandase

25 which are involved in recognition of a substrate, and by
mutatingtheseaminoacidresidues,thésubstratespecificity

of expandase was transformed to produce a mutated enzyme

which can act on penicillin G.

30 The comparison of identity of amino acid sequences
may be calculated using, for example, the following sequence
analyzingtools:FASTA(W.R.PearsonandD.J.Lipman,PNASBS,
2444-2448 (1988)): BLAST (S.F. Altschul, T.L. Madden, A.A.



pol ypepti de enzyne or protein enzyne" pref erably has an am no acid
sequence which is identical to tthe ami no acid sequence - 43 of

decar bamyl ase represented by SEQID NO: 1 or 2 over the full-length am no
acid sequence by representatively at |least 30% preferably at |east 50%
and nore preferably at |least 80% and paghicularly, with respect to a
region defining 5 the active site of decarbanylase (a range of amno acid
nunber 38-49, 108-127, 143-148 and 164-177 including am no acids Glu46,
Lys126, Glul45, and Cysl7l in SEQID NO.: 1 or 2), representatively at

| east 60% preSehabEyratd | eHst Mg Mt @hdief vt il &O‘Van@rmdaevsﬂprﬁaﬁe

preferably 95% an. ex e of the_tr o] characteristic
of a certain e }%%%f‘sgﬁ]ﬁb ﬁ‘g]?éfer %§tra%f§$§£ %?8 ?\{;?1 ?ng syt ¥ hase
t hereto, thereGC& Hlsbudylnnpwbkalget H@rdgﬂmt maixmapeﬂbxf Iﬂié YWDEcaMs BRZY e
cal | ed expanda 1 ransf n
stereostr 3ct ur%goﬁén Ve é‘g&gﬁl ¢ Pﬁe ﬁlrﬂe%glzdc' gﬁ??ﬁé‘?s g@@‘pluﬁtegr(ﬂ'a‘?‘i‘%nal
Publicatibn 975 (E@DSnceAdlmncb Mpdicdrh $icdeomsdmt,, USRe5373bpeRice] |B n
synt hetic enzy al en determ ned
(Roach(1995), turgi’%g%ggmwgég %‘J)‘;}%gai %I’a{;g%% ﬁei’g% %rf%ﬁrto
the 'synthetic C%ﬁpﬁe Hinxtan Hlﬁllﬂtargialsbrmdgar €CRE0IRQ, Emglenddi dnéethmnce)
and had been spgg e h o] r I

Rok@ahfiac? i a1 St E5LOBLEYRLY" %eae%erﬁt@;ypp% d

wi th each ot her w th respect to their_sequences,
am no acid reslt”&l’d\é%r%%t%xﬁﬁﬁ@&§é12?%| E:Jﬁ‘lé(P(ESFLﬁVoI%dGPﬁeVéeog-’mrtq\tm of a

substrateo andswytzédiaddNGndRaEVaBtEe @ ¢ TedSiiAUSHs tERere RIS .
specificity of expandase was transforned to produce a mnmutated enZzyne

whi ch can act on penicillin G
' Accordlng to the present 1nvent10n polypeptide or

~protein enzyme mutants having an amino a01d sequence similar -

to that of decarbamylase may be provided by utilizing the
15 above-described method. 'These enzyme mutants may be used

instead of their wild-type enzymes.in a bioreactor,-for'

example.

In another aspect, the present invention provides
20 asystem for designing decarbamylase mutants using a computer.
This system comprises means for determining the
steredstrugture of a crystal of an enzyme having
decalbamylase activity by X-ray crystallography, and means
_ ‘for designing the decalbamylase mutants having improved.
: 25 physical property and/br function based on the determined
stereostructure. The computer system of the present
invention may be cqnstructed.using a computer system knoWn
in the art (e.g., the known systems in the art as described

herein).

30

According to the present invention, a compdter
readable recqrding medium in which the three-dimensional

coordinatedataof the stereostructure of the above-described



30 The conparison of identity of am no acid sequences may be cal cul ated
using, for exanple, the follow ng sequence analyzing tools: FASTA (W R
Pearson and D. J. Lipman, PNAS8 5, 2444-2448 (1988)); BLAST (S.F.

Al tschul, T.L. Madden, A.A - 44 Schaffer, J, -H Zhang, Z. Zhang, W
Mller, and D. J. Lipman (1997) Nucl. Aci,ds.. Res. 25:3389--3402 (1997));
Uni x- base GCG W sconsin Package (Program Manual for the Wsconsin
Package, Version 8, Septenber 1994, Genetics Conputer G oup, 5 575 Science
Drive Madi son, Wsconsin, USA 53711; Rice, P. (1996) Program Manual for

EGCG Package, Heuechiles, shith Saggdeca@®aimydasdd i@ otah! preryfnd dge. a
CB101RQ England nd the ExXPASy World Wde Wb nnlecular bi ol ogy server

(Geneva Uni vels pﬂ@&ﬂggﬁBQUﬁPQéP§l ppdidfyanAepathegnays, regorded

Swi t zer | and) aﬂldyl\/&Q.‘éQCW P B . | Hx&ipuem decbnel egiputefceendhnget O
t he present inventi peptide or grotel enzyne mutants having an
am no aci d seqb&fCE P%W%ﬁa netude BrIpet i iaRe FaINahibRigk s iedEd- by

utili Zld ng f5t hﬁ fiogbgv@xﬂespmamdtmebmacg][hesgker(ky@ nMDiiDTaﬁ)leBﬁtib@a!ﬂsed
instead of theiyr ty [ t X e, In

anot her aspect | Fﬁ% gﬁé§gnt%ﬂ%§gﬁf éﬂ’%? 3@5 @§Bf§9§ or H&sPBfi ng
decar banyl ase Embarlnmeusl nguahcanummerter ‘Haagiasmset emmmilrﬂgsa&dlmmnﬁaifor
determining thg, e nRgilSRn féhgg,d:o s hagxeguuaﬂi g

decal banyl ase actlv ograp ns es
the decal banyl asdesigameodrss of ﬁn@¢9@euam2$a§hymmt®mtprd@etbysand$©r

functi onspasededl 41 e idldiina gl SROBL L EY BredSGE MR8V LED Of

the present invention na%s e constructed Using a conputer "system known in
the art (e.g. °ftRe FNEMTLs Pt & §ne¥Mfe hating @I‘é‘%ﬂ%ﬂlase activity

determlned by X-ray crystallography and designing a.
decalbamylase mutant having improved physical property
and/or function based on the determined stereostruéture.
i5 In another embodiment,'the present invention prévides a
recording'medium in which data describes the stereostructure
ofadecérbam?lasemutant. In this case, the stereostructure
of the mutant may be obtained by a process comprising the
steps of inputting data of a crystal of an enzyme having
20 decalbamylase activity determined by X-ray crystallography
anddesigningadecalbamylasemutanthavingimprovedphysicai
property and/or .function based on the determined

stereostructure.

25 The present inventionwillbedescribedinmoredetail
in the following examples. These examples are provided for
the purpose of illustrating the present invention, but are

not intended to limit the'present invention.

30 (Examples)
Reagentsusedlnthefollow1ngexampleswereobtalned_
from Nacalai Tesque, Wako Pure Chemical Industries, Ltd.,
or SIGMA (St Louis, MO, USA) unless otherwise mentioned.



herein). 30 According to the present invention, a conputer readable
recordi ng mediumin which the three-dinensional coordinate data of the
stereostructure of the above-described - 45 nolecul es such as

decal banyl ase and/ or a program of a . nol ecul ar designing and/ or nodifying
met hod are recorded may al so be provided,g¢Exanpl es of the conputer
readabl e recording nmediuminclude nmagnetic tape, magnetid disks (e.g., 5
floppy disk), magneto-optical disks (e.g., M), and optical disks (e.g.,
CD-ROM CD-R, CO-RW and DVD-ROM. In one enbodinent, such a conputer
readabl e recordi ng nedium may be a conputer recording nmediumin which a
program for executing ,a design_process of a decarbanylase nmutant. In this
case, 10 the design pr §E¥88PLEy 1donPreRRI2RECRt B5 AYatidfsut Crygtadt aocfof a
crystal of an pezwuibahgliage.decal banyl ase activity ‘determ ned by X-ray .
crystal | ography and designing a. decal banyl ase nutant having inproved
physical property and/or function based on the determi ned stereostructure.
15 I'n anosher enbodi neDécatbamplasenvas noetdined P\d d@dwh method (see

recordi ng medi ym j.n ich d taéggscrjb . t.he stereqstructur of .a
decar banyl ase ‘tg {’ygl %ptar‘lf’s' oes,clth?lsqt < %T'u%llt?l"g‘emof %lzheaﬁﬁfﬁﬂf‘ may
- be obtai ned by(a9pBd3dessDecapbiasiyigsihaolsttedps of0 j0QpUM | HEPERt Bubfen,
crystal of an gpzy hayign qge Hgf I Vi deterpined b g—ray
crystallographg agg)de5|g%F% % ?gca %gﬁ%ﬁ§?%&%%¥%% nhgéi%g1?§p?%&8 : _
physical propéftylanitbe deprtbhbany basedodutilon aed aomwledt 0.1 M HEPES
stereost fgct ur gurgar ThEpRr £SEN mh AYLALE QP& bl §fGﬁ§§C£% bgdp0cfPL EalEt Al |
in the follow ng exanples. These exanples are provided for
containing 15-20 wt% polyethylene glycol 6000 (manufactured
by Nacalai Tesque) and 0.2 M lithium chloride were mixed
together on adroplet stage. After 300 ulofsdlutionhaving
the above-described precipitant composition was sealed as
.15 reservoir solution, crystallization was conducted by a vapor
diffusion method at 20-25°C. About two days to two weeks
' after the start of the crystalliiation, a crystal was grown

up to a size of 0.3x0.3x0.1 mm to 0.6x0.6x0.3 mm.

20 (Example 2) Preparation of Heavy Atom Derivative
Crystal of Decarbamylase | '
The native crystal obtained in Example 1 was removed
from a small droplet on the droplet stage under a microscope. -
The native crystal was soaked in 0.1 M HEPES buffer (pH 7.5)
25 containing 20 wt% polyethylene glycol 6000 (manufactured
- - by Nacalai Tesque) and 0.2 M lithium chloride which was
| prepared to have a EMTS (sodium ethylmercurithiosalicylate)
concentration of 0.5-1.0 mM (EMTS is a mercury compound)
overnight to prepare a heavy atom derivative.
30 | |
(Example 3) Freeze of Decarbamyiase Crystal -
The native crystal and the heavy atom derivative

crystal of decarbamylase prepared in Examples 1 and 2 were



t he purpose of illustrating the present invention, ' but are not intended to
lim.t the present invention. 30 (Exanples) Reagents used in the follow ng
exanpl es were obtained from Nacal ai Tesque, Wako Pure Cherical |ndustries,
Ltd., or SIGVA (St Louis, MO USA) unless otherw se nentioned. 46
(Exanple 1) Preparation of Native crystal 4of _ Decarbanyl ase. 5

Decar banyl ase was obt ai ned by a known nethod (see H. Nanba et al., Biosci.
Bi ot echnol . Bi ochem 62, 875-881 (1998)). Decarbanyl ase solution (0.001 M
HEPES buffer, pH 7.5) was prepared to a concentration of 10-20 ng/m . 10

| of the decar hempvasiersomutherncapstdDiizod drodidd HERFIiFQ kS gbakBH 7- 5,
manuf act ur ed ﬁé S*GNHL as .a reC|g|éant contai_ning 15-20 wt % pol yet hyl ene
gl ycol 6000 (nmaRuti@eif &g tdg Wi FRPUTeR §HaPidtd 10 agpnt (IRt ArERESRDde

were m xed togecheasoglgcdropl.et stage. After 300 | of solution having
t he above-descri bed precipitant conposition was sealed as .15 reservoir
solution, crystallization was conducted by a vapor diffusion nethod at
20- 25C. ABout two days(Eranhpheweel1laddteiorn be St DafFfirAetion Data of

crystallizatio | [ up to a size of 0.3x0.3x0.1 mmto

0. 6x0. 6x0. 3 nnpeggr?éégégfgwgﬁygFgggration of Heavy Atom Derivative

Crystal of Decarbanyl a%e chimgluedt analysgstiat aahtldiinetvial dnglitphrothabasas
removed fromgys idp0 n : e Hgge I croscope, The
native crystal mggglgéggdakﬁhﬁ’ai ﬁlﬁﬁgﬁg}g’?‘f Zér__&%p i 5‘§b ggiicl%%t ]glll n?ﬁﬁ 20
wt % pol yet hyl efigdgnyéen &debt(famdlatyuSeaingy8Naceeh Wesgueyment 9ag M

| ithium gl or i denwlite8aWAsinPERBAMIL EEridYeide BN HS08E En in 1iquid -

t hyl mercurithigsalicyl ate
ethy ng rogex. Fg

r the measurement, th;ee wavelengths (0.98,
1.00, and 1.27 A) were used, takihg anomalous dispersion
of mercury into consideration. Three wavelength
diffraction data were all collected from a piece of crystal.

-’15 - 53 frames of diffraction image data obtained were processed
by a dat_:a processing program DENZO (McScience) and the result
is shown in Table 2. The native crystal of decarbamylase
was measured in the frdzen form using 1.00 A wavelength to
obtaindiffraction data and the results are shown in Table 3.

20 | See "X-sen Kaiseki Nyumon [Introduction to X-ray Analysis]”
(Masao Kakuto et al., Tokyo Kagaku Dojin) for terms such
as independent reflectivity, lattice constant, etc. -



concentration of 0.5-1.0 nM (EMIS is a nercury conpound) overnight to
prepare a heavy atom derivative. 30 (Exanple 3) Freeze of Decarbanyl ase
Crystal The native crystal and the heavy atomderivative crystal of
~decar banyl ase prepared in Exanples 1 and 2 were 47 renoved fromthe
crystallized droplet and directly soaked 4ign-liquid nitrogen w thout a
stabilizing agent for freezing such as glycerol. 5 (Exanple 4) Collection
of X-ray Diffraction Data of Decarbanyl ase Crystal To conduct anal yses by
a multi-wavel engt h anomal ous dispersion nethod, diffraction data was
obtained. in the radiation light. faciTable $pring-8. Such neasurenent was
10 conducted using the EMIS derivative crystal frozen in liquid nitrogen.
For the neasurenent, three wavel engths (0.98, 1.00, and 1.27 A) were used,
t aki ng anonal oBesdiltpeo i Rrocess mg dui §/£ 1raxt toi axo s tde odt EMTS DBF€@ative
wavel ength diffraction data LL cal ed froma piece-of crystal.
-15 53 frames of diffraction ;Aen%gg%a;t égobgéﬁﬁgam%gﬁﬁeprocessed by a data
processi n§ program DENZO (McScience ) and the result 1is shown in Table 2.
The native cry len d |l age, was Jgeasure e'nnEm he frozen form using
1.00 A wavel en%“t;'ﬁ1 tggXfl ogg%iﬁlﬁigni/f??gctgf on Yda?a and’¥ egresul t €+5F ¢ shown in
Table 3. 20 See "X-sen Kai seki Nyunon [ I ntrodotdcoin fconsent ay Amadaysi S| "

(Masao Kakuto et(g ., Tokxg)Kagaku(ng in) gf%c)r terms such as in@endent -

reflectivity, Tattice constant,etc. -. 48 = ocessi ng
Diffracti on Data088 EMIS D&Bi vativeS5.1 98.5 56679 =66.92
10 ' : =135.50

| _ =67.30
1.00 1.8 4.7 98.5 57493  a=67.23

, - b=136.13
- c=67.65

127 20 5.8  86.5 36870 a=67.13

|  b=136. 00

15 c=67. 54

R-merge indicates an error between each'of a plurality of

frames measured.
20 : Table 3

Results of Processing Diffraction Data of Native Crystal
' of Decarbamylase '

25 . Wavelength  Resolution R-merge Yield Independent 1atti€e
. . reflection constant c.onstant
(4) () (%) (%) | (A)
0.93 LT 6.4 9.1 63596  a=67.84
' b=137.83

30 | | c=68. 39

R-merge indicates an error between each of a plurality of
- frames measured.



‘Crystal of Decarbanyl ase 5 Wavel ength Resol ution R-nmerge Yield | ndependent
Unit cell . reflection constant constant (A (A (% (%9 (A 0.98 1.8 5.1
98.5 56679 a=66.92 10 b=135.50 ¢c=67.30 1.00 1.8 4.7 98.5 57493 a=67. 23
b=136.13 ¢=67.65 1.27 2.0 5.8 86.5 36870 a=67.13 b=136. 00 15 V c=67.54
R-nerge indicates an error between each_ofyga_plurality of frames neasured.
20 Table 3 Results of Processing Diffraction Data of Native Crystal of
.Decar banyl ase 25 Wavel ength Resol ution R-nerge Yield Independent lattice

reflection constant constant (A (A (% (%9 (A 0.93 1.7 5.4 96.1 68596
a=67.84 b=131.83 30 c=68. 39 R—rrerge I ndi cates an error between each of a

plurality of franes sure anpl e 5) Deternination of Heavy
Atonic Coordi nat es aggﬂFWPg?eﬁ%nt Petermakration ofok he Hepvae wabenesngt h

diffraction daCaoghitinaned and Improvement in Phases _

Out of the threewavelengthdiffractiondataobtained

5  for the EMTS derivative crystal, the data for 1.00 A was
assumed to be the data for the native crystal, the data for

0.98 A was anomalous data, and the data for 1.27 A was
isomorphous data. ThedifferencePattersonfunctionandthe'
anomalous difference Patterson function were calculated and

10 the Harker plane (called a difference Patterson map,
‘Figures 5 to 7) was drawn. An attempt was made to identify

the positions of heavy atoms from high intensity peak
positions on the Harker plane and significant peak positions
corresponding to the cross vectors. Patterson peaks having

15 high intensity on each the Harker plane were selected from
the two difference Patterson map (between the data of the
1.00-0.98 A and between the data of 1{Q0f1.27'A), and two
-mercury atoms (mercury 1 and mércury 2) were identified,
and the coordinates thereof were calculated. Toconfirmthis,

20 a phase was first calculated using only the coordinate of
mercury 1, and this phase was then used to calculate the
coordinate of mercury 2 by difference Fourier calculation
using the phase. Whether or not a peak from mercury 2 and

a cross peak of mercury l-mercury 2 were present in the

25 difference Patterson map was then determined. In order to
find the positions of other bound mercury atoms, heavy atom
positionpa:ameterswererefinedandphasecalculationswere
perfofmed using the coordinates of mercury 1 and 2. The
positions of the mercury atoms were calculated by. difference

30 Fourier calculation. Self peak and cross peéks were
confirmedinanmnnérsimilartowhenmercury 2was identified.

As a result, self and cross peaks corresponding to a further

four mercury atoms could be confirmed, whereby the



-5 for the EMIS derivative crystal, the data for 1.00 A was assuned to be
the data for the native crystal, the data for 0.98 A was anonal ous dat a,
and the data for 1.27 A was isonorphous data. The difference Patterson
function and the anonal ous difference Patterson function were cal cul ated
and 10 the Harker plane (called a differenge Patterson map, Figures 5 to
7) was drawn. An attenpt was made to identify the positions of heavy atons
fromhigh intensity peak positions on the Harker plane and significant
peak positions corresponding to the cross vectors. Patterson peaks having

15 hi gh int ensidopraiireaeds t e Haldeeiuny @ne weireuss act edeliclipy 5he Lig

di fference Patterson pw(ebet\ﬁf%énﬁ&g%ﬂta of the 1.00-0.98 and between
t he data of 1.(51?5?”57%, &rTd ry atons (mercury 1 and nercury 2)
were identified, and the coordinates thereof were calculated. To confirm
this, 20 a phase was fir al,cyl at ed. usin njy the.co | hate of nmercury
1, and this phase was F%Zh Esédg‘t Beﬁaiggf'ﬁﬁeg#]% Ogo%%ﬁlsedSFlﬁéit&UFy 2
by differénce Eawsiterl mehsukeatl by 1uednd wawee pdragich, Wirt kak ealnqiadepgeak
fromnmercury 2 . cury l-nmercury 2_were present in the
25 di fference B%?gzgr o%rt(rzr)aﬁgd.\jvas Iﬁ({eln eeféjer henaevdrx‘f; Tﬁo%rH%FaT%tQWidWFHE

posi tions of ofle&dniedumsimsr curnredran, MhRBARE al 0GP 4 ppackage) pPSAERGEL €bS
were refined agdtRRag8eCah G Al LNSHAEEE f usi t | nates
of mercury 1 and 2. Th(e3 pog#ltq% onsip t he @nlg%cét}{y eo%ﬂ\%gr%%%g{}%a?gd by
di fference 30 P&Giiterakigultlei oref Seemepbakagndd cbdss Wekeafdresr, by

confirnmedoi N apBeRBEhisgNd aolveen] HBEEHLHg 2 me@BioadeHd fd efi st85ram
result, self and,crqss ‘nggs corresponding to a further four nercury atons
e

coul d be confi PAEGRIRA g1l the RTAHARIMACRRABRGKGgenePBREY 4,

mercury 5, andthe phase was gradually extended from a low resolution to
- a highl resolution (where the solvent region of the
decarbamylasecrystalwas 35%), therebyimprovingtheinitial

15 phase. It had been known from the measurement of crystal
density that the decarbamylasecrystalcontains twomolecules

in a non-symmetrical' unit. By utilizing the
non—crystallographicsymmetry,theelectrondensity(called

NCS averaging) was averaged to improve the phase. To apply

20 this method, firstly, the noncrystallographic two-fold axis
in the decarbamylase crystal was determined. With the phase

after solvent flattening, the electron density map was
calculated, and the positions of the heavy atoms and the
electrondensitymapweredisplayedonthethree-dimensiohal

25 graphics. It was found that two lines connecting between
the middle points between the coordinates of the mercury

atoms are perpendicular to each other on the Z axis (a
crystallographic two-fold axis).  Therefore, it was
inferred that the decarbamylase molecule has three pieces

30 of symmetry, i.e., two noncrystallographic two-fold axes
and one crystallographic two-fold axis (222). Each section

of the electron densitymapwas observedindetail todetermine

the coordinates of the centers of the two molecules and



mercury 6 were determined. Wth 1..8 A resolution data of the EMIS
derivative 5 crystal neasured by 1.00 A wavel ength, the six calcul ated
mercury atom c coordi nates (heavy atom paraneters) were refined using a
program MLPHARE (CCP4 package) (SERC) to determne an initial phase. The
average value of figure of nmerit after _tlg refinement was 0.50.
Thereafter, by 10 performng a solvent flattening nethod and a hi stogram
mat chi ng net hod with the program DM (CCP4 package, SERC), the phase was
gradual ly extended froma |low resolution to. a high resolution (where the

sol vent reqi onca&chnateokea@hb@wlsaaqmrgxﬁtpaﬂlc\@ﬁaﬁ%r& hitralyihBPLAYHBY the
initial 15 phase. It had been known from the neasurenent of crystal

density thatt h§r68§§tFE&ﬁf)laé’sder‘EF§/E%%‘P cdHt ERe Safcot IR ‘eElﬂe@éor’l }n ghich
non-symet ri cah phbteiBynolkddurd RG 1l an@asnry&ﬂés&f@%@%&&ﬁﬁ@ﬂ&a the

el ectron den5|t called . NCS aver agi.n was averaged to i ove t he hase
To apply 20 thE &e?h&dellelcrt&’lny eﬁ‘%&tg%ﬁ‘@'%s?téqqﬁg‘?%pﬂﬁh fBPHVﬁRE
the decarbanyl gsateeyshgl waettieder ni ned Badeldh t hen phasige af E@lcaphveat
flattening, the electr ens ma cal Iated and the positjqns of
the heavy at onBearaY REALLPRERPIHEAEAERE s T Bir it S BR A IF B SKyciES

t hr ee- di nensi oaskragiggaphlaslatiomamd @emtothmi bywothe rmgnmnemt.l nys

bet ween  the m,ddl 6,01 A5, BEl WA, S fgﬁoaldgmgéwgén&ggm&g;ﬁxw@tOms

~are perpendi cular to €ac axis (a cryst ogra Wo-fol d
axi s). Thereforas 9t9hasindigating a feigh H@V@éca’ﬁfb&nylraéetn@hecahé tﬂae

three pigges 30,85 BWHBJY wak: £4.5% WO TGy ebobh W &Y &n \é?&

and one crystall ogr €h|c two-fol d axis (222). Each section he e ctron
density map wa¥28bR¥Eyemeln ‘éi]eﬁtadfl(e(-cﬂdetsé’rernfﬁ@urlehé céBrH%ﬁ‘dl—"ésaoftbﬁe

centers of thelinragel e¢ulaepepPtide principal chain was observed as a
continuous electron density: in the middle of the figure,
electron densities corresponding to the amino acid side

15 chains identifiedas Glu46, Cysl71, and Glul45 were observed).
In secondary structure portions suchas ahelices or §§ sheets,
the formation of amino acid priricipal chains could be clearly
tracked, and the electron density of an aromatic amino acid
side chain and the like were also clear.

20

' (Example 6) Construction and Refinement of
Stereostructure of Decarbamylase Model

Based on the electron density map obtained in

Example 5,_the.stereostructure of the decarbamylase model

.25 wasassembledonthethree-dimensionalgraphicswithProgram

O (Uppsala Universitet). 1In order to match the electron

density to the amino acid sequence, firstly, partial amino

acid sequences having characteristic electron densities,

such as a tryptophan residue, were found and the partial

30 structure of amino acid residues matching the electron
densities was constructed with reference to the amino acid
sequence using Program O. By successively repeating this

process, all of the amino acid residues of decarbamylase



- 51 calculate a non-crystallographic symretry matrix incl udi ng
translation and rotation. At the sane tinme, a region in which a protein
nol ecul e called a mask is present was identified fromthe electron density
map obtained with the solvent 5 flattening nmethod. Based on the cal cul at ed
non-crystal | ographic symetry matrix and &3d _t he nmask, NCS averaging

cal cul ation was perfornmed by the program DM As a result, a correlation
coefficient between the two nolecules was 0.92, indicating a high | evel of
correlation, and the 10 free R-factor was 24.5% . The inproved el ectron

density nmap WE(SOGXt':éeIIEhyésmQéf:e(rﬁa’gche@elﬁ) I'_Ul'ﬂault%r&eslp@n@l@l@r g18cttBa

i nk f h bs a. continuous el ectron
dens oy i nt hEeRed B oo idErny Gapatt g SRa e thhlif) sESTeProssRaFRg {0

t he am no acidmsdé&(iStmhaemslrdamﬂmbuaé asTE&uAﬁxGM&&z%taﬂdo§1ﬁ&égMEﬁe
observed ndary st ucture ortions S elices qr sheet s,
t he form)at i on o?)(a;é% H%Sa%l 1T e 5§Ftc}ﬁ§| fig Egtﬁgr‘b(gtﬁ%atﬂ yetipg tBg, and
t he el ect Bon dsmsmyosmt‘uamuaﬁomtaacaxrdmeawmdh sheleedftiaiementdptbeotbke
were al so clea

o breost ruct ur DTS EEPEBL el L H A e o A SR kORI R gL o
obtai ned in EXadpl é’rlslvetrrﬁél-tait)er eont rtlblﬂre‘etﬁﬁnemendte@mdmad,ase lmdell. . 25
was assenbl ed @RrhReutBricrd Eih&%}ﬁﬁ%ﬁf%&.'&h@é’ﬂ&ﬂ?o@x §5R0%

Universitet). In order to matc tron densit am no ac
sequence, firsPAP WBEr EPEFegPHoandcthesednehEes ﬁavﬁhEYcﬁ9¥§%$E¢n§1n9

el ectronidensi tbes, wateehmddedulley RhePhaRneFidue, éeméﬁ’ﬂﬁglﬁ’@iloﬁ hee
partial 30 st rgggﬂuglof anevg'(c)era%gléc?tfll.g%veass r;:Betp(tzaaltn% g.netgeegé:‘rfgrrl]ement
calculation while taking into consideration an R value and
afreeR-factor, resultingin furtherrefinement. TheRvalue

of the final model structure of the native crystal including

15. the water molecule was 19.6% for the reflection data of

500-1.7 A resolution.

(Example 7) Stabilization Design of Decarbamylase

An example of stabilization design of decarbamylase

20 is providéd, in which when an amino acid residue which is
'disadvantageous in terms of energy was mutated, an
improvement in stability was observed. the dihedral angle

of the principal chain (¢ -60°, {9 -44°) of proline at position
203__(Pr0203) calculated from the stereostructure of the

25 . present invention has a dihedral angle which is
characteristic to the a helix structure. 1In genéral, it is
known that a proline residue serves as a residue which
unstabilizes ordestroys the helixstructure. Itisinferred

that the presence of proliné at position 203 in decarbamylase

30 causes distortion in the principal chain structure to
'unstabilize the structure. Sincethisportionhasadihedral

angle which is characteristic to the helix structure, by

substituting the proline with an amino acid residue suitable



densities was constructed wth reference to the amno acid sequence using
Program O. By successively repeating this process, all of the amno acid
resi dues of decarbanyl ase 52 (303 residues) were matched to the
correspondi ng electron densities, thereby constructing the initial
stereostructure nodel of the entire nolegyl e. The obtained stereostructure
nodel was used. as a starting nodel structure to refine the 5
~stereostructure in accordance with the refinenment protocol of the
stereostructure refining program XPLOR ( XPLOR manual, Yale University). In

this refinenentoprasenelis 406aktursd F uabU Ly of Wﬂ@&d@fﬂf—‘é %telbthiedifrom
the el ectron densit map was corrected and the el ectron density

correspondi ng £8f aCABtRe STAMAHZS dvas FPEcRERPPLE, TR BRMING BaYoReof

i ncluding a wakebshaltetedewids aapamind meitheesebueewhith esheviBhtas
whi | e taking |nto consideration an R value and a free R-factor, resulting
in further reftReFRIMatignRrFdhre Re1instrnRENrfodeIck aF kA OO ALAS .

native crgst al gunchmdbn?cﬂ& amwumdmleecgba%m?&na%&%%‘é“m .refhection

data of 500-1_7.A resolutign t abi i zation Si

Decar banyl ase 'aﬂﬁngxaﬂﬁ"g a\‘ot Stpéﬁlll%ll?g[ i gh:”de‘%ﬁ;n ad'e‘?(%r B’&ﬁ%l agﬁenﬁﬁ i s

provi ded, in whatbhrehén- aqcanrmnganudmrasidhmumbtmbnl,amﬂl&&dyanmageﬁuS I n
ternms of energ , S

~ the dihedral a%g}éﬁéyorq‘g tg%ggpsrt?iﬁlclﬂ Qﬁsr@}ﬁt{l%oeéaﬂhwbﬂ?ﬁ ne at

position 203 pPrapesfrcal¥edmeed fF o t et s@dr.eostdr-uctamp.- ofchmletiry

present pgventzen ?hégoazéth@re%) @BQJbecami sn dp%mﬁi?rﬁéxﬂ%@réc%,td futQeibf @

hel i x structure. gener af It 1s known hat a pro I ne residue serves as
a residue whi cROT SRR ARVReTresbemare ?%dﬁéwﬁdm@@m@mmtatson

i nferred the lower the structural energy value. As aresult, aspartlc
acid > threonine > serine > valine » glutamic acid > isoleucine
> alanine > phenylalanine > tyrosine > leucine > histidine

15 > asparagine > glutamine > cysteine > proline. The
denaturating temperature of the amino-acid mutants prepared
in Exampl'e 1 is shown in Table 4 (Intérnatio_rial Publication
No. WO94/03613) . An improvement in stability
(ATm=3.4-8.2°C) is recognized in any of the following

20 mutations. It is reasonably considered that these
improvements are obtained, since the distortion of the
principal chain structure is removed_by substituting proline
with other amino acids. When proline was substituted with
glutamicacid (ATm=8.2°C), thehighest stabilitywasobtained.

25 This is because the mutation from proline to glutamic acid
allows the carboxyl group of the side chain of the glutamic
acid to form an ionic or hydrogen bond with the guanidino
group of the side chain of arginine at position 139 around
the carboxyl group. '- It is considered that such a newly added

30 interaction contributes to an improvement in stability and,

| as a result, the stability higher than that of other mutants

can be obtained. The reason why an increase in the s.tability

of a His mutant is ATm=3.4°C which is smaller than that of



that the presence of proline at position 203 in decarbanyl ase 30 causes
distortion in the principal chain structure to wunstabilize the structure.
Since this portion has a dihedral angle which is characteristic to the
hel i x structure, by substituting the proline with an am no acid residue
suitable - 53 for the helix structure, -t3& nratural |l y-occurring structural
energy can be stabilized. For exanple, the proline may be substituted with
an am no acid residue which contributes to formation of the a helix
structure; such as alanine (Ala), 5 glutamc acid (G u), |eucine (Leu), and
serine (Ser). Phberanmihantgiis dhajowhenohig203dime hutpatsdd iwietlly bWanrt_;&éd

t |1 '
cach st rﬁc?ﬁféﬁ”t' R e o e e LA i SN
et al. . Confistaskionr pf1Ghe( Drizguipsl, chaBe)is ongbtarasanto;itmrmm
ari N0’ aci d mit Ut 8168RrobPhcifl fopRILLAR BOEERhE 01 & A GIPSIAY A e aci d

ue a resu

mut ation , |ower t structural energy va aspar?lc
acid > thﬁeon|E@S$t§@ﬂ|hé9> valine > glutanmic acid > isoleucine > alanine
-> phenyl al anine > tyrosine > | eucine > histidine 15 > asparagi ne >

gl utam ne > cysteine > rollne The denaturating tenperature of the am no
acid nmutants prepared The x&ipak Hanks ok \ihe $teddild ty efntbenaptamam
Publication l\amiife%léﬂc@@ﬂu&)atﬁhé e ghsgfre.abnl o3t &Pé Iidy coHpTL@i%J]ir §n20)

is recognized in ané th Ilomnng nutations. It is reasonab
consi dered t haf9LfE ﬁntlnﬁFBQenﬁﬁFs PEH&GPQFﬁed°fS|ﬁE@rFﬁﬁealsﬂBrtﬁbﬁ of
t he pr|m0|paldehatﬁratiugtur&em@draﬂnnﬁi byxpebbhedtd g PrebikAenew.t h

ot her am no aci,ds. sub tuted. wi th lutam ¢ aci d

o T 00 nekfPerthEleBE DartPo Fations b8 papictonallat LB fher

mut ati on from prdinasg r@ngrwnennqpuni@ﬂ from the mutations having lower
structural energy {(i.e., being more stable) than that of

the proline residue of naturally-occurring decarbamylase,

15_ which is well in agreement with the experimental results.
Table 4

Changes in Thermostability due to Amino Acid Mutations at

20 _ ' Position 203
Mutant strain Mutation site Amino acid mutation Denaturaring ATm
. témperature (°C)

25 404 - Pro203 Leu 68.0 6.2
406 Pro203 Ser 66.5 4.7
429 Pro203 Glu . 70.0 8.2
445 Pro203 Thr 67.5 5.7
468 Pro203 Ala 67.7 5.9
469 Pro203 lle 67.2 5.4
470 Pro203 His 652 3.4

30



al l ows the carboxyl group of the side chain of the glutamic acid to form
an ionic or hydrogen bond with the guanidino group of the side chain of
argi nine at position 139 around the carboxyl group. It is considered that
such a newy added 30 interaction contributes to an inprovenent in
stability and, as a result, the stabilitygshi.gher than that of other

mut ants can be obtained. The reason why an increase in the stability of a
Hs mutant is ATnm=3.4C which is smaller than that of 54 other nutants is
that when histidine is positively charged at pH 7.0, contribution to the

stability by renpval obehheurdtshgridmpeitiie iprd0£inal (hakfpesabte
present due toatel‘g’(l:t rostatic repul sion between histidine and arginine at
= -Th

5 position 139 iy FAMAR K sSBECLRECstAH A Y oftSt ne0BpteRR  Bheno
aci d nut ati onsadbvpedekceiba@P sl (eawplaine solutgoaaEstbyetbelihe

magni t udes of incregses in the 10 denaturating teoperature experipentally
obt ai ned. Nengﬁ}?(ﬂacegg‘?agrﬂ?/ngfofﬂgo rﬁftrﬁﬁecﬁlg.gieécg;g%‘?'?ﬁ’%?eﬂlﬁé) galﬂﬁ’ﬁﬁgr
ordi nal r&nk whegnremovdakdff namotliod leuinat tepsdha@tidghleowan deshatatdtabn

energy (i.e., 5N r ) sth that_of the proline residue of .
nat ur al | y-occufgrgfingch}gcg?g%%#gséfs ifg‘e _ef%frﬁ?rs e BFﬁdagre'Ir&?enfeW?ﬂtt he
experi nent al repebific Tabdetiivirmngewash Theweasstad | i t gsdue folPawso Acid

it ati on Denat A SPReradRr Bt arbar bbby 1L BEnS 5 APEBIRE n 0
Pro203 Ser 66.8-4 M phogppagedhubfer7dpdl g.-») to be 1.0 wt% substrate
10 solution. 0.1 ml of enzyme solution was added to 1 ml of
the substrate solution, followed by a reaction at 40°C for
20 minutes. Thereactionwasarrestedbyadditionof0.25 ml
of trichloroacetic acid. The remnant specific activity was
.measured by subjecting the reaction solution to high
" 15 performance 1liquid chromatography using D-phenylalanine
where D—a—pérahydroxyphenylglycine_ thse activity was
transformed was used as internal standard. The mutation
strains represented by identification numbers were obtained
by screening. ATm indicates the difference in denaturating
20  temperature between before and after mutation.

INDUSTRIAL APPLICABILITY

The present invention provides decarbamylase, the

25 stereostructure of a decarbamylase mutant, and the
stereostructure model of the mutant. The stereostructure

of the enzyme is useful for reasonable design of amino acid
-mutations aiming at stability in heat resistance, organic
solvent resistance, air oxidation resistance, and the like;

30 a change in the optimum pH of an enzyme reaction; and an
'improvement in specific activity. This design makes it
possible to obtain an industrially useful modified enzyme

in "a speedy and efficient manner. Further, the



445 Pro203 Thr 67.5 5.7 468 Pro203 Ala . 67.7 5.9 469 Pro203 lle 67.2 5.4
470 Pro203 His 65.2 3.4 30 55 Denaturating tenperature is defined as
tenperature at which remant specific activity is 50% .where the
above-descri bed prepared (raw) enzyne solution is subjected to heat
treatment for 10 m nutes at each tenperatgge-followed 5 by renoval of-

i nsol uble matter due to thernmal denaturation .and the activity is
thereafter nmeasured. The remnant specific activity was neasured as .
follows. N carbanoyl - D-a- parahydr oxyphenyl gl yci ne was dissolved in 0.1 M
phosphat e buf f stetpblstriytuaebef tHe eh¥ymebss ridiec ohQysehattit hdslb&énof
enzyne solutio e?@%m%ddﬁd toG; m of. .the substra%gﬂﬁplutio . followed by a
reaction at 40CSFSF™BG%n AMCRS THAI38% i 8h whd LA ESfed WA KU FRER of -
0.25 m of trsthrepstiratituracitilire o ehatof tdheemiyme actlitvid gppasent

measur ed by subject. [ i olution to high 15 perfqrmance. | iquid
chr omat ogr aphy%g? nﬂgﬂ%tﬁggﬁgggﬁgﬁ?ﬁga %ﬁ%bg DA p%rggﬁyl%? Sx§ptien %f{‘/%ﬁli-ne.
whose act bvi t yinathet indestriedlyasppiidabiei ifeldal oft ahdaedenZimeesut ati on
strains represented by identification nunbers were obtained by screening.
ATmindicates the difference in denaturating 20 tenperature between before
~and after nutation. | NDUSTRI AL APPLI CABI LI TY The present invention provides
decar banyl ase, the 25 stereostructure of a decarbanyl ase nutant, and the
"stereostructure nodel of the nmutant. The stereostructure of the enzyne is
useful for reasonabl e design of am no acid



“mutations aimng at stability in heat resistance, organic solvent

resi stance, air oxidation resistance, and the like; 30 a change in the

opti mum pH of an enzyne reaction; and an inprovenent in specific activity.
This design makes it possible to obtain an industrially useful nodified
enzyme in 'a speedy and efficient manner g4Further, the 56 stereostructure
of the enzyne is the only one that has been determ ned anong am dase or
nitrilase which have stereostructure simlar to that of the enzyme. It is
apparent that the stereostructure of the enzyne can be really applied 5 in
the industrially applicable fields of tpege gnzyrres. 57 - CLAIMS 1.

Decar banyl ase crystal having a space group B 1212 in the orthorhonbic
system and an amino acid sequence set forth 5 in SEQID NO: 1, or a space
group -P212121 kn t S C set
Porth i n SEQ 1 b NOLSPaRgLARE X Eys S0 A oPBpREL MEAI 852 R She’
wherein the cPysharhpabig &HFFe@eﬁndrﬁntﬁ@lﬂerﬁpmﬂ aeqéenaﬁgaeaerch

par al | el egi ped tfice S ) 0 A
B Co06, o B, & A e e 122 5B 5 R o rogEe
Decar banyl ase EY?EFEIa%EB@‘FW asid %anc%ﬁértef?rr'ﬂhén B0 dDyN@at has a
unit cell in the fornlof a rectangular paral | el epi ped and has |l attice
constants: a=6 =138.0-140.5 A, _and ¢=68.5-73.0° A, and the
anmino acid se ueR‘EEaFEa‘EE@??) Nystal asgoxrdipgote wRhAimsl. ¥hegean the
according to ctaystd]l Waer ea nuhlie @)IStah ke afoitit ogeld récthrghpim of a

rectanguigr  paLall el PRhPSdaada s RLEEESe COOSLANLE: . 32806 55 82 55 41,
b=135.5-138.0 A, and c=66.5-68.5 A; and the amino acid
sequence is SEQ ID NO.: 1.

3. Dedarbamylase crystal according to claim 1, wherein the
15 crystal has a unit cell in the form of a ftrectangular
.parallelepiped and has lattice constants: a=68.5-70.5 A,
'b=138.0-140.5 A, and c=68.5-73.0 A; and the amino acid
sequence is SEQ ID NO.: 1. -

20 4. Decarbamylase c:ystal according to claim 1, wherein the
crystal has a unit cell in the form of a rectangular'
parallelepiped and has lattice consfants: a=81.5-82.5 A,
b=133.0-135.0 A, and c=119.5-121.5 A; and the amino acid
sequence is SEQ ID NO.: 2.

25
5. Crystal accordihg to any one of claims 1-4, wherein the
crystal contains at least one or more heavy metal atoms per
decarbamylase molecule. ' '
30 6. Crystal according to claim 5, whereln the heavy metal

atomlsanyofmercury gold platinum, lead, iridium, osmium,

and uranium.



- b=133.0-135.0 A, and ¢=119.5-121.5 A; and the am no acid sequence is SEQ
ID NO.: 2. 25 5. Crystal according to any one of clains 1-4, wherein the
.crystal contains at | east one or nore heavy netal atons per decarbanyl ase
nol ecule. 30 6. Crystal according to claimb5, wherein the heavy netal atom
Is any -of mercury, gold, platinum |ead- iggi dium osmum and uranium 58
7. Frozen crystal, prepared by freezing decarbanylase <crystal according to
any one of clainms 1- 6 in liquid nitrogen. 8. A nethod for preparing a
crystal of decarbanylase, 5 conprising the steps of: providing

decarbanyl ase 0l pt-b9Bn "W HEa B, CORHANAL | B qfréez'iqx%%aka%amy%ea

precipitant solution contal ning polyethyl ene glycol _
met hoxypol yet h¢F¥fé&agdarrdiPEImERYIRRS Af C&aéélﬁcénﬁrla’t lb%ul@ﬂlsrseew %
and a buffer agent having a concentration such 10 that pH 6:0-9.0 is

provi ded; m xing the decar baﬁr;%l ase solution with the é)rem pi tant _sol ution;
and al | owi ng tfe A Rotht o x PHePaLding | dn Ly sdtdnPF oflegapPadéiessi ned

peri og of sti macumprhs&hg teé ad bepy | € %ﬁtc?ing aeghmymalsbhgogﬁtﬁﬁhon to
a predetermnmi ned si.ze or nore, et ho ording to claim erein
the mixing st egavﬂ:Bﬁhﬁ F88§3W§9ﬁ§°8 % 6p§f58t m8 APR FgsEPitRBE on

with a dropl etsoiutlﬂenpramrptt&mlm§ol @Ulqretrqudsntehe §le@ol of (@HDW ngrt he

resul t ant mxtur soI ut %10 gt an co sz salljs endi n ége mﬁ.

dropl et obt ai n@ﬁ ﬁxygg R y e{ Eﬁ%@: oneY %%ra\/(d' RbFa 8nt he

preci pi t ant sobﬁtSﬂfﬂ) wtl%aasﬂhhelnhf:fmr aigaert; hmenglmddm@emtmtmdnaauch

solutlonlbn that pH 6.0-9.0 is provided; mixing the decarbamylase
solution with the precipitant solution: and allowing the
resultant mixture solution to stand for a predetermined
period of time until the decarbamYlase crystal is grown in
the solution to a predetermined size or more. '

15
9. A method acCording'to claim 8, wherein the mixing step

comprises mixing a droplet of the decarbamylase solution
with a droplet of the precipitant solution, and the step
of allowing the resultant mixture solution to stand comprises

20 suspending the mixture droplet obtained in the mixing step
on a solution reservoir_holding the precipitant solution
in a sealed container, whereiﬁ the precipitant solution in
the solution reservoir has a vapor pressure lower than a
vapor preséure of the mixture droplet.

25
10. A method according toIC1aim 8, wherein the mixing step
comprises mixing a droplet of the decarbamylase solution
with a droplet of the precipitant solution, and the'step
of allowing the resultant mixture solution to stand comprises

30 suspending the mixture droplet obtained in the mixing step
on a droplet stage of a solution reservoir holding the
precipitant solution in a sealed'container, wherein the

precipitant solution in the solution reservoir has a vapor



the solution reservoir has a vapor pressure |lower than a vapor pressure of
~the mxture droplet. 25 10. A nmethod according to claim38, wherein the

m xing step conprises mxing a droplet of the decarbanylase solution wth
a droplet of the precipitant solution, and the step of allow ng the
resultant m xture solution to stand conprisges 30 suspending the m xture
droplet obtained in the mxing step on a droplet stage of a solution
reservoir holding the precipitant solution in a seal ed container, wherein
the precipitant solution in the solution reservoir has a vapor 59
pressure | ower PEB@Buﬁeer Rh@pSyvapdh pPEs Fuxs Wt tHE QR&lure dlopfe®t hod
according to claim8, wherein the predetermned period of tine during
which the mixture solution is allowed 5 to stand is one day to three

weeks. 12. A method meadidlhB8ot @ikl dice Bai U | hBeredmdiishpdabt achideqat he
decar banyl ase solution_in a size exclusion sem -perneabl e nenbrane after

the step of prB&FdPAPLE fdMfelUrhamiThkeh thesBLEtER, sakerkem ishalkPRehg
step conpsi sestdi btHadNGst BRe AAgCEPI tRBkeS@kEkEON t hrough the

sem - perneabl e nenbrane into the decarbanyl ase solution. 13. A nethod
according to claim8, wherein the mxing step 15 conprises gradually
addi ng the pretpi Ameithed ddcdardiny tdeladmc s, Famthasecati s Oy paadih§e
step . of allom@ﬂg the .resyltant mxture so utioq%gg st and conp

I
alloving the  FRSESCarbamydess 3o Aonin A S42e s ePaian aP Ak Poppe ke
Decar banyl ase whubugher pf¢erbytie steepoofr priowidimgitie @ecarbamylase
stereost jHCt ur go§ QPRLAYYRERLER HHS i dd @ tfOLLAY DG ¥EBusing the

precipitant solution through the semi—permeable membrane

into the decarbamylase solution.

13. A method according to claim 8, wherein the mixing step
15 comprises gradually adding the precipitant solution to the
decarbamylase solution, and the step of allowing the
resultant mikfﬁre solution tb'stand.compriées allowing the

mixture solution to stand in a sealed container.



5 Nterm 10 Gterm 15 20 or an active fragnment thereof. 15. Decarbanyl ase
having a four-layer sandwi ch structure containing a secondary structure
containing four a helices and twelve f sheets, or an active fragnent
thereof.. 61 16. Decarbanyl ase, wherein am no acid residues thereof
involved in an enzyne reaction are one cyd®ine residue, two glutamc acid
resi dues; one lysine residue, and a substrate of the enzyne reaction is

D- N-car banoyl -a-am no 5 acid; and a substrate-binding active site thereof
is characterized by a stereostructure represented by: H Hi ss4i / ~7N laa

HN 10 NArglT, 1l Odd¥adrbaaienie chardbf6siséd b sPePeostrubtufe havindC —
Hrs HNH3+ H %lg:llR O Qu44 Q 20 where a substitute Ri1s a side chain
of D N-car banoBEHHM n§ TEGW HIHC RN c PARARs e TARTAREN A ardnactthee

fragment therefllowing figure:

10

- 15

20 or an active fragment thereof.

15. Decarbamylase having a four-layer éandwich structure
containing a secondary structure containing four a helices
and twelve f§ sheets, or an active fragment thereof.



25 17. An enzyne nol ecul e havi ng decar banyl ase activity wherein a
substrate thereof is D -N carbanoyl-a- am no. acid, wherein the enzyne
nol ecul e has an active site cavity formed of at |east am no acids
corresponding to the following amno acids of SEQID NO: 1 or 2: Qu at
position 46, Lys at position 126 , 30 A-uedt fposition 145, and Cys at
position 171, or an active fragnment thereof. 18. An enzyne according to
claim17, wherein in a reaction, - 62 the D:N carbanoyl-a-anm no acid can
interact with amno acids corresponding to Lys at position 126, Hi s at

position 143, 1@. uD@TcamnlyllQlEel45dM3éﬁeﬁﬁ BRZhbl Aty 4réf 938t s PRkl 175,
and  Thr at pomh&gﬂ %Z of SEg 1. or 2 at the active Site cavity,
or anm active fr5 €9 A8 85r ! nfgmeAﬁeé'Wfﬁﬁé’ &CoPRien FYEd edng mersidye .18,
wher ei-n ani no tzwccx del o ias pasilan g d<0 ddds ; ato@QSﬂbeﬂeﬁﬁgeﬁdhh@; a@@shllsl 03
145, and Cys a iLtion 17 r 10 2 have a hydrogen bon
via a water noltsélc%%isc ate f’% %tc?r\x@gn%leeea%t%ﬁr{ y-5 BrNzRazbameglr-paghine
t hereof . 20. Anceldzynmdmlaecshhsar:awelbmgdlingaracunﬂa okitkai theddofl9is
wherein the D I | -a-amno acid is selected fromthe 15 group
consi sting of gh%- 8%?%%?? gﬁeﬁyl Iefc?or? ruCture Tepresented b
D- N- car banoyl - par ahydroxyphenyl glyc D N- car banoyl - phenyl al ani ne,
D- N- car banoyl - val i ne, I anl ne, D-N-carbanoyl - cystei ne,
D- N- car banoyl -aspartic amd“DN— ar Rano Lytam c agid, 20
D- N- car banoyl - gl yci ne, D-N-carba l&7hi sii d| ne H ca haF? | -i sol euci ne,
D- N- car bagoy! -1 ysi ne, D-N-carbanoyl-1 euc r‘ N- cgr banoy t hi oni ne,

Ae,

D- N-car banoyl - aspar agi ne, DN cdelr bamoyl - pro DN‘H?ar banmoyl - gl ut am ne,
D- N- car banoyl - ar gi W.-‘.ﬂ?
148

o: ' N - /A" E134
N W : 0 >_N
| NHg+
.‘JH cy 51 11
o
Glu,? 6

20 _

where a substitute R is a side chain of D—N—darbamoyl-a-amino

acid, or a decarbamylase mutant, or an active fragment

thereof.
25 17. Anenzyme mdlecule having decarbamylaée activitywherein

a substrate thereof is D-N-éarbamoyl-a—amind_ acid, wherein
‘the enzyme molecule has an active site cavity formed of at
least amino acids corresponding to the following amino acids
of SEQIDNO.: lor2: Gluat position 46, Lysat position 126'

30 Glu at position 145, and Cys at position 171, or an actlve
fragment thereof

18. An enzyme according to claim 17, wherein in a reaction,



.25 D-N-carbanoyl -serine, D N carbanoyl -t hreonine,

D- N- car banoyl -t rypt ophan, and D- N-car banoyl -tyrosine, or an active
fragnent thereof. 21. A decarbanyl ase conpl ex characterized by a 30
stereostructure of a conplex of decarbanylase, a nutant thereof, or an
active fragnment thereof, and D-N-carbagogh-a-am no acid or D-a-am no acid,
wherein the conplex is constructed with a nolecul ar design techni que - 63
froma stereostructure of decarbanyl ase according to claim14 or 15. 22. A
met hod for desi gni ng decarbanyl ase nutants, conprising 5 the step of

desi gni ng the ggeady hUBd@sndl A s Y hBYaar P?H@éfé’x‘: we %%@99&

function nodified based on a” stereostructure o ecar ase accorglng to
any one of cl @PFEesRONAENgake Ivs a$09231tﬁ9ﬂelﬁ6dfﬁb?adeﬁpghthgn 143,

decar banyl ase GMh@ﬁé?s£¥E%ﬂ'§4@9Aﬂ@§%ﬁé§?t9$n P?@P%@d&kﬁo&i¥§&ﬁ'1?§ an
-~ enzynme havi ng decarbanyl ase activify; deternmning a stereostructure of

the crystal by2REbIR%E@thgosd iony 404 of SBQ i NOcry dt aF| d@rtahy; aghive

desi gni ngst he deearbavytaseoruhanhetibeh@yhfieAd tABREEYEd physical property
and/ or function based on the determ ned stereostructure. 24. A method

~according to claim?23, wherein the stereostructure is a stereostructure of
decar banyl ase 120 Bmacendiing hecapjingetof cthannb71l4r 16, wherain Qﬁlné

thod for d 9 decarbamlase mit | Si t
oreparing o oryerar ofSaReRRRy e RaviRg ChlicaRbargPRLELaR 161,018 at

determi ning a sesitbenruéSurandfC@d athecaiysitcal 1M sifbjSECt IDgNOhe Tryst al
to X-r ay1oCryss %Ax%) réWdrcggeesﬂ YU vtine ad %%Q'é;bra%llggglgu ta% n‘Eﬁe hav{ nxge

site caVity, or an active fragment thereof.

20. An e'nzyme molecule according to any one of claims 16-19,
wherein the D-N-carbamoyl-a-amino acid is selected from the
15 group consisting of D—N-carbamoyl-phenylglycihe,
D—N-carbamoylJparahydroxyphenylglycine,
D—N—cérbamoyl-phenylalanine, D-N-carbamoyl-valine,
D-N-carbamoyl-alanine, D-N-carbamoyl-cysteine,
D-N-carbamoyl-aspartic acid, D—N—carbamoyl—glut;amic acid,

20 D—N—carbamoyl—glycine, D-N-carbamoyl-histidine,
| D-N-carbamoyl-isoleucine, D-N-carbamoyl-lysine,
D-N-carbamoyl-leucine, D~-N-carbamoyl-methionine,
D-N-carbamoyl-asparagine, D-N-carbamoyl-proline,
D-N-carbamoyl-glutamine, - D-N-carbamoyl-arginine,
25 D-N-carbamoyl-serine, D-N-carbamoyl-threonine,

D-N-carbamoyl-tryptophan, and D-N-carbamoyl-tyrosine, or

an active fragment thereof.

21. A decarbamylase complex characterized by a
30 stereqsfructure of a complex of decarbamylase, a mutant
thereof, or an active fragment thereof, and
D-N-carbamoyl-a-amino acid or D-a-amino acid, wherein the
complex is constructed with a molecular design technique



an inproved physical property and/or function based on the determned .
stereostructure; and produci ng the decarbanylase nutants. 30 26. A nethod
according to claim25, wherein the stereostructure is a stereostructure of
- decar banyl ase according to any one of clainms 14, 16, and 21. - 64 27. A
met hod according to claim26, wherein theegep of designing the

decar banyl ase nutants is intended for a nodification of one or nore
characteristics of the enzyne 5 selected fromthe group consisting of a
change in substrate specificity, a change in specific activity, an

i nprovenent i Fromedstetyosoplttuzebif@eridmy IaHB dtkofadngtekande i1

wat er solubility. 10 28. A nethod according to claim 27, wherein the

nodi fi cation 5%'9 € characteristics of the enzyne includes an inprovenent
in stability. 29. A nmethod according to claim28, wherein the nutant 15

designing for .1 Qprove tin stability includes a nutation including
substitution o?ganE%Hﬁﬁé@@?ﬁ%FééﬂH&E%ﬁ%?ﬁfﬁﬁﬂﬁé?s?B“ aPﬁﬁgE?W@ﬁlﬁﬁng .
activity due t dhei step d4ft ideisiglngArhichdecarbangilage mutlanits ltﬁi‘rin-ngaer ein
the nodif icati . o] racipristi of . the epzype._includes a
change .in spe??&lsé%%%t &)\filo %rg%g aglﬁi/ieorﬁ z%tf‘%hc%lfo%p'f'?ﬁﬁﬁ?‘%ﬁ Q%i? pon @
decar banyl ase sifrezeostirugitnese witt degarbathydinisen aweolrdd ngateoatiyn@nieo odny
one of claims 23530 QQ,SQGJAagg;ng for nodifying a polypeptide or protein

enzyme having a prinmary anmno acid sequence simlar to that of
decar banyl ase by utilizing a stereostructure of

10 23. Amethod for designing decarbamylasemutants, comprising
the step of: preparing a crystal of an enzyme having
decarbamylase activity; determining a stereostructure of
the crystal by subjecting the crystal to X-ray
crystallography; and designing the decarbamylase mutants

15 having an improved physical property and/or functibn based

on the determined stereostructure.

24. A method according to claim 23, wherein the
stereostructure is a stereostructure of decarbamylase

20 according to any one of claims 14, 16, and 21.

25. Amethod fordesigning decarbamylasemutants, comprising
the step of: preparing a crystal of an enzyme having
decarbamylase activity:; determining a stereostructure of
25 the cryétal by subjecting the crystal to X-ray
crystallography: designing the decarbamylase mutants having
an improved physical property and/or function based on the
determined stereostructure; and producing the decarbamylase
mutants.
-30 _ _
26. A method according to claim 25, wherein the
stereostructure is a stereostructure of decarbamylase

according to any one of claims 14, 16, and 21.



decar banyl ase crystal according to any one of clainms 1-7, 30 or a
stereostructure of decarbanyl ase according to any one of clains 14, 16,
and 21. 33. A systemfor designing decarbanyl ase nutants using a 65 -
conputer, conprising: neans for determ ning.a stereostructure of crystal

of an enzyne havi ng decar banyl ase activity4 and neans for designing the
decar banyl ase nutants having 5 a physical property.and/or a function

i nproved based on the determ ned stereostructure. 34. A conputer readable
recordi ng mediumrecording a program for executing a process for designing
decar banyl ase nutants, 10 wherein the designing process conprises the
steps of: inputtjng data of crystal of an enzynme having - decarbanyl ase.
activity deter r?ifne% v} A9HFAIHE &9 yetadm 26, xwhayetnythe| FEgPaphy;
and desi gni ng ide® idedaigbatiyé agecaktbamlys aBaVvinfif #htsl51i phyisitealdeldl OfsF t %
and/ or a function.iJiproved based on the determ ned stereostructure. .35.
recordi ng medi m‘a%\lérm BIC) Bgt QnReQE T FRAr aF et iR 1fy &h6r egzyme

decar banylsase mmﬂ&@&eﬂbfﬁbmadubgr@uPZBOﬂéQﬁﬁﬁﬁggﬂﬂﬁf%ﬁ&ﬂ?eHhﬁs&bQﬁia@E3

i nputting data _of crystal of an enzyne havi ecar panyl ase activit
deternined_bysﬁgf€3€¥ﬁd%?hea6? & I&Bpﬁ9Fg3°d?§§%%&?%gFﬂbﬁV?r8ﬁ8meXt
desi gni ng the decatbbhijlisge optiamizhdiongof gtyimualpH 2%n@ apehhyiganghor a
function inpro%%qega§ggugglgg§;deternined stereostructure.

10 28. Amethod according toclaim 27, wherein the modification
of the characteristics of the enzyme includes an improvement

in stability.

29. A method according to claim 28, wherein the mutant
15 designing for an.improvement in stability includes amutation
including substitution of an amino acid residue which leads

to a reduction in activity due to air oxidation.

30. Amethodaccordingtoclaims 27, wherein themodification
20 of the characteristics of the enzyme includes a change in

specific activity and optimization of optimum pH.

31. Adecarbamylasemutanfobtainedwitha;ubductionmethod

according to any one of claims 25-30.

25
32. A method for modifying a polypeptide or protein enzyme
having a primary amino acid sequence similar to that of
decarbamylase- by utilizing a stereostructure of
decarbamylase crystal according to any one of claims 1-7,
30 or a stereostructure of decarbamylase according to any one

of claims 14, 16, and 21.

33. A system for designing decarbamylase mutants using a



10

15

20

25

computer, comprising:
means for determining a stereostructure of crystal
of an enzyme having decarbamylase aetivity: and'
meansfordesigningthedecarbamylasemutantshaving'
a physical property and/or a function improved based on the

determined stereostructure.

34. Acomputerreadablerecordingmediumrecordinga;mbgram
forexecutinga;mbcessfordesigningdecarbamylasemﬁtants,
wherein the designing process comprises the steps of:
.inputting data of crystal of an enzyme having
decarbamylase acti\_rity determined by subjecting the crystal
to X-ray crystallography; and _ _
designing the decarbamylase mutants having a
physical property and/or a function improved based on the

determined stereostructure.

~ 35. A recording medium recording data describing a

stereostructure of a decarbamylase mutant obtained by a
process comprising the steps of:
inputting data of crystal of an enzyme having

'~ decarbamylase activity determined by subjecting the crystal .

to X-ray crystallography: and
designing the decarbamylasemutant havingaphysical
property and/or a function improved based on the determined

stereostructure.



