;e3e* I$UR>*6t*T*' - 1 - Replacenment Sheet 1 Decenber 2003 DESCRI PTI ON
STERECSTRUCTURE OF DECARBAMYLASE AND USES THEREOF TECHNI CAL FI ELD The
present invention relates to a crystal of an enzyne which converts

D- N-car banoyl -a-am no acids to correspondi ng D-a-am no acids (hereinafter
referred to as 10 decarbanyl ase). The present invention also relates to the
stereostructure of decarbanyl ase determ ned by X-ray crystallggJa ¥ sk ng
the crystal, and the use thereof, and norelparticularly, to neﬁé& of Bb3
designing am no acid nutations to inprove the stability of the enzyne ? e.
g. , heat 15 resistance, organic solvent resistance, air oxidation

resi stance, etc.), change the opti mum pH of the enzyne reaction, and

i mprove the specific activity of decdPBba®BIBEEO®Y utilizing its '
stereostructure. Mreover, the present invention relates to a nmethod for

produci ng decar ba ants by utilizing the above-descri bed
stereostructure, gt%ﬁ%ﬁ&%@%aﬁﬁ/l%@wfbﬂ D USIES t THRERDOE
BACKGROUND ART 25 Optically active D-a-am no acids are val uabl e conpounds

as pharmageutical internediates. Particul arly, exanples of the D a-am no
acids, which are industrially usef ﬁéé%%@@%enyl gl yci ne and
D- par a- hydr oxyphenyl gl yci ne which are internediates in the 30 production of

sem -synt hetic peni cCi | 4 i :synthetic cephal osporins. As a method
for producing such Da‘ﬂé(?ri ]gé%%&%nsfggeﬂg{’ﬂ%drﬁggﬁ?? st rerpotay of an

car banoyl gr oup"F¥Bfn ikl e siemivdintg DDNNe el a 0Bl @oaChei§Q as,t 0
obtain  Repl acereesipSheetiq - Ja&§ﬁge [ the D a-anino acids is
known. 1p,this,case, the remval G aqggfggggéfeﬁﬁggge'sregﬁHEEFeHObWSa
cheni cal * et ho¥e o7 2aRet R ut iThe, PRgsantebnyemt iemctisan reflates to the

M Croor gani sm s ferengynic tit€ h g Mabes rd a5 RaR0Y Ly call
decarbanylase.cg%?53f3¥%¥ne cataLﬁzes theaggavgggigﬁg%EHEnea By g§LraY

D- N- car barmoy| -GG Ho- ol P UBLRg PR S S L TRRE e ywe bhsreetn and

i dentified fr@mnﬁumemtacwiarhp,genem&ﬁ%ﬁagkﬁﬁwaéesf?ﬁ?ﬁ%cgﬁghgmacid
Aerobacter, Agiapnas, ] eriu 0. Bacillus, Flavobacterium
Serratia, M crocvecus,. p?ﬁh@%ﬁ% gb?qkféﬁﬁ‘b@%8§fU%EﬁP&ﬁﬁﬁhb%e$;-NﬁﬁﬁxelIa,
Par acoccus, EQ%&%%&Q&Q%:aﬁﬁgénﬁanmmﬂweﬂheraeﬁamaaebd_&@g@e@quyyygy
nuclei c aci d seguetemdd, Ao PaNYhasge N2ReDRET HEkeE I Ned T gm the genus

~|grobacteriun1gF.,gnf . _ e enzyme
reaction, and improve the specific activity of decarbamylase

by utilizing its stereostructure. Moreover, the bresent
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-phenylglycine 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 rgroup from

a corresponding D-N-carbamoyl-a-amino acid so as to cbtain



15 fl grobacteriunradi vbacter NRRL B11291 and. Agrobacterium sp. KNK712
(Kaneka bacteriunm)). In general, nost enzynes are not stable to the point
of being resistant to conditions under which the enzynes 20 are
industrially used in reactions at roomtenperature or high tenperature, and
the stability of enzynmes often has an influence on the cost of products. A
so-cal l ed "bioreactor”, such as immobilized enzyme or inmobiligz agcement Sheet
bacterium is used to repeat reactions in @rder to cause 25 an%g&*gngom
reaction to proceed advantageously. In this case, thereis alsoalimt to
t he nunber of tinmes an enzynme can be used due to the stability of the _
enzyne, exerting an influence on the cost of products. 30 For the purpose
of effectively tg’éfi Roapméngyaeldsis knoathal yZestiars wseful theaedh@Pa] ik
industrial appla earih@nes it i for a nethod faqr rapidly or
efficiently creating ani,rer]rzé;%{rr?e a\glisﬁgc(agl%eentbypﬁ/ﬁ 1650 pertiioss g, ag.
Repl acement ShB&thodzuti{igdagnigar epgyBes trawidtiiton) ofr aa niicg li\ekd ©
activity. As a nethod of obtaining an enzynme having an i nproved physi cal
property @r function, g so-cal l ed random screening nethod is known, in

whi ch a géne encodi ng af EHXffe vibd chr Femp¥rald wambemord Sroyp cheghcaba

treat ment, enz§eeatbeayiest, OThﬁ_Beehiz:ﬁhe td(}@carﬁ%?i tc%exg%i/ﬁ!;ﬂgg%ged
and an “enzyne havi ng t e

mutation is ingrad into_a host cel] :
function and/ o]trJ %&%?53#05?0%%@@%# dOnBa-enirReasther Thamdenwniinb t he
recent advanceBaspesiy identafibddregybatbershaieens tg;(éﬁétx‘ér Ps!agd&fl?ﬁ‘agunber

of proteins ingbudhbbg-ER% S ve, been_reveal ed by ray crystallography
or NMR apal ysi sband, us‘?néggt e‘?gﬁog ?gﬁfure‘gﬁﬁﬂmﬂﬁ‘ﬁﬁculﬁﬁ egherium,

techni quid, " nodRFT-£A¥F on ofF Ace fnyisiroalm pr opeelrires ar, T ungtboPSeOk,s

proteins has heennidsssasi-Nl ¥,6909 . 15 The term"the stereo structure
of a protein" as used herein re%ersgtg%gtghe Hgens Tonal #tFiRi{r e of

the protein defTHELUfeer €érFaPRCEBAWI BinchsCamandyryas heThei amiasl Ghaguence

of the protei rsedquence e /jpirohakne haVa & a tdenadham ' equence i s
fol ded into the three.dinensi ongl struct ur%;gqunder t%gd%é}ri?%‘%ﬁgg%ﬁﬁﬁﬁ%ns.
The stereo structure of A8t efhofaytBe d8eRYSi marehecteniun (e.g. .,

cryst al |loyr aprgzsbantel miam radrebiaet beNRFNBE128% atheappdbbieatigp of the

physi cal prop&nNk7AS s se With the random screeni ng net hod has
been successfully ca?rKl e?q%t:t oegznjtugl:,yr? ‘an enzyme- produci ng bacteri al

strain (E. coli JML09) having inproved heat resistance, which is an

industrially useful degagdadwlfse o (J.nt ernat. |  Publication
W094/03613) . Further, aaérru_t ant havi %ggllf%%ﬁ%%eal sﬁg ﬁ’ﬁw‘%ﬁg RodBttai ned
by site-speci firc ol dgeR&irdanFapanesadiziignepandeabndahi theNenz9mé£3068) .
These eX&npl esrar éndusantialngi 6Bedei® 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 anenzymereactionto;mnceedadvantageously. In 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

creatinganenzymehavingexcellentphysicalproperties(e.g.



_ Repl acenent Sheet 4 - 1 Decenber 2003 produced based on the primary am no
aci d sequences thereof, but not by neans of a rational nolecular design
met hod utilizing the stereo structure of enzynes. 5 The stereo structure of
decar banyl ase and simlar enzynes has not been determ ned. It has been
found from sequence simlarity analysis for proteins, whose am no acid
sequences had al ready been known, using a protein sequence da ase, hLeIE‘{
Rel ease57 (National Center for Biotechnology-10 Information ( jfbe {
decar banyl ase has a weak sequence simlarity of about 25-30%to hydrol ase,
such as am dase and nitrilase. However, none of the stereo structures of
t hese enzynmes havi ng weak sequence simlarity have been determ ned.
Therefore, it iS$apadditivdalory ai ipgssidalta liya kb Rstivdte the St 8r89 4 frycture
of decarbanyl aggthy ngdngon alalquz'gmgoﬁgl O(I:p(_/J nodel i ng t echni que using the
stereo structures of simlar protelns> - IwifcATPEoFede Rhiysdgaloproperty
mol ecul ar desi §A feRAhigle § s0-gallsd sanRdhvieresn{ ARARd i mg Q.rsog;hﬂ%,

gy

Copeoe (nsti | uln whi8h ol YeaTBhbea1 08 B ol MUY 01T S ateq

Server (aéai I eéBI e from htgp

andPei t scR, M CP¥ 1699559 5 Reme nind teemies <-1Rafvheavier ‘lorAtheNViikenmepk for
conpar ati ve protebmbindeti pga ELECH u i simlar enzyne is

det ernmined, it 'ﬁthS dfeffi ul't to o%t glfl%ﬁ géggi&gnilg %&EBHB‘éeéi mEarfty of
| ess t han 30%}fl 2t F%r o W Mohavisy dedartrnigddsenvittibnaasafbi-ci ent
accuracy for aphy$tetl graferty €8SeEBdd€edD! I hod. . The
accurate atom gocoordifiate data of decar baw?gggﬂ%sg?%%%ﬁ%gi't (")uﬁpegﬁ“?:t
anmino acj d 30 nmutations 1ol vEd WS Wit §d ol Svhe thpt § heme st ictmrenzy ne

reacti ont0an i9pPovEmeeK offbspeeitis dnaniidiinigy/ena9fesatd kRW L&\, A,

precision for ghe xpyROse desi g f the stereo structure of
decar banyl ase can be det ef%gﬁgg#sgyil?{g{ﬁ?'ac%ﬂe%%h@@f‘lysﬁs- anghe c ety 2003

FEohn: e et ety b ML B DAY b o st aT
R T AT R L A

I nventi drﬂ_ To sol ve the above-described probl ems, an object of the present
cur ront Iy used i n i nOGErE&T M agie STPORQSCAHALHEOCRF A BEOSEENEm trseet ure

of decar bany| B§&ednt retansy tor yidtal tlogeapiymeMaDéhel 9bFacHLPE bLie tpLesent

invention is peoRedw HerandgC tant_ whjch is nore advant ageous
in industrial aﬁgl i cations bge%%%gz%ﬁnagf%Sc%@e N§ Hukitgh ther ampao

purpose of an®Fipr3anente At the peateilni t ¥ - ei t htike Mboardianbuh-iaw@FhRO0

aci ds (R20e., ahénsubstidakeqabtndecakb e Pt O ion_.of reaction pH,
the stability_agaipst heat qggg_ air os%gféiao%?tgnghg Eng%ﬁgad%%?nﬁ?iﬂﬁ%i ng
i

D-a-ami no aci ds usI ng-t he"B nell®0 dEBHEBARY| asenditions . 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 industrially useful decarbamylase
30 mutant (International.Publication.W094/03613). Further, a
mutant having improved stability has been obtained by
site-specific mutagenesis (Japanese Laid-Open Publication

No. 9-173068). These examples are mutants which were



DI SCLOSURE OF THE | NVENTI ON (Means for Sol ving the Problenm) 25 The
inventors of the present invention have studied vigorously to solve the
above-descri bedproblem As a result, a single crystal of decarbanyl ase and
a heavy atomderivative crystal thereof were obtained. The precise stereo
structure of decarbanyl ase was determi ned by X-ray crystall ography 30 using
a heavy atom i sonorphous replacenent nethod and a nul ti -V\/avelg‘;}%g%ents cet
anonmal ous di spersion nethod. Based on the 4tereo structure, a Ir@gcgggerj%@yi ng
i nproved characteristics were produced. The present invention was thus
conpl et ed. Repl acenent Sheet - 6 - 1 Decenber 2003 The present invention
rel ates to decarbanyl ase crystal having a space group P21212 in the

or t hor honbi ¢ sYSPERFEAP AT AMMBha K meguendaoset 1l ardduditeSEQLPNE, | 1,
or 5 a space gbatip nBZl Imédnd hgronrt har i-C t and_an, am no acid
sequence set f8rt3.i n 2811%»2%' D NO. : 2% %écqg);ﬁ%slerﬁ&isenc\e/@nﬂ oR°L9h ¢ Bethad
decar banyl ase oryitattfathfigShespastrgesupePefoenzamdsan ani no aci d
sequence set forth in SEQID NO: 1, or a space group P212121 in the
orthorhongi c system 10Tlﬁgd n am’Po aci d sequence set forth in SEQ I D NO. .
2. In one enmbodi ment, the Trystaf  iayiAss ech dpfareany lase tded f oimibira

rectangul ar pafRfyeéephpednandbbas Hatér@ene@NstantSas 45686, 5fc§§n<g A
b=135.5-138.0 @e@ﬁ@n&g@% %%15?’ 4. i’he.ag no aci d sequence nmay be )gf':'b | D
NO.: 1. In anothar 15 enbodirant. 204 YRy HH PREyehBe Whass amdabla¢idt he
formof a rect¥FfePepdiedl pdrepidyctean ckiaen ) alsiinee aCOASE AN %e(ﬁ]:éﬁcé- 70.5
A, b=138. 0- 140abt#pasdd pa O z M e am no acid sequence nay be SEQ
ID NO.: 1o In ggﬁot her enbod??rgﬁfz,éetgag%ﬁ;is?naqq #%ﬁfﬁvgoﬁ tecdwiqlagy t he
form 20 07 a rdthUMAEAN SNCBIGI Ehapede carhammsl 4 od thaze aCwesk Addiience
a=81.5-82.5 A simii3Baritkd %0 a%u@%ﬁﬁé%é}%ﬂéée The amino aci d

sequence may IQNO : 2. 1n one aspect,” the préesen r‘?\?er‘?ﬂlcﬂ?%y
provi de a crygﬂqlﬁs%%ﬁrclhlacsoen‘t allRYeYen. e RONeq pE dhemsite Heoaty urituale satodTs  per

decar banyl ase t8se|eacaymes |nawviveg endgdi g&qﬁenggesQﬁﬂgrgg&ahaggo%legalry be
ead, jridium osmu and”uranrum Tn

i g L W
pr epar ed by fre@éz'iifllrﬁ&ed'ézmﬁbawpasegcwseajf_ aecamakhﬁagdé ]rcbqgﬁeao-églhed
Tystal of desaroamiase cend farRlale YR SRR ok Ry ckarbaty ase
<ol ution haVIEd =t protelns,whlchlsoftenusedforthemoleculardesign
technique(e.g.,Swiss—deviewer(modelingprogram)(Swiss
InstitutecﬁfBioinformatics(SIB),ExPASyMolecularBiology
20 Server (available from http://www.expasy.ch/)); Guex, N.
andPeitsch,M.C.(1997)SWISS«MODELandtheSwiss—deViewer:
An environment for comparative protein modeling,
Electrophoresis 18, 2714-2723). Even if the
stereostructure of a similar enzyme is determined, it ig
25 difficult to obtain, based on a Sequence similarity of less
than 30%, the stereostructure model of decarbamylase with
a sufficient 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



Repl acenent Sheet - ~ - 1 Decenber 2003 concentration of 1-50 ng/mn;
provi di ng precipitant solution containing polyethylene glycol (PEG or
met hoxypol yet hyl ene gl ycol (PEGVWWE) having a concentration of 5-30 wt% and
a buffer agent having a concentration such that pH 6.0-9.0 5 is provi ded;
m xi ng the decarbanyl ase solution wth the precipitant solution; and
allowing the resultant m xture solution to stand for a predet ] eriod
of time until the decarbanylase crystal t+s5grown in the sol ut%ﬁﬁtﬁ%@%ﬁ,’[
predeterm ned size or nore. In one enbodinent, in the method 10 of present
invention, the mxing step conprises mxing a droplet of the decarbanyl ase
solution with a droplet of the precipitant solution, and the step of
al l owi ng the r85GFLaRt apPkYEie 96l theonstboestandctampr B8@S aSHeReRdLRYt he
m xt ure dropl ehooBtah Ae0yd Ly 11%J-Ng..S n sol ution reservoir 15
hol di ng the prggi Ei tant sol U I?g:réﬁﬂr%llgﬂlsee%g%&%cgﬁ?ﬁ?ﬂ%r‘?anl'lli’é“ FPBEFptednt
sol ution in th&REEPRYiidH thedenabingHdspasvapbe tor eapildeyloanerrihaan @ yapor
pressure of thebthxhu RodiOpbtenzvANSOnikA i of present invention,
the mixing step ch_mﬁrjEses m Xi ng a}f"h{drg]icl)ll!éital 1§1§?ﬁﬁgggﬁ?'ﬁﬁﬁﬂ é@@ugBFﬁﬂon 20
with a dropl et “BP-tH8pPREi pitant sol ution, and the step of allowi ng the
resultant m xture solution to stand conpri ses suspending the m xture
droplet obtained in th rngb'nrg stetg on a droplet stage of a solution
reservoir hol ding the ggemxip? art RSISR1¥EA iBY fthealmernoienl ner. The
precipi tant 25 sol uti div splvketselabioven deesefiveid phas1 8m¥ aRA oB '§§§35§
odi

| ower than a vaRoOrnPLESSHN ae m.xture drop] et. In another ent, .
t he pred][e(ﬁ)erm' ned %eri% Hogntg{aﬁretggﬁrilﬁglt%i&t%)% #i fippdes Arsited it

al | oned st dfFIPYNEL ARy thidhr ed sweeksTehhlgnotdea erpodifmider e

met hod f urt heramomit S5 3nhekacks |l ase salution in a size
excl usi on sen‘iv;.qﬁlrj%leabl e menbrane géﬁ(}%?ﬁ%@é%ep ! ufﬁ’Sgi S dany lase
decar banyl ase 's &Y FRES i RgrarRy- c dmrtihess obiiktusbAgthd @ reseeitpi t ant
sol ution t hrougtveriteion RemapeswntieNaBLarnimy1dsDenaher .

sem - per neabl %d@m’a%{é% iSntg t he qdecar_ba‘rilryl as}ér.sgl ut1on. nqg’hﬁojt%E‘Pre
enbodi nent, the mxing step tomftt T fladaRPLicasdrng thie goadupitiant

sol uti ot o t Meldssdapadpsdge Soruthenpuanssd her Hre ArfrAln¥ NG £t Rfe

resul tant m XtAda@ 5yt qpy _St conprises allow ng the mxture
solution to stand i nlaysceua]tjl eﬁd) @oﬁt ‘g?%‘é?‘?‘gﬂ AndTher nthte- t hEher esent

i nvention rel S0OStratecehr frpyrhamy base hetogrt izeidz diyi an sifereacstibuchur e

havi ng protei thet 8£8Pi S £ WCHIH EL 40O epr es, in Figure 1. 1n_one
embodi ment , t@grpr ese l% i%{/enti g%a%g?ég?egifo e(g%tr %nnylaggéah%{??ﬁ@da
four-layer sandw cKHSMTHOF e RohtaMHiag acé@sond@ingst ritet urebtantaani ng
four a Rl icedesndbanglusé3mheans. | n a preferred enbodi nent of the present
i nvention, anino acid residues involved in an enzyne reaction are one
cysteine residue, 15 two glutam c acid residues; one |lysine residue, and a
substrate of the enzyne readliSei.OSURE K¥c SHEaTHWENTTON NO aci d; and a
substrate-binding active site thereof is characterized by a stereo
structure having a substrate-binding active site represented by Figure 3.
In 20 another enbodi nEfRaRT e $pksrg e dndlokem) he present invention

rel at es2%0 an enzyne Tod eavkatbavi &g 25 i Vi wher ej n
substrate t he‘;fgf i S‘\‘,&EI- car.bamyl - aﬁgl%p%%@aci_%?ﬁ}?glﬁéi% %’%‘éeesﬁﬂﬁrfeeda

mol ecul e has &n° act f’tsé’lé'&‘v'I%I%/aPBVﬁ‘e@eﬁﬁrabe@@é:S’bl&mi-noAaainiss-LﬂEt,

corr tejsponfllifsngfl sénghe dmtd toas dﬁ? %}ﬁa&%aﬁ@ilﬁ%eoél%ésﬁgém cug %ﬁrvafgivg _Ut at
position 46, Lys u at position 145, an S at position
171. In another e Jbg?%%%gqﬁeﬁeam?g%ﬂ?%n, ThfePEe Rl sa siefrspstaugtiore aci d

can interact ¥ tdpearhrOydeivs weor despandined by KY¥adt crystallography

30 using a heavy atom isomorphous replacement method and a
multi—wavelengthanomalousdispersionmethod. Based on the
stereostructure, a mutant having improved characteristics

were produced. The present invention was thus completed.



30 position 126, His at position 143, Gu 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 enbodi nent, am no acids corresponding to
G u at position 46, Repl acenent Sheet - 9 - 1 Decenber 2003 du at
position 145, and Cys at position 171 of SEQID NO. : 1 or 2 have a

hydr ogen bond via a water nolecule at the active site cavity ﬁcez%nrégtt
enbodi ment, the D N-carbanoyl-a-amno actdéis selected from tﬁé{) 1@0?3
consi sting of D-N-carbanoyl - phenyl gl yci ne,

D- N- car banoyl - par ahydr oxyphenyl gl yci ne, D- N car banoyl - phenyl al ani ne,

D- N- car banoyl - val i ne, D-N-carbanoyl -al ani ne, D N-carbanoyl - cyst ei ne,

D- N-car banoyl -aspartic acid, DN—carbam)yI glutam c acid, 10

D- N-car banoyl - gl yci ne, Tll? h| stidine, .D-N-ca rbarmyl -i sol euci ne,
D- N- car banoy! - ysi neg N Bar bla%?floqgl VRt HE pefatsepdifbyfefarhrpnl age

D- N- car banoy| - &5¥aFa h@é’lnE}NS@aerame.lp peo2ianin taewmdzafmmlcgéyé%ne

D- N- car banoy! - an@i &h N@nid® & N-carb | -t hr eoni ne,
D- N-car ba yl-tr haln andjﬁh[;iél\%l-r car arméel tfgr%gm A& g%ﬁ gﬂo‘tzﬂer + OF
enbodi rren t hd %%&eﬁf' o1R\RAhi2i dn inethae e#tﬂmlalcutéuar bgAY bas & QRPARKN o

charact eri zed dyid sequefcst et W19 £, CopBl ¢ decarb | ase, a nutant
t her eof , or arhﬁa\;tlve 20 fr rrent thereof gﬁd gﬁcar(t;z:m) erxmé‘?ﬁ% acid

or D a-anino achdTh” c’iﬁ’ﬁﬁ dsfetbaawdass enyatedl kavling dlesigye
techni que fromgzoun éiﬂaelztmhw &mQﬁod@@ﬁﬁb@é@ﬁ% ddt ggggtgsgﬁc Eoc?f 4 he
pr esent mventN(g #h%rpresenteZS |nv&[5§| on relates to a neth
desi gni ng decar bamyl ase mut ants, SCUNpridias thetBepr throgeamisiv IRy Sttfeen
decar banﬁq ase Gift &t 9MiaY Agid phygsenak @é’opﬂrﬁm e_mld.ggg apfamction npdified
based on a st e0e accor to any one of clains
14, 16, and 21. nma)ﬁggl %ng?%ag{)%%t %@%b Ehe ﬁl% rﬁ%lolnlrleﬂa% donm g
met hod f or deﬁfgﬁl ﬁ@cﬁ%ﬁ?W@@MWwd mxﬂphasdtgtti}ﬁe SloRp tahits .
produci ng a crayﬁstsals-tsfa 3N AeNZyEs Ayl 119 decar bgﬁrgl agtl gl [L,y de#gr m ni ng
a stereo stru e of Ihe cr stal by subjectin acerren gbee €10 -
1 Decenber he Ko tﬁ?q B%er 8avcrlRt 8ERo Papﬂfg/ dnd desi gniotpetrhe
gecagI barh?l ﬁse empelmr@nftawth@ afryistRIOWRE Baye %aluﬁgrtoggrltly lﬂn%‘gr L%llct ![ on
based on the det gr{%&ga%n@gfgmﬁc hiped'afdHas 1attice constante:
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 lattice 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 provide a crystal which contains
at least one or more heavy metal atoms per decarbamylase
25 molecule. In one embodiment, the heavy metal atom may be
any of mercury, gold, platinum, lead, 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
amethodforpreparingficrystalofdecarbamylase,comprising

the steps of: providing decarbamylase solution having a



5 for designing decarbanyl ase nutants, conprising the step of: preparing a
crystal of an enzyne havi ng decarbanyl ase activity; determning a stereo
structure of the crystal by subjecting the crystal to X-ray

crystal | ography; designing the decarbanyl ase nutants having an i nproved
physi cal 10 property and/or function based on the determ ned stereo

structure; and producing the decarbanyl ase mutants. In one enjx chrrrn%thhee¥ he
stereo structure used in the nethod of the7present invention |1§3e@en§o ShEo
structure of decarbanyl ase of the present invention. In another 15

enbodi nent, the step of designing the decarbanyl ase nutants is intended for
a nodification of one or nore characteristics of the enzyne selected from
the group consF8BPARLERTACDIRELE50 Methbt pabeisped fiediyitsh€hange b

specific activibyta®dAih i i]i optim zation_of optinmm pH,
20 and a change inawa%e?ge};og;&%gﬁ@iﬁjte?g gﬁrﬁ%ﬁ%t{ké?’e‘ﬁ%@%ﬁ‘éﬁ?@lﬁ%%&'béﬂ@ti on
met hod of decaPbBAPLaSREFAMBEIthaYiNg mt ededntoramprove Stabi kitky. and a

Preferably, theusBéanidgeesi B NEgf o nt..in stapiljty includes a
mut ation Lnclugin subati tution ot an acﬁ#ﬁgfﬁglfgﬁjr%%?lau h@ﬁi@lﬁ %e‘éﬁ%-?o a
25 reduction in aftPVFE§guBikéngi thexidesardamnylasencidlert ienbodi tenthet he

modi fi cati on ofredieprtamacdeiusioes Afg tHer GPZYI e hange in
specific acti vééyu@f%%%tisr{i zgt%on of opti wm_pﬂ&%%%%ggﬁ%%hgrm e, the
present invention relates tord HBESF Bt HhRathpeshosd nédtwne hur el
met hod of the Phrestecaibumyiaon. cifetal esenyronkenhl AhedlssA 18l 6%, 19 2

n Jj nhi bitor for decarbanyl ase - 11

met hod for scrgedy A igning a

Repl acenent Sheet %Decer%%?gggé% r%?/]g%ti I PG MR ddmendo &t themetdiat t he
present thvent@forPrasenndinwen tispecithe el xires erteg et e P M GRS

met hod for nodidoging eFhes G R in enzynes having an at

| east 30% pri marq‘,ljl ani.no .aci ?gsequengg%&ls% ﬁrérif’i“t‘&}l%% adéEQPEJSM%sté]eby
utilizing the M e uEPlrkler. andethe sdmp of @ ldopsing the rdecardaywy| ase.

BRI EF DESCRI PTili@tudle FbiEubDRAMY IS thhF cobe i ekS | how.ng the
protein ster e(ar%?rltéq:t gpg to I_orgyé of degafbbanﬁlbasé%ﬂérﬁ%b?g]%% and St fuct ure
is indicated by trianghes e "h he PiXERY {4k Oni 8 sqidittimredelsproioial es.
"N-t er m13 ndi &atldd nghehe precips tah tasoleivikin sk B ddiliLatss t hfe
carboxy term pYscq Lgu k . ri,bbon-strand di agram of decarbanyl-ase.
The (err) strg’nd 5 ?S(%P%rgég%étli?\%ialcnattg’g Sgik}faé{"ﬁs’?e?‘%’é"%lﬁé}eﬁ asvpperure is
i ndi cated by REPFE¥ES IMremfhab avrbosi ecsharast thomiadure aabalyti C

activity are Rndbcaigdthy Madio2Q a2 iGK 1 i-0n. mended) Figure 3 is
a schematic diagram show ng t he subgj%re%:elgctbllﬁ ie%létlr?é]rin%ﬁeo?‘lf‘ﬁégaﬁ fPe site
of decarbanyl aSEPTREPRATEELRE 4 dreRlehaph BhepDlaparbamylase solution

20 with a droplet of the brecipitant solution, and the Step
ofallowingtheresultantmixturesolgtiontostandcomprises
suspending the mixture droplet obtained in the mixing step
on a droplet stage of a solution reservoir holding the
precipitant solutionin a sealed container. The precipitant

25 solutioninthesolutionreservoirhasaivaporpressurelower
than a vapor pressure 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. Inanotherembodiment,thenmthodfurthercomprises

30 placing the decarbamylase solution in a size exclusion
semi-permeable membrane after the step of providing the
decarbamylase solution. The mixing step comprises
diffusing the precipitant solution through the



25 carbanmoyl -a-anino acid. The nanes of ami no acids are indicated by

resi due numbers and triple-character notation. Figure 4 is a diagram
showi ng the stereostructure of the catalytic active site of decarbanyl ase.
The (3 strand structure is indicated by sheets. The a helix 30 structure is

I ndi cated by helices. The am no acid side chains involved in catalyticaCidS

I Vi I ndi ' ' he nanes @f .amn
activity are indicated by ball and stick notation. T R L.am na. a
are indicated by residue nunbers Repl acegrent Sheet - 12 - |7 Sﬂﬁ%%o 003
and triple-character notation. Figure 5 is a diagram show ng a rker pl ane
of a difference Patters on map calculated from1.00 .~ and 0.98 5

. . . : : . o
diffraction data. Figure 6 is a diagramshow ng a Harker plane of
di f f erence Pat feMionernmpabakcukbmbedntr antd. 8Ae~daBdrbary185Ef £8shE Py dat a.

i i j ' f an angnmal ous Patterson
mp cal ol at o -Gel ¢ D8 L | S SEG LA SO SosrrgiRelD | a
represent at i ve28fAéBotos Rawinitandpsatut hen tattaleyde camsdnyiea s §61ution
i ndi cating t heagtiefigd sxid; %tfuéil%ihgettﬁ’é %Seﬂilﬂar}l"tem" ;. BEST MDE FOR
CARRYI NG THE | NVENT] &1 20 Hereinafter, the pres M PefiPBR1GRI Fobe
descri bed®in d& ap@_comprlses allowing the mixture solution to stand in
a sealed container. In another embodiment, the present
invention relates to decarbamylase characterized by a
stereostructure having brotein stereostructure topology
represented in Figure 1. In one embodiment, the present
10 invention relates to decarbamylase having a four-lavyer
sandwich structure containing a secondary structure
containing four ahelices and twelve B 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
aclid; and a substrate-binding active site thereof is
characterized hy a stereostructure having a
substrate-b:gnding active site represented by Fiqure 3. In
20 another embodiment of the present invention, the 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
embodiment, 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, Argatposition 175, and Thr at position 197
of SEQ ID NO.: 1 or 2 at the active site cavity. In another

embodiment, amino acids corresponding toGluat position 46,



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-am no acids by renoving a

car banoyl group nodi fying the am no acid. The term "decarbanyl ase" refers
to an enzyne havi ng decarbanyl ase activity. Exanpl es of decarbanyl ase

i nclude an enzyne having an am no acid sequence of SEQ ID 30 NO. : 1 or SEQ
ID NO : 2. Decarbanylase of SEQID NO : 1 was isolated from, lacement Sheet
flgrobacteriumsp. KNK712, and sequenced. 9The enzyne having t RO 0eCT d
sequence of SEQID NO.: 2 is an enzyne that was obtained by screening
nmutated E. coli Repl acenent Sheet - 13 - 1 Decenber 2003 strains having
randomy nutated SEQ ID NO.: 1. The term"nutant” as used herein like "a
nut ant of decaFbarAtl ngeibiont heb, enzyoes'at pbeisibe 8N1 ¥IZYEE MASH. 5; has

an amno acid § ' t_one amno acjd substitution, addtion
or del etion, orﬁgy?r#oﬁdq’i%flgg?d;gn)i%n lgglgg bt etvRPtecrie fithghatacebee part

of the activit§ib® theakitginal enzyire. Thaotéem "acthyedinageent” wefers
to a fragment gparédrPindde-Qnd cid..sequen of .a_certain 10 protein
enzyme or . pol y(ge tide. enz%rre, V\lﬂ?r(l: I?gél?)lg %% %gals‘?tctﬁ tflbcfmtﬁéeac‘flli“q}?ﬂy of
the originhal e ‘2@ Stingthis casef "at | edstNyzarbaiot hepteaiy M Iptine ,

represetati veIly-mea“:aexf‘ﬁarﬁ@ﬂ_i-tpé1@:{;}%}«51]5’1(;;(?0 ;hfq]_sj?cﬁﬁ' ic activity of the

ori gi nal enzyr@_ﬁ_néj !géef erably at_ | eas.ﬁg%oo 0 e és’peci fic activity of the
15 ori gi nal e_nzyms,a ARy I1e eiré‘ﬂl,alf%?_snethan 10%ofN totrer beyat f-va ldiaid Vi t y .
The term "nat iRV oryshaidylasa Lmechdier ei n ref er 40 & HAMHA -Hatal, Of

decar banyl ase g Gl wn in huffer 20 containing an appropriate *
conposition of a (;}érhe]%:l?aﬁ% anta(sé).agr.bc,lcaﬁﬁﬁ i P RUFaER @opbt gt bymmacgiducol |

etc.), arl addiRiNeaghamovindheind ke, and doesN@ar&amoynia heauy et al

atom The "heaow-HLBHARVIVEtIMEGystal " as used herein 25 refers to any
one of the crystals obt aiylne N the Tl | ow ng ma%ﬁ r'§’a.r%(3mi°1’)l‘éyﬁll§&ar ed

native crystal® % <ReawYLr Igusdingt.i on cont aPrNngazbheayy -metak oaeapoUNd
(e. g., nercubyN-gerbarRlyat-adpRiragdad, iridi um pogmium, Wrani um etc.), so
_that heavy metal a O? ari‘tcgggl eé_ﬁwith decar bar’%ﬁase |ra1Hlf3%2L Q%]O&Fi?gtal vi a
coval ent bonds or ‘60PNt §1HSATINGi-t hout di sPoNbFAgbameyédrgstahinaity,
(ii) dedd bamp-Ssearbagogunseaisiengl e crystal pLn-bufbemo$oL vhi-a9,$gat ai ni ng
an apprOpr'at@—ﬁQQQQ%ERBQE—?Ey%tgiggh?”%%yb—&%ba%bhm%ggegy¥gsine. In
another embodiment, the present invention relates to a
decarbamylase complex characterized by a stereostructure
of a complex of decarbamylase, a mutant thereof, or an active
20 fragment thereof, and D~N-carbamoyl-u-amino acid or
D-oa-amino acid. The complex is constructed with a molecular

design technique from a stereostructure 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 according 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



Repl acenent Sheet - 14 - 1 Decenber 2003 sul fate, polyethylene glycol,
etc.), an additive salt, and the like, and al so containing the
above-descri bed heavy netal conpound at an appropriate concentration, and
(iii) a decarbanylase nutant in which a nethionine and/or cysteine 5
residue is substituted with sel enonet hi oni ne and/ or selenocysteine i's

enpl oyed. I n one enbodi nent of the present invention, crystalﬁe umwn Ma
decarbanyl ase having an anino acid sequena® ef SEQ ID [0 NO. 1 ;

be grown in precipitant solution containing polyethylene glycol (PEG

met hoxypol yet hyl ene gl ycol (PEGWE), a buffer agent, and any additive salt
whil e carefully adjusting the concentration and pH of the solution within a
pr edet er mi ned ¥5ﬁg€ryﬁﬁéldé@aﬁban¥ﬁaseyﬂfhliﬂgxﬁﬁnﬁu|éﬁﬁ|§egiégl I pe the

pol yet hyl ene ghyea | ) ntration is 5-30
W% and pHis .O%:Bgﬁl}rmgggw t%fgeawﬁi ag m%%%Y é]PgéfﬁﬁSP&gPE%P%ﬁFﬁﬁDnl y

used for grovwﬂngf'oﬁrBF%Phl@my‘@@%@d @ﬂetheadﬂhgurtldetﬂfﬂﬁtﬁé\oﬁﬁf@@ﬂur@-
di al ysi s net hotln aanrthebatsbepet t4 N Enz Io Vol . 114

Dffracti on I\/b%hodé for Bi ol og i cal crorml
Macr onol ecul ar- ¢y ?%W%Jg?%p@ﬁpqﬂé?@mﬂ}asmub@n’@ﬁplwmlﬁheg vap@rstep

di ffusion net hotl: igrepef Aiqk erydRACe dhngnbomk Eayap rd&{-g f u5| rret hod,
a droplet of ga@{ﬁ;f n. dgl ution containing a precipitant 1s I a
contai ner hol ding a VMR R SSegersrucsNes aEngha ¢mg$rtal by

concentration ftﬂb:pﬁtet:nm ttémet crastal g xoragl 6§yst§1§6§£§9hgnq3@g nqqlv%lqgot o

stand. There ang.t for. pl.aci the droplet: a han
net hod aﬁ? a sﬁfeflﬁ%cgrgg%%ts?%é o taonttnse Hg?{ gPfg-at opMREPYiRE, Yﬁmall

dr opl et pr RIEARLEE ut 2%/ ¢B plfaoedtlon a et gdnassthand dhereavely 9! ass

is reversed i stRreRAMRAUTLRR ahd | - 15 -
Decenber 2003 Jn the si ttlung roghgggﬁaglngn a%pd;jlocﬁ %&%F&ta&tége IS

instal l ed wi thi'h Ve SFESEAPEPE, hhenaterepepractore prosdiim 0lelie@holds
pl aced on t he odi opitsed sﬁxaeg@nﬁndlﬁ‘h@hf%ﬁrv%r ks sealedsiin 88 coverg gl ass

or the Iike. |_ution wit 5 the reservoir contalns apre0|p|
while a snall E%%%%ta% S 35€ecPhi t‘él?ﬁ iR Sidsentinvientdensnal [Inpr enether

dropl et 15The prbeidimeant, sm@me@rmoﬂ&mbighidwtmanmcﬂﬁén\ﬁﬁb retagd

contains the I . PEG PEGWE havi'ng a nol ecul ar
wei ght of 400%%9%%%&%%@%%%%?1& 8{7e°rf0 BRe P& TRTREhrarchergaties 7500,

and a concent Pit % eFr e selested from the group consisting of a change
(b)sod|unchlonndeubetbaugcQbeahggcg&gagaea%gﬁgghggrgggclgigagﬁ g?%%ﬁ .
Wi

salt, having a_concentration, of resu
0.2 M lithiumchirBPFa¥Fmeshgipcftabddityei entimipanionf obubptimagepi, t 0

provi de20 and a change in water solubility. 1In another embodiment,

the production method of decarbamylase mutants is intended

to improve stability. Preferably,thenmtantdesigningfor

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
adecarbamylasemutantobtainedwiththemethodofthepresent
invention. The present invention also relates to a method

forscreeningand/ordesigninganinhibitorfordecarbamylase



15 pH 6.5-8.0, and preferably pH 7.5. To this end, 0.05-0.1 M HEPES (Si gng,
St Louis, M), USA) can be used. O her buffer agents such as sodi um
phosphat e, potassi um phosphate, and tri s(hydroxymnet hyl )am nonet hane nal at e,
may be used. 20 The term "batch nmethod" 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 natter was e%ﬂ?éﬁ%%s?éfe
centrifugation; and thereafter, the §§ﬁernat ant is transferre%, b&erfbeSIHR |
test 25 tube which is in turn seal ed d allowed to stand. The term
"dialysis nmethod" refers to a method in which a protein solution is
subjected to dialysis using a sem -perneable nenbrane in a buffer

cont ai ni ng aqprecli. ita.gt (external saolution) (Methods in Enzynol ogy, Vol.
114, Di f f r actPoN"$ANRELH SFECasHRC e b g Brestptcinsamtiers Unemobmrtaspget, fHee t er m

" predet er ni nqutesinz ehvastiots edotidesi N hehed Stdron il ' bR C@n be
nmeasur ed by LAY, en%?yﬁrgéalggﬂrmnt Sheet - . -1 &ngir%gﬁh%’oéglﬂ%bﬁﬁe ¢t
crystal | ography. 1 R PhecEEaNS A0 db 2 hnpi idBanyeAeing adid seienke pref er abl y
0.3x0. 3x0. 1 mwilarkity t ¢ mdepnibdeiydasei nby pailizgg ofthé | MeredsinkseR hEF eiyn

refers to a pesdBsmOfast fi.cl or. the size of crystal to reach a
pr edet er m ned 5rsi zgagr %Faé%ldﬁﬁérﬁgﬁq lei%sg‘ of decarbanyl ase in the present

invention, it may be preferably one day to three weeks. The thus-prepared

native crystal of deddRBAMIERER(FIHON DINDHE DR AwiNtgst he predet er m ned
size suited for 10 X-ray crystallography has (1) an outer shape of a

rhonmbi gppl ate, and ( a lattice constant which may be different anong
crystaﬁg havi ng t he ﬁg%e &dﬁ&&émsflwg}g B IPtaId AtereentiBicturs topelogpi t ant
and buffer, afdeceprpnmptdsat Thy psalaedisadetuses indddated by risigisd. Atk &@Fﬁxneedl €
or columar shapgRY; aimnedaqt hough. t.he e not, suitable for X-ray
crystall ograg V. %%c%é%a%% @ﬁ%&ﬂgg‘ (ﬁ[-tesr nng} ?S:t?’g,telin?m&s ﬁ‘itférrﬁé‘f“%‘t‘al of
an enzyne i s eri659 infkerenihecapboteienminusssl i nki ng reagent such as

gl utaral dehyde, it is possible to maintain a stable enzynme reaction for a

| ong tiige even 20 when an organic solvent is used. This technique is called
CLEC (Cross-Linked Enzyne Crystal) which has been reported (N. L. St. Cair
& M A Navia, (1992) J. Am Chem Soc. 114, 7314-7316). The decarbanyl ase

crystal of the presefipyj ki : r i catipn of .the
CL)éC 25 techpi Ioe. JeFr}tgu%d;ygqﬁ gﬁfﬁﬁﬁgg%gﬁgﬁr@%ta%ar@%ﬁ‘o e gsﬂﬁﬁ%y at om
derivative c?r@‘g#%e ]ﬁslgal?lateﬂo Y rlatey, Theys thelixoyugiing, isiindicatedabyc hyktal i n
whi ch heavy k¢ amimd acel sidecleouplre®d WA catalytic activity are indicated by ball

20 and stick notation.

(Amended) Figure 3 is a schematic diagram showing the substrate binding
manner of the active site of decarbamylase. R-indicates a side chain of D-N-

25 carbamoyl-a-amino acid. The names of 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 B strand structure is indicated by sheets. The o helix
30 structure is indicated by helices. The amino acid side chains involved in

catalytic activity are indicated by ball and stick notation. The names of amino
acids are indicated by residue numbers



30 proteins in the crystal while the crystallinity of native crystal is

mai ntai ned, is provided. The heavy atom derivative crystal is utilized when
usi ng a heavy atom i sonor pphous replacenment nethod and a nulti-wavel ength
Repl acenent Sheet - 1 ~ - 1 Decenber 2003 anomal ous di spersion nethod which
are basic techniques for protein X-ray crystall ography. The heavy atom
derivative crystal of decarbanyl ase may be prepared by a netﬁgﬂmgkm aki ng
native crystal in a solution which containg a heavy netal 5 coppeuRd,Ri an
anount that provides a required concentration and in which the native
crystal can be stably maintained for at | east several days or nore w thout
di ssol ution and decay. Exanples of heavy netal conpounds used in the
soaki ng met hod2PfActidelaechhreates potatganic metal conpounds 10 cont ai ni ng
gold, platinum iridium osmum nercury, |lead, uranium samarium etc. In
t he heavy netal soaking nethod, a stock solution which has a concentration
of 0.1-100 nM of heavy"H¥i%¢ Zohpduriiagmerh showEMESa( BhRYbrNBLEHEYoE a

t hi osal i cyl at edsoebHEh cB Lt d 1S c and 15 ;pot gssi um
dicyanoaugate él% and. whi ch haéﬁaﬁggpg%%%gga %ag%%ﬁBQrP%o% 8?343'98 A
precipitant an n %r%ﬂﬁ+??v%ﬁ§%it whi ch provides a desired pH A preferable
exanpl e of the stock solution is 0.01 VHEPES buffer(pH 7.5) contai ning

20- 30 mﬂ@bpolyethylen§%§£é$ol 6000 and 0.2 M Ilithiumchloride. 20 Wet her
or not heavy netal at % 9 IS Gudlegrem: shawipgsaalarker. plamap®d Wit h
proteins in théltfemstate Pat Heudgedmby €0l derdidW koY . Bbf RrA041:0% i
intensity dat adﬂff%%%ﬁ_} a&atpé epared with the soaki ng net hod anc}'corrpari ng
the data with the diffractron intensity data of a previously obtained 25
native c}@stal. Al ternatively, a m croorgani smwhich produces decarbanyl ase
(e.g. , reconbinant EgicRld Wy} t he genus robacteri~m may he
grown and cul tured_in #e%éﬁiﬂgmhg%bc%nt al ﬁoirﬁsglglwgﬁgnﬁtﬁgﬁ}ﬁ?ﬁé’ﬁne of an

sel enocyst ei néOFRIOUF hgttersan mamprdpulstedhdmne oebal Aatomegaedeat a
mut ant i n whi @s tamemichisOriate .0r cystei ne residue of decarbanyl ase is
substituted with sel enonet hi oni ne or sel enocystei ne may Repl acenent Sheet
- 18 - 1 Decenber 2003 be obtained. |If the decarbanyl ase into which heavy
metal atléns are introngedecanibeatﬁugtd&&dﬂdﬁ%%éMdﬂayﬂfOEhgeﬁggggnga t hod,

a heavy at om der¢ I .can be prepared by crystallization under
t he above-desc?fgggE%gﬁéf§¥§E?t%¥%?l?%'d@ﬁé?ﬂnggQHBVﬁt?ﬁ%?sE?B?EPﬁe

crystal s suff@Ff fehragsegt Lr¥enkieays. Therefore, it is inportant to
obtain crystal which resists damage in order to successfully perform X-ray

crystal |l ographic analgﬁis. Recently, an attenpt has
ST MODE FOR“CARRYING OUT THE INVENTION

20
Hereinafter, the present inventionwill be described
in detail.
The term "decarbamylase activity” as used herein
25 refers to the activity to convert D-N-carbamoyl-a-amino acid

to D-o-amino acids by removing a carbamoyl group modifying
the amino acid. Theterm“decarbamylase"refers1x)anenzyme
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 sp. KNK712, and sequenced. The
enzyme having the amino acid sequence of SEQ ID NO.: 2 isg

an enzyme that was obtained by screening mutated E. coli



10 been nmade to obtain high-quality and high-resolution diffraction data by
freezing crystals and neasuring the crystal when it is frozen (Methods in
ENZYMOLOGY, Vol . 276,
Macr onol ecul ar Cryst al | ogr aphy, Part A edi t edbyC, WCarter, Jr. and R M Sweet,
[13) Practical Cryocrystall ography(D.W 15 Rodgers)), In general, when a
protein crystal is frozen, the protein crystal is treated vm'tﬁgplgcea ) YL on
containing a stabilizing agent for freezi ig such as gl ycerol fI@rece;n§§2003
pur pose of preventing decay of the crystal due to freezing. In the present
invention, the native crystal of decarbanylase 20 and the frozen heavy atom
derivative crys%%I may be prepared by soaking a small crystallized droplet
or a crystal r&h6Fe8St PGIHtRN §8BRPREYsBHGALeA §FRedDl Woiata.liquid nitrogen
to freeze instantaneously w thout addition of a stabilizing agent for
freezing. Alternativel ﬁ] aiﬂefroz,en crystal may be 25 prepared by subjecting
a crystal soaked in a st8ciEdI MYER CoRfanftAerstmbilke i"agmagent 6or
freezi ng addeddeterbhmyahseeodasitidb et dvird AN tralaQus +f,r gﬁzgnggrg%ewdtglrc. For
[ eo structure o

novel progeins,pguUc r banyl ase, since the 30 ster
simlar proteins ignﬁ% gﬁ%%ﬁ%ﬂ%‘%@‘ﬁ%&?ﬁ’i%%aftolééﬁau@tles@rﬂil@@ wrald

anal ysis by a fiBP&tiratieepladcdrient, oridedd twhinGhodbi hodesidNamhe’ &% q

structure of t8eqséRtéarypy oL el . The_stereo structure of such nove
Repl acenment Sheet - 197 .71 De?é ejfngo?)é %F’aolffeif?%rﬁm b YA Het 9% a

heavy at om i sohdf fHotEinedpeagament Hee Hod Mechidde £raGhNEr G Molto 115,
Diffracti on Mea hbcksgriexit Bi i Rl crpaml.ecul gs art B, edited by HW
Wckof f,; £ H W I-grs an?%ﬁg Ti nég{%e%@gﬂé gﬁ gl\%?(ﬁ%%réc noél\ﬁﬁ\?ﬁ_t@%\“, Vol .
276, Mact ool TSP TESAYEIS 8grephyPemalde Anzame chbyhCckepEait dleastl . and
R M Sweet) orparimdfl theevet 2ngih oenenal ﬂiép%lh%iyg{%_ﬁein%f Eo(I:i ts%d by

S N Ti msheffqa@%%\‘/ﬁt %9:&-3 irgl F%IZYO_O_GY, ol . 276, “Macronol ecu arse:
Crystal | ography, Part AP“di P&d-19 By Wiartehresptatine iy Mefowsettp.
Speci fical ly, &% depssnlerndi te fspecidiicubatingtand Bhbi eFiPhase enSyme

cal cul ated fr Ad heeadl n i action intensity anpong the

di ffractjon data gf gb%gtg?ge&grlé%t a f‘L-’g%d&%a tr%léaaﬁyeg?%ﬁl REFettvetcthst al |
or the differ &FPEiNalaPREYBe 08nif desdgiedy bewmghdnf 0 Rot e thedatac
measured at diddtarneanty wavel engt hs. Wien the stereostructure of

decar banyl ase is determned with the heavy atom i sonor phous repl acenent

nmet hod or the nmulti-wavel ength anomal ous di spersion nethod, a heavy atom

derivative crystal coffhei heng MertCivtey crgetdl "PhathsiNhdfAN Y2 §§! eni um

20 atom etc. zas; I m be used. . Preferably, a heavy atom
derivative cr ;Ellst gghc])%%%%%ffgagggn%ﬂyﬁéﬁﬁo‘ﬁhh‘él?rf'gg HeWRelsubyL £oapound

EMTS or 4fot as SPRtPdNd paGeRrm e (13t exeymibes Lisboh 025 phfw: diftfdmct op, dat a of

a native crystammoaRdmasheayYe at H Y, tal . may be obt ai ned using
a_beamline for. of %%.tt%' n c?yslgamlﬂésa{ uctduer %Il%c%a 'y%ité"?‘ro?ﬁl@‘ﬁ&*sl‘rffcc

(Ri gaku Cor pof&tien 8pHKG: #NA\FSRFIRAt FeNtaigea haroty netan aash At i on
facility). To apply a 30 multi-wavel ength anomal ous di spersi on net hod,

diffraction data of r’r.HJléi.. Ie% vvavgl en(?t h, ma%/ be obtained using a beamline
for structural analysis of prot & ATt tbre Sswstqls. ashes obtheredcn
di ffractPon i Aaferdasimany pnecessbe byyatans abtained in the following

manners: (i) apreparednativecrystal is soaked ina solution
containing a heavy metal compouﬁd (e.g., mercury, gold,
platinum, lead, iridium, osmium, 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

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



Repl acenent Sheet - 20 - | Decenber 2003 processing program attached to
R-AXIS Ilc or the program DENZOQ( McSci ence) or other simlar imge
processi ng prograns (or software for single crystal analysis) into
reflection intensity data. Based on the reflection intensity data of 5 a
native crystal and the reflection intensity data at multiple wavel engt hs of
a heavy atomderivative crystal, the positions of heavy net a'ReﬁBc@H&t&%Hp' ed
with proteins in the crystal are calcul atad using a differencepRalbebsan
map and, thereafter, the program PHASES (W Furey, University of 10
Pennsyl vania or CCP4 (British Biotechnol ogy & Biological Science Research
Counsil, SERC) or _other simlar diffraction data analysis prograns are used
to deternine aﬁuilf%PFPalpﬁfﬁé%‘éhW% Thrao Jpr edics @ . henvaddit o @il 08na
paramet ers ar ethapliggdand BesbesIH At d Nt ase . i.s.inmproved to_a nore
15 reliable phg@rg b¥ ﬁerforrﬁ ng phase ,exG{]{élﬁlg?lgﬁggaﬁgﬁfgﬁkgﬁshegﬁ%ﬂﬂﬂl from
| ow resol uti on O RIGR Fdsoflit PER LR LS dapreent rat hosol wert {1iat ] eai ng
nmet hod and a hiletagbamybase huntgametinoghishng ﬂéﬁignqglreaghg%g%é&%fggage)
Vi

or a simgar p L Oproyin [ am (el ectron density Inpro
progran , \/\/rler%;@%s %ugglg%nt&%tgﬁfgﬁu ?‘Sde‘ﬁja?lbaniﬁla%%o‘%?%l%im% 3n&09 and

preferably 35%¢]eR@eDnsee e yis abmpsoya@nt nol ecul es (nostly water

nol ecul es) other than the protein account for 30-60% of the volune. A

vol ume occupi ed by solvent nolecules in a solution is herein referred to as
25 a "sol vent region".In Angemdoglimentcnst £ heesré dant ipvehelbnGAusialahas

non-crystal | ogrfpdd €asydmEtdse Hdvi i todnhcrease the reliability
of the p{base b perfornng el ect r%né%_gﬁzﬁ“;ﬁﬁovearcalgdsnsge%ﬁ”&? % &Y P
non-crystal | og dphi]coé‘y}‘n‘F%Yr be(Meayn dve PEgCAGLtRnt hesl et JGridaawi ridhat

the crystal ofpadgosirtearaneassl E@dl af p§G§vvgrnp,le%ﬁg@?ﬁgge@hgggﬁygﬁty%ﬁ unit

fromthe result asur t _of the density of Tcry
inferred that (tP?lEeCﬂ%{eE{:ffr bganéfqgggrntﬁ% e PRdaedwy AdditHige asalRephddenent
Sheet - 21 - PIahedarieraddast hoadhestahtegtapbion awer h9lod @xd $018256¢ on an

el ectron densidinigp cgl culalg i phase after applying a solvent
flattening method and ref iuﬂrjled J‘(:a%%ﬂg %n‘i cg%rb%ef di dts, éecgrbamylase

non- crystal | o§PRFROET&FHMSt AF detq s/t ai thegp&lye tingl erié 09196611 ghat i on

i s cal cul at ed merarwiiol Avieai0n 14 i j | ecul_es |l ed_a mask
e I Dol AL TSGR e

exist is identified_fro e el ectron density map

flattening me%h[o?:l.g RIC@’g]\'/épagi‘hh"gY &l dhzag &inds pér besiedteshholbgiesogr am
DM or the |ikecmspndyauned-fyy strahdt0gbEPPE6tddn SHRF@LLY, MBS | X ,apd, a nask,
thereby obtai gipg.&1BR" Rekfblable fANase ;and an el ectron densi’ty ma% used
for construction of the stered Structdres hody &nd & katchingethoddel of

decar bafy| ase{H&yPBés 150 dorasmmalerasd, Widlh PRridgr amr@rébt i3anMsthbRpSEb A

Uni versitet, BiologicalMacromolecules Part A orVol. 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 blaced
in a container holding a buffer (external solution)
containing a high concentration of precipitant, and the
container is sealed and allowéd to stand. There are two

30 methods for placing the droplet: a hanging-drop method and
a sitting-drop method. 1In 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.



Sweden) based on the electron density map di spl ayed on three-dinensi onal
graphics in accordance with the follow ng procedure. Firstly, a plurality
of regions having characteristicam noacid sequences(e.g., aparti al sequence
20 containing a tryptophan residue) are found on the electron density map.
Next, a partial structure of an am no acid residue corresponding to its
el ectron density is constructed using Program O on the three-dilarlggnesnit natl
graphics while referencing the am no acidisequence where the prggdgﬂbtrr%ﬁjons
25 are used as starting points. This process is sequentially repeated,
t hereby matching all am no acid residues of decarbanyl ase to respective
el ectron densi }{\{ @s a result, the initial stereo structure nodel of the
whol e mol ecul e!F stRenELFELRSddrgpenebinad r uen eapBreprbate rdcopl et nptghe
which 30 is usediastaidldrdingiiRael rsdd €q drsy Tl in_accordance
with a refi nerr%giu rotocol for a struct ulttgéli%'e iér@%eﬁékgggatgfgﬁ@?A. T.
Hrunger, Yal e UATver®F i}y P1E5eOhan the cqninhstousd. eodr theateserdestri bi ng
the Repl acenbnsesiediwitl2ad covkDgLesher2003 13kar e hURS oQF &y £8f i ned.
The steregstrugﬁéjrreedgoém; he_ nat itvégg stal of O’ﬁ'ﬂé‘églﬁt?.o%mthm
decar banyl ase(e. g.", ecar%anﬁo&ﬁé’%wrﬁﬁlgE@Pﬁ Npile a gmahl amernt
st er eost r uct uref erechpinanitvies oresealt Df taedesal DYPYRIG FULADLL (€ il . 2
decar banyl ase Iy 4 V] : ence. sh in SEQID NO : 2 ) my be
det er ni ned by E(F:E:f Ctr}_?la%% étﬂ%’ﬁf?rfﬁg e%h%@e%ﬁg A& o B ane predtdearbnt
met hod usi ng tRAStgredber feibeeing edmporesut 4 arlta )BMESo dephamys; W wilyst al |
and conducti ng mbeeaboue- WeSGht ReE 4R Oesahdegr{age GL£Ct ron density

e struc

i nproovengyt , t heogdel | 0 construction, and tHe s uf aF P rEFThERSHA9S n
this marher, the GHEAMFELINEPH50Re 2adesenrastunsioh aedar-bamutase

according to tltd swdbenthioyeas| 08 thiusQMIRLE JPg bﬂﬁﬁgx‘[ﬁtc%rl@rri d
stereostructurg of qﬂ rg%réyl %ﬁ% rrglﬁybe conpared w tﬁ_t e stereostructure
of various proteins el F8r g Vifs ShZPREG A TREASN 0F &i-d-I0as Mo t hat
of decar banyl d$€ptr agiswlésedrienobltaiRedt @irnhDat.a Bank thPBR) cWibeh ges 2

publ i ¢ dat abaglggf qft cLur f proteins . The stereostructure
of N-carhanyl-sar g(?s)i g-éa&mffd%ﬁ%%rﬁ%l %}éggl\}vﬁi cc:’% é{jgdﬁn‘iﬁe%gﬂl‘deE%r BARYLEEi on
reacti on %si mi PHr 6-3-fhQ a1t sredecabBaryi abes ( Prlot this Raid, Baok-bD1 MNBA)
i's known. HOWHEBES {#HEgid £rsr08bhy et UuE, b i ot re ni zed
as having strgggggzgl simlarity to the g{%@g%%hﬁ%{%%‘?bf %ttﬁli‘? éH%ggrE
Among the profarns whogR & &t PoeFpbate .- pgitassiam phoshbaPeot 2ha Dat a
Hank, 25 peni &ribi{hydcykasethPNchingheensasi ne16tehosaPaLe gypghetic
enzynme (1GD0), gl utam ne phosphori bosyl pyrophosphate am dotransfel ase

(1 ECF), Br ot eosone( 1PMA), et c. have a so-cal | edf our-1ayersandw ch structure,
in whi cR%a helices arBh¢ fegmpibatohtmethait hretfeas3@ooppRaiHom shogsi@f a
sandwi ch of tareZisheahs 4 r (o) stereostructure called a
donmai n, i ndi c‘g?' n _?%e S| n??%ﬁ?%i%ogf%%égpe%"e‘%@frb&gf’&ﬁgg P SREAF HEMY | ase.
However, t hesséoij%ﬁh‘?w sPheBt khes salartdian etentutnerd tsid ghtRapl absudyf Sheet

- 23 - 1 DecehbesPBe 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 Macromolecules Part A).

The term "predetermined size" as used herein refers

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



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 decarbanylase is characterized by parallel (3 strands
in a (3 sheet structure (Figure 1). Further, decarbanyl ase has a novel
stereostructure in terns of the four-layer sandw ch structur%pl;I;QM ' s-le
term"topol ogy" as used herein refers te tbe-arrangenent or Spatlgber 2003
configuration of the secondary 10 structural units of a protein. The term
"a helix" as used herein refers to a helical structure which is one of the
secondary structures of proteins or peptides and one of the nost
energetical |y SF¥pFaliggsaphit urles tihe waisehoévaeyadbafiyvagkaohage dn! esi dues
constitute one r i a.pitch.of 5.4 . Exanp| es of am no acids
Wil oh are | konay b o%%?ﬁ%gﬁ%f?gbi%%?U%e%1 ut EeRB; PTeJRESENiRgAN| ne)
and | euci ne. GBRTEYLRY, t &R us6d heined nacederahitohaaperiiodi &gl yide for m
an a hel i x i ncsufei @0evalidiethibSol L4 e, lycine. The term
"(3 sheety as used herein refers to oneegygizﬁ% ggggn%glrg 13s%eréluec Uy
protein or pol YpeptTdEFT whit Bhthisusasie adr degarypapilinde storbmeprwmdamy a
zi gzag conf or menvernt tore, att angethd pRefatdely idhd h@afh@cpetkgie% Shget where
the am do groups and carbonyl 25 groups of tme peptides and the carbonyl
groups and am do groups of the neighboring peptides form hydrogen bonds,
respectively, and whi dine hasepgepacald yasiabl erydhel te¥ MedahidyAla <3
sheet" refers ggr eet, yof e that, the am no acid sequénces of
adj acent, pol yp(teptc?dl(engshﬁla'n s)oﬁlé:"f/‘le}ﬁ%ycﬁ?etpfaergee t(ﬁrﬂgﬂq%oﬁ&.zerﬁéut for
"ant i paral | el X ¥%h&Ewstadidographyahes ¢hdean ocbutde dhmee dhkh rhemdido

aci d sequenceplaftendjaacentz )P MReRtILe I t Oppos|.t
directions. The term "élg,afqtgand" as used hsgcglgll%n%e grs%IYo%g alﬁglegeﬁ‘&pti de

Repl acenment Sfeet 2. PELRATEE SBOBCYteEFlapenst Ve cogdatidnsheet

whi ch has a zisgrlgas @fearipsttiaot ahé bm&ﬁ,vggg%ﬂg@rﬂ%ﬁagggégigﬁam' tnal
a

region of 5 d nRapyl o] i about 30, residues (an am no acl
about positi 0%9%813 tg% ?‘%grga?%gﬁga?grjrﬁ fuLeR5H a5 cortusnan shepe mayNoO : 1

or 2) id3 nvoPgedobhaibednttitonglf ahdiymearthroomgh suterm eguharx_ray
interaction. Ewpkkaniohrabie d tal subjected to_this study,
the dinmers 10 f‘tgr,m te??aﬁgrg dﬁgﬁgﬁ%ﬁ%ﬁéﬁ S ﬁf'ljé’F’aEF?fﬁﬁE‘.lsTh%f
four-layer safldfFERCSEVELEdr @ LoRnd @iz vl s ser comipinlesd oy secpnosesyn

structural unbroeshinhkihgoredgditibudnied 6% 2289 bWRLYE[ 35t nands s Table
| shows all SeE8”H§£Ht§t [ruct urailj units. .
in a stable enzvme 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,

l.e., a crystal in which heavy metal atoms are coupled with

30 proteins in the crystal while the crystallinity of native
erystal is maintained, is provided. The heavy atom
derivative crystal is utilized when using a heavy atom

isomorphous replacement method and a multi-wavelength



Repl acenent Sheet - 25 - | Decenber 2003 Table 1 Secondary Structure Units of
Decar banyl ase a hel i x(3 strandArg20 - Arg36d n3 - GLn10GlLu6l - Asp85Phe4l
-Yal43Arg78 -Leu87Gly90

-Yall99Glul45- Tyr 148Ar g106- Yall14Pr0l77- Leul85] 1€120- Argl125to

Thr211- Asn226Yal158- Yall61Ar g279- Ar g282Al al fi 4r Het 1681 1€190- Tyr 195Tr p229- Gl1

y234Gly237- GLu239i s Replacement Sheet
Cys242- Leu244Cys249-Val251l 1e257- Leu260Glu267- Asp274Char acterrlgiaeg@eréf%he
stereostructure of decarbanyl ase of the presentinvention will be

sumari zed20 bel ow. (1) Astructure calledafour-layersandw ch in which two a
helices are closely in contact with each of the opposite sides of a
sandwi ch of twBRemghees disgresidmgeshosi whichtamndmsA® teEhgufgassleapd 2 )

In Figure 1,pfetéin }hﬁféf%%)%ttélrl%gfafpi—gyel t li"he he%{rfgégtwtqﬂe%%\)éét;%eet S

pOSItIOI’lS fromthe am no termnus are ¢ y In Co
(hereinafter r&F&Ftayofdesarhanydaseqmy bﬁ@r@e)areemxameghedﬁmc—mlng

essentially conatsve @fy:ﬁtta(l par @ kel uk3on! LARER QQQtQ? orlentat
whi ch has.not been ob%grve in rot ei NS Whose st ereostric ul?'e‘{%
(Figure 3. FEpra ﬁta‘SﬁE‘QP T that Prﬂveééérﬁeéﬁqu)@sd(@l)nd@mmraci d

resi dues whi chamat b yiel @n zyHe Henntd Qs ONel st %é]es'l{ég:?l}dlll%ltn%'% agamc
n

aci d residues i resi due, .one hi stidine residue WO “ar gl ni ne
resi dues are co‘%{l% nei ag%nsggfalr\"?‘i dpY8 ?% 'b‘?’é%e"h’ctf\‘/ﬂ’ﬂ%rﬁlrﬁé'solslfalcsum% ate

bi ndi ng mannerdg®axur @xamplwislmheavymem@ﬁﬁ@ﬂn@yuaaayﬂ%hmln

st er eost r uct Urpgs 4ok NPNB1 L &L 9 The car boxy-term nal region “of
i dues plays a role ?hr?% orrnsﬁ(l on of & HAMHET tAFbEYh ComPaRsisecul ar

about 30r
10 int er]:(itr orPc‘“I"r‘Pelr&rSeI:BPrl@ gl gk mam e idddd ugf, ohmiahowesiassysj hedq,
St er eost r uCt unerdridunbesins egiuh! YRl |l feo Rk RePAL 3 ER0K PDB} un by

The Research Col |.abgr at For St r uct ual
Bi oi nf or mati csY I§é§§% é’%ﬂ'&?ﬂ P@&nﬂ cenmnﬁ@aﬁx@pa AL @ohydnol asle,
Exp. Method: X alyeadrf mrarlomérﬁp@un&b sukbbR4s ERgsdaiéy h @E?cﬂry
i ncor por at ed b%ﬁrog g(‘lg olhe ter eg“{iijtﬁli{:t ure determnation o
decar banyl ase iy resent has DRSO epBECUNer @aB¢ ani no
15 pota351um dlcyanoaurate (I), and which has an appropriate
composition of 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 Whetherornotheavymetalatomsareintroducedintoacmystal
(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 Agrobacterium) 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 may



acid residues of the enzyne involved in catalytic activity can be inferred;
not only the stereostructure of the enzyne al one but al so the
stereostructure nodel of a conpl ex obtained by the enzyne being bound to a
substrate (e. g., 25 D N-carbanoyl - hydr oxyphenyl gl yci ne) can be easily
constructed by a nol ecul ar nodel i ng techni que

(Sw ss- PDBVi ewer (above), Aut odock( Oxf ord Mol ecul ar), Guex, N. qggﬁzg&ﬁ§%g
MC (1997) SW SS-MODEL and the Swi ss- PDBYigewer: An envir onnenpede@ber 2003
conparative protein 30 nodeling, El ectrophoresisl8,2714-2723; Mrris, G M et
al ., J.Conmputational Chem stry, 19: 1639- 1662, 1998; Mrris,GM et al., J.
Comput er - Al ded. Mol ecul ar Desi gn, 10, 294-304, 1996; Gbodsell D. S. et al .

J. Mol . RecognbPgi8htabneds If Rdpe atsererttanSteste 1n207wh12thﬁéaWeﬁle£QQ3

1996). W { hatshsidaastiebdnceathl 16 (& AOSHINC] Ui enIRASl, 8 StTCture

relating to amno acid residues present at an active SR ERGt i C
reaction and tHEtPEYct? diPaint Rdems Aesivakdvactryetal taac e beebawad bp sone

extent. 5 The aeykvelsitetobndasatbapyka
conpri si ngam no aci dresi duesnGlu46 Lysl2égﬁ}’§1§§§%ﬂ{§§ gﬂg/&%ixnir 174,

and Argl75 (Figure 4). The analysis of conserved am no acid resi dues found
by conparison in am nOIﬁmsdsequeacze_y\/\kﬁbwﬁW@%r&%\éhﬂgcw%afsoé{%!@&
simlarities %i%hg%%§§%r ba?ll ase %’gyras am dase and nitrilase, suggests
that GLu46, Lys % om J%ﬁi? &1oteord] ¥ LRpBryaatite alfain
catalytic r eacerystal Whpeahtriesilsirs @ymada inso¥Retsd %@cb@sh@u@l?aﬂéﬂ'ﬂ@fn?

resi due essentxaj- Lnter te which is an
inter magy?t ef or t%%%eljgyﬁ% nga%ﬁl&?ﬁgg%(ﬁﬂﬁre 1%3 e 8 AhteRRE has

decar bany? ase Peeh @psiee) he Ipkfiaims dighhiasiafliifgi ngndis hm_;tﬁwe@ejmﬁldm th

t he experi nent@f@cdctivd @it gl erlzlcauses . s of
catal ytic actiyvit 1}%: thSGrl fantlg%l @g%égﬁh@’ g%ggég aﬂi ?"eg Sott. n@h €271,

9326- 9331 ) P 3§ JerATaRRN AMAE G INERSNOERE B Viod. .be Ttsq

contribute toi‘ﬁcamtdolaiium«bfyéﬁel]:@@ﬁ@wﬂz QEQHE‘A Hatdgs by b & %%ﬁi%%@/'
amno acid subgtralep dﬂe% eI e égq? at i c | eractl on. Based on thes
findi ngs from the Stereosttuet QFY‘BHEY%FE‘H%%%F%@WI(QSH can be

desi gned ¥ or tﬁ?@%ﬂﬁﬂddse oh gﬂpeuaﬂ_ngwhbe atla:bnﬂejtry dfy ARy MRt ifgogekhi Vity

of decarbanyl asfs pHafeligl Brskaki kLt s.used herein refers
to that even aftef thgleng}:jr'rre ?2' %gngt u%f:a g a teﬁ'b‘trlé’t“qun nglng 700)
hi gher than u&udl a@ﬁ\}lllzéﬁﬁfeﬁﬂeﬁﬁ for ﬂf%hgn@rigmfImgllylwr@nzfmt the

activity renmaipuspalsel 883ireventing decay of the ¢ rysta du
| O~conpar edw t hb@h or et het ger mal denat ur ati on, ref erably i tl eagf'eig J-nore

preferably at Teast PEOESN e BY MGy Hhepabit eé’crﬂséé'éio%@ecaﬁhémmbsse
pref er aBlly at andashe gTozen IRepvpeamande Bhreet ive 23 vs th1DReeHep 2003red

by soaking a small 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 pProcedure.

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



An inprovenent in stability may be neasured by 4Tm ( difference in
denaturating tenperature). The term "enzymatic activity" as used herein
refers to an activity to convert D N-carbanoyl-a-anmno acid to

correspondi ng D-a-am no acid 5 when decarbanyl ase is nmentioned. The term
"design nethod" or "nol ecul ar design technique” for a nutant nol ecul e as
used herein refers to that the amno acid sequence and the skgeneostructure
of a 10 protein or a polypeptide nol ecuteldbefore nutation (€. |8eoember 200
natural |l y-occurring nol ecule) are analyzed to predict characteristics Se
g., catalytic activity and interactions wth other nolecul es) of each am no
acid; and amno acid nutations appropriate for desired nodifications of 15
characteristi BFUEIRS May pRpLotERTingt kat al peayyactton tisans@ous

i mprovenent i ey Dicdnesst akiddHod Meteaksy! ahedenIPRofssE9n et hod i s
conput er. Exanpl es of -conputef prograns used

preferably perfo d usin ] ]

in the design Sﬁe{ﬂ’%’a‘“ﬁrﬂﬂ ﬂ’&ghaésn%ﬂﬁw@w@ Macxomgy.ediflfersacPaoh Blat a 20
processing pr cgtiane OENZ @ .(WE Iorexbren), aS. B Wwr i &4 fig aé‘.%yzfﬂ%%ﬁeeff.
structure; PHARES (Mé”c'hvdd of .Pen nia, PA_ USA) as a programitor ~°
determi ning the phase: program WY@§$aCW%, XHRC) EpIsrIgraaf or

i nprovi ng t he Gmistiallqshmpdyy ,pPagt & @dﬁ.ﬁb'ﬂﬂﬁ%bawun@é{ﬁffﬂ Qltn.hépﬁiﬂbﬂ’
Sweden ) as a a L +Qbt ai ni-ng t hree- di mensi ona raphi cs; XPLOR
(Yal e Uni ver sistWé}:&r&T ?%%A%ﬂ%%glab%lr‘%&re %r%tfhoranroé’ﬁq%% ‘ﬁﬁé’egftsé%mtﬁ@ﬁjr e;
and Swi ss- PDB\f’lEéké:req by E) Nf. orTlangwrtogfifam and Mettatddn int ENIYMOIRTY
Tt ant 5 ol ude A g ek onet ekt ch yata AR AT Y  sCihe o

nmut ant s ioncl ug]e ﬁ?tr'glno acid addition, de as
ani no adi’d subdt§ it CorteRniHo aBER HbSWREED - onSPettf tcably hatleatecor NOI e

am no acid ( €engity for c29culepliaGeARnin Sheet p%agaecfgt%_lcé%éd 2Qogm no
- a

aci ds, preferahbl vl am np acids nd nore preferably m no aC|mds) of
an ori gi nal pggﬁd Jeftie(r)reenscl?ojsq %’tgﬁéc%‘f’ﬂ infensdty anppsetheAiffirnetaonds.

Anino aci d addAtRovt Refative orylahlonel arhe@re adbinie @it £t {fe Gryslag0 5
am no acids, prefira 2 ' ' and._nore preferahly 1-5 am no
aci ds) are added to gﬁy?)%?;é‘?%ggl%g%ﬁécﬁej&é%%%ﬁ.teﬂﬁilﬁg' gy gé%EFF‘SﬁlPBfers
to that *8ne of@hBr eMgAPHESHC| 8t( edgfferent awiavelenigdss.pr ef whahl ythe 10

ani no aci ds, aﬁdr%éerﬁbeﬁﬁé@_@'d@é&xﬁ:a@r@ﬂé@féﬁét)egﬁ&ﬁeﬁﬁ)tieﬁthgt drom.an

original 10 peptide. Amno acid nodification Includes, ot °fYHi t ed

to, anidation® @R FSBASRNCHF Teptrcerent nedihegenrttihenmulti-wavelength
al kyl iati on, ;ghygnsyba‘a iddspemsas ghﬁmﬁ@d] agneei_%dé@éémkﬁﬂi%étdi%‘éyéf‘%é95'1 (12 g,
acetyl ation), .6t €ai idto be spbstituted or, added may be a
nat ur al | y- occur r?%ﬁﬁgrﬁgn%o&g%l brg%l(?bngﬁ%fﬁ?‘éfpf yAOREHYR i nOF affherEend, or
an ani né%aci d@EPBI RLC A avaBukasVy-etal rdtgn ariynbeankddi s preferable, The
term "nat ur al & YreRQRUA £ bR Qe Thvae 185 dr ! & kobRITE e
natural | y-occurring.ani no acid. Exarra’“l:éggf Sotdiidh b)% 5ok nélnda

using the mercury compound EMTS or potassium dicyanocaurate

(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 Ilc
(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-8.

The obtained diffraction image data is processed by a data



of the naturally-occurring amno acid refer to glycine, alanine; valine,

| euci ne, isol eucine, serine, nethionine, threonine, phenyl al ani ne,
tyrosi ne, tryptophan, cysteine, proline, histidine,aspartic

aci d, aspar agi ne, glutam c acid, 25 gl utam ne,y-carboxyglutam c acid,
arginine,ornithine) and |lysine. Unless otherw se nentioned, all amno acid
are herein L-isonmers. The term "non-naturally-occurring amn

cid" 30

refers to an amino acid which is not usuablgy -found in naturalc&f%?@g?frjgyof;ng

proteins. Exanpl es of the non-naturally-occurring amno acid inc ude

nor | euci ne, paranitrophenyl al ani ne, honophenyl al ani ne, Repl acenent Sheet

- 30 - 1 Decenber 2003 parafl uorophenyl al ani ne, 3-am no-2-benzyl proprionic

acid, D or L-R&AE&S§iLNONprogmdmDaphenykal ani reaxThe rtrer gy" 2AkNPr8gkdm

anal og" referspkfza d [ i.s.not.an.am no acid but has a

physi cal property an‘&%goﬁtaurﬁ:c% %o&ﬁﬁ%rl S ABSgeRTGRSHMTbPRegHamS

Exanpl es of théCAnFAbLERre Hemlwig d e laudes tetlhianailyisd)s ) an8¥ane Atect ion

2-nmet hyl gl ut anifeen8i€y dPrad N INURELLC ' of the present .invention,
Y Pofe rdB e St on duRE 1T, aptacor

a decar bagyl ase nutant nmay be in the rmo pe

anmoni um Bal t £ PA%YE Gy shdd andivbeiueh et tion intehs at e dattpdriogeDdt spléat e,
hosphat e, hydwagebephorpad £he i I rosyl fate, . .
: oh R TR F PSR T2 Ao P LLERE

carbonate, bi cgft}%late, benzonate, 15 sulfonate, t sul T6na
(met hyl sul f onat &) CBPhIEH SIS Con@Lsdn¥ékbsBrréaans. ipetlae nafyeral ani no
acid nut ati onsare zagdotleited ousphgduci A8f8efdhadt pid de G M E\gpss&gd
Methods for amio.-agtfe20 SHDSEILLUL] onpgﬂgﬁtﬁhz | i ke include, but are hot
limted to, changing a codon, ahreh®f's HqudhEeYen dsdivier sdt vam fho

aci d, in'Pechrieffey Naniaiong GlRd (Chtitshal i tecingleng} i€ BRIIRAERIANY. 25
A certain am ngcpen ek FRY Wyt & 1 anat her .amno acid in a
protein structyure, such ggﬁgﬁcatl ()Stﬁilid g%%ﬁ)%roort e’éﬁf}%‘ﬁﬁféﬂrﬁﬁr@&ﬂ@n

bi ndi ng site, YWthBBELEsEsRFoaTancaronsed todetemintammthi veaighdisig

ability. A certlaimre bﬁﬂfﬁgi;ﬁ:@cifs%nqgé% oht 8RN Cﬁcﬁélntilga'l dé%j:glﬁgtgklst he-e
i o oS "Rl SRS bA%R 1 ant Ao s weiontaprer i
amino aci d substitution B 3o ABd tiflphags A6 HepEoesRdtenzaorer at
the DNA ¥ode sedi@ide pbusk, byopardetning pha€idk it Gl Bibibaihasg ithhe
original pr Op%frta)ﬁ@ltl? EREm low resolution to high resolution in
accordance with a solvent flattening method and a histogram
matching method using the brogram DM (CCP4 package) or a
similarphaseimprovingprogram(electrondensityiﬂ@roving
20 brogram), where the solvent region of decarbamylase crystal
1530—50%,andpreferably35%. In aproteincrystal, solvent
molecules (mostly water molecules)} other than the protein
account for 30-60% of the volume. A volume occupied by
solvent molecules in a solution is herein referred to as
25 a "solvent region”. In general, when a resultant protein
crystal has non-crystallographic symmetry, it is possible
to increase the reliability of the phase by performing

electron density averaging which is called
non—crystallographicsymmetry(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

that the decarbamylase molecule in a crystal has a



Repl acenent Sheet - 31 - 1 Decenber 2003 substitution. Therefore, various
nodi fi cati onsof peptides as disclosed herein and DNA encodi ng such pepti des
may be perforned w thout clear |osses of biological useful ness. 5 Wenthe
above-descri bed nodifications are designed, the hydrophobicity indexes of
am no acids nmay be taken into consideration. The hydrophobic am no acid

i ndexes play an inportant role in providing a protein with a&ﬁhq%er§§t&ve
bi ol ogi cal function, which is generally.reggognized in the 10 ?%ﬁfzg% J

and Doolittle, RF., J. MI. Hol. 157(1):105-132,1982). The hydrophd F’c

property of an amno acid contributes to the secondary structure of a
generated protein and then regul ates interacti ons between the protein and

ot her ol ecul esoperygtal bogyapisic stlhstfal@saxiecemassa Jid M1 aptidedi es,
antigens, etc. . i 1 d.i.s.given a hydrophobicity index based on
t he hydr ophobi %%?Zlgﬁgggﬁ%gr:g%%&o%%ﬁilgg atﬁl@?%@dgat?rf %PP%%‘IQ st BRI he
(+4.5); valineflalgtening matihnd @rdl 8pfipkenikabvgnatem{¢2c8yrdinates, a
cystei ne/ cysti et 3= ; iani +1. 9),; ine(+1.8);:.20 glycine (-0.4);

t hr eoni ne, (-0..7); sﬁ%%éelﬁ(&%ﬂ%ﬁﬁ%r ypt%%ﬂg'%%{lo. Q)Ta%"gk/]r}f)si neélc(rltf?lé)%ng
proline (21.6)'t#sidtiepapdzcptigniarricadrteds. Neghwh ahe ne(rdd iz

aspartic aci d(im whichashsf&h 19k, ] = - rgini.
(-4.5)). 25 1118 c}e?ﬁk i ﬁéf’ bielfl % %‘?f‘?%‘?% ’g%éﬁ?xécsﬁggfg‘%ﬁ#i%ﬁﬁ ed
wi th anot her aﬁﬁ%mg fd thena SN WOBr OfeEineid oy ntlbg, solves t ant

protein may stfldtteningmeithbagi ots fadtd S Lalbalat9ohndl -G eq

original prot a_pratein havj an equi val ent enzyfmatic
activity). SO%A gﬁ%%&gao raa?nrl ﬁg Od%fcgesj(ﬁg? PF&P%&,“%@W%P&&W@W@MF i ndex
i s prefefhbl y simnstry Ratnbx engrenasabl therddy obtaindAg L£ME6Pe FI18 able
preferably w tdHdke @na ahtled %r j he_akrt_that such an am no acid
substitution tgglsec? on t he eiéF‘\%p acéi%ﬁ;p%ﬁdtgh@g%’ SS?EQ toy I5:e°¢:ri=ﬁ%t]‘"éi"“fd(%'l of

hydr ophobi ci t yPH% Sdeeasdiuctaigred@edelbed in US Patent No. 4,554,101, anino
acid residues are given the follow ng hydrophilicity indexes: arginine
(+3.0); lysine (+3.0); astparti % acid (+3.0t1); fgl utamc acid (+3.0-1);
serine 5 (+0.3): aspafadiie CsEroftuge, madede qfr(dogarkamylaee (03y be

t hr eoni d?S (- 8.CAJﬁ;stE"u@rtiedewitﬂ.Ei'rolg)xfarraloanhnejc§hél? ,5)‘J;pﬂ§iaizd. dhg)@érgiﬁ%'t,
cysteine(- 1. Ok apthiyony r valine (-1.5): leucine (-1,8); isoleucine
(-1.8); tyrosine % 33% ; phé%’§| 4 %nfﬁr}gC%;g%)d,eng& Y MAR ophanlavedaen 1t s
10 under st ood th¥ge -gdamgnisAonadi arantyi dreiswistandsared: with tarRotBELoamhgo acid
whi ch has a sipFolagubydr ophiGity i ndex al stidl | _provide a_biol ogical
equi val ent. For such an ani no _aci%ll' _sgﬂs?i tl%%lg%? t%’!ef h§§?§8ﬂﬁ i@f‘ﬂf’?ndex

i s preferabl y “RRERFHCE2STifgMd noAstict spuyencas (gnd - enaramivial peetenabl y =0

5 . 130The tentmintnges vatyptophdistekibuen" ass gk el %hedéféééfoﬁo
a

am no aci d sug%gwgi 8§pi n %Q}icch_ a sélljbst i%ut ed_ a_m' no aci d and .
substituting amno Achdrhave st T AR bRt FICH IR | Hd ek saBipanacid
hydrophobiCityepﬁ@gggprrespondingtoitselectrondensityisconstructed
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
repeated, 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 constructed stereostructure model, which

30 isusedas61startingmodelstructure,isrefinedinaccordance

with a refinement protocol for a structural refinement

program XPLOR (A.T. Brunger, Yale University), so that

three-dimensional coordinates describing the



20 Exanpl es of the conservative substitution include, but are not limted
to, substitutions within each of the follow ng groups: arginine and |ysine;
glutam c acid and aspartic acid; serine and threonine; glutam ne and
asparagi ne; and valine, leucine, and isoleucine , which are well known to
those skilled 25 in the art. Information on the nechanismof a catalytic
reaction obtained fromthe stereostructure is very useful for, clergé%%‘éh%&
design aimng for an inprovenent in the-spacific 30 activity oh.ah,EhdkYme
and optim zation of the optimum pH of a reaction. In the present iInvention,
by changing the pKa of the side chain sulfide (SH) group of Cysl1l71 of

decar banyl ase, an am no acid nutation which | eads to changes Repl acenent
Sheet - 33 - | SBELERBEFLOEYrEnatpersfdoetli.c Boei vieyeantrtbeusdt buphgH can
be designed. Spetitéealstaltdea&dd £ agin i.d _nutation on the pKa
of the SH gr ou%%gﬁﬁggsti rrflt ed by %%f%%%%??hg’f%g%éfg)@ﬂygﬁ&q%srb%‘t’%nti al
of a protein ( et 4l andghe1Hooneqs Hpet e e 82h89ik 90 crides Eby
nmaking it possefl @ Hecdeba@yiaBeaRRiteRt gl AM ' i on. For

exanpl e, & rrutﬁ%gn(_)rg which causes the el e?trggt aﬁ)c&%éejqﬂc?@f%%sned TR £ ur
atom of Cys171 10 be horeIsEEe FHRWD by $5Qe 8D MY ax e mavobetdet dttiiiedr oup

(SH of Cysl171by ardchastsubstreninatiyl phare ypihaanae e static
of %1u46 ang%gra Gltf%f%?én:{%t

field around theqsigse Ln.earhaxy grou

preferable. In vit.gdw(go?gtgﬁ% g%r e"%s rr‘%& YW ey basy reselépnthEMiesent

i nvention, it 9T dcrnatali vend steidecifng eshdUeH W SNcdibeq

decar banyl ase @rdcddiuedyed &0, f i nd. .physical properties thereof,
S e A BB Py aheRbnbp o

such as talytic activityand resistance to alr rol e
of a cystei ne T8 e oTheddd Bhgys Hsectuzairef énemenbact B tHis manner,

(f1grobacteri e dadierhdnhen oNRRE H1d 29de e hidi i9h slevel 20 of
sequence honol( I__y(sf'itnh dlgcaqzﬁarryl ase of t_h% abpd\}ge;'ilg%és]co(ryl]gg arlbamYlase
bact eri un( ~I gr obact eri-um & p "RRKAER e Hek ANBaRE &P Ul )compbatdden Shedi ed

by conbi nat i o’ derrenmiaeidl shemidonsictianatdl | 8c 208512800 QY Spe
1996 ) , J. Biol. em 271,

nodi fication ag G tini_et al. )
9326- 93%) . zglﬁfa%et(? h&lﬁ u%}f}@ t%%%‘?%%%ﬁ‘%ﬁ%e#es‘fmsargrﬁb@ifnﬁvol ved
in the for mat i{dRCIIdNG ERzaBiesOMEIVIgNS an ok urtvet ixat ad id TadCEd Vit Of £
decar banyl aseddeairvas A [ t L 291 is,| ost
) sty tosey ot o EERER Liehohokl o oy
|

substitution %Lit%sﬂz cgér, espondi ng?( to
the ot her cysteifie i BEPonS datgpank far the sitea¢ostauctys et psoessesat i al

to the catal yThe sderienisttructhire d;snabé,ebéﬁlypngéycgyglggs&ﬁgd{gyﬁpgl fact t %u
ar enzynes. e

Cer cong espond . e 46 o U EnSRYIEE! B rvn e oo nmcenber
2003 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 pPenicilliin acylase (1PNK), glucosamine-6-phosphate
synthetic enzyme (1GDO), glutamine
phosphoribosylpyrophosphate amidotransfelase (1ECF),
proteosome(lPMA),etc.haveajnhcalledfour-layersandwich
structure, in which a helices are in close contact with the
30 opposite sides of a sandwich of two B sheets in a substructure
of the stereostructure called a domain, indicating the
similarlity to the stereostructure of decarbamylase.

However, these domain structures are different from the



herein refers to an amno acid of a certain protein nolecule or polypeptide
nol ecul e which has (or is expected to have) a function simlar to that of a
predeterm ned amno acid in a protein or peptide which is used as a
conparison reference 5 and) particularly in the case of enzyne nol ecul es,
an amno acid which is present in a simlar position in an active site and
has a simlar contribution to a catalytic activity. In decarha Clnqsng ngi ng
amino acid sequences of SEQ 10 ID NO.: 1 agd-2, it is i nferreapr%/cl'i]@I - %6 192
and Cys249 are unlikely to be nodified and are buried within tRe nmol ecul e,
and Cys242 and Cys278 are easily nodified chemcally and positioned at the
| oop structure portion on the nol ecule surface. By substituting two
cysteine resi dﬁ£§r6@§2148tlaﬁﬁ 18f Cydega@rhanylaser adhobanter t dRRLo 814291
correspondi ng prSNsede 18, .qf . SEQ 1.D : 1 with alanine, a nutant
having 3.1i 1 proved gt ab????y%%glgggna% Easltnreﬂ-‘ Syapafies @hdicd-"cpemtial

Publ i cati on No®“BY848583) LoROIRELfThBd Rboves etys242 @ADLy sPFBtareng.

confirmed to be, presesit) on the mahagyl ¢o3yd ace 20
st er eost r yct ur anl?l it is suggested that these stﬁcgg]ﬁégggug%r?nv%f ved

in the redistahcE oPAHELT Doty A act eniiz sk invamiag] Lefl Bsstnhraseth that
Cys192 and CysR4hdntr isadrusitidiien (FAguwel aqul epdPeAQE CQLLL] ”UCDJO the
i nprovement of, the rlegjaé gggﬁ Lo 8Ll .ox%: ation, 25 Ne‘g%tr“{l#%%eflsés% as
substituting Cysi92 an %A/s UG T he MY F PRSIt the Reusciavessiandwsidiavi ng
a | arge vol unesS9qkne climenstibe team  hepsldgye had vl HABe O Hd1g Cavity
in the nol ecult® tBelHSAHA Hegar | _as tant can have i nproved

stabi | ity against heat org%(gﬁeganﬁg 'ls%o| vleaglt §?H§6g}lf‘-aﬁﬁ9n6€? EBR SRR ahat
not only" tyst 6 T8 adud g off $o nmsttisiioni ne residues are involved in a
reduction in the enzymatic activity of decarbanyl ase due to air - 35 -
Repl acement Sheet 1 Degcenmber 2003 oxidation and in the conservation of
stability. According 8t Heret &rkeki¥lasiisedhegedar bafytase ahelheapr esent

i nvention, outstafuatiure wietdh baione dﬁﬁhd@%ﬂo&d@@?aém% ok Begeahg five
resi dues whi clgrar‘_geéyjr‘]llé/s blél}lidedowi t gi n 1ghe 5 ecule ) whiletheré are two
resi dues which are fully exposed T o%thetdut IPgE oteree ekl estpbie3s and

Met 243 Yoand ®tiregtare spir ybichavetie 3t Gramisis uet dree H0Tdd ®Bonkt i kSt o

inferred that ohlbesarhWehi&gi §ygss a4k &, 1ugh Jpre j nvol ved in the resistance
of decarbanyl ase to air oxidatjon. The ter 'tf‘r‘in%fo éf‘?ﬂ'@?ﬁﬁeofo?ml{‘g turn

structure" as®Gd8§ Wetehmrefldkelvote Forml asta hxtline inensidst yngt ahi&hr ee

or nore am noaedddslysind| cdudrien@xtaliedigeect bggvggsgl?ep%%grﬁp%is nci pal

chain is lar gg%ya chan eddbet ween t he seqondar%%st ructures in e

stereost ruct ure. “Fut? AEHIMeYRLAY ans volikelyotateamanuntiels xt heciodecul e

surface28nd swbdiant ilabllpubiniecdbnd Litie, £he gToacyl ) ThYt oirs, -ﬂ?(éjﬁé'ened at
t

a site which gauggsat i n t _solyvent nol ecul es an e like.
Therefore, these ar LIt}iéiknélilj? ?%‘ﬁ%}é—yi%\?o I\?%do’?nk?%es?%%?i?%c%tﬁ?cmres

decar banyl ase®t PERreYkioFaPPd¥PeBiide bn vihbse thia oct noak ROl Fpasi NEs,

ot her anino astﬂaﬁﬁbﬁhiv&ﬁbid)ﬂﬁg@é_{g\‘l’@h‘fﬁr’}ng%i%%ﬁéf%&?fgng%dQ%cﬁéjpﬁyéf se to
e designed.

air oxidati onwgstépexp ct be i ncreased can

Speci fically, and %(Zjoé(r)%s FREFedthe il asphpsi sndrdarb agid
resi dued> whi chireappert attes fpept ke sidled ched el Yrddiss GVd tamidy t he
groups of the neighboring peptides form hydrogen bonds,
respectively, and which is energetically stable. The term
"parallel § sheet” refers to a B sheet of the type that the
amino acid sequences of adjacent polypeptide strands have
30 the same directions. The term "antiparallel B sheet” refers
to a  sheet of the type that the amino acid sequences of
adjacent polypeptide strands have the opposite directions.

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



25 nol ecul e and do not suffer fromair oxidation, so that the resultant

mut ant can have inproved resistance. Mt 238 and Met 243 are fully exposed to
the outside of the nolecule. Therefore, preferably, by substituting these
residues with neutral or hydrophilic am no acids which do not suffer from
30 air oxidation, the resistance can be inproved. Further, the turn
structure portion of decarbanyl ase ranging from Met238 to Nb%%ﬁ%qunh%hns
Cys242 which is susceptible to air oxidatian- By producing a Eb&éﬁ rﬂg%ant
in which these three Repl acenent Sheet - 3 6 - 1 Decenber 2003 residues
are substituted with appropriate am no acids, or producing a nutant in

whi ch the turn structure containing the three residues are deleted) the
resi stance to &itrapdi daenshitahibe iapridpvethedA t erdbatdn/ehys by rep aghng
the 5 sequencecehfbbfatiypn Structure containing these residues wth another
protein (3 turn structure, the resistance to air oxidation can be inproved.
When desi gni ng cystei ne and net hi oni ne nutants, an optimum am no acid can

be selected by substitotiwg +Bes81E8SiHlHesHM & 11 o acids on 10 a
conput er %10 ang%%ze the structural energy i t%%s%ft%ﬂls?gﬁfeﬁi@?% t he

mutants. O her “ERARCAVELBF AU D AR 9 desd dugsdéshgamivho chcfacuses
on general |y kabwmbdwl tryssi tior w8 osttabithiet ¥atbol @ePﬁQBG% naga%oé)ftio
conduct ed, suc@ogsig.'ﬁ@lﬁgiﬁbnytftion mhich,coqgensayes or the cavity in
the molecule (€, 9., the cavitly fot ndd 4t otfdRFPLfft ol ack Armariben off a
decar banyl ase §imembhaoush dhtemnobeanlds feserttion. Further, in the

di sadvant ageouss@nt | | f. ener ( ., _amno acids Pro203
and ValZf of 20 decar gaény ads )%te:%rr:%ug) eiet?lqﬁdgé?i gﬂgﬁfsg'ﬁd%' et digtangt ur e.
As a des gn st gle tF#reFenduer §m tind eabolecudser ithedrediticat i omigesi gn
by amino aci d faumtians: sad®aid d i nval ved in the
enzymatic activity 25 of decarban;?gégﬁﬁgﬁ%gﬁif%é%%ﬁ?%ﬂi%ﬁ%f FEERENRA ase
to a |ower nolRdAfMNdREYy IRt RIGHRRL rdite Ppnsdisitigd o fpdssirbloe hied iicEes OvVe
the stability.afdtwekxaaPlstranddart rah18nY igh r ural region
away from an agfjne site may be deleted, reg&%ﬁ?ﬁbéf%828%%%5%%%35&9? acked
decar banyl ase . 30 Further, the inventors of the present invention infer
that a region of decarbanyl ase havi ng about 30 residues fromthe carboxy
terminus is involved in formation of a diner. It is inferred that when
decar banyl ase exhibits catal ytic



Repl acenent Sheet - 3 ~ - 1 Decenber 2003 capability in a general buffer,

t he decarbanylase is present in the formof a dinmer or tetramer. It is
inferred that a nononer protein is nore advantageous in terns of a
recovering process fromthe denatured state of the protein . If the dimer 5
formation is inhibited by deleting a part or entirety of the
carboxy-term nal region of about 30 residues, a stable nmonongr can Q&
prepared. From an industrial viewpoint,-iz5utilized as a so-c%ﬁ@%ﬁﬁa&g

i rmobi | i zed enzyne where the decarbanylase is imobilized on a carrier:
Also, in this 10 case, a nononmer can be nore efficiently inmmobilized. The
decar banyl ase nutant of the present invention nmay be desi gned or prepared
by a nunmber of nethods other than the dbbde-descri bed net hods. For exanpl e,
t he sequence 15 of an enzyne havi ng decarbanyl ase activity nmay be nutated
by ol i gonucl eoti de-speci fic nutagenesis or other conventional technical
neans (del etion) at tHEWNIEY Hermgtures) Wl treiof) Rissdrtedny rserut at | ons
using the present invention. Alternatively, decarbanylase nmutants nay be 20
prepared by site-specific substitution of a specific amno acid with a

non- nat ural | y- occurri ng &nit¥¥d-idci d_ For _exanpl eB gécanbanyl ase mutants nay
be prepared by substituﬁtgﬂ]eﬂ:gmpecificcystein%IE ng_ﬂigcine resi due

wi t hsel enocyst ei ne or sgu@mpnggﬂjg)ni ne. This ma?g %{agi{‘ ed by growing a
host 25 living organi sm gf expressi ng e'Pﬁ -G &cﬁtype

b
pol ypeptide or a nutant é%%éiﬁgggron growt h mBdyn-¥mlld8 eit her (or
i

bot h) natural | y-occurrin met hi oni ne AigHl8s¥#klldxhaust ed, and
ei ther (.or both) sel enoﬂ_? kenlds sel enonet hi odler(hasglagen enriched. Wien
a honol us 30 reconbi Aarllmisu®2§ i s used, nut g4y pR-¥S1]
DNA sequence encodi ng ddegd79aAygagse using a synh%g CyOlsgonucl eoti de. Such
an ol i gonucl eoti de contains a nucl eotide sequehgg %ggg to a desired
mutation site. - Replacenent Sheet - 3 8 - 1 De Mut ati on nmay be
prepared in the full-length DNA sequence of decAFl@Sybld84or any sequence
encodi ng a fragnent pol ypeptide thereof. 5 The @h23Fegl238e of nutated
decar banyl ase produced by the above-descri bed nEyspd@-bau2dp al ternative

known hod in the art in accordance with the oy gDfaligByenti on may be
expressed using an expression vector. As is wel 1%_‘ N the art, the
expression vector typically contains elenments 1 M bl e self
replication in a host cell independent of the h 3' 7 and one or nore
phenotype markers forceareeténdstRe5or 01 aifer islggg[eggggugithgeof a_. DNA
sequence surraggglrg aldesg‘{fed decar banyl ase nut ant enco I ngsequenc®: the
expressi on vector  al oo cont 2 ne'% tednVER tdpar HidiL, bessummabisede

bi ndi ng28i t e, balewansl ation initiating signal, and, if necessary, a
repressor gene or various activator genes, and a regul atory sequence

encoding a stop signal. In sone enbodi nent, when a produced nutant is
desired to be secreteldl) igtraetues ceddediafour * bagenkasaqtiendas whmyn 20 be

i nsert edbef or ewd BenECHL | ASKIBY i uence. In order to be
expressed under .t he cont%gggoc% regbfg{l?r%&%%eé(}g‘gﬁ@éffwg‘%%§P?&9Wtseequence

must be oper at+98F 9113 AReaAvishafetve §ushrelis congiehies ofSpix Pfatamilas t he
decar baryl ase(Mgares enaadi 210, SeAURIGRrd NHEEoLG ABRLERL at the First,
third, fifth, and sixth positions from the amine terminus
are closely incontact with the p sheets (hereinafter referred
to as al, a3, a5, and a6).

~V§][l'6'itr°duced into a

30 (2) A B sheet essentially consists of six pafallel

B strands and has an orientation which has not been observed
in proteins whose stereostructure is known (Figure 1).



25 of the regul atory sequences nust have an initiation signal (i.e., ATQ
to maintain an appropriate reading frane for the purpose of enabling this
sequence to produce an expression product. 30 Any of a w de range of
avai | abl e, well known expression vectors is useful for expression of a
sequence encodi ng the mutated decarbanyl ase of the presentinvention. These
i ncl ude known bacterial plasmds (e.g., pBR322), a Replace ttém 39
- 1 Decenber2003 nore wi de host range of pkasmds (e. g., ﬁg 9%§§wo
2w plasm d, or yeast plasm ds as derivatives thereof, and vectors

consi sting of fragnments of a chronosonmeal DNA sequence, a nonchronpbsoneal
DNA sequence, and a synthetic 5 DNA sequence, such as a vector obtained by
a conbi nation of a pIaéﬁﬂdAandm@haQQCDNAreamﬁueﬁ whwcdecaaagezof enggukat ory

sequences Whi chehBRULALE JlifcPAPEERSIAL 10l ThE) iﬁ%ﬁﬁ&é;n%ﬂfﬁegggfg%gxely

10 linked to the DNA sequence can be use dctor
useful expressPBf #ﬁg&ﬂ%?@ﬁ}dé@qu‘éﬂ%é@ﬂ@q}d@ §€hedu9ecﬂred1¢w &noimine

regul ate viral rggnguesi@ssbfRadndaa qwﬂ%a%%a&%&%QQI %ét%ﬂ%é#%é nge
of speC|eg of hos S are usefaﬁﬁfor production of the ecar l'ase nu ant
sent @

of the pr Bé‘?r{i’fe%&%gﬁﬁgté)|Wﬁ’é4%e5@aﬂ1m$%\e%%edg ,

E. coli, Bam|bgs¢namestwnprsarrgceﬁéoswﬁatufe 18 kn¥RASIFigRReMRL  cells
(e.g., a CHOcell), plant cells, and transgenic 20 host cel? It  shoul d be

understood that not all expression vectors and systensfunctlon in the sanme
manner f or expression(ﬁ41rmhauaabedyDNArmeqaeﬁ@@nﬂh&ﬁabbﬁe$QMEéiuﬁﬁﬁiOn

to produce 25 ﬁfgygegagggnyhﬁﬁﬁﬁggér f%%;‘t psts @ﬁﬁ?ﬁéﬁ%ﬁfalj ly well

in the sane expression syste el
skilled thel%P?r@%t%@mect approprlate vectors, expreSS|on regul atory
sequences, and hosts w thout conducting undue experinentation or departing

fromthe scope 30 of the gresent i nventjon. For exa the replication
ability of the vector ﬂ?ﬁ PEELEARGFP TN i erterat ¢ ﬁthmeg)ed

Various  ReplsterenttSheaire h4@ bedbeegibee2803if apbanstris] pheatmkgn i nto

consi deration } cr e Sion _regu quences. Exanpl esof

t hese incl ude { égre?85.3§’ ?ren eﬁ 5% ééﬁ%ﬁﬁgﬁﬁl O gfiPht GYFuainal v,

and t he tonpatBiriniermtics (DNSBS ¢ aueehaep @moddNAgarbemyl-D-Amino Acid
Amidohydrolase, Exp. Method: X-ray Diffraction (Acc. No. :
1ERZ)}. The data is herein incorporated by reference.

Thestereostructuredeterminatrm1ofdecarbamylase

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 stereostructuremodel of a complex obtained

by the enzyme being bound to a substrate (e.g.,

25 D-N-carbamoyl-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.Met al.,
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,



5 decar banyl ase nutant of the present invention. Particularly, the
conpatibility with a potential secondary structure should be taken into
consi deration. A host should be sel ected by considering the conpatibility
with a selected vector, the toxicity of the decarbanylase nutant to the
host , 10 the ability to secret mature products, the ability to fold a
protein and the ability to form an appropriate higher-order Replacement Sheet
structure, fermentation requirenents, easezof -purifying the de¢arRanybase
mut ant fromthe host, and safety. Anong these paraneters, those skilled in
the art can sel ect various 15 conbi nati on of vector/expression regul atory
systeni host, which can produce a useful anobunt of nutated decarbanyl ase.
Decar banyl ase ##P&hts WPrtutiel dierdmsersysteasand ﬁm@eﬁtéyébgﬁﬁuﬁﬁﬂrge

purified by vahbaus, Cé)%\t%tdt%'l%l réf @Eﬂﬁeégeeﬁﬂ{ et Iq”}f'{eﬁgdaeigep%ewgt, on

natural l y-occurring enzynes havi ng eca bamyl ase acth
to decar banyl a8t 3% aGtd¥eeaibe fajld@spﬁéﬁlﬁbsctrw(mrg andhhactéyet sbhe, a

site invol ved m8cRensémbt idhe Ltid i ) ot e resul Lant
mit ant may be ,gubj ected to testi ng. on %ﬁgéﬂl% §1| %?eﬁgﬁgdsge et are

char act erl stic eFBP tXanfiée Mt é?ﬂcsal?ﬁ%f"}b]eﬂ%@:rb%nédrmﬂﬁhorfesapexﬁvﬂgrto a
change in el ecx‘wmm:rrétam&mahoac@hwsldiﬁéé:@iuw Li}iﬂﬁz‘éh@lﬁg‘iqﬁha&ﬂﬁcﬁ
Mt a

determ ned b S 0N | ect ints a décar banyl ase nt

whi | e corrpar?/n%?ﬁese ‘g\ﬁ:?ﬁ?‘?heaf‘éoéf:ggt?rsl dFd uﬁ'tes def of&emanglveis of

| soel ectric pcﬁqﬂ%eWGRbpiham@nanndeue:ﬁfourﬂd B@C@Bﬁﬁériggﬁ B @pfipsured

by gel el ectrqophay descri bed in Wl Il ner, D.
Anal yt_, Chem §éh§eh8%3§%?1%§ %Ah&é’&&?b‘é ﬁgguﬁf’ﬁf’élﬁuﬁé\ﬁlﬁ(}e@

changed stJrfad‘é‘-‘%}héﬁ’@érbgmﬁlﬁﬁ@arﬂuctiaasngnad@tke ahdngeticbya e s Whsiddstld ng 5
ami no acid posiHdtoaed4@n ﬂyl},qzwrégﬁﬂgf aIJ}PCfQHFE eta tf %ded b theb
on ur e

structural inforpmtion of the present invent
screened for Hi'y ‘§E@EFH’E186ﬁa\ﬁttl§°nconﬁawwmaﬁawmﬂbma@x@mﬁt@@e The

activity 10 oftmhbaantcaimlqrﬁ]wle@ieubseéiﬁﬁfﬂbﬂ% ?ﬁrﬁﬁ%i\:ﬁl' 88 dd %c?i' ity
to convert D-N; @%&awarg no_ aC| d1to D%‘am no acid using an assay as
descrlbed hereln el %Ergl %ﬂﬁerm? agagﬁﬁm?eenzymereactlon
(Figure 3), suggesting that decarbamylase is a cysteine
hydrolase. This finding 1is in agreement with the
experimentalfactthatamutationfromCysl?ltoSerl?lcauses
a loss of catalytic activity (R. Grifantini et al., {1996,
J.Biol. Chem. 271, 9326-9331). Therole of Argl74 and Arg175
20 is considered to be to contribute to stabilization of the

carboxyl group of the D-N-a-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 activity

of decarbamylase. The term "stability"” of an enzyme as used
herein refers to that even after the enzyme is denaturated

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

30 forlivingorganisms,theenzymaticactivityremainsatleast
lo%comparedwithbefprethethermaldenaturation,preferably

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



15 D-a-am no acids produced by utilizing the decarbanyl ase nutant of the
present invention may be used as pharnmaceutical internediates (e.g.,

D phenyl gl yci ne and D- par a- hydr oxyphenyl gl yci ne) to produce pharnaceuti cal s
(e. g., synthetic penicillin and synthetic cephal osporin). 20 A
pharmaceutical conposition containing the thus-produced pharnmaceutical may
al so be provided according to the present invention. The phagrpRceu| Gl
conposition nmay contain a pharmaceuticall ygacceptabl e auxi | i af p.&QpP et
including a excipient, a stabilizing agent, a carrier, etc. 25 D a-am no
aci ds produced by utilizing the decarbanylase nutant of the present

i nvention nmay be used as pesticide internediates (e. g., Dwvaline) to
produce pesti chddsipp@vegientf insahbnat ey mak meseasudal byROBE1EP8rdfce

cont ai ni ng thelhhugegaggggggn Srtbféglgﬁa%}é |'so hg proyi ded accor di ing to

the present invention. ticl COnpositi on may toHFai n°RAY™
agricul turall yaﬁ*é&éiﬁlﬁbl @&Eﬁ@‘il@%ﬁ-@bm tloncthudchgvatgxto ptemter &

stab|I|2|ng Penl asepBhnLy Bhee a.carrie

etc. gm no gm ﬁlg pr o%%geg %ml %l“ilz‘?lﬁge (ﬁl@ée‘% %’nﬁ%ﬁase WAEEESHE t he
pr esent i Avent FoR"™ nBY ‘B’ébﬁ‘g%%la%eakslfﬁ?’é?m@%t es (e.g., D-alanine and
D-aspartic acid) of food additives to produce food additives (e. g.,
Alitame). I n another e;%g)odl nment of the resent i nvention, inhibitors of
decar banyl ase nutants Of° efigyfes ‘?%thr meghofer % nRplBEUdasi giraieind
produced. Suchtatwtmilbdm@’f sfcma;a e tdesi godechyeutisl ugbﬂghéi?@lﬁtfélﬁéfﬁ Ao

i nformation of eac taose %lélnHed |nt1t]h ﬁ can identify the

i nhibitors as f)el ng conpe Itive, SRPEEi P Fethgr SHOTRSTEIF 1T cb‘fasaed on,
for exanpPe, coEpLeLR %Jbrﬁ)aRﬂmEEH@mMmﬂamtbmﬁe mettiasi giat @ .enp) oyi ng

standard for nuhasutdn Seasd ]_L thag ko3 iyn S, ey, & SQns 1975).
Y D d%sn gn I}Sgl ngé#(%f gp%r‘a S oFOrgfcetqlcﬁ(]t

Further, the i rﬁn bi tors
i nt er medi at es cFHARH %e (&r nzyrakal v jaactisidvoand dnferadidons

st er eost r uct urvwei tf cstlfer‘rpdﬂ@adultéh)aéiﬂe%thﬁtdnéﬂrﬁ) Yei@aGn PumAUC)s Such
i nformation P% useful for de5|tqn of inproved anal ogs of known conpounds

whi ch serve as 1nhi bl tor SRR chPbanfPiitedr BRY}AESatherst oofand a
novel clBxs ofchaﬂﬂ@qmra;:u&ﬁ(enga animpamdiemtemh@dltamﬁtl@facﬁth@m&esent

i nvention, theaﬁ.;@ragpgtr[{mn%e t q%c%rgac@ina%ec%fmtlh%%rzesﬁ%? gqve'lta't%ﬁ] may be

utilized to nodif enzymes or protein e ‘dase
or nitrilase) & ﬁﬁlaﬁ ‘%ﬁﬁhﬂﬂ a6i prefeete peinfidrmed osnhgta abmputer

decar bany| ase ExSu 630 d Bdnfiatd 0 Byrdies Goandyici dy g ae gﬁ'efn % i ar to
that for the e}Lbo ed%escrl bed rmt ant design. The "sim pepti de enzyme

or protein enZy r ef8r JBPYTHAReAn BN SR acﬁﬁ“rs"’éhuélﬁc’,fér\ﬁﬁitéﬁ’ni sdagenti cal
to the &fl no agicdesedmegngerogram DENZO (McScience) as a program for

analyzing the structure; PHASES (Univ. of Pennsylvania, PA,
USA) as a program for determining the phase; program DM (CCP4
package, SERC) as a program for improving the initial phase:
program()(UppsalaUhiversitet,Uppsala,Sweden)aseiprogram
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

acidsubstitutionreferstothatoneornmreaminoacid(e.g.,



Repl acenent Sheet - 43 - 1 Decenber 2003 of decarbanyl ase represented by SEQ
IDNO : 1 or 2 over the full-length am no aci dsequence by representatively
at | east 30~, preferably at |east 50~, and nore preferably at |east 80~,
and particularly, with respect to a region defining 5 the active site of
decar banyl ase ( a range of am no acid nunber 38-49, 108-127, 143-148 and
164-177 including am no acids Glu46, Lysl126, Glul45, and Cysi/zl .in SEQ ID
NO.: 1 or 2), representatively at |east-60¢,-preferably at |eggi ..§Qqo0re
preferably 90~, and even nore preferably 95~) 10 As an exanple of the
transformati on of a characteristic of a certain enzyne using the
stereostructure of an enzyne simlar thereto, there is a study in which the
substrate spectt?@i e9ine aniéazyprefarhbdyetpandasd nmascizid,r ansf aigme by
utilizing the gir8fépibsi el egShimdebUr:; tsopeni Gil.lin synthetic enzyme.
See Internati onallh %{)I;ﬁ%at ion W97/ Oagcol%)ag%fcoggi ﬁ!gﬁﬁék‘?gi geé)c%f#?erﬁ‘?e t he
i sopeni ci | I'in 3Rt et ted iihet i fe@me pambe s ofoami e tamidishadAmli neatlyi dbeen
determ ned ( Roadd{ .080)re I, tBE2, 0RO dPRioti hmand SéE?“Pé‘Sg m—%}) IS
i.e.y 0

simlar tg the ntheti.c enzyne in the primary structure acid
sequence)Qand %@%’l%ggﬁd?ué’d’?ﬁ%@bﬂé’ halamisp@Aqigs sard Bosemustiiemabiar

compar ed wi th beftpulieracidd) rspeniadd (IRl SAYNACHop R P
identifying thg 4@ %%i%'d%lré?ﬁ' dues .of eéﬁaf_ldase 25 whichare involved in
recognition of a substrate, an&mb§e§ﬁtr5ti g RaSeams for more amino acid

aci dr esi dues, tifesihstlr-@%eepéonf acitly, obregpradagel VBS dnansadimd aqg
produce a nut g 8RZ¥EEa¥N, Gh scan; peni ciLLi 30 The conpari son
of ident%@my of am _ﬁo aci%wg%qqugn%g&sﬁ&ngﬁgggecaﬂecﬁ %?gﬁgfﬁoﬁb?nf’&lgéﬁé‘ﬁ‘pl e,
the fol |I'ow ng REdtfidifce MHIRY | agtdomediFASTALOW RncRemtesgnandD. ds hbpnan,
PNAS85, 2444- 448 telP88)t)s, BLAREdaSioh. Al L . Madd A A,

Repl acement Sheet - 4 .4 - | Eecianberloz 03 Sc%ggkg%;t&?n-'H. ?ﬂ%ﬁgﬁé?nz'
Zhang, W M | ['&r29R@tBony afkphahien ogdyaqsslatdanis PhRepho2s13886n3402
LS50 e G ot a0 406, e
ackage, Ver si qn.;B,.Se er. netics er G oup, ci ence
Drive Madi son%#gco%gﬁ'n, GéA 1@11%@&11%&]( ‘11@965“3‘?‘?‘?09?% Ma@uaf for
EGCG Padiage, npérEpRlye ocTher$nggarintentié ortd nahenatathl 1¢agbeih dgeng
Con0iRQ nh: andhoand d Sk RAT APBLIQLAE 4D IO ST L DL OLORY, ST Ve

(Geneva Uni versi.t \éaHos,pl tal and Unjversit Geneva, ¥a9°9
Swi t zer | and) SGRd"Naevdd: &F BreferabPien System Technol ogy).

The term "naturally-occurring amino acid” refers to

20 the L-isomer of a naturally-occurring amino acid. Examples

of the naturally-occurring amino acid refer to glycine,

alanine, valine, leucine, isoleucine, serine, methionine,

threonine, phenylalanine, tyrosine, tryptophan, cysteine,

proline,histidine,asparticacid,asparagine,glutamicacid,

25 glutamine,y-carboxyglutamicacid,arginine,ornithine,and

lysine. Unless otherwise mentioned, all amino acid are
herein L-isomers.

The term "non-naturally-occurring amino acid”

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

paranitrophenylalanine, homophenylalanine,



According to the present invention, polypeptide or protein enzyne nutants
havi ng an am no acid sequence simlar to that of decarbanyl ase nay be
provi ded by utilizing the 15 above-descri bed nethod. These enzyne nutants
may be used instead of their wild-type enzynmes in a bioreactor, for
exanple. In another aspect, the present invention provides 20 a systenfor
desi gni ng decar banyl ase mutantsusing a conmputer. This system,conpri ses.
means for determ ning the stereostructure3of-a crystal of an gpzype; hgyi ng
decal banyl ase activity by X-ray crystallography, and nmeans for designing

t he decal banyl ase nmutants havi ng i nproved 25 physical property and/or
function based_on %Ee determ ned stereostructure. The conputer system of
the present inPBhET ONCREPIERY L3haRENE Sd ardingy 2 bemgipeopsyiohara kawan i n
the art (e.g.,DtherknDoMBmeys§eAdneN LAE ﬁlﬁhéﬁyg§§%ﬁ'$gg herein). 30
According to the present invention, a conputer readable recording nmediumin
whi ch the three-dinensional coordi natedat aofthestereostructureof the

above-described  ReplBeensnn Shetno a¢id ahaPegember2PQ3: 4ol eril &5, such as

decal banyt ase I ram of a .npl] ecyl ar desi gni ng and/ or nodi Tyi ng
met hod ar% reé@?%é ﬁégggggbg%%nﬁfﬁvggéﬂ.¥EﬁbﬁﬁF§?%ﬁa%EéOEBﬁﬁﬁﬁ%vaHadable

recor di ngnedi Uil ¢Eleri¢ imidaet t o tthpsenagrat hoidbske{®, g-Exaﬁlgge%p@f’ Hek)
magnet o- opt i cadphSKks g., an i.cal disks (e.qg., ROM CD R,
CD-RW and DVD:- ROW). F%%ghe %ﬁ%%%?nenngﬁéﬁﬁ aet%ﬁﬁﬁﬁﬁ?'reé@%@W§9%§§ording

medi um may be 2D @rutaeigieli et eedi umin which a programf or executing
a design process of a decarbanylase nutant. In this case, 10 the design
process Jmy conprise the steps of inputting data of a crystal of an enzyne
havi ng decal banyl ase Prcrede tBPRAABENEyOK- g Rremar liogreaphprane

desi gning a detmderimpydsesdvianh thasl e | TP FRRYSE Rl fARRS Yy @nd/ or
function baseq; QQ%_ et ern ne ?éggg structure. 15 I n andther en%bdinent,

the present invention provigesdht i Ho2hES AR Yihs e ht Hastldeseri bes

the stereost r dttdncgesf sl fizter panpbasesuttamiroden phosphate, dihydrogen
rocess

t hi scase, t hestyRHAHC! be .obtal ned by a p
conpri si.ng thgﬂ;teptsat%f' ?ﬁéﬁ%%%%ggggga 0 ongaat%:ltar’ygf"gfargf)nﬁ eeﬁ??ﬁﬂnﬁéﬁng 20
|EI_

decal barlyl ase SXEORALE - detBipsHddopp tR-r apeswyatel | ogeabfysanddratgni nga
decal banyl ase enittyasi&@onag e, MALAY 8BRS GRh eRLAREtY and/or function based
on the determ ned stereostructure. 25 The present invention will be

described in nore detail in the follow ng exanpl es. These exanples are
provided for the purpBeeephattbustaminsGdiempEasebhsi Ny abir-8ReiRUEoAr € Not

intended to | b%hutzgﬁg@lﬁﬁggﬁt'wq_\iei te',- :r'ﬂ'sc%gsggar@éﬁ:sgds for amino acid
20 substitution and the like include, but are not limited to,
changing a codon, which is a DNA Sedquence enceding 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 structure, 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 defined by the interactive
30 ability or property of the protein. Therefore » aparticular
amino acid substitution may be performed in an amino acid
sequence, or at the DNA code sequence level, to produce a

protein which maintains the original property after the



Reagent susedi n t hef ol | owm ngexanpl eswer e obtai ned from Nacal ai Tesque, Wko
Pure Chem cal Industries, Ltd., or SIGVA (St Louis, MD, USA) unless

ot herwi se nenti oned. Repl acenent Sheet - 4 6 - 1 Decenber 2003 (Exanpl e
1) Preparation of Native crystal of Decarbanylase. 5 Decarbanyl ase was '
obtai ned by a known nethod (see H Nanba et al., Biosci. Biotechnol.

Bi ochem 62, 875-881 (1998)). Decarbanyl ase solution (0.001 #/é EPES buf fer,

pH 7.5) was prepared to a concentration-o0$110-20 ng/ni. 10 ﬁgif;”fe%trzo‘:g
decar bamyl ase solution and 10 Wi of 0. 1 MHEPES 10 buffer (p rgb

manuf actured by SIGVA) as a precipitant containingl5-20 wt~ pol yethyl ene

gl yco16000( manuf act ured by Nacal ai Tesque) and 0.2 M Ilithiumchloride were
ni xed toget herSEPSEi bbbt Sthegef oafe.evaBigusnbdafisaltibnen thesp ngadde
above- descr i begs pI s Rideth GRRO S B de 8,18 LESSLYOI T

sol ution, cryst a%%)%' zati on was conduct ed Q\;/\@gcéggég 8??%‘%?%%‘%? HEYY &e

20- 25C. About XS0t ¥R i hedleanikeiseheoBtbielaficae useBihidszat i on,

a crystal was grown up to a size of 0.3x0.3x0.1 mMmmto 0.6x0.6x0.3 mm 20
om Derivative Crystal of Decarbanyl ase

(Exanpl e 2) Preparation o% Heavy At > t
The native crystal otﬁ’ﬁr‘n tdeiaﬁoé?éﬁﬁlsé’ri%“?mtmwaemJ'Jgrdafda,pI et
on the dropl etthe Aydroptebiainyci0s609e. ofl Apinat LY €36 Mt Bl w@%eéq?l&%ﬁ In
0. 1 M HEPES %JSS:[ d ibn 9 )[. 2 cgnéa%n{)ng 20, wt ~ pal yet hyl ene gl ycol
6000 (manufacture dby h-ai THESVETORAGP BC AMATS ARriGhLBAREEF dRlathiath was
prepared to hamPort@EvtSrededionpeohytneycarptbt @bl w iyt afre )i nd@IeRtkaL | on
of 0.5-1.0 rth(ila\irE,?iic%laf EEYELY%  CRARR n? vernight to prepare a heavy
atom derj vative. 3 ExaanFle 3) Fr eezeHo_ 4 TArba a%eec‘%ril&%dr *hébgati ve
crystal Hhd t BFtheav{KBtom deriand i Roakifstle. ofR .dbcar banyMete psapared in
Exanpl es 1 and 57 (u9r:€05-132, 1982). The hydrophobic property of an amino
acid contributes to the secondary structure of a generated
protein and then regulates interactions between the protein
and other molecules (e.qg., enzymes, substrates, receptors,
15 DNA, antibodies, antigens, etc. ). Each amino acid is given
a hydrophobicity index based on the hydrophobicity and charge
properties thereof as follows: isoleucine (+4.5};: valine
(+4.2): leucine (+3.8): prhenvlalanine (+2.8):
cysteine/cystine (+2.5): methionine (+1.9 ): alanine (+1.8):;
20 glycine (-0.4);: threonine (-0. 7): serine (-0.8): tryptophan
(-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 certain amino acid is
substituted with another amino acid having a similar
hydrophobicity index, a resultant protein may still have
a biological function similar to that of the original protein
(e.g., a protein having an equivalent enzymatic 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



Repl acenent Sheet - 47 - 1 Decenber 2003 renoved fromthe crystallized
droplet and directly soaked in liquid nitrogen w thout a stabilizing agent
for freezing such as glycerol. 5 (Exanple 4) Collection of X-ray
Diffraction Data of Decarbanylase Crystal To conduct analyses by a _

mul ti-wavel ength anonal ous di spersion nmethod, diffraction data was obtai ned
in the radiation light facility Spring-8. Such nmeasurenent wgs 1a%9 eCPslﬂgeltJCt ed
using the EMIS derivative crystal frozen zm Lliquid nitrogen. F’ggce'% onoi_
measur enent, three wavel engths (0.98, 1.00, and 1.27 ~1) were used, taking
anonal ous di spersion of mercury into consideration. Three wavel ength
diffraction data were all collected froma piece of crystal. i5 53 frames
of diffracti orY¢eRRphekieleht a5 nedfieienpr ocAssddsbyibedatin [WDESELNY

program DENZO N Sei £6£e1d1 arthitleak a%és%éu‘?g%%e ig?.v-gabl:lge Z@Oqjh%ﬁ_nnaésl ve
crystal of decarbanyl ase was neasured in the frozen“formu | : 5.
wavel ength to k@%‘%’é‘i’%ﬂﬂ‘f%‘é‘ét%’é@’ﬂ%&?a ardinkeer édl.09 ;ary sshewn 4 dMabl e 3.
20 See "X-sen &&bh58Kic I\lxgmn&__l&r]totﬁsgct Q48 & gydAggéyéLzh. tl\éb]l:sielll%

Kakut o _et5al - ;r(fl?/)o: '%%%E‘ég#é n) cgr);_eilrlrsasiuge as i'ndependen .
reflectivity, {'aitike e d¢0. glugagine el a2 bregity Street( 0) :
Decenber 2003 tHatddh theResuld s )0,}‘ alireﬂ%%% ng R ff1aG6t T o JRata of BVES,
D3t ks By DPERBFOULERE B (10 b me el 7mins o s v e

const ant const dml~$J0. d8ucEBe (94..BIG6T9aL e 661 921(01=B835. BPE56HTn8QL2085.,84. 798
- 557493a-11 7. $Hrd3Gilatithe? (220598 and  tryptophan (-3.4). 1t is

10 understood that an amino acid may be substituted with another
amino acid which has a similar hydrophilicity index and can
still provide a biological equivalent. For such an amino
acid substitution, the hydrophilicity index is preferably
withiniz,morepreferably:ﬁl,andevenmorepreferablyto.s.

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 include, but are
not limited to, substitutions within each of the following
groups:arginineandlysine;glutamicacidandasparticacid:
serine and threonine; glutamine and asparagine:; and valine,
leucine, andisoleucine, whichare well known to those skilled

25 in the art.

Information on the mechanismof a catalytic reaction
obtained from the stereostructure is very useful for
molecular design aiming for an improvement in the specific

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

decarbamylase,anaminoacidmutationwhichleadstocmanges



86.5 36870c=67.65 a=67.13is b=13fi. 00c=6T. 54 R-nerge indicates an error
bet ween each of a plurality of franmes neasured. 20 Table 3 Results of
Processing Diffraction Data of Native Crystal of Decarbanylase 2 $

Wavel ength Resolution R-merge Yield |Independent lattice reflection constant
constant ~$~ ~'g~ ~~.~ 0.93 1.7 6.4 96.1 6859fi a=&7.84 b=13T. 83 3 o0 c=68.

39 R-nerge indicates an error between each of a plurality of fqanesSh
measured.  Repl acenent Sheet - 49 - | Decgyrber 2003 (Exanpl e §4°§§?$;%§§
Det erm nati on of Heavy Atom c Coordi nates and | nprovenent in ases Qut of
the three wavel ength diffraction data obtained 5 for the EMIS derivative
crystal, the data for 1.00 1~ was assuned to be the data for the native
crystal, the det &htospecdBic aatdyidnyoantiose d@?:amu&hptﬂdaﬁx Hé}}cﬁeé‘i@nehl 27 .~
was i sonor pho i@ e, didgfe Patt.ersonf.unction an he anomal ous
di fference Pa%%%%%ln%(;t'i gfrlljew%r%ggggl %%I ated and fﬁl?‘h@ugﬁﬁ%ﬁ‘ P dive

(cal l ed a dif fRE®E et BH sgrowmpcari ber estim'a(beﬁ% bwa&:r?wcﬁw!attm@ .&:Hreerrpt )
was nmade to i dendddpodtir ROSIIEANS L Heayypaheds,fremhigh intensity pea
posi tions_on the Hacker plaﬁé and ég-nl | cant pea 6oglflgﬁ§108%r§§pondlng
to the cross Vect¥rls. BEapPEYReRs B@aé%a%%)g. thereby making it possible

to design an appropriate amino acid mutation. For example,
a mutation which causes the electrostatic field around the
sulfuratomof Cysl71 tobemorepositive, promotes detachment
of the thiol group (SH)} of Cysl71, 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 decarbamylase of

the present invention, it is inferred that five cysteine

15 residues present in decarbamylase are involved in the
function and physical properties thereof, such as catalytic
activityandresistance toairoxidation. Concering the role

of acysteine residue of decarbamylase, a different bacterium
{Agrobacterium radiobacter NRRL B11291) having a high level

20 of sequence homology with decarbamylase of the
above-describedbacterium(Agrobaateriwnsp.KNK?lz(Kaneka
bacterium)), has been studied by combinations of amino acid
mutations, denaturing agents, 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 Cys172 corresponding to
Cysl71 toSerbut notaffectedby the othercysteinemutations.

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

a corresponding cysteine residue is conserved in other

similarenzymes. The term"correspondingamino acid” as used



15 high intensity on each the Hacker plane were selected fromthe two
difference Patterson map (between the data of the 1.00-0.98 ~ and between
the data of 1.00-1.27 el), and two nercury atons (nercury 1 and nercury 2)
were identified, andthe coordinatesthereof were cal culated. To confirnthis,
20 a phase was first calculated using only the coordinate of nercury 1, and
this phase was then used to cal cul ate the coordi nate of nercH&Mmémgth

di fference Fourier calculation using the phase. Wether or nofD&mggﬁ ol rom
mercury 2 and a cross peak of mercury 1-nercury 2 were present 1n the 25
difference Patterson map was then determned. In order to find the
positions of ather bound nercury atons, heavy atom position paraneterswere
refined and pHASETAFEGPES bAerBLparaok slart alveptobedn mat lescwle

nercury 1 and & pHigpegsiildeonsletull BewAREEWYs Qt&nﬁsmﬁfcﬁeﬁ%ﬁu&@trﬁa%&}/ .
peak and cross peaks were confirnmed

di fference 30 A:Qf]q{r{ 1 &al Cmﬁel on. %glf _ _
in a manner similar to wheh ettty Pl femisdedernined aniag acigbl f
and cross peaksn @ pmo¢sponui pgptihda wihiiidhhes ubetdlag @ EeRpY rakons-¥UH A,

confirmedck wh . l.ac t Sheet - 50 - | Decenber 2003 coordi nat es
of ner cu(r]by 3, egnlgf%gr%?%i?u%?é‘gr?H%%eaﬁasﬁﬁ?%wyg‘%%eﬂéﬂéﬁm%@.’“j\mh 1.8

f~ resol uti on 2 WBFLahd sENMES sherti viat iav es imnidraps tpals Itdasuried aRy abQQel~
wavel engt h, tha & ¥ngddMhalfeh e, 535¥r§5%§ﬂ%&9%& nath‘gEJ(éleav%/_L atom

paraneters) were refined using a program GEFEZERE) t o
determine an initial phase. The average value of figure of nerit after the

refinement was 0.50. Thed@@éiﬁémybé/sé@la%hfgo&ﬂleﬂg &i@£¥%?%¥%§%ﬁ§gge

met hod a hist.agram matching nmethod with t program

SERQO) , talhrbg ph}aigek 3 S‘raa%a% ﬁ%ﬁeﬁaéarrﬁénﬂaard\?v%%md 6y s2d 9aahmiegh
resol uti on (wuweddkelly tolbembdi€giednandl dihe bdesanbaivh f5eHY ¥stakule
was35~), t her ehyi i,5g i-gitial _15 phase. It _had been known from't he
measur enent o %?Wgtgglﬂd%ﬁg F?F%é’t%t R&® Ba81Ty moaified chemically and
decar bany| ase®Pyitaraedt atnsheodvbpcaltescitnra poptsymmehr tBal muNeéy1BY

UL 21 ng,  he uBEaGh St LABRANMAIITR o % SlueELL OB, 5 Tl M geL L 5o NS
firstl y?gt he F8ferIdCA 2 ogreiRPactas NRALIBLX281 corrhepdadanbanyteseazr yst al

was det er m nedn@Wib2vheophase Bf ey sal Vath fa'la}ﬁﬁﬁi g, mbPgn ! €561 08
density map 1(;al C Ia%egl and the positions of ihe heavy atons andot he
el ectron density- Map wera &%éBYa%a FeR habtaied df ferarefal Letd Ppehi cs.

It was found Publicabionrds. coHrewssing bet weeartibeanhgdl e, Pey8h s bgtyeen
t he coordinatg t r re perpendicular to each other on the
=1 grte e e R RE G PR B e L 8G8TS ietten T

Z axis ga crystal | ographi c two-
the decaPbamyfEeR Hoe ctterepatruntare pi aeesiBOinfseyymeted, that. thd 4@

noncrystal | 0gceplics el okdl 18983 VA QBT USI AR B d0s ol L axi S
n

(222). Each sgcti pn of .the el ectron density nmap was observed | to
det er mi ne t he R0ttt WatERTHP1t hel teelt et agirachethato Gusi leulaos] k249

buried within the molecule do not contribute much to the
improvement of the resistance to air oxXidation.
25 Nevertheless, by substituting Cysl192 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
It may be considered that not only cysteine residues
but also methionine residues are involved in a reduction

in the enzymatic activity of decarbamylase due to air



Repl acenent Sheet - 51 - 1 Decenber 2003 cal cul ate a non-crystall ographic
symmetry matrix including translation and rotation. At the sane tine, a
region in which a protein nolecule called a nask is present was identified
fromthe electron density map obtained with the solvent 5 flattening

met hod. Based on the cal culatPri non-crystall ographic symetry matri x and
and the mask, NCS averaging cal cul ation was perforned by the 19 ran1DNl As
aresult , a correlation coefficient betwe®n-the tw nol ecul §B
indicating a high level of correlation, and the 10 free R factor was

The inproved el ectron density map was extrenely clear (e.g., see Flgure 8,
in Figure 8, the |inkage of a peptide principal chain was observed as a
continuous el ¥ RIh§S) in| ¥he wendedtiad isi oifestaguietyel emicrcm‘dlng
densities corraspond Bgeteokieuad n ntified

61u46, Cysl71,; and 61uld5 were ogggrevgpﬂ) dqéclk%?%%r@%n rygst&glct g€ pd‘r i ons
such as a hel i d8eHY Wl%§sﬂ859§nl@%EGFBﬂﬁﬁﬂﬂ@fQﬁ1QHﬁ%®natﬂwqﬁamnﬂqxd

chai ns coul d bﬂ:aﬁeearﬂeyfhﬁreckedldaed Tqﬁﬁcﬁ'&férﬂﬂlﬂfrﬁh i/ed)fwaﬂl QaLic
anino acid si in a i ke were al sg .clear

g side e,s%f ‘?’é ihg i k | | ks ’gi
Const ruct] on Ald Rerirerehte Pe§Fé?§%ET?E@Fﬁﬂée&ﬁ“t%%h@%%ﬁyﬂéyexmmwad.Based
on the el ectrd® tbasitiysitdp odbtaé red don 1xampke3 b, aﬁ&ﬁe%tzﬁraf}%ﬁcﬁ Yelie of

t he decar banylaei%e 22¢ enb ed on _the three-dinensional graphics
with Program O psaﬁlr1t nrver SQ:[ hy Strhe gr“&&r PPEtigich thed eiadersrd

density to t héhﬂﬁ neress thEqa@ﬁoduefa reste ypuphr todle atAvlwsd diseguances
havi ng char actsii$titat el trypt n_residue,
it @ﬁéé@ﬁrﬂ&lﬂ?iéeg%b aszﬂcchféa%l%nr o Stthg%g rﬁagzeﬁpng t he

wer e found and the partial 30 structure of ‘amno aci
el ect r ot WensFtrEstiwas "const Putern stricteret encaidea tHea-edn ﬁt@:f@&isdto

sequence usi ng PoeglagtfucBirs USERSSEVEhY dfpﬁ?ﬁéé‘%ﬁ &d’%&?ﬁ i‘él of
the am no aci g_ j’g}lq},g?’ of dec r banyl ase - cerrent f:
Decenber 2003 Sl?é‘st)e ’E%‘HEHOP8ft%@e@6#ﬂe§wﬁmmalepbennon
densities, theésebyrgehytchmiget behween thal ﬁ@@m&ffwﬁﬁ&dmgmo{hghe
entire nol ecu d ostr del was used as a starting
model structu'rsge%%grgg ?%gh@% ?1?1{'@}(3 P‘?%g T’W%{éfﬁr]tfé-?ﬂ:t@%{:ﬁu{lﬂe
ref i nemant prBFGC’@PlGﬁUﬂ-ﬁesgr‘éﬂeestmdwubetaetmaing pﬁﬁgéanwi(f’hgii(ﬁl?éﬂ?

manual , Yal e Haweﬁiétyautlrh s3 ti@fRe T]N aJogal, gfructure
whi ch was Iarg 1ihl fiedf rom ?ra\)le elactron dén%ﬁjg nap LR SEUSSE, g%?@d And t he

el ectron densf® %r(fcé%tpﬂﬁﬁjlsﬁd-vent molecules and the llke Therefore,
these are likely to be involved in the resistance of

ecember 20

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
tobeincreasedcanbe designed. Specifically, Met4 andMet72
are substituted with hydrophobic amino acid residues which
compensate for the side chain volume or the cavity in the
25 molecule and 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 decarbamylase ranging from Met238
to Met243 contains Cys242 which is susceptible to air

oxidation. Byproducinga triplemutant inwhich these three



|0 to a water nol ecule was identified. The mani pul ati on of including a

wat er nol ecul e was repeated in the refinenent cal culation while taking into
consideration an R value and afree R-factor,resultinginfurtherrefinenent.
The Rval ue of the final nodel structure of the native crystal including 15
the water nolecule was 19.6 for the reflection data of 500-1.7 1~
resolution. (Exanple 7) Stabilization Design of Decarbanyl asg.f..£x3nnt e of
stabilization design of decarbanyl ase 20 3& -prow ded, in whi cipashaR: am

am no acid residue which is disadvantageous in terns of energy was nutated,
an inprovenent in stability was observed. the dihedral angle of the
principal chain (~ -60, ~ -44) of proline at position 203 (Pro203)

cal cul at ed fr oiRiHIIRT ake sLDsdidud est willih aBDPpPREaAtei ANENO| a0l das ar

di hedral angl %Mlﬁ'ﬁ.ﬂi & BRI NS kWhe chOt hBet ArR el { XuStiHE tdlifra r{h

general, it |s known that a proline residue serves as a residue I'C
unst abi | i zesortRfesthEgEt Wésﬁgqeﬁst?ﬂ%t gedeted.| §'-l’lehf§@$bﬁt@lh‘a@ tiee Presence

of proline at qosddtish 2683 b@lﬂl@%@b@&W'R§€eﬁﬂa€§UéE§ s Eepiheinhtde.
princi pal chain structur nstabl |ize the structure. Since thiS portion

hasa di hedral SHHL i YR (PHYEHAY X hase diafidues
substituting tvhetrpraﬂamﬁem;tﬁbm:arﬂ %ﬂﬁl&ﬁlﬁﬁhﬁt@ SﬁHé ks st PRI agement

e i1 oo P BRIRRE0R% Lol MRODELLY WGl ey oh18s ovareine and e

natural | y-occurri ngst ructural ener Can be 's
proline may banestifqriing awtants .aananbhomani dmn.eelaiwadvdmmrbec(mwadnﬁ&s to

formati on of t 1 Qii%% & am c acid
(du), leuci nﬁL%tﬁﬁiﬁdﬁsr{eE}rjﬁlﬂgs%Ser% e anino ag’(é(?' %Eml&?sﬁ@l on 203 was
mutated W th tWERFPUSEEUERIFNALIZS thengt BRE harakietergy in terms of the

mut at i on, andt kUG Jf My @qtnt@ach structure was calculated with
AMBER potential paraneter (Winer, P.A et al., J. Conp. Chemstry 10 7 ( 2

) : 230-252, 1986 ) to obtain an optinmumam no acid nutation for this
portion where the nor ethleeruimicgdtaﬂﬁ@anaaieﬁmtiMeéim:é@w@ﬁetsH@n

structural en val, art| cid >t reonine erine >
val i ne > gl ut gfnb?')(éhagl %ESel s eé%ﬁ%ﬁ‘%‘%l& ST T ia‘%]oe?ﬁ/llﬁ gﬁ]ie gta tlﬂ'r1 Ji ne >
| euci ne > hi sﬂfdﬁnﬁrqgewae@arlagp@@dﬁcgledbaﬂuqb as gysire meid pudkitden The
denat urating LefRer abkpenohrbheAkaR agy eyl ARhS rg&;gg%gg (& FXatpee 11

shown in Table | nt ernati onal_Publication
i mprovenent i I‘Faé’tl i feryed omaumdiap agng §Cﬂ§c%§%?%étf éﬁcaﬁpamiflﬁﬁe) ,

fol | owi ng 20 ﬂuﬁzattllﬁulﬂsof ktnih® d@aﬁ@ﬂabugm@samrﬁ&gmis tLBessrinAREgKement s
are obtai ned, p_ce the_di storti,on of chain structure I s

rinci
removed by suﬁgt EOPF gt S8t e Wit - oF‘ﬁ‘éPg Gga%lf%l% 3 \#ikh Ve diBitnetfwas
substit wed widekagbaingiineedsi af Okt 20Q)zd thivhioghesta Heahid btywasueht ai ned.
25 This is because the nmutation fromproline to glutamc acid allows the
carboxyl group of the side chain of the glutamc acid to forman ionic or
hydrogen bond with th&Sguédni difsigRoustgfatawy sidefEamentof fargi ni hbeat

pgzl Ej ion 139 apewadakBersBEAmedi fdlA4R.onl ded fyfBPahdeuatt iRt sHE L2, new Y
a e

aregion inferrednot tobe involved in the enzymatic activity
25 of deéarbamylase is deleted to modify decarbamylase to a
lower molecular weight enzyme, thereby making it possible
to improve the stability. For example, a part or entirety
of a loop structural region away from an active site may
be deleted, resulting in amore closely packed decarbamylase.
30 Further, the inventors of the present invention infer 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 catalytic



30 interaction contributes to an inprovenent in stability and, as a result,
the stability higher than that of other nmutants can be obtai ned. The reason
why an increase in the stability of a His nutant is OIme3. 4C which is
smal l er than that of - 54 - Repl acenent Sheet 1 Decenber 2003 ot her
mutants is that when histidine is positively charged at pH 7.0,
contribution to the stability by renoval of the distortion oﬂ%p}a Rk Qe paI
chain is not present due to el ectrostatic3repul sion between lnz%osan
arginine at 5 position 139. The ordinal ranks of the stability of t he
optimum am no acid nutations at position 203 are not conpletely in
agreement with the magnitudes of increases in the 10 denaturating

t enper at ure expapilehtity iy @obeacned. buNeiear t bkebssadmnydfaddhdsmueatdrans i s
posi ti oned at i r di-nal ESQHQ d om.t atigns, having
| ower structurJng1 h!e}%l(;(r%g]:91 B fg,d r@ig%gd@rmet%e S a%ee) &Ethg]ﬁ ?"ﬁf E étﬁé raol i ne
resi due of natRRAMEL BE@E%F@@ Heta Asyia tage oussi niechsi af watdcqweragrgeerrent

with the experprgmnt sl ffs.ﬁ%fesdeJ@Mfeés@Q@a%%wPIB%mst apt L hLYyglig. t o

Am no Aci d I\/Utatlons at 20 Position 203 Hutant strainNotation sitéAm noacid
mut at i onDenat Wr Ayt ishpdituihirted Gz sleleting a part or entirety of

404Pr 0203Leub8 6 .caABoRy0202ReNn6A. BdgT14R%* A @60r9§13&é§PFaO%Q%%*1'é6T 55.
7468Pr 0203Al a67. 75. 9469Pr 02031 | e87: 5 4470Pr 0203l ti s65 Repl acenent
Sheet - 55 - TBUMHEPDOBS BTt i ﬁ&%ﬁﬁe%%@%?%r%éldﬁqm% is

tenperature atumbliided eamard specifliedacinmdbylisedOenthipiee Whe€re the

above-describ enz sol.ution i s _subjected to he

t r eat nent foreﬁ%ﬂ% s(éat q\egl)aé Dé%erafiuf)g Fo??’(ﬂ)ﬁk‘aiﬂ %oVl E16‘Is

i nsol ubl¥0 nat teFsdua mltdn@rrrmandehmtrmm iedif iamickritley daotrionitly ziesl.t her eaf t er
nmeasured. The remant specific activity was neasured as foll ows.

N- car banoyl - D- a- par ah% roxyphenyl gl ycine was dissolved in 0.1 M phosphate
buffer (pH 7.0) to be hegdiecarbgp¥ilpgeanutant of the present invention

may be designed or prepared by a number of methods other
than the above-describedmethods. Forexample, the segquence
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 mutations using the present
invention. Alternatively, decarbamylase mutants may be
20 prepared by site-specific substitution of a specific amino
acidwith anon-naturally-occurring aminc acid. 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 (or both) naturally-occurring e¢ysteine or methionine
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.



10 solution. 0.1 m of enzyme solution was added to 1 m of the substrate
solution, followed by a reaction at 40C for 20 mnutes . The reaction was
arrested by addition of 0 . 25 m of trichloroacetic acid. The remant
specific activity was neasured by subjecting the reaction solution to high
15 performance |iquid chromat ography using D phenyl al ani ne where

D- a- par ahydr oxyphenyl gl yci ne whose activity was transformed pgacdefdnas
internal standard. The mutation strains-regpresented by identifheaibe0mnos
nunbers were obtained by screening. 4Tmindicates the difference in
denaturating 20 tenperature between before and after mutation. | NDUSTRI AL

APPLI CABI LI TY The present invention provides decarbanyl ase, the 25
st er eost r uct urIEAtEOR|eRAY beenPEeraRed ottt | thedf e bingBoANAIctagwe model  of

the nutant. Ther SliRCASIYALWEE OF e eBZYABnbS YskiddidLr re@é@%ﬁ:ﬂl@
design of am no acid nut g??ons? ai m r?}giﬂrat s%iab?l Ity H#thea ?e5| stance,
organi ¢ sol verﬁof%%‘?%‘ijaﬁﬁ:e?h%ﬁ‘?o%xi dation resistance, and the like; 30 a

change in the optimum pH of an enzyne reaction; and an inprovenent in

specific activity. Thi g design nmakes it possible to obtain an industrially
ugeful rm%ified )énzynﬁ%gﬁ%%‘é‘éﬂ?n‘éﬁ@feg"r‘ﬁ‘it&ﬁtd%%‘éﬁ‘mYW% o duqad

Repl acenent Sheethe d}ﬁave4mmm&a@3hsﬁeﬁeaﬁtdmm{a&ﬁfe kﬂ@m!&ﬁlﬁfﬁﬁlz the
oter cost ruct urie i SEfothat o E el rE e 1 BeRRaP b Y AT PR avay De
st er eost r uct urexpessnd Wsipgeavaexpresebbh Wweppln edAS in wékl ikchwat riipal | y
appl i cabl e fi elils a9% ,t PRS G B8 ®on ve%%%lra‘fﬁgél?pece&nfalﬁ'xs? &1 ehedggemoer
2003 CLﬁkyB which enable self replication in a host cell independent
of the host genome, and one or more phenotype markers for
screening. Before or after insertion site of a DNA sequence
surroundingﬁ&desireddecarbamylasemutantencodingsequence,
the expression vector also contains a promoter, an operator,
15 a ribosome binding site, a translation initiating signal,
and, if necessary, a repressor gene or various activator
genes, and a regulatory sequence encoding a stop signal.
In some embodiment, when a produced mutant is desired to
be secreted, nucleotides encoding a "signal sequence” may
20 be insertedbefore the decarbamylasemutant encoding sequence.
In order to be expressed under the control of regulatory
sequences, a desired 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
thepurposeofenablingthissequencetoproduceanexpression

product.

30 Any of a wide range of available, well Kknown
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



1. Decarbanyl ase crystal having a space group P21212 in the orthorhonbic
system and an am no acid sequence set forth 5in SEQID NO : 1, or a space
group P212121 in the orthorhonmbic systemand an am no aci d sequence set
forth in SEQID NO. : 2. 2. Decarbanylase crystal according to claiml1,
wherein the crystal has a unit cell in the formof a rectangular 10

paral | el epi ped and has lattice constants: a=66.5-68.5 b=135. bepladBucl SHeer aNd
c=66.5-6S.5 ~; and the ami no acid sequencgsis SEQ ID NO : 1. ecember 2003
Decar banyl ase crystal according to claim1l, wherein the 15 crystal has a
unit cell in the formof a rectangul ar parallel epi ped and has lattice
constants: a=68.5-70.5 .$, b=138.0-140.5 ~1, and c¢=68.5-73.0 11; and the
ani no aci d seqiefRevide dEeyt ramge af phagmi®eche bany| BBe, cpysgal DBAEOr di ng
to claiml, wheg Ihén‘fh?dcr ;,%'aﬁhcairl%s}!ﬂ'dts gg! h%aﬂvgtiv‘égrlmgg%%gg dnd

rectangul ar par aI I el epip attrce constants
b=133. 0- 135. 0 ¥eCtokg EDP’f@S@lMl%E AfragBenhe & ne shirgmosgueade HNA SEQ

ID NO.: 2. 25 5&{;@1}({5& Ala aEIHHIAG slohelY DNAE sREueh@eTB atala dé.’%@fkg

crystal cgnt aléw at | east one Qkh nore heavy netal atons per decarbany ase
nol ecul e. o SREM IR e TP P TeFHS, Obkired Bhea eyl prst B4 at om
is any of rrercaufya i shnidlaid miagd e, i ri dium osm um and urani um

Repl acenent Sheet - 58 - | Decenber2003 7. Frozen crystal, prepared by
freezi ng decarbanyl ase crystal according to any one of clains 1-6 in liquid
nitrogen . 8. A nethoddwriprepddengangeryStatgulatecyr demydises which
conprising th st OFf ecar I l.ution havin

concent rat| one%(?é 1-5 é’theﬁ%ﬂiﬂk%\%?gﬂng@ﬁg@&p?gguggggl‘ﬂ ?%r?pceoﬁ#aﬁ rﬁjﬁfg

pol yet hyt@ne gtiptead (tpggge BNAMWP?QWWIL@@@ Hh ypcvect PEGWRanEhd g a

concentratl on off sGcBUsWrul angras P 8k qagaRbravd t uch
10 that pH 6.0-9 Socl S sprow ded; m X|lﬁga?he decarb é%ygelg%%oggeg%?%#%% t he

precipi tant soiSHIBIFe AP WD hE LIREAt @ sViEFaht IRPRt GRETEESELP0ANT a5t and
for a predet eraumbdthaiardrodhefreddfre unti|l the decarbanyl ase crystal is grown
in the solution to a predeterm ned size or nore. 15
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.qg.,
E. coli, Bacillus, and Streptomyces), fungi (e.qg., vyeast),
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 mannér for expression
of themutated DNA sequence of the present inventionto produce

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, expression regulatory sequences, and hosts without
conducting undue experimentation or debarting from the scope

30 of the present invention.

For example, the replication ability of the vector

must be taken into consideration in screening. Various



9. A nmethod according to claime, wherein the m xing step conprises m xi ng
a droplet of the decarbanylase solution with a droplet of the precipitant
solution, and the step of allowing the resultant m xture solution to stand
conprises 20 suspending the m xture droplet obtained in the m xing step on
a solution reservoir holding the precipitant solution in a sealed

contai ner, wherein the precipitant solution in the solution ﬁ,_%{sdgé‘lﬁéﬁl[lslheehas a
vapor pressure |ower than a vapor pressur€0of the m xture dr opb@imbetosl0.
met hod according to claim@8, wherein the m xing step conprises mxing a
dropl et of the decarbanylase solution with a droplet of the precipitant
solution, and the step of allowng the resultant m xture solution to stand
conpri ses 30 stRPEPES ngushe bft xtakendigticet cobs ddeationt he nicrewnitep on

a dropl et st agexpfeds SO ¥biyOnak 889 dide Y L ”@:xtaﬂﬁall%r e&f tha@@t rfco_u}'é' on in
a seal ed contaj,ner, wherein the precipitant solution in the solu
reservoi r has IR t1IVGeFitEEBAERL OB Sy Stegy IhPIﬁ%@%%@FQUI)@WrJelstme

| ower than a vapmrt]péeesmpatﬁafull‘mymwﬂt%r% dsoR! bquehde én@%tdﬁﬂq; a\ﬁfé)rd' ng

to claim.g8, wh redet erm ned period of tinme during which
m xture s%l utl&eecﬁlis]D e"o%)%ed 5 Y nd 95 orfdiSjay HII?S(EHttee weslentipn. A

net hodaccor di r@ﬂdcaﬂmﬂ,y‘umhb%mmtisingpywmatﬁ@tgﬁgﬂp@@dm ution
in asize excl ussgotqj]:s'ﬁjg ﬁggﬁmﬁ%eetggnbre}l e after t he step provi di ng t he
decar banyl ase sol ut1on ererf the ‘H@SJS?%’EFHJ%H ﬁFfSIhL?ét t he
preci pi t ant sd?%ﬁiaéﬁctﬁﬂdnghonhedeemngpﬂ‘reneampetn’embimmnuna delected

decar banyl ase wQltlp Obne %1?1@@9@8%C§@6%%p§£fa§e f'ﬁp LS D e
m xi ng step 15 con‘grlses% in ecl soumntdthe
decar bamyfl ase ¥ GPiddtYaha $9rere éft?%%reaplré\ﬂluﬁést:héhﬂeQMLam o flotide

solution to stapfoteiPandechahbMifg td1€oPdrlsSpSehH4PE Hignehand dai- a
seal ed contai rl.s I’ructure fermentation requirements, ease of purifying the
decarbamylase mutant from the host, and safety. Among these
parameters, those skilled in the art can select various
15 combination of vector/expression regulatory system host .

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 mutation 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 before mutation. Iscelectric points



Repl acenent Sheet - 6 0 - 1 Decenber 2003 14. Decarbanyl ase characterized
by astereostructure having protein stereostructure topology represented in
the following figure: 5 10 15 20 or an active fragment thereof. 15.

Decar banyl ase having a four-layer sandw ch structure containing a secondary
structure containing four a helices and twelve ~ sheets, or an active
fragnment thereof. - 61 Replacement Sheet 1 Decenber 2003grehbficement Sheet
Decar banyl ase, wherein am no acid residueélthereof_|nvolyed | TDREMRIYITe
reaction are one cysteine residue, two glutanmic acid residues; one |ysine
residue, and a substrate of the enzyme reaction is DN carbamoyl-a-anino 5
acid; and a substrate-bindiqg active site thereof is characterized by a

st er eost r uct ur & F PraRe e PhyIeH ¢ ectisarhgresis H t#CFardpnee gritk aNHs +
O NH~+ QG u~~~_metlddiNte soAfigra® iRk Wellner, D., Analyt. Chem., 43, p. 597

(1971). A decarbamylase protein having a changed surface
charge is a mutant having a pI changed by a substituting
5 aminoacidpositionedonthesurfaceoftheenzyme,asprovided

by the structural information of the present invention.

Further, mutants may be screened for high specific

activity compared with native decarbamylase. The activity

10 of mutant decarbamylase is determined by measuring its
ability to convert D-N-carbamoyl-a-amino acid to D-a-amino
acidusinganassayasdescribedherein(seeExample 7below),

for example.

15 D-a-amino acids produced by utilizing the
decarbamylase mutant of the present invention may be used
as pharmaceutical intermediates (e.gq., D-phenylglycine 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
pharmaceutically acceptable auxiliary component including

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

25
D-o-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 tpus-produced 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



., H~0O/ H15 HO. H.-SHNH+\ R.HOS>?t OQu,; 'p zo where a
substitute Ris a side chain of D N-carbanpyl-a-anino acid, or a
decarbanyl ase nutant, 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 least amno acids corresponding to the fgll.om.ng,am no
acids of SEQIDNO : 1 or 2 : Gu at pesizieon 46 , Lys at p%m&émrzbaﬁ
30 Gu at position 145, and Cys at position 171, or an active fragnent
thereof. 18 . An enzyne according to claim17 , wherein in a reaction,
Repl acenent Sheet - 62 - | Decenber 2003 the DN carbanoyl -a-anmno acid can
interact with ¥Rhb, oRiRIEL?¥ espoPding to Lys at position 126, His at
position 143, Qu at position 145, Arg at position | 74, Arg at position
175, and Thr at position 197 of SEQID NO.: 1 or 2 at the active 5 site
cavity, or an active f}-SgriHinq hepebdfs 1@r0m0@r@zynbyacutblldmgngo cited m 17

or 18, wherei Mieddrtamel Ase GRITAMPOF ithe gﬁe@eﬁtaEHGQﬁtinr}n b@d’seaé
posi tion 145, and Cys at, . paosition |71 of DNO: 1 or have

hydr ogen bond 87 & We&lq?[ﬂseéﬁl -8 -at Dt‘ﬁéaB&PPv%ngl PeagRRTtic aiidh Oa‘fct i ve
fragment ther effod 2@diAn venz yoeprolack! £ogCaddi fgvéd @y ON@19ft led)i.ns
16-19, wherein the D N-carbanoyl -a-amno acid is selected fromthe 15 group

consi sting of D-N-carbanoyl - phenyl gl yci ne, _
D- N- car banoyl =par ahy ddax ygrhethye | qﬁmqukime‘r:hw c¢fir basoylrephany ialvanition ,

D- - car bamov! -l isior e GRRARKLRD BBLN S Bl A PARY L4 LG s
D N-car bam)yl aspartic acid car am c acl
thereto may be designed and produced. Such 1nh1b1tors may

be designed by utilizing 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 compatible
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
ofreactionintermediatesofdecarbamylaseorenzymessimilar
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 decarbamylase or enzymes

thereto, and a novel class of inhibitors.

25 Inastill anotherembodiment of the present invention,
thestereostructureofdecarbamylaseofthepresentinvention
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 “gsimilar

polypeptide enzyme or protein enzyme” preferably has an amino

acid sequence which is identical to the amino acid sequence



20 D- N-carbanoyl - gl yci ne, D N-car banoyl - hi sti di ne,

D- N- car banoyl -i sol euci ne, D-N-carbanoyl -1ysi ne, D N-carbanoyl -1 euci ne,

D- N- car banoyl - et hi oni ne, D- N-car banoyl - aspar agi ne, D- N-car banoyl - prol i ne)
D- N- car banoyl - gl ut am ne, D-N- carbanoyl - argi ni ne, 25 D-N-carbanoyl - seri ne,
D- N- car banoyl -t hreoni ne, D-N- car banoyl -trypt ophan, and

D- N- car banoyl -tyrosine, or an active fragnent thereof. 21. ARéEEQe%{eQ%H%l ase
conpl ex characterized by a 30 stereostrucigre of a conpl ex 0of; pecember 2003
decar banyl ase) a nmutant thereof, or an active fragnment thereof, and

D- N- car banoyl - a-am no acid or D-a-am no aci d, wherein the corrpl ex iIs
constructed with a nol ecul ar design techni que Repl acenent Sheet - 63 -

| Decenber 2003 ¢f circwtEmalstsa cepre seh tedchy Sy | 145 Hoac c or 6 gbosk-atme 14 or

15. 22. A t tant h te
of desi gni gg Pﬁgige%:%f hgg*"gggdaerrﬁa%%?g%ﬁgw n?‘rggﬁiggg %ﬁs’%ggratiyf%ﬁ%?or Ioa
function nodi f#&¥ tm‘sf@c(ﬂltﬁblaf sfteleastr et urandmadec aredeybady accbsakiing to
any one of clags®, 1dhag 16a r%ﬁrl%o @thﬁ_ﬂ%&‘}f‘f&g Qeéégf gc%aii‘lrbjfn%n

decar banyl ase nutant's, conprisin preparing a cry
enzyne having Hé%é%éﬁ?lfds’f@ ‘aéﬁexﬂatrﬁaﬁmil’é{a@erﬁ mrnggaoﬁemeogtaucudtnmmaﬁ t he

crystal by subjecdd ng ddrelcrysteal- 14® éhﬁaiﬁﬁtislﬁaiheﬂﬁ&]ﬁ?ﬂ% ; arftifh ARS{ 40 ng

t he decar banyl t ant.s 5 haV| an i nproved sica roperty and/ or
function baseaﬁg‘h‘l{u e ARG Crgdtdr 1 EEQ RO i@ hodl st d)di ng to

clai m 23, Mermwémmﬂmsj BUCleH £t 6933 Iﬁﬁ@f&@d;ﬁdﬁt%&iﬁ gfd@cafg&i@yl ase
20 accordl ng t cI ai 14, 16, and %"3 5. A net hodf or designing
decar banyl ase Iﬂru% rtgﬁ o si nrggt%eé%t“éqf%fpr eeﬁé? P2 crystal of an
enzynme i ng decarbanyl ase activity; determning a ster eostructure of 25

the crystal by subjectisng dhe &f t O X- C I I Q gn| ng
t he decar banyl ase nut ar?t shavi ng éaf@fé rc’(;/ed{:%l ys:i%é 5@8??9}4
function base&W%%%Wﬁé@%ﬁ@UbgﬂZMEmseumﬂhpratmorsvgrmlme:ure

decar banyl ase cllkaNéSzyme similar 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. According to this document, 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 eachotherwith respect to their sequences,
thereby identifying the amino acid residues of expandase

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

of expandase was transformed to produce a mutated enzyme

which can act on penicillin G.

30 The comparison of identity of amino acid sequences
maybecmlculatedusing,forexample,thefollowingsequence
analyzingtools:FASTA(W.R.PearsonandD.J.Lipman,PNAS&S,
2444-2448 (1988)}); BLAST (S.F. Altschul, T.L. Madden, A.A.



30 26. A nmethod according to claim?25, wherein the stereostructure is a
stereostructure of decarbanyl ase according to any one of clains 14, 16, and
21. Repl acenent Sheet - 64 - 1 Decenber2003 27. A nethod according to
claim 26, wherein the step of designing the decarbanyl ase nutants is
intended for a nodification of one or nore characteristics of the enzyne 5
sel ected fromthe group consisting of a change in substrate gReefchGhiy, a
change in specific activity, an inprovensyg 4 n stability, optiimpacaaki o of
optimum pH, and a change in water solubility. 10 28. A nethod according to
claim 27, wherein the nodification of the characteristics of the enzyne

i ncludes an inprovenent in stability. 29. A nethod according to claim 28,
wher ei n t he midWmifEs dési-ghi.nghangar? .i Apanyebntil hest and Pt §. ilipmagesa

mut at i on i ncl ydi i tutds o] n i, Ci=G e 5 Ae i e to a
reduction in ggtgi'%’i)ts;l/@%%é ;Atgl%%r' %f%da?irgld%%fj%o.3q£r%e$%%égc)\2’g glklr%{t %%I%g"l s

27, wherein t FEEGIHFIRRIDFPTRIFe t hRredwhamctenyal | Eerothehdisgppsd.n

i ncludes a chang&edde SPees {66 s2Gd i dib P o OBt IGEAALIC Hhp@PL i ByiLpH  31.
A decarb%gylase mut ant obtai ned with a production nethod according o any
one of cliai ms *Z%- §§1epsezBriKe MagbaoRor WhderE§ing Bhai3/ddpt Rd€eor Pprot ei n
enzyme havi ng (a 996l )i ygedth Fan 861 & cFCECen Packhbtl, e tled-Hitd, Bhe sanger

decar banyl ase utili,zing a stereqgstructure rb ase crysta
according to acﬁéfyltgr?é_ g?’“ﬁ?gpriaﬁ’7%sa§5”ﬁdug§ sgéflggéﬁr u@?n%i%“‘i} and the
decar bany| ase ExP@SydiWar-ltd Whje oWeboinadlemiulmrl hidimgyanse2der 38GeAesyst em
for des'gn'ngUW%ﬁ%ﬁﬁE%‘%%%ﬂ&%éftﬁnHSHW%ﬁ%rsity of Geneva, Geneva,

10 Switzerland) and MacVector 6.0 (Teijin System Technology).

According to the present invention, polypeptide or
protein enzyme mutants having an amino acid 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 asystemfordesigning decarbamylasemutants using a computer.
This system comprises means for determining the
stereostructure 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/or function based on the determined
stereostructure. The computer system of the present
invention may be constructed 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 computer
readable recording medium in which the three-dimensional

coordinatedataof the stereostructure of the above-described



- 65 - Replacenent Sheet 1 Decenber 2003 conputer, conprising: means for
determ ning a stereostructure of crystal of an enzyne having decarbanyl ase
activity; and neansfor designing the decarbanyl ase nutants having 5 a
physi cal property and/or a function inproved based on the determn ned
stereostructure. 34. A conputer readable recording nmediumrecording a
program for executing a processfor designing decarbanyl ase nid.afRn: shid;
wherein the designing process conprises-t&g steps of: inputtingcdaroodf
crystal of an enzyme having decarbanyl ase activity determ ned by

subj ectingthe crystal to X-ray crystallography; and designing the

decar banyl ase nutants having a 15 physical property and/or a function

i nproved based@ke¢hbegiestehi msd deeabbarylaser @nd3®r A& rprogdang ofedi um

recordi ng dat an&es&hi & Nde & S £1 & OBt d Mot UiSa Ly é’%ﬁ@ft?@c{'yé@éeré%xfadgd
obtained by a 20 process conprising the steps of:" inputting data of crystal
of an enzyme HERY nyLeRcRE beRyYhded actEXANBLeftd) tiie CIRP Wiy dadapiae

crystal to X-raycérdsigintatnphy vasthLam Gt Fdpd NRagdaeal BATEKASE: .thJ.t,a“t
ot 0831 Lo MRS, e o AT TR S St
ABSTRACT " STEREGSTRUR T¢RE CBF- RECARBAMY ABE-AND WRES DWMERESR'. In one
embodiment, such a computer readable recording medium may
beacomputerrecordingmediuminwhichaprogramforexecuting
a design process of a decarbamylase mutant. In this case,
10 the design process may comprise the steps of inputting data
of a crystal of an enzyme having decalbamylase activity
determined by X-ray crystallography and designing a
decalbamylase mutant having improved physical property
and/or function based on the determined stereostructure.
15 In another embodiment, the present invention provides a
recording medium in which data describes the stereostructure
of adecarbamylasemutant. Inthiscase, 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
anddesigningadecalbamylasemutanthavingimprovedphysical
property and/or function based on the determined

stereostructure.

25 Thepresent inventionwillbedescribed inmoredetail
in the following examples. These examples are provided for
the purpose of illustrating the present invention, but are

not intended to 1imit the present invention.

30 {Examples)
Reagentsusedinthe followingexamples were obtained
from Nacalai Tesque, Wako Pure Chemical Industries, Ltd.,

or SIGMA (St Louis, MO, USA) unless otherwise mentioned.



The present invention reveals the stereostructure of decarbanyl ase by X-ray
crystal l ography and provides a 5 decarbanyl ase nutant, which is nore useful
for industrial applications, obtained by nolecular design utilizing the
stereostructure for the purpose of inproving the reactivity of

decar banyl ase to D-N-carbanoyl -a-am no acid which is a substrate thereof.
Specifically, the present invention 10 relates to the stereo§%hug%H%$ﬁgf
decar banyl ase determ ned by X-ray crystaliegsraphy; a stereostipeiid-Lroppdel
of a decarbanyl ase nutant; a stereostructure nodel of a conpl ex thereof
wWith a substrate, a product , and the like; a nolecular design nethod
utilizing these stereostructures; a 15 decarbanyl ase nutant obtai ned by the
nmet hod; and a nmethod for designing and producing a protein nutant having a
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ca] ca] ca] ca] cFELEFchpe ket e o4 the lligation, 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 Decarbamylase Crystal
The native crystal and the heavy atom derivative

crystal of decarbamylase prepared in Examples 1 and 2 were
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Table 2

Results of Processing Diffraction Data of EMTS Derivative

Crystal of Decarbamylase

5
Wavelength Resolution R-merge Yield Independent Unit cell
reflection constant constant
(4) (A) (%) (%) (A)
0.8 1.8 5.1 98.5 56679 2=64.92
io0 b=135.50
_ c=§7.30
1.00 1.8 4.7 98.5 57493 2=67.23
b=1364.13
- c=67.65
127 2.0 5.8 86.5 35870 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 Indepandent lattice
reflection constant constant
(2) (4) (%) (%) | (4)
0.33 LT | 6.4 36.1 635496 a=57. 84
b=137.83
30 €=68. 39

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

frames measured.
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{Example 5) Determination of Heavy Atomic
Coordinates and Improvement inIPhases

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. The difference Patterson function and the
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 1.00-1.27 A), and two
mercury atoms (mercury 1 and mércury 2) were identified,
and the coordinates thereof were calculated. To confirmthis,

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

8 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
position parameters were refined and phase calculations were
performed 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 peaks were
confirmedinamanner similar towhenmercury 2was identified.

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

four mercury atoms could be confirmed, whereby the
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coordinates of mercury 3, mercury 4, mercury 5, and

mercury 6 were determined.

With 1.8 A resolution data of the EMTS derivative
crystal measured by 1.00 A wavelength, the six calculated
mercury atomic coordinates (heavy atom parameters) were
refined using a program MLPHARE (CCP4 package) (SERC) to
determine an initial phase. The average value of figure of
merit after the refinement was 0.50. Thereafter, by
performing a solvent flattening method and a histogram
matching method with the program DM (CCP4 package, SERC),
the phase was gradually extended from a low resolution to
a high resolution (where the solvent region of the
decarbamylasecrystalwas35%),therebyimprovingtheinitial
phase. It had been known from the measurement of crystal
density that thedecarbamylase crystalcontains twomolecules
in a non-symmetrical unit. By utilizing the
non-crystallographic symmetry, the electrondensity (called
NCS averaging) was averaged to improve the phase. To apply
thismethod,firstly,thenoncrystallographictwo-foldaxis
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
electron density map were displayed on the three-dimensional
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
of symmetry, i.e., two noncrystallographic two-fold axes
and one crystallographic two-fold axis (222). Each section
of theelectrondensitymapwas observedindetail todetermine

the coordinates of the centers of the two molecules and
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calculateaanon—crystallographicsymmetrynmtrixincludihg
translationandrotation. At the same time, aregion inwhich
a protein molecule called a mask is present was identified
from the electron density map obtained with the solvent
5 flattening method. Based on the calculated
non-crystallographic symmetry matrix and and the mask, NCS
averaging calculation was performed by the program DM. As
aresult, acorrelation coefficient between the twomolecules
was 0.92, indicating a high level of correlation, and the
10 free R-factor was 24.5%. The improved electron density map
was extremely clear (e.g., see Figure 8; in Figure 8, the
linkage of a peptide principél chain was observed as a
continuous electron density:; in the middle of the figure,
electron densities corresponding to the amino acid side
15 chainsidentifiedasGlu46,Cysl?l,andGlul45wereobserved).
Insecondarystructureportionssuchastxhelicesortisheets,
the formation of amino acid principal 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). In 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 0. By successively repeating thisg

process, all of the amino acid residues of decarbamylase
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densities, thereby constructing the initial stereostructure

model of the entire molecule. The obtained stereostructure

model was used as a starting model structure to refine the

5 stereostructure in accordance with the refinement protocol

of the stereostructure refining program XPLOR (XPLOR manual,

Yale University). 1In this refinement process, a local

structure whichwas largely shifted from the electron density

map was corrected and the electron density corresponding

10 to a water molecule was identified. The manipulation of

including a water molecule was repeated in the refinement

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 provided, 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°, ¥ -44°) of proline at position

203 (Pro203) calculated from the stereostructure of the

25 present invention has a dihedral angle which is
characteristic to the a helix structure. In general, it is

known that a proline residue serves as a residue which
unstabilizes ordestroysthehelix structure. Itis inferred

that the presence of proline 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
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"()-oP1! | H #10o¥mation of the a helix structure, such as alanine (Ala),
5 glutamic acid (Glu), leucine (Leu), and serine {Ser). The
amino acid at position 203 was mutated with twenty
naturally-occurringamino acidsmutation, and the structural
energy of each structure was calculated with AMBER potential
parameter (Weiner, P.A. et al., J. Comp. Chemistry
10 7(2):230-252, 1986) to obtain an optimum amino acid mutation
forthisportionwherethemorethedesiredaminoacidmutation,
the lower the structural energy value. As aresult, aspartic
acid > threonine > serine > valine > glutamicacid » isoleucine
> alanine > phenylalanine > tyrosine > leucine > histidine
15 > asparagine > glutamine )» cysteine » proline. The
denaturating temperature of the amino acid mutants prepared
in Example 1 is shown in Table 4 {International Publication
No. W094/03613). 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 stabilitywas obtained.
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 anad, .
as a result, the stability higher than that of other mutants
can be obtained. The reason why an increase in the stability

of a His mutant is ATm=3.4°C which is smaller than that of
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other mutants is that when histidine is positively charged

at pH 7.0, contribution to the stability by removal of the

distortion of the principal chain is not present due to

electrostatic repulsion between histidine and arginine at
5 position 139.

The ordinal ranks of the stability of the optimum
amino acid mutations at position 203 are not dompletely in
agreement with +the magnitudes of increases in the

10  denaturating temperature experimentally obtained.
Nevertheless, any of the mutations is positioned at a higher
ordinal rank when counted 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 Motation sitae Amine acid mutation Denaturaring ATm
temparature {°C)

25 404 Pro203 Leu 68.0 6. 2
408 Pro203 Ser 66.5 4.1
429 Pro2(3 6lu 70.0 8.2
445 Pro203 Thr 67.5 5.7
458 Pro203 Ala 67.17 5.9
469 Pro203 lle 67.2 5.4
470 Pro203 Iis 65. 2 3.4

30
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Denaturating temperature is defined as temperatufe
at which remnant specific activity is 50% where the
above-described prepared (raw) enzyme solution is subjected
toheat treatment for 10 minutes at each temperature followed

5 by removal of insoluble matter due to thermal denaturation
and the activity is thereafter measured. The remnant
specific activity was measured as follows.
N-carbamoyl-D-a-parahydroxyphenylglycine was dissolved in
0.1 M phosphate buffer (pH 7.0) 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 liquid chromatography using D-phenylalanine
where D-a-parahydroxyphenylglycine whose 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
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2. Decarbamylase crystal according to claim 1, wherein the
crystal has a unit c¢ell in the form of a rectangular
10 parallelepiped and has lattice constants: a=66.5-68.5 A,
b=135.5-138.0 A, and c=66.5-68.5 A; and the amino acid
sequence is SEQ ID NO.: 1.

3. Decarbamylase crystal according to claim 1, wherein the

15 crystal has 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: and the amino acid
sequence is SEQ ID NO.: 1.

20 4. Decarbamylase crystal according to claim 1, wherein the
crystal has a unit cell in the form of a rectangular
parallelepiped and has lattice constants: 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 according 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, wherein the heavy metal

atomis any of mercury, gold, platinum, lead, iridium, osmium,

and uranium.
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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, wherein the precipitant solution in
the solution reservoir has a vapor pressure lower than a
vapor pressure of the mixture droplet.

25
10. 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

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 scolution reservoir has a vapor
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the decarbamylase solutioninasizeexclusionsemi- permeable

membrane after the step of providing the decarbamylase

10 solution, wherein the mixing step comprises diffusing 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 mixtﬁre solution to stand comprises allowing the

mixture solution to stand in a sealed container.
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14. Decarbamylasecharacterlzedby11stereostructurehaving

protein stereostructure topology represented in the

following figure:

5 N-term
10 A,
C-term
15
20 or an active fragment thereof.

15. Decarbamylase having a four-layer sandwich structure
containing a secondary structure containing four o helices

and twelve P sheets, or an active fragment thereof. .



6#1098bH#ES ()-)L H) 6#10% b#; & ()-) ) 6#10%b#I& ()-)

6410%b#n&' ()-) QTQHRORR?S T| [ : NA41 10 "10% #-& ()-1 "10%4#4& ()-L L.

PNLO%:&' ()-L LI 4" 10%& ()- | 4" 10%:& ()- Li 10%& ()- TUUV] WOXRX| [ : - 410#

o6 0% ()1 Y06 10% 31 & ()-L LI YO0 1008 ()-L 1 YOF10% & () - LeL0 ()-

H' 1098’ () - RXSXTX| XgYZ[\ bA410# H 10% #: & ()- H 10% #: & ()- i " 1096#J& ()-

"10%g#g& ()- | 10%CHCE' () - 10#10#\ g\]] A % _[,NA41010 #- 10- #- 1oRgg;rmmtSh‘;_.et

i "10% #-& ()- i, " 10UCHC ()- L "109%& €3-- H " 1OUCHCE' () - 1 Do badhdod ) -
| acd] [ NML0LO Hic pAl0% " & ()-) 1 pHi0% #] & ()o) ic pH10SE& ()o) Vic

PRL0%E ()-) | 10%& ()- LL10%& ()- dle] f QuRySyTy} gzhvls10 LI P* 1004& () -

| 1094#48 ()-10"10"10" ic p#l0% & ()-) Hic p#l0%":& ()-) Hic

p#1008" J& () - ) ¥hi S?Qﬁqlmqnp{lw.lowbﬂ&slmogﬁ&éq L aI@" TERYIReE) -@AIBE () -

LHo" 1004&; ( " 100

T0%E (). §2> qu S IR (%-%IH%MO/#%&(%Q &) 1%%/# )L@?l%‘g’lorb‘%%eﬂd‘ke

wo glutamic’ acid residues; one lysine residue, and a

substrate of the enzyme reaction is D-N-carbamoyl-c-amino
5 acid; and a substrate-binding active gite thereof is

characterized by a stereostructure represented by:
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15 SO HTN

JH cysﬂ_t
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5 0
20
where a substitute R is a side chain of D-N-carbamoyl-a-amino
acid, or a decarbamylase mutant, or an active fragment
thereof.

25 17. Anenzymemolecule havingdecarbamylase activitywherein
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 corresponding to the following amino acids
of SEQIDNO.: lor2: Gluatposition 46, Lysatposition 126,

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

18. An enzyme according to claim 17, wherein in a reaction,
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wherein the D-N-carbamoyl-a-amino acid is selected from the
15 group consisting of D-N-carbamoyl-phenylglycine,
D-N-~carbamoyl-parahydroxyphenylglycine,
D-N-carbamoyl-phenylalanine, D-N-carbamoyl-valine,
D-N-carbamovl-alanine, D-N-carbamoyl-cysteine,
D-N-carbamoyl-aspartic acid, D-N-carbamoyl-glutamic 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 stereostructure 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
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fromastereostructure of decarbamylaseaccording toclaim 14

or 15.

22. Amethod fordesigning decarbamylasemutants, comprising

5 the step of designing the decarbamylase mutants having a
physical property and/or a function modified based on a
stereostructure of decarbamylase according to any one of
claims 14, 16, and 21.

10 23. Amethodfordesigning 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 function 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 ah 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.
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20

25

30

designing the decarbamylase mutants is intended for a
modification 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, and a change in

water solubility.

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

in stability.

29. A method according to claim 28, wherein the mutant
designing for animprovement 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, whereinthemodification
of the characteristics of the enzyme includes a change in

specific activity and optimization of optimum pH.

31l. Adecarbamylasemutant obtained with a production method

according to any one of claims 25-30.

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,
or a stereostructure of decarbamylase according to any one
of claims 14, 16, and 21.

33. A system for designing decarbamylase mutants using a
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determined stereostructure.

34. Acomputer readable recording medium recording a program
forexecuting a process for designing decarbamylase mutants,
10 wherein the designing process comprises 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 decarbamylase mutants having a
15 phyéical 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
20 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
25 property and/or a function improved based on the determined

stereostructure.
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ABSTRACT

"STEREOSTRUCTURE OF DECARBAMYLASE AND USES THEREOF"

The present invention reveals the stereostructure
of decarbamylase by X-ray crystallography and provides a
decarbamylase mutant, which is more useful for industrial
applications, obtained by molecular design utilizing the
stereostructure for the purpose of improving the reactivity
of decarbamylase to D-N-carbamoyl-a-amino acid which is a
substrate thereof. Specifically, the present invention
relates to the stereostructure of decarbamylase determined
by X-ray crystallography; a stereostructure model of a
decarbamylase mutant; a stereostructure model of a complex
thereof with a substrate, a product, and the like; amolecular
design method wutilizing these stereostructures: a
decarbamylase mutant obtained by the method: and a method
for designing and producing a protein mutant having a

structure similar to that of decarbamylase.



