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TECHNI CAL FI ELD The present invention relates to a crystal
-whi ch converts D N carbanoyl -a-amno acids to correspondi r“ﬂm ||ﬂmmlmmnr

acids. (hereinafter referred to as 10 decarbanyl ase). The pres 3@% J nvention-
also relates to the stereostructure of decarhbanyl ase determ ne y X-ray
crystal l ography using the crystal, and the use thereof , and nore

particularly, to nmethods for desi gni ng am no acid nmutations he
stability of the enzyme (a. g. , heat 15 resistance, or gani mlmmmmﬂm‘m
resistance, air oxidation resistance, pgserrpr@dfnge the optinmum,pH,

enzyne reaction, and inprove the specific activity of decarbanyl ase by
utilizing its stereostructure. Moreover, the present invention relates to a

method for produci BYEHEOSTRBUYUREEORODREARBANYDRSE! ANDZ UBGS! PEEREOF
above-described stereostructure, resultant decarbanyl ase nutants, and uses

t her eof . BACKGROUND ART ° 25 Optically active D-a-amino acids are val uabl e
conmpounds fs pharmaceuti cal internme®EguNscARaFtLELD! arly, exanples of the

D-a-am no acids, which are industrially useful, include D phenyl glycine and
D- par a- hydr oxyphenyl gl yci ne which are internmediates in the 30 production of

fsen“i - sygt hetic penicil IThes pareseart -jsw'ﬁri’lﬁtdrg mﬂrﬂ’&lmsimrei Ry siaia oetdipd
cor oyl or suptias SRS BeheEr R R RO EREBEY R A% SRR (4G o
obt ai n - 2 taerrespanding dciodaimiisick acdds . Therhiaafaee réfierredovamlasof a
car bamyll(ﬁroumécsafwﬂﬂgseed) byTﬁecﬁg%gﬂ{: ﬁ?\;%ﬁ{ a‘is'gekgggtgg 14 Ztlhneq an

enzyne reaction of a m croorganism i S a carba
group is call e(ft(?é-'(%’rscﬁd-”r\%ﬂté@‘@ P sdepayhamyiageyzéetenpinedy &ryi chrI@fY

D- N- car banoyl - 130 1% @s@narﬁm@ c&gasd;aﬂhaﬁaedﬂem@eha%:?@@ﬁ and
identified from bacterl a 0 he genera Pséudonpnas ~| gr obact er ~um

Aer obaat er, AeMSfinda %%‘é]éfer ta nf“ef@oﬁéaquqjsdeﬁ%%‘b%cﬁﬁipemaCid

Serrat.ia, M cmmm-qms 6 tipHeaad €he s"tja-?tﬁjl]lﬂf?ﬁai th%lbh@ﬁrﬁlaaeé 4., heat
Mor axel | g Par(ilT Bl ast bact er ence

id
and/ or ndcl ei c Y58 3 ?M&encgrg?nﬁ‘écagrogavrﬁﬂ%sEeﬁi§t888ﬁ rdet o ?fg@aftrsig%ut he
genus ~l| gr obaatrestisrnafee ,g.etdyb) .. ~gha)ﬂngat eheumpa:djmha(nmraRRthéllbﬁeizme

and. ~gr obact ef rdRconkNS/d EnpAIEROBELELE Mot ) GRRE AL Mgl 1802Y oS
are not stable to the point el n 0 co ons unde Ich
t he enzynes by ut11121ng its stereostructure Moreover, the present
invention relates to a method for producing decarbamylase
20 mutants by utilizing the above-described stereostructure,
resultant decarbamylase mutants, and uses thereof.

BACKGROUND ART

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

30 production of semi-synthetic penicillins or semi-synthetic
cephalosporins. As a method for producing such D-oa-amino
acids, a method comprising remdving a carbamoyl group from
a corresponding D-N-carbamoyl-a-amino acid so as to obtain



20 are industrially used in reactions at roomtenperature or high
tenperature, and the stability of enzynes often has an influence on the
cost of products. -A so-called "bioreactor”, such as inmobilized enzyne or
i mmobi li zed bacterium is used to repeat reactions in order to cause 25 an
enzynme reaction to proceed advantageously. Jn this case, there is also a
limt to the nunber of tinmes an enzyne can be used due to the stability of

‘the enzyne, exerting an inf7:uence on the cost of products. 30 For the

purpose of effectively using an enzynme, which cat al yzes an useful reacti on,

in industrial agpl ipcelidfiho LBeGS 1§ ;&qu hi8 &4 04 H oL % 'c¥f°r

efficiently creatin rg’an enzyne havi ng excel | ent p ysi ca proper

- 3 stability)® SAEPIHIYA WP tie eerducted Mg a ﬁh@mb@abfmgbhaﬂnongaan
enzyne having afetHGW avedl PHYSG Cah K HRRS t Yo 8E{gRCHE 08, m§c§8o£§£hf9mra”d0m
screening nethod is known, in mhlch a 'gene encodi ng an enzyne |

artificially nutated 5 by chem cal treatnent, enzyne treatnent, or the

like, the s econbinant D¥Aehaymegwhbéh fﬂ&rﬁiw)émal éatB&rh@f'ngQd)dﬂ"iQ Galpsd
cell, and an e nme haanﬁ an intended function and/or physical property is

screened. On t § P PRenCatat¥Ress tlhﬁ’ ﬁorr{YcﬁIIﬁjé?n of
bi ol ogy, the s@-r&aﬁnhmﬂoy]e—d-(hmin@aﬂii@bﬁﬁ pfo-paeied Reidcl gﬂu_gga@gﬁyéres

have been reve Ll o or I\/R anal ysis_and, usin

ster eostructurgiags(rjltag f&éi(;eﬂr?/taff%ei? ?oeac‘%h Fﬁ)edﬁiepég?l%?fg‘t’ﬁ"”(?féa

physi cal propelddredasrtdaman onEMbqnmJe; ngémnm [ maaﬁbm@fdmum
conduct e 15 t he e of teln used hereln
refers. tg t he ?k%%}ﬁémnenm 6%%?0%%%?%%2; ’of tﬁgr'pro efn dg‘?ﬁ

certai n condi t ¥sHbrgraiprhe é—ﬁvﬂbiﬁendswqdmn@badt@zpr otﬁe:ms;xa.lla,a .
the protein hawaigdda2d a8 80:B85kFesCUHARC CdmisnSed méroainﬁﬁo acid

t hr ee- di mensi onal structure under the certain conditlons

st er eost r uct ur §8GeRGs BREY RTnRYCbelaaBrdisssenrexof [Jeeayamy lage dE or
n?clj ear rragnlet b@elheSﬁaaﬁmln%g Theoﬁodtﬁecagéms Ongiﬁ%Méfﬁ% Rre]? Irti es
of decarhanyl ase wi.th the randgm enl as. been successfully
carried gg’t %lgggfﬁg.aﬁegﬁugﬁﬁﬁé % l\%lbnﬁﬁjig}zi‘lndsf?ﬁ?ﬂafﬁerﬁﬁ’PlSPJNEOQ)
havi ng i npr ove#¥NKZaR n&sinetkandbactehiizim)i)s an i ndustrially usefu

decar banyl ase 30 nmutant (International Publication W94/03613). Further, a
nmut ant having inproved stability has been obtained by site-specific

mut agenesi s (Japanese L&i memlpmatcanzmemregnmmle The’sleerdmrtl es

are nutants whpghp@Bhg resittan® AUCSHRIISH LIRS %1@{ X:h% id
sequencegot her eof means of a rational nolecular desi rret hod

utilizing the 8F&r %Bg‘r‘FEE“g&l\% psedziReseast pRs e syt rtmﬂ?rrétél‘re or
decar banyl ase highs ntambau:aemneanhxas:mo@tlamidgt SfMen@gmelst dFaenbBRR

found from se rity a SIS or r ot_ei whose am no i '
sequences hadqg rea%éilgé%geknélor\lmr% si §g5! fot éc’ﬁ{]usdttﬁrenc d&f’aﬁ’ﬁ@ %PI R
Rel ease57 (Nat i bmare@gmpe'r" f eudhi @:&c:hmmmgyia@d | eh pymart onni(nNGBIil).z,\sdt hat
decarbanyl ase hastariaflc 384usaaC.sl Bbank! LoabaBAL 175:30:0 18 Ruflrgl ase.

such as .amidase and nitrilase. Howeve none of t er eos ructures of

these en?§nes ﬁa\ﬁn@%aﬁagéaeeﬁ@pgpﬁﬁﬁérmpmcwewdetlerthiﬁwase,

Therefore, it tRePeagsi&£B4ébYa I1NMBAISIY enkOnumber of times an enzyme can
be used due to the stability of the enzyme, exerting an
influence on the cost of products.

30 Forthepurposeofeffectivelyusinganenzyme,which
‘catalyzes an useful reaction, in industrial applications,
there is a demand for a method for rapidly or efficiently
'creatinganenzymehavingexcellentphysicalproperties(e.g.,



15 estimate the stereostructure of decarbanyl ase by a so-call ed honol ogy
nodel i ng techni que using the stereostructures of . simlar proteins , which
is often used for the nol ecul ar design technique (e. g., Sw ss-Pdbvi ewer
(modeling progran) (Swiss Institute of Bioinformatics(SIB), ExPASy

Mol ecul ar Bi ol ogy 20 Server (available from http://ww. expasy.ch/)); Cuex,
N. and Peitsch, M C. (1997) SW SS- MODEL and the Sw ss-PdbVi ewer: An

envi ronnment for conparative protein nodeling, Electrophoresis 18,
2714-2723). Even if the stereostructure of a simlar enzynme is determ ned,

it is 25 di fficulaihq bt an, al oA g@fﬁ:‘eé‘&@i\ﬂ lardd va q{eérgéé dfan

30 % the stereostructdre no ase wth a sufficrent accuracy
for applicati o@béﬁlél%ﬁhﬁﬂféfmﬂ)lt@éwfw aiegr@rqmdmhquahmmmty

atom ¢ coor di ngfe rdake 18h dgcé’éb@ﬂ/ié’é%:drﬁi nF%Wrre"e‘i’utn%f ReeHbE! 1 @MR,AC! d

30 mutations involved in & change In the optinum an enzyne reaction,
an i nprovenent iMWBAEH #j gene tengading @ Fﬁémﬁkésvﬁihlﬁighablﬁdﬁ%ﬁaﬁﬁd or -

the purpoge of b@bﬁ%ﬂ\'i@'&linbﬁ?:mehft teﬁz%ar eeéath\ahw eopf tHECR M S €
can be determ ned, - preci se anal the stereostructure and a

reasonabl e nol é-'&ﬁ’l"&‘rbld’éé"itgr‘?l‘{%&ﬂi’jd\ﬂe EHJFW%&%&PWWC%I&P a

t hgr fbydf urt heho\)\%ﬁkbﬁmll targd)%‘iit Bheyine m@@iﬁ%xarf&n%ha@aeﬁﬁhaw@ﬁ &l for

nodi fi ed enzyne i.ch.is advant ageous in ustr

(Probl emto bePBYSIEFLLDTPRETERVERESL ?’Pek?ﬁeogb%sgaﬁgs iQB%the

probl ems, an oln]eeehtoadvhacase&emttxiumstmtaﬂ'mbib&obq obhaisteredstghetiinest al

of 10 degar banyl.ase whi ch ES,,& rrentl S in industrial | i_ations,. and
Coveal tRY o oPEk AiBEE ok Bt i s i8Eng oA ApHEE Helie B8R Byina

Anot her obj ect byf Xheapr eseystahlegrapmy i o1 o NMRovadelysdecaamdny esing
mutant which | §eEhee AdARAACOUSHS | Hlitldd il APRIdLAL ONS ddh gga%l yeting

15 nol ecul ar or the purpose of an | nprovenent the rea

wi th D-N-car baRegilficaties &4 (ﬁ#%lPQ¥51@®b BQEEPF&@@SoPrdé@@ﬂ@é@%ﬁa§é§

optim zati on oprbeaghisOhadHbeehe 19 ing130@idrdudieai. and air oxidation,
and a nethod for producing D a-anino aci ds uUsing the obtained 20

decarbanﬂpase nmut ant. DI SCLOSURE OF THE | NVENTI ON
The term "the stereqstructure of a protein" as used

herein refers to the three-dimensional structure of the
protein defined under certain conditions and by the amino
acid sequence of the protein, i.e., the protein having the
20 amino acid sequence is folded into the three-dimensional
structure under the certain conditions. The
stereostructure of a protein may be determined by X-ray .
crystallography or nuclear magnetic resonance.

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

30 mutant (International Publication WO094/03613). Further, a .
mutant having improved stability has been obtained by
site-specific mutagenesis (Japanese Léid-Open Publication
No. 9-173068). These examples are mutants which were



(Means for Solving the Problen) 25 The inventors of the present invention
have studi ed vigorously to solve the above-descri bed problem As a result,
a single crystal of decarbanylase and a heavy atom derivative crysta

t hereof were obtained. The precise stereostructure of decarbanyl ase was
determ ned by X-ray crystallography 30 usipg_a heavy atom i sonor phous

repl acenment nethod and a nmul ti-wavel engt h anonal ous di spersi on net hod.

Based on the stereostructure, a nutant having inproved characterlstlcs wer e

produced. The present invention was thus conpl et ed. The present
. . |
the-or t nor hombFL ey Sear PR SR8 BEYRAEY 52@3%-2%5?92%’@&&?‘%%‘ RHEERHD o

1, or 5 a spac@tgrcmt Azt 2eansnotfh@ oratiorimhbielegyliam drgign amtimdaci d

sequence set fqr |.D i ion relates to
az{lrﬁEQhe ﬂ@reo%trﬂ?ﬁ:tﬁre théiwa.

decar banyl ase cryst avi ng a space group P n amno acid
sequence set forth in SEQID NO.: 1, or a space group P212121 in the

~orthorhoniy ¢ system 10¢gad s%az«a%raeu@%@es%%ua%%r%%&ny&%feh anra §li91|1fa£\10
2. In one enbodi nent, the crystal %ﬁ ave unit cell in f or m of

_ rectangul ar parRZYEESHhgEd néiﬁd heen | qrc",fé-ftﬁﬂ‘rst &t §lasab@6m5f@8m5’e from

b=135.5-138. 0 mequidtce56mPb1481 By analliRs121EBL e th S64UGRGB e BNiHS a35Q | D
NO.: ‘1. In another 15 enbodi nent, _the cr stal have a unit cell in the

formof a rect e§ﬁ§iﬂe§1°e|§ahéﬁl%]r%ﬁ%cp%ﬁ{ﬂ H&é‘nl'af‘gi'-ﬁg FARQLeLN seguemce 70 5
~, b=138. 0- 140d5ta,ba%%d pfﬁ&éraa?sé)sﬁ(uaﬂanam OéntéerF@egioteehiondys SEQ

ID NO.: 1. th th h t cell in.th
form20 0 o'+ QRERITRIPAOLIGPT o) cHIEh Gk BRI JRRS Pog RO AEgence -
a=81 5-82.5 ,s:lhﬂl&&i@:yl&& @bout 256304119, 5ya:ﬂ:15se. Eehasisn arddabe

sequence may b%xﬁﬁE%:{_LtgiNQse. - abilefd Zg?ﬁgagfggﬁﬁ; %g%%gg%;k%&gpe‘%n o’Pay

provide a crysta i Ch™cont'ai ns at t oms per
decar banyl ase thesel enzvEes hayrid il neequente ftnkjandtdl havembesyn be

any of mercury ge¢@hfiinelhadt | Mrelredd, i1t Ck#%ré’éﬂé‘ﬂlﬁ”ﬁ!mﬂ&égwﬂé k8

anot her enbodi nent, the present |nvention nmay provide frozen crystal,
pr epar ed 18y fr@t?i:liﬁ‘&t&égﬁ pheayeastrueturgiof ‘F*’i‘ﬁh‘?’ﬂﬂﬂ???@@&@]sosgaﬂﬂed

anot Pelr afSpgct hoglb&olg&efia@aélﬂ.ﬂyef‘édzm%%ﬁ@\»{%émﬁg etn&@t@ciefg@rtrwmdgﬁgfﬁ
crystal of decar a ase risi e..S OVi r ase
Sl ot on_havi ug Bt Tar Bt yol 82 s B bSed ror Bl S 55 Beadh

sol ution cont aiteichgipgokyes hyl eSeigsy®dbviilewer) model hog ypoigretnily ( 8w sgl ycol
(PEGWE) havi ng, %ti%ﬁ %’H{{ﬁ%bgﬂg%métﬁgs"fsxﬁ),aﬁﬁpisﬁ%%féc@ﬁé‘f‘hiﬁiléb@g a

concentration Such't
20 Server (available from http://www.expasy.ch/)); Guex, N.

andPeitsch,M.C. (1997) SWISS-MODEL and the Swiss-PdbViewer:
An environment for comparative protein modeling,
Electrophoresis 18, 2714-2723). Even if the
stereostructure of a similar enzyme is determihed, it is
25 difficult to obtain, based on a sequence similarity of less
than 30%, the stereostructure model of decarbamylase with

a sufficienf accuracy for application of a reasonable’ |
molecular design method. The accurate atomic coordinate
data of decarbamylase is required to predict amino acid
30 mutations involved in a change in the optimum pH of an enzyme
reaction, an improvement in specific activity, and the like
with high precision for .the purpose of molecular design.
- If the stereostructure of decarbamylase can be determined,



. 5'is provided; m xing the decarbanyl ase solution with the precipitant

- solution: and allowing the resultant m xture solution to stand for a
predeterm ned period of time until the decarbanyl ase crystal is grown in
the solution to a predeterm ned size or nore. In one enbodinent, in the
nmet hod 10 of present invention, the mxingz;step conprises mxing a dropl et
of the decarbanyl ase solution with a droplét of the precipitant solution,
and the step of allowing the resultant m xture solution to stand conpri ses
-suspending the mixture droplet obtained in the mxing step on a solution
reservoir 15 hql di t he recr solutron [ eal_ed cont ai ner

o ect pitantsoRRACIFe ARAYRRS A T Brdnrdh e et o %F§§§8P5br18mer
t han a vapor pmeﬂ:mmﬂaxf debégni kécheiguedated tAkxepni oamh:m eehldodtet ,

pr esent |nvent| n I f th

decar banyl ase soetfter ?ff%%(hegﬁlsaggg'rgo%%osssﬁ' @e%(éf)ggg (1& ?

the step of al Iochwadgx ahr@dirfdmldamymemm tmlamvraurtalgeoutsaxmmamprtrrsai
suspendi ng t he Qpl et obtained in the mxing step on a dropl et
stage of a solu |on reservorr hol ding the precipitant solution in a seal ed
container. The precipitant 25 solution in the solution reservoir has a
vapor pressure | ower fiagod1daPe BeCsbiiRatbyt RfeMkdnesdngpl ot . 11

anot her enbodi nent, the predeterm ned period f during which the
mxture solution is al fTevely® thespabove- 6%%0641‘93@@%1@@'%6%01)]%%9& her

enbodi nent, t h&n@tﬂm&w t Y0P | £8S t30 obta@nnG té\ﬁxgip&aébyayaﬁsef
solution_in a size exclusion sem -pernmeabl e nenprane after the ste

provi di nd% he §ecarbamylase sUPErFPonlsTH%u’Fﬁ%WgY StHPL ormpr | %Bguﬂitgiﬂ%r ng
the precipi tanhp@qliutﬂimSt fﬁrmlgbvéhﬁthe-ﬂ:aﬁmstpﬁrd‘mﬁfﬁﬁfﬁe&htaaﬁyﬂ.abé t he

decar banyl ase s | n_anot odi t he es
gradual |y addi a‘ttwr‘e pF@XlW%‘fﬁ? %?]fﬁ F‘éﬁ%&%’&fﬁb%ﬁﬁ%é SBF % and
the step of al Iimmemg:mlmeis dsupravrj_dmadecarb@lhnlase nnlj:eﬁltswamdhacmmorees
‘allowing the m t rﬁitlﬁlr{q:

enbodi nent , thg)&yréélge |nve |gn relates toﬁggiéggﬁg% as c glrlgg?g?%lged by
a ster eodr uct uméeﬁs}kaﬁgdsﬁégér fioxt the rurneIe et ©pdMpFpvesgnisefit thei n

Figure 1. In oReag#aQdit mltﬁ hg- nneaﬁaaméLQlLavs:aihenar:qld%t egild., the
decar banyl ase havin our - | %ger sand Wlf structure cont.ai ni n secondary

~structure cont §|"’ﬁ’isﬁgalt8u?f adeerrRanyLage | netRiemd 2attqn, of Fﬁaggﬂrf’@f@}rir ed
enbodi ment of the ptapenitynygaineb hedt andaai g oe5daitoon | j ramd wetlethodn
enzyne reactio are one. ¢ e resi due, Wo amc cid dues;
one |ysine resit@be, BHRHYS jssflﬁast a?‘eaugif’nf’heag%rslyrrrsQH g’ |onI§1 obEaLH4E"

D- N- car baeoyl - alewmrrbamadrad;e amdaatsubstrat e-bi nding active site thereof is
characterized by a stereostructure having a substrate-binding active site
represented by Figure 3. In 20 another errbodl ment of the present invention,
the present invention rel at ePIRCLOSERE R T} SINENTEN 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 cayjty fo d,.of at |east am no
acids 25 correspondi ng?’chaPﬁe ds] §89mv§rﬁga¥#‘ﬁopﬁef’gem$f SEQIDNO : 1 or 2:
Au at pesiti on 46, LyShetimpositdrns of2the @resantpbsvéentbod dmveastiudiyd at
position 171. pjpe=lale h t

. D- N-car banoyl - gﬁﬁ? iéﬁ‘?nggﬂb??ﬂeraa#qq’ esacg:tnj‘ib%or&%ﬂngl‘ corrl\essar)g?rﬁllr'r57to.
Lys at 30 posi 1a|@thNQrMstaatOﬁ)dscarbmtlage@ld ahepyyiatagndensvapiyeat
position 174, @Qge3h)1Pgsdidfiwlia. o@mnuq] atl‘hgctﬁlédﬁlz é@ZrQBsLSEQ:{\Q:é'O

1 or 2 at the active site cavity. In anot di nent, am no_acid
correspondi ng ©F @e@agpamglialspowaaadetermined bY X-ray crystallography

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

were produced. The present invention was thus completed.



-9 A u at position 145, and Cys at position 171 of SEQID NO. : 1 or 2
have a hydrogen bond via a water nolecule at the active site cavity. In
anot her enbodi nent, ,the D N-carbanoyl-a-amno acid is selected fromthe
group 5 consisting of D N-car banoyl - phenyl gl yci ne,

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

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

D- N- car banoyl -aspartic acid, D N-carbanoyl-glutamc acid, 10

D- N- car banoyl - gl yci ne, D-N-car banoyl - hi stidi ne, D-N-carbanoyl -i sol euci ne,
D- N- car banoyl -1 ysi ne, D-N-car banoyl -1 euci ne, D-N-carbanoyl - nmet hi oni né,

D- N- car banoyl - aspar agi ne D- N-car banoyl - prol i ne, D-N-carbanoyl - gl-ut am ne,
D- N- car banoyl - ar gi ni ne,X hes nresent baRBgntieni kelakes che b&eeprbamydasiene,

D- N- car banoyl - gpypitenedvi g d Q&éé&@ﬁﬁ%ﬂﬁy &ﬁsﬂﬂl@or{:ﬂoﬁfi%ﬂf& system
enbodi nent, the present invention relates to a decar Csr;rl'{}/%ase conpl ex

characteri zed B§9aa8 8RB AGdALFRABENGE BRI EXTER 1R R Nse, la @3 ant

thereof, @ anaaghh¥e by @Q&T@{ﬁl i@&&&oéftﬁaéh&nbhéaémhndaaﬁ@hﬁ%oacI d
or D-a-am no aci d The cor%ex I s constructed with a nolecul ar desig

techni que fromPEi& iR t3PE E5PTEBCAMDATRA ot NPn' ofe a?B@ctPr@FePI*Fe
present invent ﬂ@lventthbnpli:%&amEaSZEOI dyeaibamyleset €syitan HHiiih‘Q_ﬂ d @pace

Gocarbansi ace FEERG B2rat ROY.An it Actd daleriiiPel £OFEN Y DA oy
based on a st eN@ost lycoura s;iacdaecga:rdnqrrylzmﬂlamnotﬂde mg:-tﬂmram}nbilmsg%teh\al s
14, 16, gpd Zland. aﬁng hogh é‘éfﬁ?céeeq&e oLl $264h kH‘@E{; D' &' at S 4@ 2

met hod for desi ecar ba ant’s,  conpri s ng
producing a cr ygtea¢mb¢>démeehzytn'ee navsmgldacﬁmaasrei‘aaellm iy thzhetfen:m ni ng

a stereostruct Bﬁfeaq;eéf@nﬁi’ﬁ Yartd 12U dd ' 8na hadQattice constants:
a=66.5-68.5 A, b=135.5-138.0 A, and c=66.5-68.5 A. The
amino acid sequence may be SEQ ID NO.: 1. In another

15 embodiment, the crystal may have a unit cell in the form
of a rectangular parallelepiped and has lattice constants:
a=68.5-7o.s 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 oné or more heavy metal atoms per decarbamylase

25 " molecule. In one embodiment, the heavy metal atom may be

| any of mercury, gold, platinum, iead, iridium, osmium, and
uranium. In another embodiment, the present invention may'
provide frozen crystal, prepared by freezing decarbamylase
crystal in liquid nitrogen.

30 | |

In another aspéct, th_s present invention provides
amethod for preparingacrystal of decarbamylase , comprising
the steps of: providing decarbamylase solution having a



. The ~ strand structure is | ndicat

the crystal to X-ray crystall ography; and designing the decarbanyl ase
mut ants having an i nproved physical property and/or function based on the

- determ ned stereostructure. In another aspect, the present invention

relates to.a method 5 for designing decarbanylase nutants, conprising the
step of : preparing a crystal of an enzyme;havi ng decarbanyl ase activity;
determ ning a stereostructure of the crystal by subjecting the crystal to
X-ray crystall ography; designing t he decarbanyl ase nutants having an

i nproved physical- 10 property and/or function based on the determ ned
stereostructur i L b

ambodi mEnt .t he R SEe O Ly b Caee B pe oA e P o1t b8 lution o1
is a stereost r gentindndngpalareidensabycohd BEGIsernmethogyprdyethy lanet her

- 15 enbodi ment , ghheogt epE@&umswomg a%mlba{%ﬁs&f rﬁltﬁ“v&% Sa]n'at gnded

for a nodifi Ca?I on of one or nmore characteristics of enzyne sel ected
from t he groupPBéfiersaprptohayingapngeonpesiratisne Sgﬁ@cthﬂél P}, 6a0cRafige in

specific gctiVvikypratider’;owasal Iﬁhest&é&érﬁamyp@éém;aﬁats?anotvieﬁt kEem pH,
20 ~ and a change in water solubility. In_another enbodi nent,

product i on met RBECEPLIEERES SSWF&?Q nBpdnadlewing éﬁ&eHeFHl’tﬁ‘BitoWé"ture
stability. Pregelabliyn tbestari@Fordaspgedagetninad paPLOT R HinieNuatabi ity

~incl ud thion Locluding substif f d due whi ch
| cads to a 25 FRAUREFBRPARYIGER, CEYS00d 0P AFOBY Hat FBh “PAUERBEREP &

enbodi nent, thpraeddtérmahedrsicfe dheoalear athemesémbsdibfiehhe ianttyeraetholdudes
a change,jn spegifi i op [ pti H. anot her
aspoct . the pr aEchrSraitntlinPEPay cthd Ay ga, SRl bl T Es Mg o
wi th the met hodropletheohHridbeedecanbenyilese Shbupiesavitth avénepbet alfsghe -

relates to a ”EI:QB%RE’B%&%WZ%’}%Q ﬂéor!hé'é%b rBf‘QliBw@LH?ﬁL %sfn‘il‘i:ant

decarbanylas e stereo tructure o e present

i nvention. |n BASERER %@dbﬁ-on t%SEﬁE%ﬁ?um«éﬁﬁlwmwfé%é:@ méXkBEef or
nmodi fyi ng ot he&r@ﬁﬁ.&’@%ﬁé’ﬂléﬁ L% Qh@'rﬁlﬁﬂg'm:%phaw AGANElon 8askr3g9r%

primary apgi no ac ence simlarlit car banyl ase by ut|I|Z|ngthe
st er eost iact ur@°i’3&i & PﬁEEHEﬁFétud:ll%‘r é’cﬁ?ﬁ oot aigerer T
DESCRI PTI ON CFpir'éEiﬂR@M&NG&]hﬁ)tfmgmrethel SOEudiagrmshmmimgudma papbei n

stereastruct “r§r£88ﬁlc8%y w%hr Qﬁgﬁ %’%%o?sﬁr?ér&?ré‘ ot E@I 1 é.t%#k%t HI:S?%

|nd|cated by tTran I'X"S cture1s’in
"N-ternm indicalse, tm the metlw dfofa preseartk inventdan', ithei maxésgt hbep

carboxy e M NsmpdeELoHi£140! 3 Arbbbbenos! eAadadLagh ARy Phsdesatbamyhase.

| ates . ix structure is
i ndi cat edOby héifked drcmée’&n?ﬁotlaﬁlErgFHBiEﬁaFn§°|1H%P9edaPﬁ theaflePc

activity are lﬂﬂ'aq.dbﬁ(in@/ttb@kbsamdaﬂe nﬁlﬂtﬁ&&@bﬂ}htﬂﬁn tBlsgwrﬁi Somprises
ity TSI X N N T R LT

of 25 am no acodsaalde'qu@htcateszgdayof eai dodutdone nesawidin pheldirng ather
notati on. precvipitant solutionin a sealed container. Theprecipitant
' 25 solution in the solution reservoir has a vapor pressure lower

-than a vapor préssure of the mixture droplet. In another

embodiment, the predetermined period of time during which

the mixture solution is allowed to stand is one day to three

weeks. In another embodiment, the method further comprises

30 placing the decarbamylase solution in a size exclusion
semi-permeable membrane after the Step of providing the

decarbamylase solution. The mixing step comprises

diffusing the precipitant solution through the



Figure 4 i.s a diagram show ng the stereostructure of the catalytic active
site of decarbanylase . The (3 strand 30 structure is indicated by sheets .
The a helix structure is indicated by helices . The ami no acid side chains
involved in catalytic activity are indicated by ball and stick notation .
The nanes of am no acids are indicated by 5e§idue nunber s - 12 and
triple-character notation. Figure 5 is a diagramshow ng a Harker plane of
a difference Patterson nmap calculated from1.00 ~ and 0.98 5 diffraction
data. Figure 6 is a diagram show ng a Harker. plane of a difference

LD T AR e ek B e
cal cul ated wherln @negheri embedimert, dheamdrdngustentcomMIS 4 g graddiald v
nd cat i ng t he Sr IR pEERTRLYoERoTLrBR (AL, Hebar RahirfBa8 dedntign.
CARRYI NG OUT TiERA KuENTtEN @0 addantingf the reful ppasapixtane gobrtign (todpe
described § n def@ia HRBrised ad¢6@1R8MYhaSRIREEFY YT ubfot!SES 8l Nn
a sealed container. 1In another embodiment, the present
invention relates to decarbamylase characterized by éa
stereostructure having protein stereostructure topology
represented in Figure 1. In one émbddiment, the present
10 invention relates to decarbamylase having a four-layer
sandwich: structure containing a secondary structure
containing four ahelices and twelve f sheets. Inapreferred
embodiment of the present invention, amino acid residues
involved in an enzyme reaction are one cysteine residue,
15 two glutamic acid residues; ~one lysine residue, and a
substrate of the enzyme reaction is D-N-carbamoyl-a-amino
acid; and a substrate-binding active site thereof is
characterized by a stereostructure having a
substrate-binding active site represented by Figure 3. 1In
20 another embodiment of the present invention, thé present
invention relates to an enzyme molecule having decarbamylase
activity wherein a substrate thereof is
D-N-carbamoyl-a-amino acid, wherein the ‘enzyme molecule has
an active site cavity formed of at least amino acids
25 corresponding to the following amino acids of SEQ iD NO. : 1
or 2: Glu at position 46, Lys at position 126, Glu at
position 145, and. Cys at position 171. In another
embodiment, in a reaction, the D-N-carbamoyl-oa-amino acid
can interact with amino acids corresponding to Lys at
30 position 126, His at position 143, Glu at position 145, Arg
| at position 174, Argat position 175, andThrat position 197
of SEQ ID NO.: 1lor2at ‘the active site cavity. 1In another
embodiment, amino acids corresponding to Gluat position 46,



25 refers to the activity to convert D-N-carbanoyl-a-amno acid to L
D-a-anino acids by renoving a carbanoyl group nodifying the am no acid. The
t erm decar banyl ase"” refers town enzyne havi ng decarbanyl ase activity.
Exanpl es of decarbanyl ase i nclude an enzyme having an am no acid sequence
of SEQID 30 NO : 1 or SEQID NO. : 2. Degarbanylase of SEQID NO : 1 was
| sol ated from Agrobaaterium sp. KNK712, and sequenced. The enzyne havi ng
the ami no acid sequence of SEQID NO.: 2 is an enzyne that was obtai ned by
screening nmutated E. coli - 13 strains having randomy nutated SEQ I D

NO: 1. The tegy gbibali @h U380 DIRd el 4t KBsiR1BH! 495 OF sHB0S RaTY! gse of

ot her enzynes" referS to an enzymnme as an am no acl d sequence
havi ng at | easProAdais mohgdradgenangd vinon wated meAechledrt diiepactdvea

modi fi ed am no g3¢ied Segugied. Wi | e gﬁemrghgghé@astdmyaafﬁgn&he acthuity
-of the original enzynme. The term "active_fragnent" refers to a fragnent -
(part) of the BminSazbpmoydqtenldngf actdr dgi Felroied efFoBnAhfe gFoup

pol ypepti de engphBistiingh keeps af | east ppri-ehrbAfogttpMehy18iytige,
original enzyne. In this. case, "at |east part_of the activity”
represetativeIP‘NéPéF?aﬂeyérPPEQ?FdEQ%WBPeBNégéﬁgéPPPc activity of the

original enzynmp-NRdapbameyabbleallalaaihe30% . of DBN-&a£Bahbglathlvhéy Of
the 15 or|g|nab‘§n€¥n§, orlif deiired, | ess thaﬁ.ﬁ096o the.s ec%f'c
activity. The PaNTCRRBARGELsPIERIPe.as used her BrN-FEFRAEOYL-GYSFRiNe-
crystal of decarNamardamoyii-abpastdroanid n rdf-icarbihoydrigdiutiamg.caacid,
appropriate co sition of .a precipitant(e.g.,,agnoal sulfate .
polyethyﬁgne gﬁ?@oF?r F@??} gﬁygaagfive salt, %n@ %ﬁ%gg%ﬂ§¥ %%ﬁt%%% ®hot
contai n a heav-Necarbamowl -Tselehedny . at om der i vAtNvearbgseopl:lysineed
herein 25 1efepont@a2BUnd0e-2bublifieCrystals opLALaathafioy Ponbehloaning,
manners : ( | a prepared native crystal is soaked 1n a solution
cont ai ni ng a hBabycarPamoydnpspagagdney. , ner cur;NgeruPapewl ratedinead,
Jdridium osm upLNUEARbHRbYEL glhtam@nkhat heavy pelabasbancyBr&r§OaPhed W th
decarban&lase in_the , .
5 D-N-carbamoyl-serine, D-N-carbamoyl-threonine,
D-N-carbamoyl-tryptophan, and D-N-carbamoy).-tyrosine. 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-a~-amino acid. The complex is constructedwith amolecular

design technique from a stereostructure of decarbamylase.

In one aspect of the present inverition, the present

25 invention relates to a method for designing de_carbamylase
mutants, comprising the step of designing the decarbamylase -
mutants having a physical property and/or a 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
| decarbamyiase mutants, comprising the step of: producing -

a crystal of an enzyme having decarbamylase activity:

determining a stereostructure of the crystal by subjecting



- the concentratlon and

cont ai ni rl% a precipitant is )ol aced in conﬁal ner . hol
' I

30 crystal via coval ent bonds or coordi nate bonds w thout disturbing the
crystallinity, (ii) decarbanylase is grown to single crystal in buffer

sol ution containing an appropriate conposition of a precipitant (e. g.,
ammonium - 14 sulfate, polyethylene glycol, etc. ) , an additive salt,
and the like ,. and also containing the _alqve-described heavy netal
conpound at an appropriate concentration, and (iii) a decarbanyl ase nut ant
i n-which a nethionine and/or cysteine 5 residue is substituted with

sel enonet hi oni ne and/ or selenocysteine is enployed. In one embodi nent of

sequence of SEOHDGFNGY T $:ry PR APE, BB e ARuR LB s,
cont ai ni ng pol yﬂd@db&n@l@lspcmhtéﬁﬁ)hwimmoxmpnbyedmﬂﬁne:agll yroperty
(PECUVE) | o2 Dbt/ A0%nceandh BRBAd! ohe. Balboifinks sdeebitlraadiust i no

e so on W redeterm Re range "(the
decar banyl ase I® cmtbﬂr rastpieyt ,i Ehtimsm;imnvehﬁlpollg@tamsehe gmgtbbdor
met hoxypolgyet h | ; - 5.6.029.0).
Any of thrsge kl)fln%rs] iéﬁ‘l f(&g% F‘ﬁ‘é’l ggecglr%%ﬁces use%lpgeglgpol\%/tﬁﬁ 8?(38
protein crystalof: pe'eparénqapo@rmtabwbnamnme élam@lgyéieganrbamrdlasand a
bat ch met hod 2Q *ﬁdsabree@aixmbogyfté@éosé&&ct&%faﬁcttﬂeoerly%tt Byf or

Bi ol ogi cal Macronol écil’es Macr onol ecul ar Crysta Iography

Part A), may b&UPISICHIEE therRafifth §of XuEay ikt td 99 antet e AaBLenipg

According to thevapotathifybdd fRihods ahakopd ehnOfir?ﬂHﬂi@ijﬁ??thdhﬂ.on |
I N a u

(ext er natYsol uPFERPIEINt AMRF a fl‘llﬁﬂt MceRBrFe oPbf heci grtartingdd t he
container.is se&leedso&rtd:uaﬂthmeedahd pfamdciﬂ'@etrlﬁe araaatr\mﬂ@Qam madantset

- Phe hangi ng-ar o BoenSmbeathRdi" e TG SRS ol IR bPEed on "

cover gl ass, awod trtélecomegﬁra:ss irwasretv.mmedun a rsSereostreotasetooﬁeal

- 15 I the Sijtlng ér‘i%s@etQEd iﬁ:%f i S aba dnepLatl stage hﬁo%ﬂé&a' | ed

wi thin the reserv0|r dr opl'et ‘otein solution iS placed on the
dropl et dfage, emh@dimentesthe siten of tagianing khe daspnbagivAss MULABLS| ke .

The sol ution mbmmtérxamfbg%emaaifiéaﬂiah@ SndbeGhdYd aﬂar%téﬁi§t§8§| I
anount of precipitant res i n %glgu%%_gr ot ei n .dr

Q
preci pitant soPt¥R% G fe ﬁ@tﬁgpfcﬁc"%l FORRE T g‘ﬁt%? r?scgﬁgge
foll ow ng conpanesubstrate kpBEGfacikEGVREchavigegia epeedfiiar aseightyof

4000- 9000, .andagr g&%&%@e}{le%@ i}éers%g%ility, optimization of optimum pH,
20 and a change in water solubility. In another embodiment,
the production method of decarbamylase mutants is intended
to improve stability. Preferably, the mutant designing for
an improvement in stability includes a mutation including
: N 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.

3‘0 | In another aspect, the present invention relates to
adecarbamylasemutant obtainedwith themethod of the presén’t
‘invention. The present invention aléo relates to a method
for screeningand/ordesigninganinhibitor for decarbamylase



10 nol ecul ar wei ght of 7500, and a concentration of 10-20 wt % (b)sodium
chloride, lithiumchloride, or magnesium chloride, as an additive salt,
having a concentration of 0.1-0.5 M (best results are obtained with 0.2 M
lithiumchloride), and (c) a sufficient anount of buffer agent to provide
15 pH 6.5-8.0, and preferably pH 7.5. Tq tjis end, 0.05-0 .1 M HEPES
(Sigma, St Louis, MO, USA) can be used. OQher buffer agents such as sodium
phosphat e, potassi um phosphate, and tri s(hydroxymnet hyl )am nonet hane mnal at e,
may be used. 20 The term "batch nmethod" refers to a method in which a

Phe.sol uti on' i 25 BPRenBeREGRRe Fheibinr AREHE sl Aalio it ultirddny "

centrifugati onInaadothereaspect, tthe preaendt dnvensivnapsdeides d medhoxdal |

test 25 tube i Sl r 4l I

"dial ysis net \é\?&@}ng? %rf gibg gtﬁg?hggl?ﬁgaﬁ#é%mgppé%?%%%p%oqz%oénﬁa? ing

subj ected to diaal ati east niph pumankamdaldl acidnbedanence similfrlkity to
cont ai ni ng a precip t ern Qn) t O ENZEd o ol .
114, D ffract | o2 %Ibbg&%gg’? 5y g#gg%?%gg N‘é‘gé/gmé?éegc%‘ll’ée]% Part A) S
" pr edet er m ned dsicagFbagy lased ciyEtailn o fdacantamy lasd -mum si ze whi ch can be
measured by X-ray - 16 crystallography. In the case of decarbanyl ase
herein, it may be preferably 0.3x0.3x0.1 mm The term "predeterm ned period
of time as used herein refBREEY PESGRIPHIONOY | RRE SPRAVENGRt for the size
of crystal to reach a predetermned 5 size or nore. In the case of

decar bamyl ase in the present invention, it nay be preferably one day .to
three weels. The t hus- BrEPEPed tnatfve cr FdAFTaBY HiEgny It PEEEEAB NO :
1) havi ng the ptedeostiuettre epalidgsd dfordedhvbanayl age/st Ghleo@r atirpnkdas

(1) an outer sh f..a rhambic , | abti t Lch may
be different aﬁ%%gcgf‘\fset %?g‘lhdaivcfér?geai E’g gga:?r%'{l%%?g'r %fp%%‘%ﬁ%?\ s%%%&}@pilro%ns,
such als pr eci piitsa:ilndandtbdf bErt;iacbeappr“d‘iJfﬁe)mE'l ﬁrgﬁlm?l,tmngnuﬁi cro
crystals in a UMRAL pe; e+Aht ; are
not suitable f%?e%- ?‘53%8?% al ?oé?g‘ghy%ﬁgﬁ%gfni ﬁg tﬁgggs}é&ogasu%ﬁ §Y
crystals15f a nmicrocrystal of an enzyme is crosslinked by a protein

C{ oglsl i nki ng reagent .FE?bréS zﬁléﬁﬁ?ﬁlb@ﬁhﬁﬂgaggtdiaﬁgm&§f ab@amaﬂ@ilabait.n_ a
stabl e enzynme reacfion for a lon ime ev \hen_an organj.c solven S
used. This tecHieq esi;rbar&”qtéalca%ge é&r&@‘i‘?ﬁ%ﬁ%ﬁiﬁﬁﬁsa 9@?%“0) L‘\%ﬁil&‘h has
been reported ENructude idndic&téll bhd¥ades. ( TAB2Amiho deid £héarh8das 114,
~ 7314-7316 ). .. The_decarbanyl Crys r inyent ends
t he range of aﬁp‘ﬁo‘égﬁ% o%nof’ QEé&%EﬁrC%q%’éLﬁnita%%eanl%g%%ﬁltgde% o] f:'l(r%g'ntSL )ﬁgf t he
present i2@ent is¢dckanegakjomt.om derivative crystal useful for X-ray-

crystallography, i . a . , a crystal in which heavy netal atons are coupl ed

with 30 proteins in the crystal while the crystallini t‘y of native cr¥stal
i s maintained, is provfd@¥reTRd aRaFhenasie diagramshowing the substrate

binding manner of the active site of decarbamylase. R-
indicates the side chain of a D-a-amino acid. The names of
25 amino acids are indicated by residue numbers and

' triple-character notatiqn.

Figure 4 is a diagram showing the stereostructure

of the catalytic active site of decarbamylase. The 3 strand

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

The namés of amino acids are indicated by residue numbers



derivative crystal is utilized when using. a heavy atom i sonorphous
repl acenment nethod and a nul ti-wavel ength - 17 anonal ous di spersion

nmet hod whi ch are basic techniques for protein X-ray crystall ography. The
heavy atom derivative crystal of decarbanyl ase may be prepared by a net hod
of soaking native crystal in a solution_whhch contains a heavy nmetal 5
conpound of an anmpunt that provides a required concentration and in which
the native crystal can be stably maintained . for at |east several days or
nore without dissolution and decay. Exanples of heavy netal conpounds used
in the soaking gﬁﬁQgg h@cbﬂg?ag%kﬂlnﬁﬁﬁEioﬂr organic nmetal conpounds 10
cont ai ni ng golg pla Pnun1 I'rrdium osmum nercury, |ead, uranium
samarium etc . In the heavy nmetal soaking nethod, a stock sol ution mhich
has a concentration of 0 of eIIple S o

(ethyl mercury thlosallggﬁa%eg§mﬁ rﬁi%é?%¢f$%§%3 E%ury é%n%g%#

pot assi um di cydidsZerance(Pattensonmarh cadsudatedpfopni bt @0 ﬁwdbptﬁénéof a
preci pi tagt ang;apr-ade¢ibhVaatal.t which provides a deS|red pH. A preferable
exanpl e of the stock solutionis O . 01 MHEPES buffer (pH7 . 5)

contai ning 20-30 wt % pol yet hyl ene gl ycol 6000 and 0.2 M Iithium chloride.

20 Whet her or not heavyigafglﬁa1§n§ @! taih THHE ld“H&rke&fbahﬁb bfia a .
, coupled with grotelns In the cr stal is coIIe tl%ﬁ X—ra%
g é od

jud
di ffraction i nB¢hEprengsiBattess ﬂgﬁhpaﬁpgﬂQFQ
and conparing gherfgataivht Bathe diffraction |nten5|ty data of a previously
obt ained, 25 native crystal. Alternatively, a m croorgani smwhich produces
decarban& ase ((a. g. , reconbinant E . coli having DNA of the genus
Agrobaaterium may be Biguneanhdi< diagdtamnsheding 8Hadwnipliange of an

sel enomet hi oni Qﬁg@%léﬁk%&s%%a@ﬁ ﬁé@ié‘%ﬂ § e ) ¥6' £N d Sefa Pﬁ%gue of

metal atom so oni ne or- cystel neresi
decar banyl ase B§ snbmalousedakhth sel enonet hi oni ne or sel enocyst ei ne may
- 18 be obtained. If the decarbanylase into which heavy netal atons are

introduced can be thus_obtained without the soaking_nmethod, .a heavy atom
derivati %@ crystal canfb@ubeedated® FePaepentatiyve pdfctren, depgity map

above- descri bedratnititangtid abltive siete) ahliyckbong tHwstorebetpuctyseal s
suf fer much dang fron1X— gy? . Tgerefore it is inportant to obtain
crystal which PéstBEsPHERERE TAVEPEEP 1o successful Iy, perform X-ray
crystall ographic analysis. Recently, an attenpt has 10 been nmade to obtain

hi gh-quality and high-g §@|H6b§nF kféA§§%Rg§hgg@angEﬁ§$§§Lg€§prystaIs and
ods In

neasurlng the crystal en I't rozen Vol . 276,
Macr onol 8u|ar'C}ystallography,Part A edited by CWCarter, Jr.and
R M Sweet, (13]Practi chéré&tyattys) shegyresEnt( invéntion will'be described

~ in detail.

The f.erm “decarbamylase activity” as used herein
25 referstotheactivitytoconvertD-N-carbamoyl-a-aminoacid.

to D-a-amino acids by removing a carbamoyl group modifying
the amino acid. The term "decarbamylase” refers to an enzyme

having decarbamylase activity. Examples of decarbamylase
include an enzyme having an amino acid sequence of SEQ ID
30 NO.: 1 or SEQ ID NO.: 2. Decarbamylase of SEQ ID NO.: 1 was .
isolated from Agrobacterium sp. KNK712, and sequenced. The
enzyme having the amino acid sequence of SEQ ID NO.: 2 is
an enzyme that was obtained by screening mutated E. coli



15 Rodgers)). In general, when a protein crystal is frozen, the protein
crystal is treated with a solution containing a stabilizing agent for
freezing such as glycerol for the purpose of preventing decay of the
crystal due to freezing. In the present invention, the native crystal of
decar banyl ase 20 and the frozen heavy aLogberivative crystal may be
prepared by soaking a small crystallized droplet or a crystal renoved from
an soaking solution directly into liquid nitrogen to freeze instantaneously
wi thout addition of. a stabilizing agent for freezing. Alternatively, a
frozen crystal J1Byihe 2avANEPaGdol vS HRtatblingrd GhyRbal: goaked in a stock
solution containing a stabil'izing agént for freezing added, -to the
above-descri bed instantaneous freeze procedure. For novel proteins such as

decar banyl ase, since thge3feshermnsditCldy asell RePRiAT1 KOS REtantnoE
known, it is inpossible _to conduct structural analysis by a nol ecu] ar

| ] y

repl acenent meCRSETRFIYHage PFzeEheReeRIVPRDSITEIALF & DN KB 2ITRi WRich

gr ot ei ns. ésTBe h’(aﬁr aﬁshﬁlﬂlﬁbuéﬁi&fséﬁl@&@@\aﬁlving a9 1eRisat @ins am%ngbapid
eterm ne y a neavy atomis ous replacenent net thods In )

* ENZYMOLOGY, VOFbeH?'/C“ISiPPr'a% TorP Rl e brom 8Fcfbf"8§3gﬂvég‘re%%éti?-§s,
Part B, editedsegudnde, Whkiakl keeplinW ald leasangabBtNofTithashetliyvibyaod

Met hods in ENZYMOLOGY, . Vol . 276, Magkronpl ecul ar al | ogr.aph Part A,
edited by C. Wxﬁ?ﬁﬂ\(giﬁ?.& SIEFRE M ;‘I‘rgﬁgg fmora%t%ﬁyt A te-néﬁﬁegﬁo | ous
di spersi on net hodraBdienéd (barf) Nof Tinesdmefriq auid [Meduedsel 0 fERZYRELAOGY,
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The “heavy atom derivative crystal” as used herein

25 refers to aﬁy‘one of the crystals obtained in the following
manners: (1) apreparednative crysj:al is soaked inasolution
containing a heavy metal compound (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

tb single crystal in buffer solution containing an
appropriate composition of a precipitant (e.g., ammonium



- 20 processing programattached to RRAXIS IIc or the

progr anDENZQ( McSci ence) or other simlar inmage processing prograns(or
software for single crystal analysis ) into reflectionintensity data. Based
on the reflection intensity data of 5a native crystal and the reflection
intensity data at multipl ewavel engths of. g 4heavy atom derivative crystal,

t he positionsof heavy netal atons coupled wth proteins in the crystalare
calcul ated using a difference Patterson map and, thereafter, the program
PHASES (W Furey, University of 10Pennsylvania or CCP4 (British
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- 22 stereostructure are refined. The stereostructure of the native
crystal of decarbanyl ase(e.g., decarbanylase as shown in SEQIDNO: 1) and
the stereostructure of the native crystal of a decarbanylase nutant (e. g.,
a decar banyl ase mutant 5 having a sequence shown in SEQID NO. 2 ) may be
determ ned by calculating the initial phagg hy the nol ecul ar replacenent
nmet hod using the stereostructure of the resultant EMIS derivative crystal,
and conducting the above-described procedures,i.e., the electron density

i nprovenent, the nodel 10 construction, and the structural refinenment . In
this manner, tha dakesiitRahigedrob meehsdcr anstppebpitatk deepubarryﬂta'ge
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structural units of a protein. The term a helix" as used herein refers to

a heli ca5 structure wh.t.ﬁg é “%a(é Hﬁg&@{}_d%z gl UGt 85, £ np{,ﬂ%’ﬁhns or
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. The term "predetermined size” as used herein refers
to a minimum size which can be measured by X-ray
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30 the sane directions. The term"antiparallel (3 sheet" refers to a ~

- sheet of the type that the am no acid sequences of adjacent pol ypeptide

~strands have the opposite directions. The term"~ strand" as used herein
refers to a single peptide - 24 5 10 strand constituting a (3 sheet,
whi ch has a zigzag conformation . It was r@veal ed that the carboxy-term nal

regi on of decarbanyl ase contai ning about 30 residues (an amno acid at
about position 280 to the carboxy term nus at position 303 in SEQID NO.: 1
or 2) isinvolved in formation of a dinmer through internolecul ar.

interaction. Fuérleallograbdydecss bany | @bse O Hedlarbdiyaced nfe%tﬁtﬁi,s igt udy,
e
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among crystals having the same outer shape. Whenconditions,
- such as precipitant and buffer, are appropriately selected,
small or micro crystals in a needle or columnar shape may
15 be obtained though they are not suitable for X-ray
- crystallography. Concerning the use of such crystals, if
a microcrystal of an enzyme is crosslinked by a protein
crosslinking reagerif such as glutaraldehyde, it is possible'
to maintain a stable enzyme reaction for a long time even
20 when an organic solvent is used. This technique is called
CLEC (Cross-Linked Enzyme Crystal) which has been reported
(N. L. St. Clair & M. A. Navia, (1992) J. Am. Chem. Soc.
114, 7314-7316). The decarbamylase crystal of the present
invention extends the range of application of the CLEC

25 technique.

In one embodiment' of the present invention, a heavy

atom derivative crystal useful for X-ray crystallography,

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

30 proteins in the crystal while the crystallinity of native
crystal is maintained, is provided. The heavy atom
derivative crystal is utilized when using a heavy atom
isomorphous replacement method and a multi-wavelength

Al



. 25 (Figures 1 and Z2) . In Figure Z, four a helices at the first, third,
fifth, and sixth positions fromthe amno termnus are closely in contact
with the ~ sheets (hereinafter referred to as al, a3, a5, and a6). 30 ( 2 )
A ~ sheet essentially consists of six parallel ~ strands and has an
orientation which has not been observed.i R4proteins whose stereostructure
is knomn (Figure 1). - 26 (3) As amno acid residues which catal yze
enzyme reactions, one cysteine residue, two glutam c acid residues, one

| ysi ne residue, one histidine residue, and two arginine residues are

contai ned. An agbéQ oSist 814 5ePs 68 He thdE vhas 8ra 1SSt HAlBinligidisngopanner
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El ect r ophor esi 8181987 4me%8%. qagmqund.g ghgk Zs EMTS 5 (edhy SeErary
Chem stry, 19: 16BR04662c¢Da8e bbdium)Cwhlichtl ial a merdionpwaiipdin®d and

Mol ecul ar Desi 94- 304 ' dse] | al.,_J. N\bl
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st er eost ruct ur eompdefitiensefuat precipiientgand an reddidiive a8 ldueshighesent
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. h .
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(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 havin‘g DNA of the
genus Agrobaaterium) .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



10 with decarbamyl ase, such as ami dase and nitrilase, suggests that 61u46,
Lys126, 61ul45, and Cysl1l71 are strongly involved in the catal ytic reaction.
In particular,Cysl7lis expected to be a catalytic residue essential to
formation of an acyl internediate which is an internediate for the enzyne
reaction 15 (Figure 3), suggesting that degarbanyl ase is a cysteine

hydrol ase. This finding is in agreenent with the experinental fact that a
mutation from Cysl71l to Serl171 causes a |loss of catalytic activity ( R
Gifantini et al. , ( 1996 ) , J. Biol. Chem 271, 9326-9331 ) . The role-
of Argl74 and Avgbt:a2hdds cmﬂStHer&dchﬁbaﬁyl@séoiﬁw bt Eci hedwBpinldtzat | on
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containing a stabilizing agent for freezing added, to the
above-described instantaneous freeze procedure.

For novel proteins such as decarbamylase, since the

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

the similar proteins. The stereostructure of such novel



1-20 am no acids, preferably 1-10 am no acids, and nore preferably 1-5 _
am no acids) of an original peptide are substituted with the sanme nunber of
amno acids . Amno acid addition refers to that one or nore am no acid
(e.g. , 1-20 5 am no acids, preferably 1-10 am no acids, and nore
preferably 1-5 am no acids) are added ta am ariginal peptide chain. Am no
acid deletion refers to that one or nore amno acid (e.g., 1-20 am no
acids, preferably 1-10 am no acids, and nore preferably 1-5 am no acids )
are deleted froman original 10 peptide. Amino acid nodification includes,

bﬂ( :s not Iilnbh:edeltms ataydaid o@etsﬁmbﬁaal myi o, h@a:hf agtenm, 1ba}na@9naﬁ%on
a ation ation ac n_(e
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natural |l y- OCCUDﬂ.Iflﬁg‘aa:mLDn m:tldom fomBhslagicalll Maﬁﬁ@mdile@@lém FaracBg, or

anamnoamda a -accurring am.no acid i.s,pr eral The
term "natural I? gr Pyng Q é(?%g" ?ehe?’s F&rf(ﬂ Pﬂg EP’S \B gf

nat ur al | ySOCcuandn_gMatthndsa_cd.d EN3WMDOBOGHf, t Nelnakusal | Maorombnenglam no
met hi oni ne, £ nebarAELoBRARbY S e 2 gl B e WO R R T g R
proline, histi8waet)aopaat nulbérwavedpnagsbi naomgﬂ-auanﬂisaerd;LOESmgthodm ne,

y- carboxygl ut aghas 860 uyAr §1R! NP1 QERNHENC . afd InERLAS ' BREYVADDBEY, S

rrentl oned, all amno acid are herein )
"non- nat ur al | yYeéeu?d ﬁngMEﬁfﬁiﬂoéépﬁlagocmﬁ‘éﬂélpéréﬁh&’m RaricAd editaedis

. not usuahby foggd.iw, G&i:t'éﬁ' |.M' oaﬁarnr 'mgsﬁéet?' NspdeMi£L81Pf elBEtron
non- naturally gccurrln aci d i nclude norl euci ne,

par ani t r ophenyPEREAEY °1F18ﬁ'&ﬁﬁé-ﬁ§liéllgaﬁ’i‘ri'é‘itial BH2sEat el dtes £5PENi ne,
3- ani no- 2- benzyhaﬁd_ﬂ:’lmeamdliff):‘a@tibnliﬁm&glt_mamm@ﬂﬁh@iﬁhﬁ&&tﬂbﬁnl ne.

The t f t t

acid but has aophg e PEYELRY e riRAE R Eam g g e e T

am no aci d. Exan@esdbff@immindbﬁ:ﬁmh@@mgmtaubcldty—amdg dnffieaction
canavani pg, 2-ggigy! ﬂé?&ﬁ%ﬂe’ afl Cdi%!é‘g!r@n%“o %%%Bg lgrent ﬁhe ﬁ%ese”t

i nvention, a decarba ase nut ant pep t| e sa

such as amoni 8heEaPE {-'uﬁFR!]P oﬁﬂwb@mﬂfﬁﬁw §9F?rwine§m#tét@ehwwaen
sul fate, phospaeéf;iuuticranibudBsplatemeh By R o P heENhal €1 - FAveseh§ah e,

carbonate, bicarbonate, henzonat.e, sul fonate osul fonate, nesyl ate
(et hyl sul fonafBYMALPRY S FRESTAOR m%W%eﬁzfm@(,FFan 1vahlyegFyera al i no
aci d mut ati onscontaipingenertoryprgdldi nglatimtmnt urnahiumbe drsselssmﬁam

hod b l,ud
B
acid, in technﬁ@?@é’W@tPNﬂ%‘fﬁTéﬁ%GW§#ﬁﬂm¢@Rﬁd §¥ R soakdngi m@@mchg 25

A certain am ngggy kB heReutyPebinbdbRfl MHTd ANPLREEsAMNN@LEFAR0ARrAte
protein structa}r:%e such as a_cationic region or a substrate nol ecul e

bi nding site h8ay ‘aecﬁl%%ﬁi reduction or loss of interactive binding.
ability.. A certain biological function of a protein is defined by the
I nteract bge 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



30 ability or property of the protein. Therefore, a particular amno acid
substitution nmay be perforned in an am no acid sequence, or at the DNA code
sequence |l evel, to produce a protein which nmaintains the original property
after the - 31 substitution. Therefore, variousnodificationsof peptides
as di sclosed herein and DNA encodi ng such aeptides may be performed w thout
cl ear | osses of biological useful ness. 5 Wen the above-descri bed

nodi fications are designed, the hydrophobicity indexes of am no acids nmay
be taken into consideration. The hydrophobic am no acid indexes play an

i nportant rol e prodyasAl rrﬂrcagﬁr@taiiﬁhdnédl & R%@I@Cﬁdleoxb'ﬂlé’%ﬁ‘c%}ram
functi on, V\hlctbébgzdgmég% c nlzedlng 10 art (Kyte. J and

Doolittle, RF chpppe) prqthen gamd érf%age Pirﬁeeﬁﬁapamr@ms
property of an (acm rs@famai:eCthrr shugma éﬁyéh&lsac@nﬁlﬁiy) Siﬂwtrld’ﬂélftlam

ted te n.regu es interacti enth tein and
g?ﬂ:;amil e(F:)lrJIOes é‘ g 15 %‘is?f} z}?’@sreﬁgf‘é’ﬁ 8Ps? n&gn "”ﬁ 1%Fdi es,

‘antigens, %®tc. a)natEaebrgmtamaxdthez segileemanh;tdre)wlcﬂyf @éta/altmdﬂkik;ﬂs@d on
t he hydrophobi of as eUC|ne
(o o) VAT e W LI P NP REON BT ATIR e Sl P18 positiGHs
cyst ei ne/ cyst i e heayy, methiloatomé+dogpled awni te (prioBein®Oigltte rme:(ys&acll)

threonine (-0. 7a)re Seélﬁﬁiag’eé) ’uéj(ryd)t Qp%éer ce aP%t’te%ggs IEI’“%? and, 3

X I -1. m c aci
gl 5[ gml 23((3 5)tb@§f;9@rftﬁe@,acﬁhf( BBy am sPRASES n W( Busgy. | Vminer(sixyg)of and
ar gi ni ne o 4. 5)ienndy1Marin W bcb'lo‘(@ﬂitﬁﬁrsh' bi%t%%%l%g?{)"&”%%l 4 9 &l

substi t ut ed W|th another am no acid having a sim|lar

a resul tant pr AEENIELIRRFFR FIVBSE LpiSH E’élOtI*\ﬂﬂFcﬂ%l%Jf FﬁiFf&raFGltOWat of

the original praate éind BysyUs progeefkaire 1agin®d aeteﬁlumalaelninﬁﬂzaﬂ‘@hb%e

t t h bsttut t.he h hob|C|t I ndex
o bref ot abl'y WHGHEn TS nBFECRPEr dieai “Sholi RORLE LRy RREATGrEs abe

preferably witlemplioFed. | The yemudesttoboithal phamd ishapsowdd &b anore aci d
substitulyison b33qq 19! Phase by performing phase extension calculations v

gradually from low resolution to high resolution in
accordance with a solvent Fflattening method and a hiStogram
matching method using the program DM (CCP4 package) or a
similar phase improving program (electron density improving

20 program), where the solvent region of decarbamylase crystal
1s 30-50%, and preferably 35%. Inaproteincrystal, solvent
molecules (mostly water molecules) other than the protein
account for 30-60% of the volume. A volume occupied by
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-crystallographic symmetry (NCS) averaging. It has been

30 known that the crystal of decarbamylase contains two
molecules in a nonsymmetric unit from the results of
measurement of the density of the crystal. It is inferred
that the decarbamylase molecule in a crystal has a



- histidine(-0.5);cysteine(-1.0); nmethionine

- 32 hydrophobicity is efficient. As described in US Patent No. 4,
554,101, am no acid residues are given the follow ng hydroph|I|C|ty
i ndexes: arginine (+3.0); lysine (+3.0); aspartic acid (+3.0t1); glutanlc
acid (+.3.0tl1); serine 5 (+0.3); asparagi ne (+0.2); glutam ne (+0.2);
glycine (0) threonine (-0.4); proline (-.0,3t1); alanine (-0.5);

8 1.3);valine (-1.5);
| euci ne(-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5);
and tryptophan (-3.4). It is 10 understood that an am no acid nay be

substituted W nprYteN 1VGrROAE Ewdlrdl d1akid S| théﬂ Bﬁdaﬁpaubb%&m

i ndex and can still provide_a biolaqgical equivalent. For such an am no acid

substitution, 'tq?é‘%r’&%ic pleudat Pﬁd@(l‘i%a[ﬂk@f%%ﬁ?r\ﬁpﬂ%yﬁnlg? sppyent

preferably t | fiatdeMeny MeitBoll 8har 88t ¥ndd hdavy Hrohie: Rordinarseer,vative
substitution" as used herein refers to amno acid substitution in whi ch a

substituted anP8 &&YF ogrEpbd® ¢ ut SHTMEH N0 aclM@thi¥e si FPRLAining
hydr ophi | isci tyﬁbﬁ&d@l@&:i@lﬂmlrblédtmahqm @alcyuldﬂtble £s Mc?ah@mlaagegiphhe
conservative s tion,nclu t_ar Imte o SupstLtutigns
W thin ach of Ivehish pdRn e feetiea Ml ek ab §1RE: 1§ LARRNIELEATS
and aspartic atfimbm sﬂm nelemﬂrbhr éensidy ghap aa’ohaiaed dgparlagi selvant

val i ne, |euci “ﬁlaac”c%rﬂii‘y xﬁé‘fh ‘Q@§Qv§5¢% i Ca{fﬁ&‘ﬂ;aifoﬁ 'l%sﬁef*% gd 2°

in the art. rmat1 on~on anlsmo reactron obtalned
fromthe ster eddtthuthe peogrageby q;séhalliﬂmuﬁﬁnewnan dgeysyalipgraghior an

| mprovenmyRy | nHEJﬂfneQ:Q%%éf:fug’gna% fnﬁbky tHe rdibySIB YA ARG a%f{géﬂ!aﬂﬁleo‘c

t he Optl mm a reaction resent "1 nventi on, ngl n

pKa of the si dBhes Ang AR jeleqiign @E@@at& meysqsqdoﬁoxa@@aﬁtsma@@ ofn

am no aci d nmut ahieOR tWHesld thredtire0 medanges - 33 in the specific activity
and the optinum pH can be designed. Specifically, the effect of the am no

acid nutation on the pKa of the SH group 'can be estimated by cal cul ating
the el ectrostatic pot eAt istlereosaructigen robeka s hlecdrizdmyldse may be

(1992) . Biygpol vigers32.89L9091n SRELEhY JTRKL Wbrde POSRLANS 1 LoD 0N

appropri ate am no acl causes‘t he
el ectrostatic Sweldgnar hased hen sthé uelectrerof depsityl map bdismiayesdsoni ve,

pronot es det achppak- ale.m’élﬂ‘éib'ﬁh‘il gﬂﬂ‘ﬁfbé §h|)adgor%’a§1]c.7e1—wi€ﬂ‘4:ﬂéa§ollowing

substantially 10 no i nfluence on el ectrostatic field around the side
chai n carboxy Ere¢gdyred u4§'jatff'0‘ﬂo‘f G%lzﬁ:]-uriasliﬁﬂef 8fabFegipRsyi BRIt he

st er eost r uct ur ehafradtedn BaVlAtOdcideegheness (emge Nta pm:tiél séqushesr ed
that fi vg cystei ne 5,resi duesg sent irldd arba | as |nv$I v d in the
& ORH &

function®8nd pRPSEAPLRED YR cﬁrﬁ PRGN itRe2t PO  and
resi stance to densdtiydaiapon. Néghceai pgrthelrsteuotuaecqﬁtennemieeldqbdof

decar banyl ase, r (: 11291
having a hi oferadueftenitl e BulAY ohact 64 HEREaC,DIREL A0 LTt
above- descri be¥sBagt Friograny bt tEre ubhsee gienrk gFaRREFF uWpile
has. been StUdh:%@teén%QﬁB'ﬂ@é'dﬂﬁ%&&cﬁ@é&n%&i& wuta@telm@fodmaf@gwﬂs

t d di f f t t ‘
B0l “ndh 27 Brecesetcam startisg Palnkps I FIGREH 98 EHSVRRRERHE dues
are not invol vedpeatede ftHemsbyonmatchingl falde awivh ngeidndresiciuest abftic

t t f d b | a d d f | ost
by substi tuti oReSPLEYETIB=Eae E8Bsatage ol Sy Lt CeBaaty y A¥ B¥eav e oy
by the ot her cybeeinttial attearsostB3ictiure modelleof ethe hdnoleymotecide is -
e hat nocoBrRRialXEle AfhL Vdnke cl¥d 5181805 BHICHIY rRURIEShRTCRY N

fact that a correspon el ne resi e I's conserved I1n other sim
enzymes. 3phe t ésmwaggmmgxgamdml structgueeds refinedin accordance

with a refinement protocol for a structural refinement
program XPLOR (A.T. Brunger, Yale University), .so that
three-dimensional coordinates - describing the



- 34 hereinrefers to an amno acid of a certain protein nolecule or

pol ypepti de nol ecul e which has ( or is expected to have ) a function
simlar to that of a predeterm ned anino acid in a protein or peptide which
s used as a conparison reference 5 and, particularly in the case of enzyne
mol ecul es , an amno acid which is presentzjdn a simlar position in an
active site and has a simlar contribution to a catalytic activity. In

~decar banyl ase havi ng am no acid sequences of SEQ 10 IDNO: 1 and 2, it is

inferred that Cys192 and Cys249 are unlikely to be nodified and are buried
wi t hin the nol etéreosantdBys24 amnddBiTiB amrbeeatielrsogrdiucitegec bentgal | y
and positioned a% t he qupqitfgptur ortioQ on th nDIeculﬁ surfagg. By
substituting twe CYSHHR-FL8 ﬁé’grg’@g‘g%ﬁear?dglﬂ aERAMY {3seas shown

r adi obact er NRRbeMlRBNOccraesnnhﬂh@ggé@eagsfaataﬁéo@%ﬂﬁ?ﬂaﬁivSEﬁgbBamﬁl: 1
wi th al ani ne, t ant Vi ng. inproy. tability S been obt ai ne
(Japanese Laid?ﬁgg% Lﬁéﬁkﬁﬂfiﬁ#%kﬁu§@%§5 ﬁ)g'ﬂsad ggPFﬁgﬂy 889e?ué9§§42
and Cys278 ar e hasrihigr aesequernee mhesentinoSEQ HD NOL. ecal) emayrfeade t2@mfihed t he
st ereostructur ﬁgﬁ L4 4 . t [ re involved
in the resistaﬁ e o0 ‘5g?%?giﬁﬁ?§§%§9f8p§$?5€§?§§§?@%ig§éf#§§F§#§PFg&n$hat
Cys192 and Cysmeghiedr iusing t bhe sherpobscucsude wdt tdontrédbultanticBMIS t he

i mpr ovenent ofdhggvﬁﬁigégﬁggﬁﬁéa?Léﬂexkggﬁ% igﬂgi£ﬁﬂeébg%keﬁéacgibﬁgving

substituting Cysl192 an dr am no acld residues
a | arge vol uneP¥ecgdurgsechenstiieelsctrap dengd tyHanr ansmert othe mededvi ty

in the mbecul eongtirestthoantanteehe RABIAIR-d e n &Rdh HAVa H ] S¥8fner,
stability agai 30 It may be consi dered that

not only cysteirgﬁtg Egggaﬁigggggﬂﬁggﬁ%? tetsﬁ‘ﬁor?et% St figcpRbaMyLasen a
reduction in thecerdimat ito achevipnesentdetnvértidrsdsdusonipletidd. - TRE
oxi dation and itﬁughﬁe%%%i'ﬁ\é%t is %rgossctr%bcituﬁey 'ofa‘ C&eocgadri:‘tglgnylase may be
compared with the stereostructure of various proteins
15 (including enzymes having a function similar to that of
decarbamylase) registered in the Protein Data Bank (PDB)
which is a publicdatabank for the stereostructure of proteins.
The stereostructure of N~-carbamyl-sarcosine-amidohydrolase
which catalyzes a decarbamylation reaction similar to that
20 of decarbamylase (Protein Data Bank ID: 1NBA) is known.
However, the stereostructure of decarbamylase is not
' recognized as having structural similarity - to the
stereostructure of -th:l.s enzyme. Among the proteins whose
stereostructure is registered in the Protein Data Bank,
25 penicillin acylase (1PNK), glucosamine-6-phosphate
synthetic enzyme {1GDhO), glutamine
phosphoribosylpyrophosphate amidotransfelase (1ECF),
proteosome (1PMA), etc. have a so-called four-layer sandwich
structure, in which o helices are in close contact with the
30 opposite sides of a sandwich of two P sheets in a substructure
of‘the stereostructure called a domain, indicating the
similarlity fo _the stereostructure of »decarbamylase.
However, these domain structures are different from the



oxidation. The term'turn 10 structure" or

‘these residues®?

‘to the stereostructure of decarbanyl ase of the présent I-nvention, out of

ni ne nmet hi oni ne resi duesi n decarbanyl ase, there are five residues which are
fully buried within the 5 nolecule, while there are two residues which are
fully exposed to the outside of the nolecule (Met238 and Met 243 ) and which
are present at the turn structure portien23lt-is inferred that these two
residues are nmuch nore involved in the resistance of decarbanylase to air
"~ turn structure" as used herein
refers to a local structure consisting of three or nore amno acids in

whi ch t he ext esdergoditracttione obfa dephardbenyliase pdin clthien tepodogdlopl

h d bet th d t t he . st t |
Thtaand et 7o BFEARgRTERs O bl HEed REQ A PELARS s I Froc HRbE LE BRRbIeLal |y
buri ed w thi n shzustured eopdblogydhdsi Filomesd et ad .si (2994 ¢cPaiusBagt.hem
to easily contact solygnt molgculesaand,bbgel i ke TSI -IdIGES, A0

likely to be involved in the resrstance of déc anylase to air oxi dati on.
Based on Shesedetanbamydls20iki alangstevihed bm1mmratldl§hbﬂhmﬁuk;dm5aby

whi ch the resi gt o) | d
I ncreased can E ggggFg%%gggg%ecF¥ %@ﬁféolgbtiﬂﬁh%ﬁ%ét?fcgfﬁésgﬁ%% %t U ed
wi t h hydr ophobPa¥§h & tedep stadicivae &#m:%mfeﬁaatf@%ﬂqm spaawdrhi n

vol une or the gayukYurs.thengd, el 'aﬂsbcdpo@pt ai.w‘xésa HdrPkbfers
oxi dation, so gg; the resuitant nutant can ve |n€£ove resi st ance.

Met 238 and Met he @rFE}PB?‘“S%d%%HPFGiFHeC‘HH‘t on pé Yhi segeedary
Ther ef or @p pr egerablkyvrabyuatihbst ofuti pgottkene resi dues with neutral or
hydrophilic am no aci ds which do not suffer from 30 air oxidation, the
resi stance can be inproved. Further, the turn structure portion of
decar banyl ase rangi ng Thermdvli 2ahdlnivbaddiadheaein ﬁdsa’&lb?tm/r& hBligal

susceptlble to | hese
Chr ee g FaaoEREHIh 15 Bl (e pcRabeydchdBbdits o p BB pk
pr oduci ng a w?ﬁntPQW%ﬁ%haﬂﬁe ang no§t rthe umesgomnAngeTg GaHel ¥ hesable

resi duesigre dgtehedurbbad ﬁﬁiéh% 8. 8idmihd dal e LRI cbABE ¥ EEe

Al ternatively, bg £e | aci n ence of the turn struycture containing
abn %hidh spans aci)itch of 5.4 A, Examples of amino

acids which are llkely to form an a helix include glutamic

acid, lysine, alanine, and leucine. Conversely, examples

of amino acids which are unlikely to form an o helix include

20 valine, isoleucine, proline, andglycine. The term "3 sheet”
as used herein refers to one of the secondary structures

of protein or polypeptide in which two or more polypeptide
strands havinga zigzag conformation are arranged in pafallel
in the shape of a sheet where the amido'groups and carbonyl

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

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



wi th another protein ~ turn structure, the resistance to air oxidation can
be i nproved. Wen desi gni ng cystei ne and nethi oni ne nutants, an opti mum ’
am no acid can be selected by substituting these residues with other am no
acids on 10 a conmputer to analyze the structural energy in terns of the
stability of the nutants. O her than cysteigne and nethionine residues , a.
desi gn which focuses on generally known factors in the stability 15 of a
protein may be conducted, such as am no acid nutation which conpensates for
the cavity in the nolecule ( a. g . , the cavity fornmed around an am no
acid Asn92 of densiBMmboasaiftutifyt aki Op 0§hestNO Wsidle hawd N zigzag

di sadvant ageous q@&h&&gﬁkion interns of energy (e.g. , amno acids Pro203
and Val236 of 20 decar anﬁ?ase), and stabilization of an a helix structure.
As a . design strategy different fromthe above-described nodification
design by amno acid I r£91 I.nf er not. to.be.involved in
the enzymatic activit;Hgg%%gqﬁggﬁﬁﬁgﬁgbggéh#%% éﬁgfgaEFSmﬁﬁﬁgfﬁeglon‘xé
decar banyl®se tdecanbamylass conitainieigghboutz§beres héuedy(amldmmnd tacid
possible to i ny e R F ' tJret f a

| oop structur gfgt?\égfgﬁ g'\%%;@?'bgmxgg g%t%%%ﬁeo’%%églﬁ{eqsg%éddP%rséga‘loﬂ ng
in a nore cl osd0B gac|&E@ docbamll #3e 2) 36 Ravicdamed time fioarwerttions off a he

present invent id%ézniﬁfoaaﬁtn&éﬁmmﬁaﬂaﬁ%&%@ﬂ%@% hyi-eg e?oﬂ% tAS
residues fromthe carboxy termnus_is involved in formation o? adimer. It.

, is inferred GFSREREW 95 FEYRFRAsBUBIAFBREste dhig Study . the dimeasi ity

~in a genarel biffdrer  tdtianacardedyVt8Sentérn6ee6Alar ihkerheiioals.a Thdl mer
or tetraner. It i.nferred t a_nononer pr%tgln I?’ nore advant ageous in
OreeSRL

hat
terms of a rec5@%&T&§yﬁfb€8§§W%F8nFFF chukst MYl aske CRFRLESRS | |

the dimer 5 foaaleicondasy Bhirhictegabyudetetongiathagt o8r £eikl kehk19tekhe
car boxy-term nal

reqion f ~about 30 _residues, a stable nonmer _can be
prepared. From&§ H"?led]ﬁvs% ging a&ﬁgwpoﬁm‘?‘!s'e i gsﬁppﬁiailelds%goxggggy gifrpggural
i mmobi | i zed en¥pddswhere the decarbanylase is imobilized on a carrier.
Also, in this 10 case, a nononmer can be nore efficiently inmmobilized. The

. decar banyl ase mutant of the present invention may be designed or prepared

by a nunber of methods other than the above-described nethods. For exanpl e,
t he sequence 15 of an enzyne havi ng decarbanyl ase activity nmay be nutat ed.
by ol i gonucl eoti de-specific nutagenesis or other conventional technical
nmeans (deletion) at the sites



identified as being desired for nutati ons using the present invention.

Al ternatively, decarbanylase mutants nmay be 20 prepared by site-specific

substitution of a specific amno acid with a non-naturally-occurring am no

acid. For exanple, decarbanylase nmutants may be prepared by substitution of

a specific cysteine ornmethionine residue @bth sel enocysteine or

sel enonet hionine . This may be achieved by' growing a host 25, living

organi sm capabl e of expressing either a wild-type pol ypeptide or a nutant

pol ypeptide on growth medi um which either(or both) naturally-occurring

cyst ei ne or nethioni ne has been exhaustZ&blearid either (or both) )

sel enocyst ei ne or sel enonet hi oni ne has been enriched. When a honol ogous 30

reconbi nant nmethod is used, mutation is introduced into a DNA sequence

encodi ng decar banyl aseegenfdary Siruature Bnigenofl RecadeampBlase an

ol i gonucl eoti de contains a nucl eoti de sequence adjacent to a desired

mut ati on site. - 38 Miutation may be prepared in the full-length DNA

sequence 8f decarbanyl_asexdrebiy sequence encodifhgtardmdagment pol ypepti de

thereof. 5 The DNA sequegyg@poiprgagat ed decar bamygase ph ii ced by the

above-descri bed net hod o1 T;té native known id§“§ ghe art in .

accordance with the pres rﬁ i v g ion may be ex et ald ng an expression

vector. As is well kno 8 Heud/t  the expres<Fly80\Hdd89 typical ly

contains el enents 10 whi@wldbzlyrdd8el f replicatikvglie-Valbbst cel |

i ndependent of the host Byml@Tdeudddl one or nore plegpgiarpeegrar kers for

screeni n0 Before or af tpyr2lpskm2gen site of a §§%§P§ surroundi ng a
#

. , ; 1 .
desi red decar banyl ase mu A ﬁﬁ? ng sequence, : ion vector also
contains a pronoter, an %pe?%to QE%S a ribosone ﬁgﬁﬁ:g

95 vari ous
activator genes; and a regul atory sequence, encotipl83-6l¥2db signal. In sone
enbodi ment, when a produced nutant is desired tdGly23%8lu@3%d, nucl eotides
encoding a "signal sequence” may 20 be inserted (398994 decar banyl ase
nmut ant empsodi ng sequence . I n order to be expre §y_ Qésthe control of
regul atory sequences, a desired DNA sequence nu pé ively linked to
the regul atory sequences.. Specifically, the dec ltf %%'ﬁégg tant encodi ng
sequence under the control 25 of the regul atory ﬁ'hﬂé@%”mst have an
initiation signal (i. T Lot ain. an propriate reading frame for
t he purpose of enabli ﬁ%h?%@es%%%ﬁ%% t(?%proaggfe a%é% p?seég‘?%#\u T odutt. 30
Any of a w de de@gcbanylase | chlithe miesentoinverpionsvbhl viee tsomundrsi aegkf ul
for exprggsi onph@io@. sequence encodi ng the nutated decarbanyl ase of the
present invention. These include' known bacterial plasmds (e.g., pBR322),
a

e, a translation
initiating signal, and; if, necessary, a repress '

{ 1 ) Astructurecalledafour-layer sandwich inwhich
two ahelices are closely in contact with each of the opposite
sides of a sandwich of two f} sheets cohsisting of six f strands,

25 (Figures 1and2). InFigure 1, four o helices at the first,
third, fifth, and sixth positions from the amino terminus
are closely incontact with the f sheets (hereinafter referred
to as al, a3, o5, and a6).

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).



- 39 nore wide host range of plasmds (e. g., RP4, phage DNA), 2-~,

pl asm d, or yeast plasm ds as derivatives thereof, and vectors consisting
of fragnments of a chronosonmeal DNA sequence, a nonchronobsoneal DNA
sequence, and a synthetic 5 DNA sequence, such as a vector obtained by a
conbi nation of a plasm d and phage DNA. .Ape of a wi de range of regul atory
sequences which regul ate the expression of a DNA sequence when operatively
10 linked to the DNA sequence can be used in a vector. Exanples of such
useful expression regul atory sequences include other sequences known to
regul ate viral gene exprgsAsoamdmnd acddhhiesdidues whdobhoicathl yzeAenizgmer ange
of species of hosts re usef ul ftor rod l|Jon of theti decargggéleass% nmut ant
of the present II'EFﬁFe oﬁﬁgﬁl &'Lnéafr% %'05{“78 qlh% P4 8 Fra Pgs'

E. coli, Bacil larss lyadnStr@qnidmypw)a hishjdife repidyeasny, twmlamlinaelel s (
a 9 , a Ce' d.u%sna%:g lelé. ’ A%ngc{{@@% Q' s ﬁ)%e@%?)tt &tﬂéﬁ ha

shoul d be unders‘?S expr essi on vec ors a {elts Functi on
in the sarfe namsubfsbraeﬂpﬁemrmlmahnehe(meecﬁ)Dwmghqwem’ep@lsstelssed

present inventi r%y% q‘ﬁﬁj;‘;é &-laaathamlea s ( I%lj4)hosts

function equall same expression systen1 vertheless,” it is
possible for those skilled in the art to sel ect appropriate vectors,

-expression regul atory SQQUeNESartbl, NOStRiYA 1 begioﬁ@,&d&wadmo Yedy@ues

experinmentation or departing fromthe scope 30 o resent invention.
For exanpl e, tREL-4%pHR Eale o &BFIAL}oBT Ot Wed@@EFo‘?thﬁ}éﬂh H& texredeciar
- consi der atg on iihitssreeiol. Vari ous - 40 factors nust be taken into
consideration in screening expression regul atory sequences. Exanpl es of
these include the relative strength of a system the regulatory ability, -
and the conpatibility \muehspeabﬁemmmamec@aitan@fttme abdeeadeanyliasd

nutant of the presented el OfoRAIL] EULALLY:ohN% EQURALIL bye LI

potenti al secon ary P TUC eén rnfo considera
shoul d be sel edtRiB byrenndivddfhegRenearchpsidldighanatgnyh BoxelSésuetiuadct or,

‘the toxigidy ofgidig ﬂﬁ&ﬂﬂwgﬁéﬁﬂ}lhér&oﬂ&dﬂ?ﬁ ﬁoéarbaﬂﬁyim AR hd hkiko

secret nmature pro ucts the a ty t protein and the ability to
form an appr opAEidehwdRdass dExpst Mathafe X1 eaYrdhk T ast 1 fAcenelNPs : ease
of purifying tfleERE)C.ar lbaeydate HHt BBrefihoAntbepbeatedang safetrgncéuong

t hese paraneters, those skilled in the art can sel ect various 15

conbi nati on of vector/expression regulatory systeni‘host, which can produce
a useful anount of nut &hedsteraedvtmyttigee dePecaribamioasef decanbempileadeced

3 broeadlis (O S hiheR ARSI MU Spteil AR S,
activity. Once acifLrgsiéiesootcds L%ilrﬁYFTt?sénV@ %(Pad:talé’tdé'sﬁﬁéav%gl tion
(a. g, an a¥dd ve Shiérrédsind: bAY9 ¥edl dtereostructure of the enzyme
alone but also the stereostructure model of a complexobtained
by the enzyme being bound to a substrate (e.g.,
25 D-N—carbamdyl-hydroxyphenylglycine) can be easily
~constructed by a molecular modeling technique
(Swiss-PDBViewer(above),Autodock(OxfordMolecular),Guex,
N. and Peitsch, M.C. '(1997) SWISS-MODEL and the
Swiss-PDBViewer: An environment for comparative protein
30 modeling, Electrophoresis 18, 2714-2723: Morris, G.Metal.,
J. Computational Chemistry, 19:1639-1662, 1998; Morris, G.M.
et al., J. Computer-Aided Molecular Design, 10, 294-304,
.'1996; Goodsell, D.S. et al., J. Mol. Recognition, 9:1-5,



25 stability, or a binding site, etc.), the resultant nutant may be
subjected to testing on any of intended several characteristics. For
exanple, mutants may be screened with respect 30 to a change in electric
charge at a physiol ogical pH The charge change is determ ned by neasuring
I soel ectric points (pl) of a decarbanyl asgmutant while conparing these
with the isoelectric points before nutation. |soelectric points - 41 are
measured by gel el ectrophoresis in accordance with a nmethod described in
Wellner, D. , Analyt. Chem , 43, p. 597 ( 1971 ). A decarbanyl ase protein

havi ng a chang&@%grfawgtﬁhahgesitaraoﬁutae&uh@viaﬁa ahe! s&R2eRE rMY:tare

substltutlng 5 a aC| |t|on on t surface of the enzyne, as
provi ded by t h&° ?PH'UC ‘f%‘? rﬁﬁ Qt"ngmﬁ?@s%?&é ﬁﬁr"é‘rﬂqqf‘nprpﬁﬁflﬁer

(rjrut anL S mlay be&canMﬁ@nggﬁ?sm@éuﬂgMd wehy.:tﬁﬁﬁp@m@(cjtm tr:baﬁ%%bhe
ecar banyl ase t 0 t ant , decar ase, i.,s determne

neasur i % its 5%%???& ﬁégr?cbﬂifc #Bﬁn%%qéwdirﬂq{bd 8 §9 B8xLeR¥i-no
acid using an Smaﬁm.v@emtd)edf hdeeanbamydaskxdsplfvrindie| @fv & catrdty
exanple. 15 D | Id1 A tant
of trrﬁe present %I ﬁ\@‘rﬁtgigxﬁaﬁjﬁ é;gfu(gggsgéug grlrrlécégff# rﬁgeﬁﬁifmkiflgég?e g.,
D- phenyl gl yci n€ysad 1k yémgéﬂﬁydm@p?rM’I@I (YElgayet &) pr dﬂhleeaphaymhseut‘l cal s
(e. g., synthepphsReYedi éthoaduwwsﬁ%{g Feahal B7RY &;Q%ar th An amino ay

phar maceut i cal corrp03| tion contalnin us pro uce
al so be provi degi8Esguanas vith gazymesda Vi@?@#ﬁmquﬁmmﬁémmgwtieal

conposi t pen nHWJ.%ﬂrkl@daﬂ:l?aﬁ%thé@C%ﬁEhCé‘é Iamwaﬁélrﬁ@mageﬁr hgg@@@gent
|nclud|ngaex% ILef'{]}r "i‘ﬁ EIHZIH agen carrier, etc. D-a-am no
aci ds produced bgt 446, d"é]d“glr PQS‘%Y%"{]aﬁFeo?tquldf ¢B¥piLved
i nvention may ha tmmhmlpes«t readeibﬁtermﬂaam&uﬂ.ar Cys121ves eiRpected
pr oduce pestic' Iuvall te) e I osition 30
containi ng the gﬁ%s(apfjg ALy elg?s%? er?ai/erg‘f:é%i %8 ?W?gg‘ana SurHgLt o
the present i niahermﬁdiihevqbﬂmrs dalindmemosd ia tenf onhe@nzame aeaction
2?;|bﬂ1: tZ ?ESI I y(f\igﬁ‘%a? he éuﬁghseﬁﬁ?%m%“%ﬁcalmxmar& 4 £XE BLEPE1nd
_ hydrolase. This finding is 1in agreement with the
experimental fact that amutation from Cysl71 toSerl71 causes
a loss of catalytic activity (R. Grifantini et al., (1996),
J. Biol. Chem. 271, 9326-9331). Theroleof Argl74 andArgl75
20 is cons_idered 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 us'_ed
herein refers to that even after the enzyme is denaturated

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

30 for livingorganisms, the enzymaticactivity remains at least
10% comparedwith before the thermal denaturation, preferably

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



D-a-am no acids produced by utilizing the decarbanyl ase nutant of the
present invention may be used 5 as internediates (e. g., D-al anine and
D-aspartic acid)' of food additives to produce food additives ( a . g. ,
Alitame ) . ' In another enbodi nent of the present invention, inhibitors of
decar banyl ase nmutants or enzynes simlar. I thereto may be designed and
produced. Such inhibitors may be designed by utilizing the structural

i nformation of decarbanyl ase. Those skilled in the art can identify the
“inhibitors as being conpetitive, unconpetitive, or nonconpetitive based on,
for exanple, compuhgrocei®Rt bl sl 18Ry By bRMdd<t dd BEITRS i ALY Ng
standard fornulas in Seqgel, l.H , Enzyne Kinetics, J. | ey & Sans, (1975).
Further, the i i “%ﬂ"’g‘q-}wjdtg de§ Gjre)y | nf iitat (SSHTh! eREaAgHC

i nt er nedi at es Gictjismajyb’alalgsl asedoﬁeeaznrrﬁsﬁei:m taran haseiwity et-cg-cémtv%%t )
st ereostructur a co X W th a 20 substrate or reaction product)._ Suc
i nf or mati on m&&'%yﬁﬁr‘l"&é@%aﬁﬁ i HHPOFEGSRRRAdHS D ot~ R acid
conpounds Shi clwlser \decarhanyilsiseoris aferitn@medlecar banyl ase or enzynes
‘thereto, and a novel class of inhibitors. 25 In a still another enbodi nent
.of the present invention, the stereostructure of decarbanyl ase of the -
present invention may Bheutteimeddesigndimetivodypont i teobecyhes desdont ei n

enzynmes (e. g., j "0 i1 - Ay i ; imlar

to that of deca}:rél?;qrryqlz%e. Egt%‘c% %%ﬁ%géﬁ?jé%ﬁ%ﬁ%ﬁ%;ﬂﬁd 2%% u]-éfg%%lg%%astr?anner

simlar to thatthady theeambbocagédcremeencatand theisfierenatrugtueof a |

pol ypeptie enidredhn Wroraeiﬂbl%ﬁaephﬁfl%'b%@eyb'&%%r@n%rﬁ?a'%(io%d(@.%P:quence
0

which i5 identical tqQ_the am ng acid sequence - ecar banyl ase

represented by raglyjgoccurrdng melecehe) 1 @Ye | BRGLEZ8H e afr@ddetuence
by ][ epr EIS ent at :ol‘mlrsacﬂ:teg/:iieﬁibSBO% gpy :ti‘aﬁ{aalylmcﬂactﬁeity@% iakdréeteons
preferably at t and panticularly, ~with respect to.a region .
defining 5 thewg‘% | \?e?’segl)rt &% S &ggﬁbg%yF§§g am nPaﬁ%i%df ang; ﬁﬂﬁg& g<tGnber
38-49, 108-127Mut43io68 amPpi®@brizte ndiami ndestied amodiffhatfonkysbzo,

d u145, oy i ' 1 ' 0%
prefe_rablaiyrsd at I%(ia‘éi:ta b%S%EQ%rgesl\%é?é'r ghl@%%ﬁﬁg@g§§ée%%t% gkg?‘lggltg 95%
10 As an exanplR8dofn: REPrPYRELHLtAR BROsP1A shabiddév)sare splgudatedin

enzyne using t Meesd&s £9S matHod s Pre¥e AW Betirtichdd LEEh§ P cohpatsrls a
~study .in which_the substrate sglem ficity me cal | ed, expandase was

of an enz
15 transf or med BEFRELE; 2En FAWH CEEHTAITANS MRGT vk uFRe ofeShIP SBRERPEI | 1i n
synthetic enzydmcl8Sde |asermetiiomed PHereciats oX-W2S7/ QA@Frachkdonr daagat o

this d t, i ici]] ti he st t
had al ready beBEoqePELhEn A oqushy HALAT) |(BineTRNRe B BB ShREC T ©
.expandase whi cBnpdYginyl the s¢ruedurent PRASES d¥nive ¢fi Reamnngylivenda . sPAuct ure
(1 . a. , anyga)add § pYey+Rteor a@&@:ﬁ&hh@%épﬁ%é@%&&&m\m fcéppi | ar

stereostructure were cgﬁnh;)ared wth each othér w ect to their

res
sequences , t hBREEFIPASTRRG) AR Pﬁ89§ﬁ"l“n%°%€-?“@r.°ﬁ’é§‘igd5£§ izitdadanbase:

programO (UppsalaUniversitet, Uppsala, Sweden) as a program
25 - for obtaining three-dimensiona.]. 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 .subétitution. Amino
acid substitution refers to that one or more amino acid (e;g. .



25 which are involved in recognition of a substrate, and by nutating these
am no acid residues , the substrate specificity of expandase was
transforned to produce a nutated enzynme which can act on penicillin G 30
The conparison of identity of am no acid sequences may be cal cul at ed usi ng,
for exanple, the follow ng sequence analyzigng tools : FASTA ( W. R.
Pearson and D. J . Lipman , PNAS8 5 , 2444-2448 (1988)); BLAST (S.F.

Al tschul, T.L. Madden, A A - 44 Schaffer, J, -H , Zhang, Z . Zhang, W
MIller, and D. J. Lipman (1997) Nucl. Acids. Res. 25:3389-3402 (1997));

gni )é bass/ G \Agammn&mg o, (ﬂ?ﬂéﬁbwnll?iof@rﬁiﬁbeaw.gggn%ha moi:eDr
ackage, Ver si on t er netics er Gou ci.ence Drive
Madi son, Wscoﬁﬁe%epr@%g%éﬁ;a R, aﬁld 6‘3“ F‘?%’g&%ﬁﬁ%ﬂﬁHFlﬂﬁraESCG
Package, Peter I%Subeatiﬁuﬂ:e&mlggh t?hmg riﬂlrrlrbetn)dlif Ié%lbino &aflEsl d%nir%@lBQ
Engl and) and t r ' nmol ecul ar bi rver neva
Uni versity Hos%‘ ‘ﬁﬁ:P r%%f*&&r%t@‘%% W &FaM° %’Wg %{Fjﬁm (& &--ahdfOand
MacVect or 5. 0 (@mdino émBSIS.t pnefechbmj(dgﬂ)o axﬁmmadn.dg tamdri‘n@ré)peéeakabéy

i nvention, polyp ei tant V|n M. no_ac
sequence SIﬁ]|§T%F% q% cggbanéﬁggeqﬁa% bér% &99 838319?|Pg??ﬂg t he
15 above- descrﬁmd@onsphdddeIhéieneneﬁﬂesntmemhaxrunplmz'n&&@ aminheadcod
their wild- typqee@zyWSzbnaﬁiﬂbO%sf&éo réfg o Ehi3ROLA 3455 TBEg"

t he present i.nventi on provi esl| gni ng
mut ant s usi ng BOEERKfkerabiy - §>ﬂ3'tié¥ﬁ @@hﬁﬂ@é@ M%edﬁromeireonﬂ.ginglt he

st er eost nact ur et 1eCr Y dndlnfadiy e:ﬂé&ﬂ?ié&t'wﬂ Qﬁ%ﬁhﬁ@%y 3R ofd I YLy by
X-ray crystall designing t decal banmyl ase nutants

89-“13?] and neans f or

havi ng i mprove hysit@al pRBREREYHCRMd/ oFaFHﬂH?-BFIiBBsed silfagion,

determ ned stehadsgenatiba. a’raeymmﬁ £1g150ls§Tadfi onl)epRb SpRBEY 1 AYESH | ON

may be COﬂStI’Uﬁ&,ﬁQO%h Qion c%}lertio\éSt Fm k.nlo acetylation), etc. An
amino acid to be substituted or added may be a

- 15 naturally-occurring amino acid or anon-naturally-occurring

amino acid, or an amino acid analog. A naturally-occurring
amino acid is preferable.

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-carboxyglutamic acid, 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 protéins. Examples of ~ the
non-naturally-occurring amino acid include norleucine,
paranitrophenylalanine, homophenylalanine .



inthe art ( a. g . , the known systens in the art as described herein).

30 According to the present invention, a conputer readable recording nedi um

in which the three-di nensional coordinate data of the stereostructure of

t he above-descri bed - 45 ol ecul es such as decal banyl ase and/or a

program of a nol ecul ar desi gni ng and/ or nmogj fying nethod are recorded may

al so be provided. Exanples of the conputer Treadable recordi ng nedi um

i nclude nmagnetic tape, nmagnetid disks (e.g., 5 floppy disk ) ,

magnet o-optical disks (a. g. , MO) , and optical disks (e.g., CD-ROV -

DR D RN anh M ENonddy i AIIRAIS TERLnoSHCheRs ¢ PIPUL £L of £2 4RI
mmy be & co [ a

recordi ng nedi uter recording nmediumi prograrh f or
executing a dedlgrprilodwmeasiginidecardiwind -aheniia@nine this case, 10 the
design process may conprise the steps of inputting data of a crystal of an
enzyne having decal banyl ase activity deternined by X-ray crystall ography
and desi gni ng a decal bdhA &e&mmiaBARCHAQLARRAFPOY rfRES I Inl2 prdpehily
and/or fungti oRgiRALdsGibt HR AAfifd BRath et 8RG0S phyelivhd. propd Pt RBAKDSL
enbodi ment, the present invention Rreow des a recor dli;ﬁ nmediumin which data
‘8\“&'&& & t . EE

describes the & Ty §épdlardio Fhgse2ham RRiRC At Amphes afadbet he
st,ereos;ructuremm‘nd heaﬁmf&antaﬁmﬁbé)f% Q]?bd'uﬂéd be/tmhcmm@,ss @gﬁéﬁr}aﬁahﬁﬁl,t he
steps of inputtjn at.a .of a cryst of an enzynme having 20 decal bamyl ase
activity deter r#'ﬂ%&qﬁ'}%urwlf%st%q'ogr aphy and desi gning a decal banyl ase
mut ant havi ng i nproved physical property and/or function based on the
determn st ereostructuyr h resent . i nvent | w || ribed in
nore det g"ﬁ in the fol }Iglwgﬁﬁ%g%gnfgﬂ“ggai ﬁggegéx@n%fgé:sesﬁng ?)L?‘(‘)’\%%g’g‘&nf’o?a _

t he purpose of dedarhiamtliase mutaptemantbeé nivertheofiornuef aa @epdtidensadded t o

limt the pres i o2 ameéh %&%ﬁa i h W n
exanpl es vvgr e gsg{ég ﬂ% F.nlrog% Naca§§i>(g‘?':§£s{%us%f B%%o urneﬁﬁﬁ%%‘lﬂ(::& gluggélgtgrl eg,

Ltd. , or SI GvRYSsogenseliake . piarrhates hysinasgeas Beosphatenddhydrogen
(Exanpl e 1) Prgpsphadie , 0thhNakiaYeatey datbdtatec afibaipbaste , benzonate,

15 " sulfonate, thiosulfonate, mesylate (methylsulfonate),

ethylsulfonate, and benzenesulfonate.

Hereinafter, amino acid mutations in a protein fqr

producing amutant will be discussed. Methods for amino acid

20 substitution and the like include, but are not limited to,

‘changing a codon, which is a DNA sequence encoding an amino

acid, in techniques utilizing chemical synthesis or genetic
engineering. )

25 A certain amino acid may be substituted with another
amino acid in a protein 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 function of aprotein is definedby the interactive

30> ability or property of the protein. Therefore, a particular
amino acid substi_tution may be performed in an amino acid
sequence, or at the DNA code sequence lev_el,' to produce a
protein which maintains the original property after the



5 Decar banyl ase was obtai ned by a known nethod (see H. Nanba et al.

Hi osci. H otechnol. Biochem 62, 875-881 (1998)). Decarbanyl ase solutlon
(0.001 M HEPES buffer, pH 7.5) was prepared to a concentration of 10-20
ng/mM. 10 ~, 1 of the decarbanyl ase solution and 10 ~,1 of 0 . 2 M HEPES 10
buffer (pH 7.5, manufactured by SIGVA) as3a precipitant containing 15-20
wt %pol yet hyl ene gl ycol 6000 (manufactured by Nacal ai Tesque) and 0.2 M
lithiumchloride were mxed together on a droplet stage. After 300 ~,| of
sol ution having the above-described precipitant conposition was sealed as
15 reservoir s@ubstditutdopst alhezafooa , was: iomsdued £ dryt Forvapd pegitfitlesi on

method at 20-25C Abeyt b ﬁoaggggflgﬁ%&‘gﬁuﬁeﬁéoﬂﬁfrsfdcg-?éseé:%d@% nal° pe

crystallization, a“crysta 0 a size

0. 6x0. 6x0. 3 mnpemqrmmmmptpnépmmoerse@f olfle iy Lagdiwale tisedtilne s€r.y st al
of Decarbanyl ase The native crystal obtained in Exanple 1 was renoved from
a small droplet on the droplet stage under a m croscope. The native crystal
was soaked in 0 .1 M HERPRShn&beve(gelsgribsdmogd figatdionsngre dewtiged,

pol yet hyl ene gltxleoh%gggg?égfe%gave SRf b RENS adRNRY B8tdkdn Hrle! N U

chl ori de whi ch was

et hyl mer cur i t hicedglidepaiden -.c ofee hydrorhric @renp geif {Eierees lavmdhcur y
conpound) "over &h@iatrttaatp&:emer @naprbeaydi AGoa siesdemt i 'wﬂﬁ:h 3 (Rearakeide

Freeze of Decar barry ase i/lsta he natjve cr%/stal and t he heavy atom
derivative cry®iQlogicadc APBShPRscVRiERatBH |r€escognélr?§dzi@eﬁ:ge -
47 renoved fremtt he CRysd al |7 zethdr oAtk di R, I,y makmli n B'ﬁ_ggi d

ni t rogen vvitho t i,n nt r fr ezi.ng suc

Bearmie 4y Cotpatdsdtsr 132 ARERY s - Thla bh BRIk BleRRp R AL e bet o
To conduct analayuslﬂscbgtaihute‘a m\wee-gbbndambbmcﬁuspesﬁmgenel:lamdd
diffraction da i Lty S

Such rreasuremak? o‘ﬁ@inﬁﬁ%&% ggf%g%ﬁé%cﬁ{% {eég %iﬁ/@? UEQ rozen
in liquid nitragenotiFer mmmﬂemnt.,emwms@@w (GGQGPthQO and

1.27 1~) jsere md aﬁ@fﬁé‘@i@é‘o'ﬁlﬁ;ﬂﬁrﬁ 58@&5')0” Eiﬁcm‘%frﬁHBYab;[‘éq_s given
consi der ati on. Three wavel en fraction data were all collectéed froma

pi ece of cryst&hy IP&P@#‘?%%“G?"WFBﬁqY$6€WM%%%€Ha@Pe

processed by ap&abarmeeeshengoﬁr agr ﬂmLDENEO fMoBeuenne I+and)thealenslt is
shown in Tabl € 'fr_t}e native cr stal( ecarba | ase ;was Teasur e g h? t he
frozen form usi né ~r-Ravet ngt h' t )o‘taln aétl&ﬁl dat a d the
results are shmtﬂnnﬁa{byetineZG?Sée) Ixe’sbinor@msék-ll M urmkarime (edu8dion to

X-ray Anglgysi s 0, Jo) Te Jg)g ¥ .0 ch as
mdepend%r(\)t %ﬂ-gytalﬁ\%l Kﬁk‘f’t tﬁ%gaé%ﬁgtgn&yqﬁagégﬂn% )8) hﬂyﬁ%aﬁhéﬁ
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
abiologicalfunctionsimilartothatoftheoriginalprotein

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

30 FOrsuchanaminoacidsubstitutidn,thehydrdphobicityihdex
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




Table 2 Results .of Processing Diffraction Data of EMIS Derivative Crystal
of Decarbanyl ase 5 Wavel engt hResol uti onR- ner geYi el dl ndependent Uni t

cellrefl ection constantconstant0.981. 85. 198. 35b679a=66. 92|

0. b=135. 50d67. 301. 001. 84. 798. 357493a=67. ?. 3b=136.1 3c=67. 651. 272. 05. 886. 5368
TOa~6T. 13 15b=136. 00~c=67: 54 R-nerge indizgates an error between each of a
plurality of franmes neasured. 20 Table 3 Results of Processing Diffraction
Dat a of Native Crystal of Decarbanylase 2 5 Wavel ength Resol uti on R-nerge
Yield I'ndependent lattice ' reflection constant constant 0. 98 1. Zz . G4
9B. 1 8859G athycﬁzaaphbxﬁLcl&& 31 effificiadt R My Red i 66d esn ausePa®ent

bet ween each of, a pl I|t of r anes |
Det er mi nati on é‘PH@ %B?ﬁ%ﬁfsmelsnﬁf:&%ﬁ%?é %@pﬁ&gé@n@u of
the three vvavelhandg,b@hdﬂ.ﬁma:qt iidedase aixtagimiace S5(£2r0) helkdIed¢rnvat)i:ve
crystal, the data f ned.to be the data for e native
cr%stal, t he dglsga'r%ico &gi @ﬁg |8&E%8§5&, tﬁ'é:;d%‘l:];{]foﬁef.ii‘? ~
was i sonordphoud +@at3d.: Ihpauagﬁ.aeeht@ Pht telstaminm dt40r? Jandg lyled nen¢ ol ous
di fference Patter nct| al.cul at ed 0@ 0 the_Hacker a
(called a di fftetﬁe%gglib ttér‘sdﬁ1 map,p ﬁﬂ'é’ﬂ?es?s tgi:} ) wﬁi aBt-Ben. (Ah Sﬁterrpt
was nade to i dédsitidined @bd ki ersteinedéaly0ds arethtianhne Ghl i 31} emsilipepeak
positions on thejHagkeiqptaiie (afRdgyi qlrgglmné)@ag gqslgymlfé)qrgsggndl ng

to the cross vectors. Patterson peaks havi ng h'intensity on~éach the

Hacker plane wehenydpdandaerbn?thd: t @ndii ftﬂié@ét?@él%tt(eﬁséh mapI(tbeﬂ-ﬁeen
the dat aief thenae%t@oa&nat aﬂ%ntieid/@@mm@ mhabgftﬂsa%a%mno@ﬁért wo

t 2 denti fi ed
Coor i nat co ¢ nBRGP L etk Paser =90 166 YRR BREL 1 oLby Thammeadugent i r st

cal cul ated usi sgiddl proutdecariobbgicdl neqeivaglent andodrhissaichhancai@fiot hen

careul atton' ushgac: AIERBERLIhy o TG DAY SRR DRRFE 01k

cross peak of witbhiny2l-merepref2rabily pleandeven mbee preferably +0.5.

15
The term “conservative substitution” as used herein
refers to amino acid substitution in which a substituted
amino acid and a substituting amino acid have similar
hydrophilicity indexes or/and hydrophobicity indexes.
20 Examples of the conservative substitution include, but are

not limited to, substitutions withi‘nbeach of the following
. groups : arginine and lysine; glutamic acid and aspartic acid:;
| serine and threonine; glutamine and asparagine: and valine,
leucine, and isoleucine, which are 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 gpecific

30 activity of an enzyme and optimization of the optimum pH
of a reection. In the present invention, by changing the

' pKa of the side chain sulfide (SH) group of Cysl71 of
decarbamylase, an amino acid mutation which leads to changes



25 difference Patterson map was then determned. In order to find the
positions of other bound nercury atons, heavy atom position paraneters were
refined and phase cal cul ati ons were perfornmed using the coordinates of
mercury 1 and 2. The positions of the nmercury atons were cal cul ated by
difference 30 Fourier calculation. Self pgak_and cross peaks were confirned
in a mnner simlar to when nercury 2 was identified. As a result, self and
cross peaks corresponding to a further four mercury atonms could be
confirmed; whereby the - 50 coordinates of nercury 3, nercury 4, nercury

5, and mercury it vRe&piET1E Bedivitihardd $he 6860k il cdAlEe AbstiBReBMIS
derivative 5 crystal_.nmeasured. by %.00 , ~.wavel ength, ‘the six cal cul at ed
mercury atomnic Sg’&ﬁﬁtﬁlﬁiﬁjé"( ﬁ@ﬁv? 5?‘6%%%?@?8? e+ REfatien @8 hhea
program NLlF’HARE:fI(aC@f_ tnm:]lﬁwe.c);cf\ﬁ’ﬁ]fifan :§ deée.;.:ﬁiaﬂ@da?yi ahlgaggpmgﬁethépte‘
aver age val ue of figur . eri r e refinepen s, 0. 50. ereafter,’
by 10 perforniﬁ&ﬁgﬁiﬂéiéﬁ?qlgﬁ9%§%¥%}  HOPERE h g%@%?%ﬁ?%ﬁ?ﬁh?ﬁg'

met hog \C/jvi ;Sh the 1Iﬁ9r9@gr.aﬂﬂcliiiMI_(Ws pachlm h,90$BR|Chn¢r@By\TEas_ﬁngh paélaﬂbaél y
ext ended from w resqlution to.a, hi resol.utio ere fhe sol vent
egion of the deavpLap i abBPybliRe g AuAs Rt et O C Rett ek ERr 1
15 phase. |t hadmbtebignovinidh erauses thaselentndsbitie icld deosindytheat

t he decar banyl Vi i i_n - rical.unit.
By uti 11 2i g t Ao dlof FREE INd HEnbReHRd A1) BraRPt ST BREREh iR T o
NCS aver agi ng) ofadhgyv&higdd greupmbFEVeofhE€yphdde. aid hppl yubetantiakiyhod,
firstly, jighe n%@ﬁﬂiﬁi@édé&ﬁﬁﬁiﬂ&ei&@t%&%‘é'a@:j(ﬁb ]glibadtia?mﬂ?&t%ﬁg%gdééﬁafﬁyst al

was determned. Wth the phase after solven atteni ng, ectron

density map waSaERPEY JLOHP &dCLHE6paRAY PENSlL4BnelfcBY9LarBRECand. the”
el ectron density map were displayed on the three-di nensional 25 graphics.

It was found that two &ing€>coqp§§ting betwfen the.c%%ggle 0i nts bet ween
the coordinates of the Peft?f PratBRssEFECPRY DT I GALRARYIRREODN the
Z axis ( a cryshel prgsephi dntrentiohd axi £3. inbereédr thatt fiwme cpseeird t hat
t he decarhanyl C thre I f ! [ €.

noncr yst é?l ogr g%%ligatgg\o 0 %q%xegﬁagi&%g%g’gg'yégﬁgl I%%%%H’élysxg- f‘%‘l di\:lg?(i s (
222 ) . Each s&uvpréhonfandphysdcaddprerentiss theraas . obieh asdcabativtbel to

determ ne the geeH¢iRga3 AdsidCarkcdt8ad rfxidit 1o, MbRERISAgA I ro1s 51
cal cul ate a non-cr stallﬁgraphlc synnetré matri x including translation and .

d
rotation. At tAE&Gheteineregifdggidhdesa hlase rdiffeandchreteniyrd a
mask i s preseniavedbiadesll inetadispadfsr RRRUIBIOIR Tien fatyY nged halhai éesh Wi t h

Lhe SO VSR 5 bkt SR Patlpeites? cDuthe sl aidihae, ooty e
cal cul ati on wasbpvefdeseribedacterdymalddMbdcst ariwsabt KNKY 1ot Kadeka on
coefficient behugelrilR)) ! hdPbeGH Sfudfda By bomb HatLbhIGARIAB dotE! Of
. " “mutations, denaturing agent_s, 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 Cysl72 corresponding to
Cysl71 toSerbut not affectedby theothercysteinemutations.

30 It is inferred that Cysl7l1 is essential to the catalytic
activity. This is also strongly suggested by the fact that
a corresponding cysteine residﬁe is conserved in lot‘her

similarenzymes. The term "correspondingaminoacid” asused



10 free Rfactor was 24 . 5% . The inproved el ectron density map was
extrenely clear (e.g., see Figure 8; in Figure 8, the |linkage of a peptide
princi pal chain was observed as a continuous el ectron density; in the

m ddl e of the figure, electron densities corresponding to the am no acid
side 15 chains identified as G u46, Cyslihy and G ul45 were observed) . In
secondary structure portions such as a helices or (3 sheets, the formation
of am no acid principal chains could be clearly tracked, and the el ectron
density of an aromatic amino acid side chain and the |ike were also clear.
20 ' (Exanple @ﬂer@lﬁﬁtéﬂéfbcﬁb aadafoﬁé RN £ c§t:ea@;ﬁ FOMEd 1K BoQkcule

Decar banyl ase Mydel _Base ctron density rra tai ned i n Exanpl e
5, the stereost%@f’&?@eggig ﬁiﬁ \o)| Ja%ké%rﬁ?déPrZS V%P%%E%%&aaﬁh he

t hr ee- di nensi omalflgrdmmmsmﬂa:PrumgrtMtOo(ﬂJIapQMewmﬂh@dt etn)i.nol acagder
to match the el.ectron dgnsit% tf éhe 3nbno ac ence %grtlm
am no aci d seqd&RBEOHEIR ST ReRTLde ¥pich s ‘é?% Fﬁcﬁ'nca'gﬂ?:*‘{f%’%re;&(?ﬁ‘ 28 a

t rypt ophard r esiatide, paet tchbaniyax theecpaetofilenzymet motéoutesf amamdnaci d
resi dues natchl egtyron den |t|e ns wi,th _reference to
the am no acid g%ﬁéqﬁgg&h§1n§rsf E % %3% ﬁ% sﬁééﬁﬁ &BeSPl tﬁﬁls
process, all ofsittecandihas acimidesi dqntrmbuﬂéoarﬂmawatsaalytlc Eati(v$m3

resi dues) were matched to the correspondi ng el ectron densities, thereby
constructing the initial stereostructure nodel of the entire nolecule. The
obt ai ned st ereost ruct uke decrrbapglageaydng anbne agjdedanenceatfufEQL o

refine the 5 stigr ROSLI YCANES | N Q&0 HRBER WY %Haﬂ@yéféz W&&s@&@t geal of
the stereostructure refining pp&%r am XPLOR ( XPLOR nmanual , Yal & University).

In this refineN@ddkslackede go é-leds?PﬁcﬁrLFr DuRiPGhviER1R fhsemplerPieed

fromthe el ect agd d:qra:almy afyap CWS:7@0tafcectaa@biarydmbhifglaac:bh@midamiyt ¥nd
correspondi ng 10 ti%‘&loé’ ter entifi e tio

I f
‘ncl uding & waB8F e d9ek: BREARTERE POFTighern ERPCUPAEPSIewni | &
taki ng i nto cossirdecet.i oBymH%t\ziaiuieLmﬁwa dysdee iRef aesmduese(smstzmahd

further nefi ”eﬁﬁﬁ%zg)%zx r\é‘i‘l'i‘é%a]%fte%ﬁﬂ. Bi‘&ggg%%]‘ro ts %%td% 8 g?Q% ative

crystal i ncI udi wat er ecul e was r the re ata
of 500-1.7 ~ ré@él Gysad8 pExBRQI ED NO St abiwitiniglemipesi gnm@tagﬁcamangl ase

An exanpl e of. &h@%%&atstaalig%wﬂagf bdeﬁabbeaxhaae(89paﬁe9éorzaﬂ&dopeﬂ
whi ch-when an amnQ acid re di sadvant ageous in _terns

energy was mut gpgélcéﬁiP%Nﬁveﬂeﬂﬂspﬁ)staﬂﬁIdrec"if’% l??é’?’\?edcyﬁﬁézd?HGdral

angl e of the pcysei7gaaréheonfirmed®to be- pé¢sehtpswltinee mallepadet s5aNFA68
. (Pr 0203) ZSal Cu'f%%%dtilr Orsntteprgogtt%{l%%%:r UCtaHElei%f ighguggested that these
‘ Cys residues are involved in the resistance of decarbamylase

to alr oxidation. It is inferred that Cysl92 and Cys249
buried within the molecule do not cﬁontribdté much to the

_ improvement of +the resistance +to air oxidation.
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

o If 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



25 present i'nvention has a dihedral angle which is characteristic to the a.
‘helix structure. In general, it is known that a proline residue serves as a
resi due which unstabilizes or destroys the helix structure. It is inferred
that the presence of proline at position 203 in decarbanyl ase 30 causes
distortion in the principal chain structung to unstabilize the structure.
Since this portion has a dihedral angle which is characteristic to the
hel i x structure, by substituting the proline with an am no acid residue
suitable - 53 for the helix structure, the naturally-occurring :
st ruct ural enemgﬂdm&doheaaﬂahiHﬂzﬁdonEervaxaﬁﬂlﬁf debilrioly ne Aceyraeng
substituted wi th an anl g aC| i due %h trlbutes o, formati on of
AI

~the a helix strg’cture r%? " fie® car "Bﬂlﬁ(fm atiQ PTeFgEnf -
| euci ne ( Leu ﬁ.nvea:td.o@emmteot Sare methibninmmzamat Bmapaalrblamyla@a was

tated th t
Structural enertity SRV EEEEHAE W i M P A B UL R
par anmet er X Wi m@rleCBJ-A wiile thege aBerlpwo Chehilges yhiGhare Pu)ly e280s262,
1986 ) to obtai s’(;ﬂlﬂ(? 88 {ite ﬁ%&@cﬁﬁ%ﬁéﬁé’&%ﬁrantcfirdég?gé;'&I‘d WHSLR the

nore the desi re am no mut at1 on, the energy val ue
As a result argspaeseptazt the tNTBoRtABCSUSer PaBt HoRal | He 1s ghfezmred acid

> i sol euci ne >tRadNififese PHENYedhANEEE a?:'et Yh@eh Nhozel SHIdI&ea Nkt kflkne 15
> asparagi ne >E%I utam ne > cysteine > proline. The denaturating tenperature

of the amino a &iﬁﬁﬁé‘ﬁ?§fpﬁi%‘6%¥‘é@“Y?ﬂaE§§ﬁ}ﬂi§ gxidatiomn Thertgre "furn

| nt er nat izgnal E%th‘ﬁﬁﬁrbﬂnoﬂo'ﬁv’@@ﬁﬁ @@é@&tum | SBPRER Bfalrel 1 %Te%mrls' us
(~Tm=3. 4- 8. 20) ogpi zed 1 n an e | l.owi ng 20 nut ati ons.
reasonabl y con§ 38 3 ?ﬂ’é’l’c HE’SF FfLﬁﬁ% g’rraf“l‘?é?& ag‘llﬂ(?eaf’i"@s

di stortion of tthelrpimmthpalxtmhaiimgsdinectlienlotf a peptddeprigidigax uhamg
proline with othe roin St t W utam c
acid ( DTm=8 E‘%Ci ?mﬁéﬁﬁé’gﬁiest" \éyéltwgb Qby %\e/ac\sé\&?%%? o &g@grel‘:h Qé
because the nusiereastrustprel.i neurihet uMaitrit @retet 22 Ia@WSIQdastexhabguyﬁ

group of 1ghe sife ﬁB%Bque ghefabet aﬁacsaswaaeiéﬂw Bliri88 ¢iPhilyHhQIEN
bond with the %uanl dino group of the side chain_ of gi nine at position 139

around the car 8}?Fuéﬁoulﬁut 5 H@%@%P@datm@es‘ﬂwfaqmef §Hﬁé‘dt30
interaction cosabibytesntactsdlIVEnty AbRBEULBsSARRIHHd Miked, Tnérafbﬁéyl t,

the stability her than of_ ot.her C oht ai .. The peason
why an mcreasghlgn “t g% tili#?#"{ytgf be HFE"RE-E’&?][( jra% %$ﬁ1:§fé l"(ﬁ‘la |g£
smal | er than tflacavbamylasd totdier oxitiattieni.s BMdmemhbsstsdruetﬁsal ]

posi tivebhy Chafﬂ?dlﬁbSpHOz:h%r Qrﬂzf.] £ bukign élﬁ)éméé‘ﬁ%l P% le‘?"ect rost atl C

the distortion o ain 1S not present
repul si on bet \/\EéﬁiﬁFéﬂpﬂl Aé ﬁﬂﬁaﬁpaﬂﬁﬂ-ﬂéeaf-oSabﬁsPlii@ﬁti% ighexpedted

ranks ?f theI S::a:b@iﬂdréﬁsé&@aﬂﬁéld@#]:{gﬁl@dlo éﬁtébﬂfﬁlbh?lyoﬁét&tarﬂﬂ%{'{%n 583
are not conpletely in agre e I tudes of jncreases in the
denat urati ng t%ﬁﬁeﬁ‘?ﬂ%‘?%‘é&%@ %E‘XFFQPBEES n‘%'(fi1£j MF&AF&F’ uesglich he
mut ati ons, i s pompénsatd fbérathé gdinle wltiiralvalamie whenheovatredyf Lﬁnﬂwe

mut ation§ﬁhavimglgewg i W Wo! oBRRLEYrbbn St %@iigagce;g@ $o2Bh&t fan.

that of the prolinée resi uralTy-occurri ng
is well in agreesBhtantimatant eapehaventmproesd nesistance. 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 de.carbainylase ranging £from Met238
to Met243 contains Cys242 which 1s susceptible to air
oxidation. Byproducinga triple mutant in which these three



Tabl e 4 Changes in Thernostability due to Amino Acid Mitations at 20
Position 203 Mutant strain Miutation site Am no.acid nmutation Denaturaring

ATm tenperature (C) 404P203Leu6$. 88. 22s 40BPro0203Ser86. 5.,i, 7429Pro2d3d u
~ . ?0.08. 2445Pr 0203Thr 8?. 55. T4B8Pra203Al a .6?. ?5. 9469Pro0203l1e67: 25.
~47?0Pr 0203l 1 i s85. 23. 430' - 55 Denaturagigng tenperature is defined as

tenperature at which remant specific activity is 50 % where the
above-descri bed prepared (raw) enzynme solution is subjected to heat
treatnment for 10 minutes at each tenperature followed 5 by renoval of .
i nsol ubl e mat t eesddmetso arkesuns t ienasdrat tlo rapprb idtea e tamdirtoy aicﬂ_dtshF,‘bQ'af ter

N car bamoy| - b BRARoRr & bkERS bt e e TRl Baftents SRepinptar o

buffer (pH 7.0O)theo thwee Orasi%leabsalnaat@el@t@@] uthenrekiktdnael eozade

solution was a tr

reaction at 40 ‘}?_ 38}l Hcim Ln&?%egéea?tl&(?%q{vavalgsi‘gr rydsﬁg&owaa%ftgﬁ of O
.25 m ofbtri @ﬁﬁ@ﬁ@&'@epﬁfc tm gurmhstruestame gpeciaﬁ-nﬁngcttheseyrwasdueasured
by subjectin r | Nt g for
c%rona{ograpﬂyhﬁgpn%iéghﬁg ;%0%%&8 8 : h : }gcgg%ahy ox?ﬁﬁ%ﬁyﬁaFﬁc

whose acti vi ty%@%i% on wan hssimmea% i Wh@ﬂn@@stgamgmstﬁiélamnét i on

strains repr esa.ettﬁdoaxnedﬁaiaﬁtgat ARNoPEHRGH S & &th@lda%dbavsa%eﬁaang
dTm i ndi cat es ifference in denaturating 20 tenperature between before

‘and after nut ai’yoﬁubﬁﬁé@gﬁﬁpﬂLthPPEI EﬁBF‘-EP‘?? YhEhppebert amipentradAspPByi des

decar bamloase, at Bempatét e @nalyeeut Re & t rucaard b amehragei it sths oFNehkhe

stereostructure |, ,of the nmutant. The stereostructure of the enzyne is
useful for rea?&%ﬁgﬁétgeg% %th MYSRRSSaci d mutations aiming at stability in

heat resistance, organic solvent resi stance, air oxidation resistance, and

the like: 30 a change b@h&?%h%@téf%fs}gdgédgﬁtﬁ%éxgﬁerﬁ%&% %[)!!1 f‘{igsggpal 0

i mprovenent in specific activl es It possi
an -i ndust ri al | Yhi:skf fipcusesf erenenambly knowpdadoaisd 1af thei shabhdhher .

Further, j6he of a protein may be conducted, such as amino acid mutation
which compensates for the cavity in the molecule (e.g., the
cavity formed around an amino acid Asn92 of decarbamylase),
mutation of amino acids having disadvantageous conformation
in terms of energy (e.g., amino acids Pro'2\03 and Va1236 of

20 decarbamyl‘ase) . and stabilization of an o helix structure.

As a design strategy different from the
above-describedmodificationdesignbyaminoacid fnutations .
aregion inferrednot tobe involved in the enzymatic activity

25 of decarbamylase 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 infér that
a reglon of decarbamylase having about 30 residues from the
carboxy terminus is involved in formation of a dimer. It
is inferred that when decarbamylase exhibits catalyfic.



- 56 stereostructure of the enzynme is the only one that has been
determ ned anong am dase or nitrilase which have stereostructure simlar to

that of the enzyme . It is apparent - that the stereostructure of the
enzyne can be really applied 5 in the industrially applicable fields of
t hese enzynes. - 57 CLAIMS 1. Decarbamglbase crystal having a space group

P21212 in the orthorhonbic systemand an ani no acid sequence set forth 5 in

SEQ ID NO. : 1, or a space group P212121 in the orthorhonbic system and an
am no acid sequence set forth in SEQID NO : 2 . 2. Decarbanyl ase crystal

according to clo@prabluimxearyérk&ﬂ Yt ) ash & dedhlrbalyh alse iélgrtagémtof a
I ce constants: a=66.

rectangular par d d has
b=135. 5- 138. o ~1 &ﬁ g ‘E‘gfe mer Qﬁd%Psﬁ'éaEﬁFno %\Eujcfééﬂife%@@ |t§a§E@ | D
NO. : 1I ﬁ Decarommqusml mmﬂ.ah&f&a?daﬂgabéoﬁ‘sa.:d’rtérmy\ﬁ%@rl |£|r@cbberiﬁ i h
crystal has a unit ce orm o rect ul ar alle and has
lattice constaft&Ce, 5(%?%?9% ?enaquﬁgf Eﬁﬁ ?é% 68§f€%£§gmerand
the ami no5aci d feeqadioa is TRRIbRtHA byldel&t4ngDacpabanwka&ﬁtﬁrysyabf
according to c r 16 I cell.in the 0 of
rect angul ar patt % ‘%P'Biﬁ ﬁ[‘%ﬁ#&%é’ H%P %6 LERIUSS g5 {’T
b133.0-135.0 Vmpnoalnat Ga:llltga @@@ar@a, ; Faou aiel redu siorisch d’imqmdmd:e is SEQ
[DNO: 2. 25 Be1PifshiladCEorgh el fodNnfibbdls Al z%m e g

ons per decar any ase

crystal contains at |east one or nore heavy
nmol ecul e. 30 6decaybamylaseoisi hgmeblilaed on awnawien heAdsavyinethisat om

i s.any ofjgner Ceh¥e,94! flonBhakl BHA bkeRbre! EE@&H%nQi?‘ Hﬁﬂnoﬁ&‘ii%an' um -
5a - 7. Frozen crystal, prepared by freezing decarbanylase crystal

according to any one of clainms 1-6 in liquid nitrogen .
The decarbamylase mutant of the present invention

may be designed or prepared by a number of methods otherv

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

20 prepared by site-specific substitution of a specific amino
~acidwithanon-naturally-occurring aminoacid. For example,
decarbamylase mutants may be prepared by substitution of
aspecificcysteineormethionineresiduewith selenocysteine

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 cysteiné 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.



8. A nethod for preparing a crystal of decarbanylase, 5 conprisi ng t he
steps of: providing decarbanyl ase solution having a concentration of 1- 50

"mg/ M ; providing precipitant solution containing polyethylene glycol (PEG
- or et hoxypol yet hyl ene gl ycol (PEGWE) having a concentration of 5-30 w %

and a buffer agent having a concentratiaqn gguch 10 that pH 6.0-9.0 is

provi ded; m xi ng the decarbanyl ase solution with the precipitant sol ution;
and allowing the resultant m xture solution to stand for a predetermn ned
period of time until the decarbanylase crystal is grown in the solution to
a predet er m nedniiaA9 o ¥ e b&ébar%mm%@qqﬂrldu%gtb 9 PNA Beluatfaes i n

the m xing step conprises m xin dropl et of the decarbanyl ase sol uti-on
g P ag

with a droplet o EaEPE’EYﬂJFF‘éntQEOF‘H% OTEAUPRCE hensredngt &l [(fFAgmentthe

resul tant m xt gpod y3Rdptiide thersdoand conprises 20 suspending the m xture
dropl et obtained in the mxing step on a solution reservoir holding the
precipitant solution in a sealed container, wherein the precipitant

sol ution |5P Eﬂe sol uti @ndernnmrseuuemO& Mﬁﬁ?ﬁegrmﬂﬂt e &;l&%au@euapor
ressure o e _dr met hod _accor o claim

\I?merel n the ni %ryr%ﬁ ﬁvc,eo%ﬁ’ %I}Q?EBOQ of Aprdf-egnat %d&%‘f’bmpgge
solution wth aLndlthpI artafn tdm:qr&anqn Wwaith sheupresentnthvdret S61emayf be
allowing the r ) e_So co r uspendi ng
the nixture. Pe%gr"%% %tggtnlélé%}elé ag ‘%’#;efe(r)ng%(%oﬁlgiet%%ronng %me;& 3&“5’3’@ 5P a
sol ution reser \Eberant) dihegy qmq@%@mveahprsmq:@hly rcon tedalse d lemendisner
wherein tlge prefiRht @%n&@l e 3N rlofp 11i10% %uahe% hB3er %83& Eﬁﬁege}@%% -

59 pressure | ower than a vapor pressure o m xt ure
net hod accordi R§ tBechafh genwner erRdioRe R dmars Hhea@ tyos mréﬁerﬁ fer

during which ter@extinge SBbEbFEY &f8bHAMRE R fidh 5168%13 & Dm;%séaﬁeheet hree
weeks. 12. A nethod a ord rther risin | aci ng the

decar banyl ase §8F59f‘18 Pﬁaa %?%Ee@QSP%SBWYiEHF B FaAUehfeer
the step of prdhedxmrdédwel atevachanmabse codtadhetd promeliergiah bperatsirng

'step conpki ses df%gébﬂg ﬁﬁd{fxﬁéc%ﬂ{é ant t§:| ggélaq:n tr{]ﬁ_gﬁggattggg signal,

rane in car barry
and, if necessary, a repressor gene or various activator

sem - per neabl e

genes, and a régulatory seQuenceiencoding a stop signal.
In some émbodiment, 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 des_ired DNA sequence must be operatively linked
to the regulatory sequences. Specifically, the
decarbamylase mutant encoding sequence under the control
25 of the regulatory sequences must have an initiation signal
(i.e., ATG) to maintain an appropriate reading frame for
Vthepurposeofenablipgthissequencetoproduceanexpression
product. ‘ '

30 Any of a wide range of available, well known
expression vectors is useful for expression of a sequence
encoding the mutated decarbamylase of the present invention.
These include known bacterial plasmids (e.g., pBR322), a



'13. A nethod according to claim8, wherein the m xing step 15 conpri ses
gradual |y adding the precipitant solution to the decarbanyl ase sol ution,
and the step of allowing the resultant m xture solution to stand conpri ses
allowing the mxture solution to stand in a seal ed contai ner. - 60 14.
Deaar banyl ase characterized by a stereostrqgcture having protein
stereostructure topology represented in the followng figure: 5 10 15 20 or -
an active fragnent thereof. 15. Decarbanyl ase having a four-layer sandw ch
structure containing a secondary structure containing four a helices and

twel ve B sheet snor®d widle dddt/ &drd BN ip IR -(e.g-, ®p4,5 pHhge DNa),
2p plasmid, or yeast plasmids as derivatives thereof, and

vectors consisting of fragments of a chromosomeal DNA

sequence, a nonchromosomeal DNA sequence, and a synthetic

5 DNA sequence, such as a vector obtained by a combination

of a plasmid and phage DNA.

Any of a wide range of regulatory sequences which

regulate the expression of a DNA sequence when operatively

10 linked to the DNA sequence can be used in a vector. Examples

ofsuchusefulexpressionregulatorysequences1ncludeother

sequences known to regulate viral gene expression and a
combination thereof. | '

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

20 host cells.

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

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

. possible for those skilled in the art to select appropriate
vectors,expressionregulatorysequenqes,andhostswithout
conducting undue experimentation or departing from the scope

30 of the present invention.

For example, the replicatidn ability of the vector
must be taken into consideration'in screening. Various



20 25 16. Decarbanyl ase, wherein am no acid residues thereof involved in an
enzyne reaction are one cysteine residue, two glutamc acid residues; one

| ysine residue, and a substrate of the enzyme reaction is

D- N- car banoyl -a-am no acid; and a substrate-binding active site thereof is
characterized by a stereostructure represe@t ed by H Hag, a3 ~ / y$,~d NN
~Ar~r 1 x 0 N\w~+ NN-+ Qu~~~_ . ~ 0 H "™ O N..-SHO0"" H~R
~y~171j. . C~u~1 4 HN J H NH+ H where a substltute R is a side chain of
D- N-car banoyl -a-ami no acid, or a decarbanyl ase nmutant, or an active

fragnent theredfactolks m&@te'béyn[fhk’&leiﬁlté hﬁaﬁm&w&ﬁwﬁa%&ebuﬁgy
wherein a substrate thereof |s D- N- car banoyl -a-am no_aci d, wherein

enzyme nol ecul XL RFPIRIZTREY S2AUER rneﬁxémpé?slﬁa'%l?e%ﬂ-ﬁﬁl&@ieds
correspondi ng tthd hﬁl&@&b@%ﬁﬁeﬁﬁtﬁ%ﬁ@ gys@bmoEthé Qé‘&uatokyoabalitﬁ u at
position 46 , d’)r/n aﬂh{osmlog ﬁg ggu at I\EA)SIUOI‘] 145, and Cys a
position 171, 4G t PORP{ %15 #FYt Wér DNA gsequence, ,SREoding, Gpﬁg to
claim17 5 wherdddarbanyla@act | @utant  of the present  invention.
Particularly, the compatibility with a potential secondary
structure should be taken into consideration. A host should
be selected by considering the compatibility with a selected
vector, the toxicity of the decarbamylase mutant to the host,

10 the ability to secret mature products, the ability to fold
aprotein and the ability to form an appropriate higher-order
structure, 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 sgveral

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. Isoelectric points



based on a ste

- 62 the D N-carbanoyl-a-am no acid can interact with am no acids
corresponding to Lys at position 126, His at position 143, Qu at position
145, Arg at position 174, Arg at position 175, and Thr at position 197 of
SEQIDNO. : 1 or 2 at the active 5 site cavity, or an active fragnent
thereof. 19. An enzyne according to clai.my}7 or 18, wherein am no acids
corresponding to Gu at position 46, GQu at position 145, and Cys at

" position 171 of SEQID NO: 1 or 10 2 have a hydrogen bond via a water

nol ecul e at the active site cavity, or an active fragnment thereof. 20. An

enzyme nol ecul racCaRiadhied %ya@;xéloaqe@ftr@pwdﬁsm 19 aWkeiRiafceh@ith a
D- N- car banoyl -a-am no _acid. js _sel ected fromthe 1317%“)“ conS| sting _of

D- N- car banoy| - PiséRPdAeerRibes N Heldfifi4 Spar ARG rcPned97

D- N- car banoy! - uh@rml )al ani @@cafbainymbarmyétaﬁh imeridy N m@n@mw kuzFagene,
D- N- car banoyl - cyst el ne, u% -aspartic. acid, N-car mi)éutgl utam c

acid, 20 D N-c &é‘ngb | Shebged; Ry
D- N- car barsoy| - iamjnmmmpo&t\lmﬁmaﬁmﬁe élyﬁfwe oBtheO;ﬁtﬂ;alﬁm,yhs beummed

D- N- car banoyl - ni_ne arb D-N-c¢ rollne
D—N—carbanDyI-gF q&ﬁ gruCQBFﬁ- &P%gﬁﬁﬁFl Pgl PEeBR ¢ 3 & serine,
D- N- car banoyl -t hr eoni ne, D-N-carbannyl-tryptophan and

D oar bamoy] - tyr osi nepugkngfh fstueed TR sbPELREE <AL niigEaLhany! ase

conpl ex character |_zed re o
decar banyl ase, agtawtidit c@mem@tﬂ wigh nativei d@cwwmﬂ herlingf acihuity

D-N-car bagpy! - g RAC! feQiriimy f&%é‘oﬁéc 'd@:rte‘ﬁﬁ%h%'dn H;Peméé’é‘ili’i-fﬁ(g' Its

constructed with a nol ecul ar desi'gn tec
st er eost ruct ur ébéflmc‘aqammes@eDch@aubﬁgowé @tl-amnm@@pdlt@ Doa-amipet hod

for designing deqardwing asaseuyay Ges6pIPéd heteih (e BxampDé 7eelew)ng the
decar banyl ase- r}@_ut ant s hif"l ng a physical property and/or a function nodified

E86sEXG0Pafe of decarbamyl ase according to any one of clains
14, 16, and 21. 10 23. A nmethod for designing decarbanyl ase mutants,

compri si Q% D-a-amino acids produced by utilizing the

decarbamylase mutant of the present invention may be used

as pharmaceutical intermediates (e.g., 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-a-amino acids produced by utilizing the

decarbamylase mutant of the present invention may be used

as pesticide intermediates (e.g., D-valine) to produce

pesticides (e.g., fluvalinate). A pesticidal composition

30 containing the thus-produced pesticide may also be provided

according to t\he present invention. The pesticidal

-composition may cdntain an agriculturally acceptable

auxiliary component including a excipient, a stabilizihg



“wherein the nodification e

"the step of: preparing a crystal of an enzyne havi ng decar banyl ase

activity; determning a stereostructure of the crystal by subjecting the
crystal to X-ray crystall ography; and designing the decarbanyl ase nutants
15 having an inproved physical property and/or function based on the

determ ned stereostructure. 24. A method gccording to claim23, wherein the
stereostructure is a stereostructure of decarbanyl ase 20 according to any
one of clainms 14, 16, and 21. 25. A nethod for designi ng decarbanyl ase
mutants, conprising the step of: preparing a crystal of an enzyne having
decar banyl ase gggﬁwttggdyiyygp'ngﬁgha stereostructure of 25 the crystal by
subjecting the crystal to X-ray crystall ography; desi gning the decarbanyl ase
nmut ant s havi ng an i nproved physical property and/or function based on the

‘det er mi ned st er eost r uChUpLam @@ pr&g&@éngﬁggauggaar l@fflfylggtsthéo 26.

A met hod according to claim wherern t stereostructure 1s
st er eost r uct ur 8eSRrharyHEsey Musanicesr thagp¥eseny bieenftian Maw bpqused and

21. - 64 27asAifekbpdqaaeesd(8dgt 0 Slaismihe IMETRIALINS IH 8R4 of
designing the dec rgagglase nutants_1s intended for a nodification of one

or nore charact@ tiyesnto prodnce £0ad A e (g grodpitamelst i ng

of a change in substrate specificity, a change in specific activity, an
i nprovenent in stability, optim zation of ti H, and ¢hange i n water
solubi Lity. 10 28 . A Kb AORRECoAARIMST ' S Brerenh fRgention,
nodi fi cati on ofinbAbditbasaciferdstarsanflase matantsi ot usiesymes | BRinQYefrent
in stabihkigty. ol cl.aj wher &l tant 15
0
designiné for gﬁefﬁﬁg§®§2§%$%%%hg#§%%%ﬁ?yﬁ?gg%éggé a ﬁ%igp%g%i&ﬁgﬁuﬂFXQ
substituti on obeadlemtignedachyl ntildadnghitble |sadwtural romformabiom of
activity due tgeghrbgiydakel" 1Hse %m@%ﬁ% HI a8 GiBh T £¢/ the
20 of the characteristics of the enzyme includes a
change in specitPP&PALOEFi t PSandIRg ni AR bFvept | weaeppetBlive, or
dfca{bany|gEGnghgghggbﬁtﬁﬂedb&ké? @npﬁﬂﬁ?ﬁﬂdm@lﬁﬁtF@ﬂpﬁ%ﬁgrébﬂﬁaiﬂbﬁéy one
of clai - 30. . t ho or nodi fying.a pol ypeptide _or protein
enzyne Hzéing 3“ﬁ¥Wﬁa¥§a§m$§5q@ﬁh%Fiﬁﬁ} qﬁﬁ%qﬂing{g%gﬂgprgffogmulas
decarbanyl ase by Segelzi hgHa, skrezywos tRircituires 0fJ .déddelyanysane, C(YysTH) . -
acpordlng to aﬁﬁr@ﬂgrgftﬁéaiﬁﬁiﬂiEBrs may be designed using information
of reactionintermediates of decarbamylase orenzymes similar
thereto- (e.g., the stereostructure of a complex with a
20 substrate or reaction product). Such information may be
useful for design of improved analogs of kpown compounds
which serve as inhibitors of known decarbamylase or enzymes
thereto, and a novel class of inhibitors.

25 Inastill anotherembodiment of the present invention,
thestereostructureofdecarbamylaseofthepresentinvéntion’
may be utilized to modify polypeptide enzymes or protein
'enzymes (e.g., amidase or nitrilase) having an amino acid
sequence similar to that of decarbamylase. = Such

30 modification may be conducted in a manner similar to that
+for the above-described mutant design. The “similar
polypeptideenzymeorproteinenzyme"pfeferablyhasanamino
acid sequence which is identical to the amino acid sequence



30 or a stereostructure of decarbanyl ase according to any one of clains 14,
16, and 21. 33. A system for designing decarbanyl ase nutants using a - 65
conmput er, conprising: means for determning a stereostructure of crystal of
an enzyme havi ng decarbanyl ase activity; and neans for designing the

decar banyl ase nutants having 5 a physical property and/or a function
"inproved based on the determ ned stereostructure. 34. A conputer readable
recordi ng medi umrecording a program for executing a process for designing
decarbanyl ase nutants, 10 wherein the designing process conprises the steps

of : inputting ¢at deBhrBhik ?ﬁ.ﬁlseofe SORYER ﬂaﬁ%@@gxﬁwrbamaéeo@% ltHd Y
det er m ned by subjectlnqaghe crys -raﬁxcrysta ogr aphy

desi gni ng the detdrtand éﬁ@gﬁﬁﬁﬂﬁﬁP%. FepRpseniativeer al lesstor a

function inprowed basedepablheatel &agi nrrk Sta%eﬁékéugwféraﬁ # rl%%%rtd' ng
medi um recor di ng_data descri Ing a stereostructure of a decarbanyl ase

nut ant obt ai nedWy &b BTSN ard ¥ Wdithy nesregte o & redmm defdrdaca of
crystal. & an tzyeEivevite clegaclehinfsasaqld Yahye detaiiidgdi@humber

subj ecting the crystal X-ra stal |l ograph and eS| ning the
decar banyl ase mitr &t K6 rjré7 ﬁ§ ié | 2849 Jp‘? pﬁﬁlyi Agids
i rrproved based cim4iehe LgstL@®Byi Gedmseraﬁat cylelmein gEdl 1D NO.: 1 or 2),

A @AS. ASS. Ay, r%%fres%nta%i@el@aé least ébf‘s ¥> e'f%%\a{tblesa@ %.'e%lfzst 80%, more:
preferably 90%, and even more preferably 95%.

10
As an example of the transformation of a
characteristicofEicertainenzymeusingthestereostructure
of an enzyme similar thereto, there is a study in which the
substrate specificity of an enzyme called expandase vas
15 transformed by utilizing the similar stereostructure of an

isopeniciilin synthetic enzyme. See International

Publication WO97/02005. 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 primafy 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,thésubstratespecificity

of expandase was transformed to produce a mutated enzyme
which can act on penicillin G.

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



. A@ . A@ . A&SE . ASY . A&SY . AsS ._A@%A‘h.Au, .ASE . ASSY . A" @ .Ay2 .AS
.ASSY . ASfE . ASE . Asu@ .As@ .ASE . Asy2 .ASY

- 44 -

_Schaffer, J, -H., Zhang, Z. Zhang, W. Miller, andD.J. Lipmém
(1997) Nucl. Acids. Res. 25:3389-3402 (1997)): Unix-base

GCG Wisconsin Package (Program Manual for the Wisconsin
Package, Version 8, September 1994, Genetics Computer Group,

5 575 Science Drive Madison, Wisconsin, USA 53711; Rice, P.
(1996) ProgramManual for EGCG Package, PeterRice, The Sanger
Centre, Hinxton Hall, Cambridge, CBL01RQ, England) and the
ExXPASYy World Wide Web molecular biology server (Geneva

‘ University Hospital and University of Geneva, Geneva,

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

According to the present invention, polypeptide or
protein enzYme mutants having an amino écid 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. ' ‘ o

In another aspect, the present invention provides
20 asystemfordesigning decarbamylase mutants using a computer.
This system comprises means for determining the
steredstruc_;:ture of a crystal of an enzyme having
decalbamylase activity by X-ray crystallography, and means
for designing the decalbamylase mutants having improved.
. 25 physical property and/br function based on the dete_rmined
| stereostructure. The computer system of the present
invention may be cqnstructed using a computer system known
in the art (e.g., the known systems in the art as described
herein).
30
. According to the present invention, a compﬁter
readable recording medium in which the three-dimensional
coordinatedataof the stereostructure of the above-described
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??27?7?7?p ?~?0???7°#Ee31gnLprogess of a decarbamylase mutant. In this case,

10 the design process may comprise the steps of inputting data
qf 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 prévides a
recording'medium in which data describes the stereostructure
ofadecarbamYlasemutant. 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
anddesigningadecalbamylasemutant having improvedphysical
property and/or 4function based on the determined
stereostructure.

25 Thepresent inventionwillbedescribedinmoredetail

| in the following examples. These examples are provided for
the purpose of illustrating the present invention, but are
not intended to limit the present invention.

30 (Examples) _
Reagéntsusedinthefollowingexampleswereobtained.
from Nacalai Tesque, Wako Pure Chemical Industries, Ltd.,
or SIGMA (St Louis, MO, USA) unless otherwise mentioned.
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5 (Example 4) Collection of X-ray Diffraction Data of

Decarbamylase Crystal

To conduct analyses by a multi-wavelength anomalous

dispersion method, diffraction data was obtained in the

radiation light facility Spring-8. Such measurement was

10 conducted using the EMTS derivative crystal frozen in liquid

nitrogen. For the measurement, three wavelengths (0.98,

1.00, and 1.27 A) were used, taking anomalous dispersion

of mercury into consideration. Three

wavelength

diffraction data were all collected from a piece of crystal.

- 15 - 53 frames of diffraction image data obtained were processed

by a data processing program DENZO (McScience) and the result

is shown in Table 2. The native crystal of decarbamylase

was measured in the frdzen form using 1.00 A wavelength to

obtaindiffraction data and the results are shown in Table 3.

20  See "X-sen Kaiseki Nyumon [Introduction to X-ray Analysis]”
(Masao Kakuto et al., Tokyo Kagaku Dojin) for terms such
as independent reflectivity, lattice constant, etc.
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'Q 109%& () - Crystal of Decarbamylase

5
Wavelength Resolution R~merge Yield Independent Unit cell
reflection constant coﬁstant
(A) () (%) (%) ' . (A)
0.98 1.8 51 985 56679  2=66.92
10 ' ‘ b=135.50
_ €=67.30 -
1.00 18 4.7 98.5 57493 2a=67.23
] . b=136J3
- _ c=67.65
127 2.0 58  86.5 36870 a=67.13
s b=136. 00
15 c=67. 54
R-merge indicates an error between each of a plurali‘ty of
- frames measured. '
20 : | ' Table 3
Results of Processing Diffraction Data of Native Crystal
of Decarbamylase
25 Wavelength = Resolution R-merge Yield Independent lattice
v . reflection constant constant
() (4) (%) (%) ' (1)
0.93 1.7 . 6.4 96. 1 68536 ~ a=87.84
b=137.83

30 , ¢=G8. 39

R-merge indicates an error between each of a plurality of
- frames measured.
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10* SSUQUUWY Vz XGaY tthei' mdéri'v{d%ﬂ@(yﬁﬁfs(ﬂa‘ls' W4 ol 'For 110U Was
'H -#10% () - ! V_s%}n%cf&tg)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 4), and two
-mercury atoms (mercury 1 and mércury 2) were identified,
and the coordinates thereof were calculated. Toconfirmthis,
20 a phase was first calculated using only the coordinate of
mercury 1, and this phase vwas then used to calculate the
coordinate of mercury 2 by difference Fourier calculation
using the phase. Whether or not a peak from mercury 2 and
a cross peak of mercury l-mercury 2 were present in the
25 difference Patterson map was then determined. 1In order to
find the positions of other bound mercury atoms, heavy atom
position parameters were refined and phase calculations were
perfofmed using the coordinates of mercury 1 and 2. The
positions of the mercury atoms were calculated by' difference
30 Fourier calculation. Self peak and cross peéks were
confirmed in amanner similar to when mercury 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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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
10 performing a solvent flat'tening method and a histogram
matching method with the program DM (CCP4 package, SERC),
the phase was gradually extended from a low resolution to
a highv resolution (where the solvent region of the
decarbamylasecrystalwas 35%), therebyimprovingthe initial
15 phase. It had been known from the measurement of crystal
densitythat the decarbamylasecrystal contains twomolecules
in a non-symmetrical unit. By utilizing +the
non-crystallographic symmetry, the electrondensity (called
NCS a'veraging) was averaged to improve the phase. To apply
20 this method, firstly, the noncrystallographic two-fold axis
in the decarbamylase cryst‘al 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-dimensiohal
25 graphics. It was found that two lines connecting between
the middle points between the coordinates of the mercury
atoms are perpendicular to each other on the Z axis (a
crystallographic two-fold axis). . Therefore, it was
inferred that the decarbamylase molecule has three pieces
30 of symmetry, i.e., two noncrystallographic two-fold axes
and one crystallographic two-fold axis (222). Each section
of the electron densitymapwas observedindetail to determine
the coordinates of the centers of the two molecules and
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' continuous electron density; in the middle of the figure,
electron densities corresponding to the amino acid side
15 chains identified as Glu46, Cysl71, and Glul45 were observed).
In secondary structure portions such as a helices or f§ sheets,
the formation of amino a’cid'priricipal chains could be clearly
tracked, and the electron density of an aromatic amino acid
side chain and the like were also clear.
20 )
' (Example 6) Construction and Refinement of
Stereostructure of Decarbamylase Model
Based on the electron density map obtained in
Example 5, the stereostructure of the decarbamylase model
.25 was assembled on the three-dimensional graphics with Program
O (Uppsala Universitet). 1In order to match the electron
density to the amino acid sequence, firstly, partial amino
acid sequences having characteristic electron densities,
such as a tryptophan residue, were found and the partial
30 structure of amino acid residues matching the electron
densities was constructed with reference to the amino acid
sequence using Program 0. By successively repeating this
process, all of the amino acid residues of decarbamylase
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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
1mproveme_nt in stability was observed. the dihedral angle

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

25  -present invention has a dihedral angle which is
characteristic to the a helix structure. In general, it is
known that a proline residue serves as a residue which
unstabilizes ordestroysthe helix 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. Since thisportionhasadihedral

angle which is characteristic to the helix structure, by
substituting the proline with an amino acid residue suitable
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to formation 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-occurringaminoacidsmutation,andthestructural
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
forthisportionwhere themore the desired amino acidmutation,

the lower ‘the structural energy value. Asaresult, as'partic

acid > threonine > serine > valine > glutamic acid > isoleucine

> alanine > phenylalanine > tyrosine > leucine > histidine

15 > asparagine > glutamine > cysteine > proline. The
denaturating temperature of the amino.acid mutants prepared

in 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 subst;i.tuting proline

with other amino acids. When proline was substituted with

A 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 and, .
| as a result, the stability higher than that of other mutants
can be obtained. The reason why an increase in the s‘tability

of a His mutant is ATm=3.4°C which 1s smaller than that of
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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 4 Pogition 203
Mutant strain Mutation site Amino acid mutation Denaturaring ATm
t‘emperature {°c)
25 404 - Pro203 Leu 68.0 6.2
. 406 Pro208 Ser 86.5 4.1
429 Pro203 Glu : 70.0 8.2
445 Pro203 Thr 67.5 5.7
468 Pro203 Ala 67.17 5.9
469 Pro203 lle 87.2 5.4
470 Pro203 Iis 65. 2 3.4

30
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.measured by subjecting the reaction solution to high
15 performance liquid chromatography using D-phenylalanine
where D-a—pérahydroxyphenylglycine 'whdse 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 et 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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stereostructure of the enzyme is the only one that has been
determined among amidase or nitrilase which have
stereostructure similartothat of theenzyme. Itisapparent
fhat the stereostructure of the enzyme can be really applied
5 in the industrially applicable fields of these enzymes.
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1. Decarbamylase crystal having a space group P2;2,2 in the
orthorhombic system and an amino acid sequence set forth
5 in SEQ ID NO.: 1, or a space group P2;2;2; in the orthorhombic
system and an amino acid sequence set forth in'SEQ ID NO. 2.

2. Decarbamylase crystal according to claim 1, wherein the
crystal has a unit cell in the form of a rectang'ulér

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 tectangular
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 unif cell in the form of a rectangular A
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 accordihg to any one of claims 1-4, wherein the
crystal contaivns at least one or more heavy metal atoms per

decarbamylase molecule.

30 6. erstal according to claim 5, wherein the heavy metal
’ atomis any of mercury, gold, platinum, lead, iridium, osmium,

and uranium.
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7. Frozen crystal, prepared by freezing decarbamylaée
crystal according toanyoneof claims 1-6 inliquidnitrogen.

8. A method for preparing a crystal of decarbamylase,
comprising the steps of: providing decarbamylase solution
having a concentration of 1-50 mg/ml; providing precipitant
solution containing polyethylene glycol (PEG) or
methoxypolyethylene glycol (PEGMME) having a concentration
of 5-30 wt%, and a buffer agent having a concentration such
that pH 6.0-9.0 1is provided; mixing the decarbamylase
solution with the precipitant solution{ and allowing the
resultant mixture solution to stand for a predetermined

period of time until the decarbamylase crystal is grown in
the solution to a predetermined size or more. ‘

9. A method according'to claim 8, wherein the mixing step
compriées mixing a droplet of the dedarbamylase solution
with a droplet of the precipitant solution, and the step
of allowing the resultant mixture solution to stand comprises
suspending the mixture droplet obtained in the mixing step
on a solutilion 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 preséure of the mixture droplet.

10. A method according to claim 8, wherein the mixling 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
suspending the mixture droplet obtained in the mixing step
on a droplet stage of a solution reservoir holding the
precipitant solution in a sealed'container, wherein the
precipitant solution in the solution reservoir has a vapor
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pressure lower than a vapor pressure of the mixture dropiei: .

11. Amethod according toclaim 8, wherein the predetermined
period of time during which the mixture solution is allowed

to stand is one day to three weeks.

12. Amethodaccordingtoclaim 8, furthercomprisingplacing
thedecarbamylase solutioninasizeexclusionsemi-permeable
membrane after the step of providing the decarbamylase
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
comprises gradually adding the precipitant solution to the
decarbamylase solution, and the step of allowing the
resultant mixture solution to stand.comprises allowing the
mixture solution to stand in a sealed container.
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14, Decarbamylasecharacterizedbyflstereostructurehaving

protein stereostructure topology represented in the
following figure:

10

- 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 f§ sheets, or an active fragment thereof. .
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where a substitute R is a side chain of D-N-carbamoyl-o-amino

acid, or a decarbamylase mutant, or an active fragment
thereof.

25 17. Anenzyme moiecule having decarbamylaée activitywherein
a substrate thereof is D-N-carbamoyl-a-amino acid, wherein
the enzyme molecule has an active site cavlity 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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and Thr at position 197 of SEQ ID NO.: 1 or 2 at the active

5 site cavity, or an active fragment thereof.

19. An enzyme according to claim 17 or 18, wherein amino
acids -cbrresponding to Glu at position 46, Glu at
position 145, and Cys at position 171 of SEQ ID NO.: 1 or

10 2 have a hydrogen bond via a water molecule at the active
site-caVity, or an active fragment thereof.

20. An enzyme molecule according to any one of claims 16-19,

wherein the D-N-carbamoyl-a-amino acid is selected from the
15 group consisting of D-N-carbamoyl-phenylglycine,

D-N-carbamoylJparéhydroxyphenylglycine,

D-N-carbamoyl-phenylalanine, D-N-carbamoyl-valine,
D-N-carbamoyl-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, 4 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-o-amino acid or D-o-amino acid, wherein the
complex is constructed with a molecular design technique
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22. Amethodfordesigningdecarbamylasemutants, comprising

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

15 having an improved physical property and/or 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 for designing decarbamylasemutants, comprising
the step of: preparing a crystal of an enzyme'having
: decarbamylase activity: determining a stereostructure of
25 the cryétal by subjecting the crystal to X-ray
crystallography: designing the decarbamylase mutants having
an improved physical property and/or function baséd.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. v
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10 28. Amethod accordihg toclaim 27, wherein the modification
of the characteristics of the enzyme includes an improvement
in stability.

29. A method according to claim 28, wherein the mutant

15 | designing for é.nlimprévement in stability 1nclude_s amutation
including substitution of an amino acid residue which leads
to a reduction in activity due to air oxidation. |

30. Amethodaccordingtoclaims 27, whereinthemodification
20 of the characteristics of the enzyme includes a change in
specific activity and optimization of optimum pH. '

31. Adecarbamylase mut ant obtained with a production method
according to any one of claims 25-30.

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

of claims 14, 16, and 21.

33. A system for designing decarbamylase mutants using a
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computer, comprising:

means for determining a stereostructure of crystal
of an enzyme having decarbamylase activity; and |

means for designing the decarbamylasemutants having
a physical property and/or a function improved based on the
determined stereoStrueture.

34. A computer readable recording medium recording a program
forexecutinga;mncessfordesigningdecarbamylasemntants,
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
physical property and/or a function improved based on the
determined stereostructure.

.35. A recording medium recording data describing a

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

~ decarbamylase activity determined.by sub jecting the crystal .

to X-ray crystallography: and

de51gn1ngthedecarbamylasemutanthavingaphysical
property and/or a function improved based on the determined
stereostructure.



