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depends on thgyRtRELEQNLE PAIEL 1-amino acids with regard to low-cost
10 starting material and complete turnover of substrate.

Several hydantoin degrading micro-organisms have been
isolated and the ehzymatic conversion of 5 -monosubstituted
hydantoins was studied in detail (Syldatk and Pietzséh,
"Hydrolysis and formation of hydantoins® (1995), VCH

15 Verlag, Weinheim, pp. 409-434; Ogawa et al., J. Mol. Catal.
B: Enzym. 2 (1997), 163-176;Syldatk, C., May, O.,
Alfenbuchner, J., Mattes, R. and Siemann, M. (1999)
Microbiol. hydantoinases - industrial enzymes from the
origin of life? Appl. Microbiol. Biotechnol. 51, 293-309).

20 The asymmetric bio-conversion to either L- or D-amino acids
consists of 3 steps:

(i) chemical and/or enzymatic racemization of 5°'
substituted hydantoins,

(ii) ring opening hydrolysis achieved by a
25 hydantoinase and

{iii) carbamoylase catalysed hydrolysis of the N-
carbamoyl amino acid produced in the second
step.

The chemical racemization of hydantoins proceeds via
30 enolisation. The velocity depenas on the electronic nature
of the residue at the 5 -position (Ware, Chem. Rev. (1950),



of the residue at the 5 -position (Ware, Chem Rev. (1950), WD 01/23535
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process. For exanple, at roomtenperature and pH 8.5 only about 10 % of
L-IMHis racemzed to DDIMHA in 20 hour (8yldatk et al., "Biocatalytic
production of am no acids 5 and derivatives” (1992), Hanser publishers, New
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ment i oned t ask. spe cenmase acco Ae" T hventi on can
advantageousI)XQ§¥ rp. 75- 176 Syldatk et al. “Hydrolys1s and formation

of hydantoins®" (1995), VCH Verlag, Weinheim, pp. 409-434)
15 and a Pseudomonas species (Watabe et al., J. Bacteriol.
(1992a), 174, 3461-3466; Watabe et al., J. Bacteriol.
(1992b), 174, 7989-7995). Only the latter is also
- characterised in terms of nucleotide sequence and genetic
organisation. |

20 It was, therefore, an object of this invention to provide
another rec-hydantoin-racemase, which is able to racemize
hydantoins under physiological conditions with an
acceptable rate for their implementation in a process for

. the production of enantiomerically enriched amino

25 .carboxylic acids on industrial scale.

Providing the recombinantly derived hydantoin-racemase from
Arthrobacter aurescens DSM 3747 (Seq. 4) is responsible for
the dispense from above mentioned task. Especially, the
racemase according to the invention can advantageously be

30 incorporated in a large scale process for the production of
enantiomerically enriched amino carboxylic acids. The
feasibility of providing the racemase in a recombinant
manner is the clue for acceptance of this process in view
of economic efficiency. '



30 incorporated in a |arge scal e process for the production of
enantionerically enriched am no carboxylic acids. The feasibility of

provi di ng WOeL338&5enase in a reconbi nant rmanner i s the FCHEPPUBSHMCccept ance -

of this process in view of econom c effi %i ency. WO 01/ 23535 PCT/ EPOO/ 08580
3 Furthernore, a gene (Seq. 3) encoding for the racemase according to the
I nvention is protected. The gene with relation to the framework of this

i nvention is §9fﬁh@ﬁ“&e groggngf (g%?esj)c%g‘gggﬂ @J_L It_ﬁ%o%g Q}ng genes
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Especial |y, tppsegemitiiicoredel.n Studier et al., Methods Enzynol. 1990, 185,
61-69 or those presented in brochures 15 of Novagen, Promega, New Engl and

B1 ol abs, G 0N £oUHnel RiBoalRlnd! th ARt fob Atk 8s BRASARD! | cab! e

pl asm ds vectors can ning: a practical approach:
Vol une |1-111 V%‘b??’é?jab"ﬁl mEFrR/l'mE?%ﬂ/’eﬁms ‘| RElF*e%%’“FETJ(fe thrf g ¥ashi ngt on
DC, 1985, 201ﬂ§l£’a7nt Reweacdon . ithimnheCorasaunirtk oF thAssimesntforvectors

o LUt | o AaaLon, 8Ly 61ONGH DR Do Foaritlile Wilin BRGTAOUCZ, R L

and Denhar dt Vectors But t er wor 1987,
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known to the skilled worker are incorporated herewith.
Especially, those mentioned in Studier et al., Methods
Enzymol. 1990, 185, 61-69 or those presented in brochures

15 of Novagen, Promega, New England Biolabs, Clontech or Gibco
BRL are deemed to be suitable. More applicable plasmids,
vectors can be found in:

DNA cloning: a practical approach. Volume I-III, edited by
D. M. Glover, IRL Press Ltd., Oxford, Washington DC, 1985,
20 1987;

Denhardt, D. T. and Colasanti, J.: A surey of vectors for
regulating expression of cloned DNA in E. coli. In:
Rodriguez, R.L. and Denhardt, D. T (eds), Vectors,
Butterworth, Stoneham, MA, 1987, ppl79-204;

25 Gene expression technology. In: Goeddel, D. V. (eds},
Methods in Enzymology, Volume 185, Academic Press, Inc.,
San Diego, 1990;

Sambrook, J., Fritsch, E.F. and Maniatis, T. 1989.

2nd

Molecular cloning: a laboratory manual, ed. Cold Spring

30 Harbor Laboratory Press, Cold SpringHarbor, N. Y.

In addition, primers useful for the amplification of the
gene of the invention in a PCR are protected similarly.
Primers which are feasible are for example:



Met hods in Enzynol ogy, Volunme 185, Academ c Press, Inc. San Di ego, 1990;
Sanbr ook o sch, E.F. and Maniatis, T. 1989. I\/ble ing: a
IaboratoryVIlm:Sll}llgiglEst 2a ed. Cold Spring 30 Harbor Laborat g%&fﬁofebgési@
SpringHarbor, N. Y. in addition, priners 4seful for the anplification of
the gene of the invention in a PCR are protected simlarly. Prinmers which
are feasible are for exanple: WO 01123535 PCT/ EPOO/ 08580 4 S1137

5' - AGAAGATAT GRGMAT CCTEGPASFCARGAGAATCCTGIREATCAA-81:188eq. 1)

5' - AAAACTGCAGCTAGAGGTACTGCTTCTCTG 3' (Seqg. 2) Furthernore, all other
primers whi chsgosig ds SEAAPACTGEOABCTRGACETACTECT TICTCEEt- 8 on(Seg. vihi ch are known
to the artisan are 5 deened to be useful in this sense. The findi ng of a

suitable pri gfﬁrtﬁeﬂm D130 BRALES PR HREDNBL 8

transl ation am no acid sequences I nt.o codon of or gam ?r% in
question (e.gouFoFhst reptethios ard WW?%ﬁr%WW t@eﬁlée 1@@25""1‘13“55 65) .
Simlariti®s daedéd atd rse amerfuseqneﬂhm; Singar.oMhen£indisg cnialal ed

superfam | i esgugggb%gg%%pl dggnge@r fa‘?:‘}.s(:ﬁ' Besﬁﬁ%eﬁN , Chemi stry

& Bi ol ogy 199 tronal "1 it or mat i on can ound in
O i gonucl eot | §8TEEREPR IS ErANFLaLL PR APE aPﬁ‘Hr"@aéﬁl SETERRFSS MtP. thgit, IRL

Press Ltd, O(f::OdanhtHEgtdI@aﬁGIsmlEnl@&éhtlB@?(Br gtoﬁoi:sscr%;gm’u@eetenrret hods
and appli cat i@\ egiteld b)éegl Alsb s%gl ?lai] t:]1 nsky and
nc an ego 90

T.J. Wite. mc I'ess ose straeles are
‘i ncor por at@d wmef@%@@%@neﬁist AL PFRRGIGS ofbsai rahledrsunardamavafei on i s
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of amino car bexyl bfedpldner adeyhy2syps Adtetha PLeShallon cah b8 Used

according to

found in Ollgonucleotlde synthesis: a practical approach,
edited by M.J. Gait, IRL Press Ltd, Oxford Washington DC,
15 1984; PCR Protocols: A guide to methods and applications,
edited by M.A. Innis, D.H. Gelfound, J.J. Sninsky and T.J.
White. Academic Press, Inc., San Diego, 1990. Those
strategies are incorporated by reference herewith.

Another embodiment of this invention is the use of the

20 racemase of the invention in a process for the production
of amino carboxylic acids or derivatives thereof.
Preferably, it is used according to the invention in a
process for the production of enantiomerically enriched
derivatives. Most preferably, the use is conducted in a

25 covalent enzyme-membrane-reactor (DE19910691.6) or after
non-covalent or covalent immobilisation to solid carriers
(DE 197 033 14).

In order to prove the enzyme function, the gene was
amplified by PCR from plasmid pAWl1l6 using the primers S1137
30 and S$1138 and placed under the control of a rhamnose
promoter provided by the expression system pJOE2702. The
resulting plasmid was designated pAW210 (Fig. 1). The E.
coli cells harbouring pAW210 exhibited specific hydantoin
racemase activities up to a maximum of 60 U/mg in crude



process for the production of enantionerically enriched derivatives. Most
preferably, the use is conducted in a 25 coval ent enzyne- menbr ane-react or
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anion exchange chromatography was accomplished as described

down under. The racemase was purified 10-fold to
homogeneity, with 35 % overall recovery (Tab. 1).

15 Table 1: Purification of the racemase HyuZ from E. Coli
JM109 pAW210

Step Volume| protein- [Volumetric| Specific Total Purifica~ | Yield
[ml] con. activity | activity |activity tion [%)
[mg/ml] {U/ml} [U/mgl fu} [-fold]
Crude 3 22.4 604 26.9 1812 1.0 100
extract
(NH, ) 2S04 2.5 7 317 45.2 792 1.7 a4
MonoQ at 8.0 0.8 64 313.0 512 11.6 28

3! protein was purified on MonoQ in 4 separate runs using 4 mg for each run.

The specific activity of the purified enzyme was determined
by standard enzyme assay with D-Benzylhydantoin as

20 substrate at 313 U/mg. In potassium phosphate buffer, pH
7.0 with 25 % glycerol, the purified enzyme could be stored
for at least 6 months at -20 °C without noticeable loss of .

activity.
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i1.6 28 oteln was purified on MonoQin 4 separate runs using 4 ng for
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I'n potassi um phosphate buffer, pH 7.0 with 25 % glycerol, the purified
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cal cul at ed valqaelmﬂawaS'aDaelcmf 2h85aPa tin thet SRS RPAGEhe sbsePrephoresi s
whi ch gavesa ra&éefeeh@geeylmlm;%v%f B}e@@lé@rm&fé% Cu1aECRASE JPNOTEr. On

~a calibrated co erose 1 relative nmol ecu mass of the
native enzyne”wj‘?ae#FWEHgdrT‘be"E?esedHﬁPBR‘Fﬁat%?f f’ﬁ}llPﬁé‘tEQS?°B&‘én % the
smal | subuni t sfpe2osieDd2aly, | the aralatyivef mbhecybdr hiasls lofr aheonaukedod

Within this rW%@%b%&f&d% o) aﬁggsﬁﬁhae&lgp 159 ibhhfﬁrz@ NGxamer .,

hept amer or octa effect, o H _an erature on the enzyne
activity and %C[ggﬁ ré“ﬂ?‘f“F’tfst‘?fgtzédkPﬁ gg. inaacuragy BE BRE| $8dn was
determ nedObetﬁmE!e:rraptHo& fletihdd WwikhiGonhéqueahdy , tisd Inativet angdemd hssays
vere perf or Medyglgelilel Bo B0 ARldIUhkERBET Al itarldd okabERhgEL] on of L-BH

was around 55 C;~ however the st ity the enzyme under assay
condi tions -El‘rhe ’ef ec%' <5>% g&?sa££lt%m%%E2 3lrgec(>jn et%n%?zmg activity and
stability are illustrated in Fig. 3-5. The pH optimum was
determined between pH 8.0 and 9.0. Consequently, all
15 standard assays were performed at pH 8.5. The optimum
temperature for racemization of L-BH was around 55 °¢C,
however the stabiiity of the enzyme under assay conditions
(Tris, pH 8.5) was only maintained up to 45 °cC.

Racemization of the 5-substituted hydantoins BH, IMH and
20 MTEH by HyuA was examined (Tab.2).

Table 2: Substrate specificity of HyuA

Substrate |Conc. |Relative Activity *)
(mM] |[%]

L-MTEH 0.9 7

D-MTEH 0.9 8

L-BH 0.9 100

D-BH 0.9 95

L-IMH 0.9 13

D-IMH 0.9 12

*) 100 % racemase activity corresponds to 313 p./lhg determined by

standard assay

L- and D-BH gave the highest rates of activity, whereas the
25 L- and D-isomer of MTEH were rather poorly racemised



Racem zat i on of the 5-substituted hydantoins BH, | MH and 20 MIEH by HyuA
was exam 12‘2 Tabl e 2: Substrate specificity of ng_g&l bstrate
Conc. Rel at99Y tIVIty[M\/] [% L-MEH 0.9 7 D MIEH 6 ®3%¥4 0.9 100
DBHO0.9 95 L-1MH 0.9 13 DIMA 0.9 12 %) 100 %racenmase activity
corresponds to 313 /ng determ ned by standard assay L- and D BH gave the
hi ghest rates of activity, whereas the 25 L- and D-isoner of MIEH were
rather poor| yimdicemisgd thex Odt Geadx PYEahPOdhO8kde preifedireatang t hat
aromatic hyda%( As,dmere preferred as substrates. The KM val ues of I MH and
BH coul d not be determ ned due to the limted solubility of the
substrates. Ins e 51 elgcitie at i fferent, copncentrations of
L- MTEH were ﬂ%ea rgalfu%ei%‘?iagé *3 U gﬁo@v@ﬁ eYpieq e tQcenase
i's inhibited the th@ls‘—eldsspbmelllmaﬂ tEeeaumt:tadws .sGbsteafetlmoncent r ati ons-
(> 5 mm isnhipifdion ke188sei¥etht al%e%ﬁeoeém&%%hersmglﬁmur escens

used for the 10 i nventi 03 V\%& 391 SI te Deugé Samm ung fur

M kr oor gani sit&H UFESYER ? 8 4FROWpP 0§55t
PCT/ _EP_OO/ 0858&c@1a_s§xaspinlslbﬁaﬁ doyi &hessulassmsa,tqollaslﬁ‘EHs BEweh grtoitow
conditions. Eudfdate concentrations (> 5 mM) inhibition is observed.

The microorganism Arthrobacter aurescens used for the
10 invention was desposited at Deutsche Sammlung fiir
Mikroorganismen under the accession number DSM 3747.




JMLO9 (Yanisch-Perron et al., Gene (1985), 33, 103-109) was 5 used for

cloni ng, se@wmAsn®g and expression the hyuA gene from Ar ipbvpaenidssso
aurescens DSM 3747 (Groff et al., Biotech. Tech. (1987), 2, 85-90). E

coli strains were cultivated in 2xYT lig8&i d broth or on 2xYT agar
(Sanbrook et al., Modlecular Coning: A Laboratory Manual (1989), Cold
Spring 10 Harbour Laboratory Press, New York). The nmedia were suppl enented
with 100 pg/ mMEX@mpileEk|lin to select plasmid carrying strains. The cul tures
were grown at 37C, for hyuA expression the gromh tenperature was reduced
to 30C. 15 Ceneral protocols. Al of the reconbi nant DNA techni ques used
wer e standard nmethods (Sanbrook et al., Ml ecular Coning: A Laboratory

Yoncti ons s Ba%?‘?ﬁé%@ﬂawﬂﬁb oS0 YoowRiC BonabEtlond! 68, (K92

reacti ons were_ per

r ecormendat i oH-Mg@ 8 %’cﬁ‘éh'l\ﬁﬂréaﬂ &t Bfloch%‘?ﬂ%allé ?'_{)NA 33eqhtcidfy WaS done
from pUC- Subaclsede fowi ¢ homuigneteenhehadng éxhdl(mqmnsofbl\léhesmnewe
(‘Pharmaci a LKByofr gk@ﬂfaﬁa@afemﬁgs@ghg%ﬁewms%%@nggai;' t @Iihe raceme

forward and reverse grl mer Expression of

gene was anplfefited (HY8POR Arsi®G0he Bri FRks %ff&?‘s(yere cultivated in
AGAACATATGAGARXECT UGG Get3 oratl SXIB8addr -(Sambrook et al.

ANAACTOCACCTAGREBTARIOCTIGHGEC 3 10800 A GifiaieBbab ¢ (Wasghedl ),

Bi ot echnol , (1999), 68, 101 nt ‘was” | hser
Ndel and #3t | Heppaur gkab QWCE)YDIP§§§FOHN%&W pJBee7pedi®g/¥eFe et al ., Mbl.
M cr obi ol . (1996pleﬁéntéd)3ﬁtm4b)) 1Lg/nl esipel qilladm dops¥Pdér plREMigSSi on was

i nduced by addit] {lné)f % ok I ) 8§§tﬁpe%\gbeq.g %%i%ﬁ ggﬁ.ﬁfé{)’%@%o 9

cultures at an o I cal nS|ty 0 f
cor r espondi ngef‘BrmB‘?Potf S| @EAMEE heFRestiee Washagduced to 30°C.

15 General protocols. All of the recombinant DNA techniques
used were standard methods (Sambrook et al., Molecular
Cloning: A Laboratory Manual (1989), Cold Spring Harbour
Laboratory Press, New York). PCR reactions were performed
with Tag DNA polymerase by following the recommendation by

20 Roche Molecular Biochemicals. DNA sequencing was done from
pUC-subclones with automated laser fluorescens DNA
sequencer (Pharmacia LKB, Freiburg) by using AutoRead™
sequencing kit and M13 forward and reverse primer.

25 Expression of hyuA in E. coli. The racemase gene was
amplified by PCR using the primers S1137 (5'-
AGAACATATGAGAATCCTCGTGATCAA-3') and S1138 (5'-~
AAAACTGCAGCTAGAGGTACTGCTTCTCTG-3') and pAWl6 as template
(Wilms et al., J. Biotechmnol. (1999), 68, 101-113). The

30 fragment was inserted between the NdeI and PstI sites of
the expression vector pJOE2702 (Volff et al., Mol.
Microbiol. (1996), 21, 1037-1047) to create plasmid pAW210.
Expression was induced by addition of 0.2 % rhamnose to



and resuspended in 1 m desintegration buffer (0.07 M pot assi um phosphat e,
pH 7.0) and I%sed by sonification 5 (U trasonics sonicato mcrotl p 2 X
30 s, dut % pulsed). Carified extracts were S'BF

centri fugatlon at 14000 rpm for 10 m n. gEnzyne assays. Racem zatlon of
L- BH was neasured by ORD- 10 polarinerty (Mdel 341, Perkin El ner
Bodenseewerk, Uberlingen, Gernmany) at a wavel ength of 295 nmin the

st andar d assaauimré@%meogeiwﬁ S&ldiht e 8. 5ML-d0 was adissogvgd in
0.1 MTris, %I?’ an ultr soni ¢ terba}%a elﬁiledto}quoﬂom
tenperature ah stnecop“irlegﬁﬁoﬁgf‘ﬁ% 4% °°p|‘-:l WPER 2An

substrate sol amd oreispbemdedepryhepl dilela;m.egrat@oxl W fiexs (Opf7 815, was added

?$d the tch?qg@taghlqﬁt Ip@ﬁlspﬁaaatllsm ﬂ@)eaﬁuthé@ dorli¥icReiai metry
eves e reseni.us

raceni zat |5gn menalﬁ§ Fﬁ’/ﬁlf)?@?-ﬁ/’uﬁu\%? t"19() %ie’t‘zf srie%“&? g%%%‘? hflq &
concent r at i orsubsed. .9 Qlirafided  exoratde wprORobEa 1RE3 hymcgntir BBagatmonThe

specific actiwifidn Wome roel eollmied frominitial reaction rates which were
determ ned according to Teves et al. (1999). For . determ nation of enzynme
activity by HPLC, 1 mM L-1MH was 25 di ssol ved as descri bed above. The

m xture containing 900 1 enzyne solution was incubated 5 mn at 37C. The
reaction was_stopped by addition of, 400 | _14 %trichl oroacetic acid and

centrifugati GPF¥RSASERYEnIBRFRAR Y OPLGE LTBF 13 mS5suged 190 ORI t he
sanpl e warte dbdlidreichexitih (Ho8el 34,1 Herk3fl ElmerGiodende8wbrkand D- | MH and

L-1IMH in the @ﬁgﬁ nt t =) on Products,
Dar nst adt , Gerrr151]_{flé\lqlfa’teill |ﬁ£§%ﬁ%ﬁp%;% %qvgyewﬁ%et clﬁfn{}%"sgﬂﬁcﬁﬂ ﬂ-fé

ak WH- col um
(0. 46x25 cm T rdCﬁ‘éﬁFXaf-%rI‘F?cﬁf‘%'ﬁstenEW 255 P ’&r%ﬁ?)wasme
colum was eqliidgdivaidednwoth MST 25 pNVB GaSCE5 PH im an dbherddomiia ate was 1

m/mn at 50q&aterbath, cooled to room temperature and the pH adjusted

15 to pH 8.5 with 3 M NaOH. To 1 ml substrate solution 0.1 ml
enzyme, diluted in 0.1 M Tris, pH 8.5, was added and the
change in optical rotation determined at 37 °C by
polarimetry (Teves et al., Fresenius' J. Anal. Chem. 1999,
363, 738-743). The racemization of MTEH and IMH by HyuA was.

20 determined at substrate concentrations of 0.9 mM and
recorded by ORD at 253 nm and 334 nm. The specific
activities were calculated from initial reaction rates

which were determined according to Teves et al. (199%9). For
determination of enzyme activity by HPLC, 1 mM L-IMH was
25 dissolved as described above. The mixture containing 900 pl
enzyme solution was incubated 5 min at 37°C. The reaction
was stopped by addition of 400 pl 14 % trichloroacetic
acid and centrifugation in an Eppendorf centrifuge at full
speed. 100 ul of the sample were diluted with 0.9 ml 0.1 M
30 TrisHC1l, pH 8.5, and D-IMH and L-IMH in the supernatant
were separated by HPLC (Thermoseparation Products,
Darmstadt, Germany) by injection of 20 pl sample into a
Chiralpak WH-column (0.46x25 cm; Daicel Chemicals Industris
LTD, Griesheim, Germany). The column was egquilibrated with
35 0.25 mM CuSO4, PH 5.5. The flow rate was 1 ml/min at 50°C



WO 01/ 23535 PCT/ EP00108580 10 and | VH detected at 254 nm The chem cal
racem zat i @i g2h3sat he substrate was taken into account. Ragg¢kpgonsssgn of 1 M
substrate per mnute was defined as one unit enzyne. Purification of
reconbi nant hyuA. For the preparation of 50crude extract, cells from 300 m
cul ture of rhammose induced E. coli JMLO9 pAW10 were resuspended in 3 m
desintegration buffer and disrupted 3 tines by french press (Amco, SLM

| nstrument s | ngnd | TH fisitectedApta54 prefhe ehepficaborazenizgdiion eRH4) 2S04

was gradual |y gHéesupsxrdte akl tdReh e Hdcdthtl OREERIRATIIONALIEOR gff 1.5 M
and stired 2 h

t .4 .C The precipitat Qrned was renpved b
centrifugati ons‘%f%%]f'abtzﬁ I%eraﬁlgnﬁl gc‘ﬁ?%e%glﬁ?gfﬁgr oﬁ‘.a?mi\?rr( ™4 was added
to the supernatant. The second precipitate obtained by centrifugation was
resuspended i nEBEFfigatdom ofnpreeriraninhyrd - pEeEphhe renametipnand
appl i ed.to ; Mopad¥ rexddRct/, Scedl snfro @00 wlr aheduta &ﬂfﬂﬁiﬂﬂésénd Iel ut Sd
with a linear L ent f [ A el uted at
a concentrati glﬁl&g#eetg%7%l\o/ll%aa%&%é%%ﬁg&#gngg%\ggéeﬁ%ﬁé 3\2%3 di al yzed
agai nst desi nt 8gFHtteFradrrePuL§ry cand|digaarrgdaddetnes ky ffirgach press
concentration QimPdo %simM Iakereflents Ent) Gl1Rh6Le| NnUusAlaraciepreakhod.

Sodi um dodecyl t | r ' I ho i SDS- PA was
done 25 acco?/d?%géqgg]% re'p(r%g%{%gd)(o 4 E%@ﬁ%ﬁs ?kgéﬁ#?y %\ﬁ(felﬁj?et%( ?3703:? 227,
680- 685) . I ot EFer WFIEEETr &Pi BnSoRReREIRionnPAed- byM tand miimed 8f hBandford
(Bradford, Anai.od omhemrecififite f7c§:me7648:a35ﬂ'9\;mwécm§bﬁ %&F@gﬁéa@%@%el n
assay dye rea c r at I ves r ngrated w ovi ne
30 oot al bungIeT e e gy Sl el 67 AuTagS V88 dhdda
filtration usi¥f Spepsersrntol Ths serogesprppegitate obtained by

centrifugation was resuspended in buffer A (10 mM potassium
15 phosphate, pH 6.5) and applied to a MonoQ® HR 5/5 column
equilibrated in buffer A and eluted with a linear gradient
of 0 to 1.0 M NaCl in buffer A. HyuA was eluted at a
concentration of 0.37 M NaCl. Peak fractions were pooled
and dialyzed against desintegration buffer, glycerol was
20 added to a final concentration of 25 %_and stored at
-20 ©°cC.

Protein characterisation. Sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) was done
25 according to the method of Laemmli (Laemmli, Nature (1970),
227, 680-685). Protein concentrations were determined by
the method of Bradford (Bradford, Anal. Biochem. (1976),
72, 248-254) using the Biorad protein assay dye reagent
concentrate. Standard curves were generated with bovine
30 serum albumin. The M; of native protein was determined by
gel filtration using superosel2HR column as described
previously (Wilms et al., J. Biotechnol. (1999), 68,
101-113), the column was equilibrated and eluted with
buffer consisting of 0.1 M potassium phosphate and 0.1 M
35 NaCl, pH 7. The pH profile of the purified racemase was



previously (Wlns et al., J. Biotechnol. (1999), 68, 101-113), the colum
was equilibrated and eluted with buffer consisting of 0.1 M potassium
phosphat e Wh#/2853% M 35 NaCl, pH 7. The pH profile of th&CHEFIHIE | acemase -
was WO 01/23535 PCT/ &P00/ 08580 11 neasujgd between the pHrange 7.0 to 9.5
in Tris buffer. The substrate was dissolved in 0.1 MTris, pH 3 at 45 C
using an ultrasonic waterbath. After cooling to room tenperature, the pH
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respectively. The increased chemica_l racemization at high

pH and temperatures, respectively, was considered. The

effect of EDTA, DTT, HgCl, and iodoacetamid on HyuA was

15 tested by incubation of respective substance (10 mM) and

purified enzyme (12 [g) in desintegration buffer (final

volume 20 1) at 30°C. After 1 h specific activities were

determined by the standard en__zymé assay.
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