WD 96/ 20282

PCT/ | B95kd 282 Production Oﬁcﬁfﬁ?f@hﬁa aci ds
and am no acl ds Field of the Invention The
present invention relates to the production of organic acids and

amno acids, and in particular of L-malic acid and L-aspartic acid, with

t he use of microorgani sms, and i-nl particular with the use of
speci es of 5 m croorgani sns of the genus M crobacterium

Background of the Invention ) ) Crganlc Aci ds and amino acids are
used for a variety of purposRguctiong gd acids andh amimo-agids cal , heal th and
food industries. Especially preferred are the L-|soner fornms of
organi ¢ acids and amno acids. 10 L-malic acid is an organic acid
that is used primarily in pharnaceuti cal applications as an
antidote for hyper-amoni em a and as a conponent of ° am no acid
infusion. L-malic ggiy cﬁ%ﬂ?hﬂk ts interest as a food aci dul ant

in conpetition wit or, for exanple, confectionary products.
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chem cal synt hesi s RakloYaiSs synt hesi zing am no acids and 20
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L-i soner fromt overcone the robl ens
associ at edl®i t h sudnmalic acid s an oreanig acid that is used primasily aeeuticalpde t o

the use of varlﬁpﬂx@ﬁﬁ@ﬁﬂﬁ&t&iﬁef@@p&ihﬁﬁoﬁ&mmmﬂuamﬂpﬁﬁdﬁ%) or gani c

bi ospect 1 oi ty AP iia iSioy b Blaif sl b RGHEF interest g  fpol ifofai? °
conversi on of aiseempetition with SKBC acid for| for exampleo tonfeetiopagapioducts. d or
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_ L-aspartic acid is an amino acid widely utilized in the food industry as
a flavoring agent. |
Organic acids and amino acids have conventionally been producéd by
chemical synthesis. However, chemically synthesizing amino acids and

20 organic acids (for example, the chemical 'synthesis of malic acid from
maleic anhydride and water) generally produces the amino acid or the
organic acid as an optically inactivé mixture (DL-isomer). Such mixtures
must then be subjected to a separation process to remove the natural
L-isomer from the DL-mixture.

25 To overcome the problems associated with such DL-isomer mixtures,
resort has been made to the use of various microorganisms to synthesize
(produce) organic acids and amino acids. Such use of microorganisms
provides a biospecificity and selectivity to the enzymatic reaction to permit
conversion of a substrate to the natural L-form of the organic acid or amino

30 acid which is generally unavailable in chemical synthesis. This
biospecificity and selectivity offers advantages of total product yield,
product quality and a significant reduction in waste disposal, production of




product quality and a significant reduction in waste disposal, production
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the natural L-formof the organic acid and/or am no acid produced thereby.

The use of var

acid to the natural L-formof nalic acid has been disclosed. Such strains
i nclude those of the species LactobacilluS brevis, Lactobacillus del bruckii
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tBﬂ‘ormmtely, while thi bigspecificity and sélectivityrofithe enzymatic r emai ns

oﬁlﬁ'ing the dxrs?lg%édt hi%%%§ offefs @nadivantgedhi ch are
lating to the production of the natural L-form of malic acid, aspartic acid
and/or other organic acids and/or amino acids, there nonetheless remains a

need to improve the efficacy of these processes and to 1dent1fy and use

previously unoonmdered specxes of microorganisms therefor.
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35

Mlcroorgamsms of the genus Mugmg_em_m are well known and
described [see Bergey's Manual of Systematxc Bactenology, Volume 2,
Section 15 at Pages 1320-1322 (1986)] Even though strains of
__;gl;gm;gmm are fumarase producers, we are not awane of the use of
microorganisms of the genus Mg_mm_ m for the productlon of L-malic
and/or L-aspamc acxd '

Accordmgly, it ean be seen that there remains a nwd to identify and
utilize other mxcroorgamsms which are capable of efficiently and effectively
producing organic acids and/or amino acids, such as L—Mahc acui and/or
L-Aspartic acid, on an industrial scale.
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It'is a primary object of the present invention to 1dent1fy and provide
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produci ng organi ¢ acids and/or' am no acids, such as L-Malic acid and/or

L- Aspar.ti on an I ndustri al ..scal e. : Su

ILnvent i Orﬁo%@i&z is a primry object of the presem%ﬂe}%‘tol“ég to
i dentify and provide m cr oor gani sns whi ch are capabl e of
efficiently and effectively converting WO 96/ 20282
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fumaric acid or a salt thereof for the production.ef organic acids and/or
amno acids and, in particular of L-malic acid and/or L-aspartic acid.
It is a further fpmarieayidar) 2sdlt thereof forthe production of brganid acigs and/oe a

nmet hod for effl ef f nd/ or am no
5 aci ds and, arfﬁg‘g‘? &ﬂ#&"\\iﬁjﬁ%ﬁ?c amqg uﬁ’/ ﬁgﬁﬁb |d§ aci d.
It is a still yet flgtqmmmrpmmeh]eswf #nwnbmgmn tqmmdem to
provi de m&h&ﬁﬁrfefﬁ@ibﬁfﬂiy aﬁuieﬂeamelyaﬁbdﬁcmgaﬁham 2344 arfdMbrPdminb- Al i C
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| n accordance withlItisea stdhyw ﬁuqhenpnmhm pbjectcnfithe presenti mmntxonemtpré\ndei and

utilized as.di SW r genus _
M crobact eri um 3‘?@’[ ﬁ%‘g uﬁf%ﬂrx&sr %ggg;mggég%%ﬂ(ﬁc?&a%?@d aci ds and/ or

amino aci ds by teSPaFc3eid, whic hereof

In further accouhmﬂseeoﬁ/midm@auhmnchl ngs of the present invention,

o act a8 Thi's. TnAeERRRE ok el \Eadbil b Breteor Oﬁg?‘{i‘é’?'n?%f‘ﬁfﬁ@‘ginus
M crobact er i um ufilizedoas disclasedobesein arp micwporganisnn siaine0f thegenys t her eby. | f

desired, the cu n Hahi&nrmukéfenfdmé 9%9&&110!6&%%1&%W&at'0“
nedi a. Cultlvatlon | S

react| ITB.I’I |d or S t her eof
o & it tha aniee eitbhy 8 SpedinatiS ShivelBoR oF tiBrtc aBf ar A B0k Ly ¢ he
fumaric ' adncfumhersaabﬁrdaﬁmrwnﬁ thesteachingsaofi the Iprgsentoinventiong t o ei t her

the L-orgapy c agh Rerem 1sgfm%?>dlfbﬂﬂf. n o-fmrgmﬁ@'é{iﬂgaﬁ%}her

conpri ses I'ECOVE,‘I’I ng t, organi ¢ acl mno acid so

.produced. amino acids. pT8jsanethod is comprised of Fulipring @ strain E S §¢Plht i on
further incl udeMicribacteriiniy®tiekébyi fughairdse isproduced) tintracellohaily) metréby pifacenent

e ot 0 1 g e SANGLT il i o e EHS of
t he present i nvaediaonCultivation is fellowed by reactpsrarﬂnmm agid pr alsalt thereefor gani sm
in a "freep for i &Eicﬁltivﬁ&d%%ﬁﬁbﬁﬂﬁﬂgenus Microbacterium, whereby the fumaric
acid or salt thereof is enzymatically converted to either the L-organic acid
or the L-amino acid. This method further co_mprises recovering the said
L-organic acid or L-amino acid so produced.
Preferably, the method of the present invention further includes
25 immobilizing the microorganism before the placement thereof in the
conversion solution in the presence of a fumaric acid or a salt thereof.

- However, it is noted that the method of the present invention may also be
performed with the microorganism in a "free" form within the conversion
solution. '

30 It is further preferred that the immobilized microorganisms be
pretreated before the use thereof for enzymatically converting the fumaric
acid or salt thereof. In this regard, the method of the present invention
further comprises incubating the immobilized microorganism in a
pretreatment solution that includes the L-organic acid or L-amino acid to be

35 produced therewith and a buffer. It is further preferred that such
pretreatment incubation be conducted with gentle agitation.



solution. 30 It is further preferred that the i mobilized

m croor gani sns . be pretreated before the use thereof for

enzymat | Wal9620282nverti ng the fumaric acid or sal pCTAB9s@0f43 I n this
regard, the nethod of the present invention further conprises

i ncubating the immbilized m croorganismin a pr et reat nent

solution that includes the L-organic acidsor L-amno acid to be 35
produced therewith and a buffer. It is further preferred that such
pretreatnment incubation be conducted with gentle agitation. WO
gg-/z?égé /01143 Preferably, the method of the present invention compnses culturing ong o of
Preferably, thehcrﬁcﬂmdngﬁnmheoﬁthﬁsgﬁwsmmmn!.ma icobacte
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bl ORBGH ALtk TPer al e
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M cobact er i um aii€opas acticum /ATC i

| aevani f or mans APEE 135@5 MrU@agsmmggM in t he
fumaric acid t3 be gsed smagg%? - converted) in the nethod of
the present in ‘(fumarat e) . formthereof.
PreferrediQs the dtis ﬁlﬁhupmmefﬁmanaaeddo bermsedh(engymatically
fumarate. In t%bﬁvér&?fhﬂthe'&ethéd% Eﬁﬂrebﬂéx?isflntahﬁlt (flifara®) hod of the(
present invention co | Se ewaélp B‘HB SI on of sodium 15
fumarate by st o, theggof éeé?ﬁgs‘slwecl‘ cRIeT PHATRORBIR of
L-malic acid’ alﬁknmlate enz;lﬂsategard;anismtemplatéd hewnmhamlﬁunethed of the

'SI'LrealoPgS:;a(r)lT Ct ggpﬁ am I’lO aCI &ﬁsﬂ%&g%ce E%Wéﬁlaﬁggf u?ipart ¢ actd.

present i¥vent .ﬁgna@pngy FLraing o %MPSM-MNE r@?@lﬁ‘o“lﬂgst preferred
. 20 i's the ugemafic héid aidithe enzyimakid Conversion tof amnsitinm fumarags byluce L-malic

acid ed aspect
of the present sﬁ?f%ﬂfﬁgené&h yﬁ@?@%‘*ﬁ%‘# for t@esplgdué&n%%@éﬂ{lor thg
production of L- offerirganic acids amuammmds nrodwdchyntpmmhpd of the of
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20 is the use of the method of the present invention to produce L-malic acid
and L-asparatic acid. :

In another related aspect of the present invention, disclosed herein is a
method for the production of L-organic acids and L-amino acids comprised
of reacting the fumarase naturally produced by a strain of the genus

25 Microbacterium with a fumaric acid or a salt thereof, whereby the fumaric
acid or salt thereof is enzymatically converted to either the L-organic acid
~ or the L-ammo acid.  This method includes the steps of cultunng a strain of
‘the genus Mg;g_a_q;e_g_m ‘whereby fumarase is produced and recovering
the fumarase. If desired, the fumarase may be recovered in a purified or
30 concentrated form and with or without the presence of other constituents of
the culture media, mcludmg cells of the producing organism (such as a
M_gmﬂgg_gm or a genetically engmeered host) or pomons thereof. The
- recovered fumarase is then reacted with a fumaric acid or a salt thereof,
whereby the fumaric acid or salt thereof is enzymatically converted to either
35 the L-organic acid or the L-amino acid. This method further comprises
recovering the said L-organic acid or L-amino acid so produced.

*
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25 M crobacteriumwith a fumaric acid or a salt thereof, whereby the
fumaric acid or salt thereof is enZynat ically cony 3€i t her
t he L- orgaﬁlggn%zgfd or the L-am no acid. This net hod ,ﬁ?gllou es the
steps of culturing a strain of t he genus M crobacterium whereby
fumarase is produced and recovering the fumarase. |If desired, the
fumarase may be recovered in a purified or3-30 concentrated form and
with or wthout the presence of other constituents: of the culture
medi a, including cells of the producing organi sm(such as a

M crobact eri um or dngyet deitiex| acgordamperneith ¢t teachingsoof the présemtsinvéngionof . The

recovered fumar f; f r t her eof ,
wher eby the fuma(?fcéésgglr%% Eﬁﬁﬁéﬁgﬁgﬁe@*tﬁ}%ﬂﬂﬁb IQC@!ﬁgﬂ i o%on§e ted to

either’ 35 t Hwified lyorganicaacid OBP“tI-H%mE‘—"aﬁﬂ‘ﬂBX‘gg‘?df ol S80S t her
conpri ses Microleeeium widhhwerecsmployed mathe convsrsion of tfummmc:dmrd o)
Eg??%gg/ 01143 Vﬁosa?t l[hg%g fo the desired L-organic acid or L-amino acid and whegexn no

In yet further eathenformdbeniPh-form) efthetvrganpic asid and/opagienacidriy presensn,
di scl osed herein i sy ﬁ%ﬁ‘st' uﬁﬂxﬂ"ﬁi&&éﬁntﬁ%ﬂﬁbﬁ%tﬁép&séﬁgm y

purified L-organic acid or 1 120 Cltd an , lg.f i strain of the

genus I\WE‘?”('J‘BH@F%rRrﬁ
L-am no acigl an o ' ev e other form(| . ., DLforn) of t he

fumaric acid or lacticim, M'

organi c aC| d an The  strai ns of

M crobacteriumin tihi %ﬁ(ﬂrﬁstSFthW‘B?“tsﬂ'@“ﬁ?QgéhﬁPmt invention{nt j on
are, preferabl y,mém@gaiemmsl ;11. bbaetsrivne impérale VRCCB8368 "Microbacteriuthact i cum
Mcrobacterlum 5 ar t

M cr obact eri um I %ﬁgﬁé’d for the

react ants sol ut iMicrobacteninmarborescens | ude the strains
M crobact ef§ um |wq-‘{@é6§953ﬁ crobacterium | acti cum ATCC

8180, M crobacteri ni | um ATCC, 15 obact eri um

ar bor escens ATCC 4 % @8&58%&9{“&&% %fgé L‘W%ﬁmsfqrthﬁﬂ?cﬂ?ﬁc 15953.
Preferably, the sblutiogafithe preseitt iaventivhard Lamalioacid iadd Ledspattie acidict ant s
solution of the pr l‘lﬁ'gfe’r cid.
These and further o Jec?% an ?gﬁﬂs@s@@@%&%ﬁ@@%@ @en |g(r?"9\n |1
becone readily depeme m@ﬂp@renbmmg@ﬂwme|vm1ngdemnppwon in 20
conj uncti opo wi t hohjiﬁctfmawnhene Ersnpies thereof | Description of

Preferred Enbodi ne £ Prefi m
The present invention involves the identification and the use of
microorganisms, which offer a biospecificity and selectivity of the
enzymatic reaction, for the production of L-organic acids and L-amino acids
25 by the enzymatic conversion of a fumaric acid or a salt thereof.
The microorganisms which are identified and used for the production of
the organic acids and/or amino acids by the conversion of a fumaric acid or
a salt thereof according to the teachings. of the present invention are those
belonging to the genus Mmsm In particular, microrganisms of the
30  species Microbacterium imperiale, Microbacterium lacticum,
Microbacterium ammoniaphilum, Microbacterium arborescens and
' M_gm_gte_nm_m_mM have all been identified and utilized herein
as efficient and effective for this task. Most particularly, strains M.
imperale ATCC 8365, M. lacticum ATCC 8180 M. ammoniaphilum ATCC

35 15354, M. _arborescens ATCC 4358 and M__lmmf_m ATCC 15953
are dlsclosed herein.




The present invention involves the identification and the use of

m cr oor gani sns, which offer a biospecificity and selectivity of the
enzynmat | wo sezoeson, for the production of L-organic acids pgrgBdsianmsno aci ds
25 by the enzymatic conversion of a fumaric acid or a salt thereof.

The m croorgani snms which are identified and used for the production of

the organic acids and/or am no acids by the conversion of a fumaric acid or
a salt thereof according to the teachings~of the present invention are

. those bel onging to the genus M crobacterium In part i cul ar,

m crorgani sns of t 30 ci es M crpbacteri-um.inperiaga

M crobact eri um | ac&ﬁ% ffthod of t?‘g PresgRtcinyeptiandnyqlyes the spt %{mcl melversxon

M crobact eri um efﬂma'ibcavm;onadalt thereof for Mecprotactionrof rgdme ucids hnd/omns have

all been identi efyf effective
for this task. %ﬁ@ part | ctll af’?'% E%Q Rsisppers thefd3f. Airlr‘%je QP 8365,
M | acticum ATCef th ods @ﬁﬁ’nﬂiﬂ eqmversinn selution) of the present inyention is5+ Hor escens

ATCC 4358 gnd Mhelo’tgamméxas mar&ﬂiﬁta adi@bproduced thereby afecinihé L-6mer her ei n.

\Ié\gT??{Bsg/ZSil 43 form and not in the D-1somer form In this regard we note that the %ses

The method of tand qncwdmof thmbmvnmqn progduceni@ sohutionawhich dasithe si on
of funaric aci d Qéonfertth &fhﬁé aa«trew pqﬂ&rat Iaeﬁ.@tmatﬂ&ry fbsaiceds

and/ or 0.acl art I cu I.someys thereof. A
maj or advant age°fathe -1some5§o "né'? Hﬂﬁx P?@“’BH?%Y WM‘? on) of
the preses0 i nvavid andlor L.-dntinb aciddis produced dleyebyl andowot GsDE+isomer midire. aci ds

produced thereby E&g@r[t mvenuan is célﬁﬁlri@eﬁw sgwlélag | somer {

form In this regar vvenote% t he

present i nvent i $RibeH npa&sm&eﬂmm ! ERin is ﬁgsuedtobeuseq_fqrstb%r form
of the desired mﬁau@caﬁreﬂmndém&mbamdobum THi€ stedif 9 6iRn culiured  Of

the D-isonmer farm subst rical l. ur -organic 10
acid and/or L- a‘ﬂt%‘ﬁ’%’&?g k\’%’fﬁ/ Wﬁ%@@ﬁé m xt ure. |

The met hol! of tfnmapase)semfternubmngm cpmptﬁwq;rthueuamfxsmgmd frgmatheui t abl e
strain of the ggfwife hott.0bact eri um which straln is desired to be used for

t he enzy trc conversr desired t carrred put. This strainis
then cul tured "The ¢ ?’lﬁ“ ei‘b‘i‘ﬂt(wct' FESiOn OOy ¢ he
m croor gani sm pvhndhrmmludes (itﬁthe présanwma)fummamdmﬂa salt qummte:ﬁxmb et ed,

tcm tsuftecrjals?rarsnhﬁggn chgg}%ﬁ etrjtz¥m callg%ﬁconversr oS0 utr%amc The

20 acid or amino acid. In the conversxon solution, the fumarase prod by
the strain of Microbacterium reacts ‘with the fumaric acid or salt thereof
whereby the fumarié acid or salt thereof is enzymat1cally converted into the
(L-lsomer form of the) organic acxd and/or amino acid whose production is
desired and the reactants solution is formed. The organic acid and/or amino

25 acid which is produced in this manner is then recovered (by separatxon)

"~ from the reactants solution for subsequent use as desired and/or needed.

" The method of the present invention utilizes strains of the species
M_cmpmmum_lmnmﬂg Microbacterium lacticym, Microbacterium
m_mmnmym Mmhmwﬂmm and Microbacterium

30 lagvaniformans. Most partmularly, strains __,_unm ATCC 8365, M.
lacticum ATCC 8180, M,_amgmum_m ATCC 15354, M. arborescens
ATCC 4358 and Mhlmﬁg_mam ATCC 15953 have been uuhzed in the
method of the present invention. _
. The mlcroorgamsms can be cultured in any manner Wthh permits the
35 growth thereof (with the concurrent production of fumarase), as will be
readily understood by one skilled in the art. In this regard, it is
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whi ch includes (in the presence of) a fumaric acid or a salt (fumarate
form 9mozs&hereof suitable for being enzymatically cp gsroq 40 the
desired organ C 20  acid or amno acid. In the conver5|on SO %IOI’], t he
Tumarase produced by the strain of Mcrobacteriumreacts with the
fumaric acid or salt thereof, whereby the fumaric acid or salt
thereof is enzymatically converted into tfe (L-isomer formof the)
organi ¢ acid and/ or ami no acid whose production is: . desired and the
reactants solution is fornmed. The organic acid and/or anmno 25 acid '
whi ch is producesté¢mplatedhenaim tisat siich c&iﬁmatrmﬂbbedox(dlyndgembici on)

fromthe react n?htfd?n' Ui Qﬁmfe% %gyﬁ%ﬂg%m @9%&;}{1& Eh B §eded

The net hod of the present I nven S.stralns. o ecl es
M crobact er i um 8pese; stagch, @WM&G@@?WM&%‘NSGM(SW@F@SH@P%H um

?mrmm afh' | um  hydrolybed terivativesoh casemcEnsoj6 tinrrbiuinasrt sodiummnitifies,
aevani f or |
| acti cum ATCC 81‘88‘%%%#7#@#%’ %H‘Wﬁ% Eﬁ%&%&‘mﬁa‘?&% escegég) anIXl

Mf desigeda mhineralvsalts. ATiEotengREBureofsuch ol gancbe earripd
ATCC 4358 and i ts. A esuplk ¢ tmmn earyl
gﬁlt thg?egf | ;h:nsélﬁﬁﬁtmm%@giré%h ?f from about 20 *C %%Bjiqtqfi 9@2(1)1}(8”5 can ?ﬁe
concurrent prodﬁqﬂﬁyofhﬂ#ﬁ’%ég CS??S‘HW“F Sébg fogapen ‘?r}?r %%&rst ood
B)é_r ;)Ingggﬂi I llzelg fonabio 48 hours) depdndmgnqgmrtue patticular strain baingoailGosed
cont enpl at éd her el en'ﬁls togerfﬁ lllst?il%xlv%thonv\’ﬁiorleltger%? hours r%‘er aero%
condi ti ons in cWhemgthe masmm dmu&sﬁg%eased Q}eb%ﬁ“(such as
gl ucose, starchijs M_ngﬁqgﬁﬁgr@%ﬁ@ﬁ% forithé Aidinin tsﬁ’ama%fpeptone
hydrol yzed deri of CZ}@' ng%r h;mm‘ngﬁ% ﬂ%ﬂ'? um n?&,urat es,
anmoni um sul pha&@m% r etc. and
i f desi red m nivay be Sxom aboukipH § hecabout pH &Wl&ﬁ:nH(nﬂabmtaﬁ-ﬂdmngan be
carried 8refe?i31eat a tenperature range of fromabout 20 [err]C to

about 40 [err] r ef er abl rom ahqut 3 err]C to about 32
[err]C for a peri ongﬁ%?e"fsrw Hﬁﬂﬂ’F rfgoveredyéx J‘e end Pg mﬁ‘g Mhours, depending
upon the parti cighltivation)ai Suchaecayery intay\bet casiried oitCby anﬁmfabtermehﬂss to

perform such CUt'theY&II\XvﬁQh L wﬁhtﬂﬁﬁlftﬁ tﬂ@&érsﬁﬂﬁhqﬁm@aﬁasﬁ% Vs\}:]losed

where the strain 1s e case ere the strain
is M |aevansi flsTeiinsuch r”e%v%éﬁ%‘? higved byreentrifugation of the cultyre breth so
M crobact @i um asfvoorenweglse tiifing the celld) Foldwed by ldecantihg of eheredi a

may be from abos‘ffpe&'iimgt or%ﬁne?wﬁgtre(% r%né'\”the ei’lspH of about 6-7 being

If desired, the recovered cells may be used as such (in a free form of
bacterial cell) in the subsequent conversion (reaction). . In such an event, it
is contemplated herein that the cells would be broken according to one of

25 the known methods and the raw extract or a partially purified extract thereof
used in the conversion reaction.

Although the microorganism may be used in a free form of bacterial
cell, it is advantageous to immobilize the bacterial cell (or the fumarase
which the bacterial cell contains). In such an event, the bacterial cells may

30 be immobilized while in (before the removal thereof from) the whole
fermentation broth (and before the placement thereof in the conversion
solution in the presence of a fumaric acid or a salt thereof). After such
immobilization, the fermentation broth may be easily removed therefrom by
any method well known to those skilled in the art, such as by simple

35 decanting.

Immobilization of the bacterial cells may be done by any conventional



15 preferable. The cells may then be recovered at the end

of fernentation. _ (cultivation). Such recovery ma be car r| ed out
by any sWO%EMB2neans therefor which are well Hose
skilled in the art. As disclosed herei n, such recovery |s

achi eved by centrifugation of the culture broth so 20 as to forma
pell et containing the cells, followed by 8lecanting of the

supernatant or otherw se recovering the cells. | f desired,

the recovered cells may be used as such (in a free form of
bacteri al cell)xnemod %ﬂﬂmb%ctb&ﬁése%ﬂl&rlﬁltﬁé\aﬁfﬁﬂﬁblﬂb) rbit the'ake an event,

it | at ed rernthat e.cells ld b
hecording to olasteet i Be gl Gnletslb of 1E £ L o 2 e,
partially puri facmtdmgttoa:be methodcoff the present mventmd Suchtmethodminglude on

reacti on. being mmobxﬂédh@#??o&&ﬁ'yﬁhﬁ&é’ei o aiggﬂﬂf’qél%?a in afree

formof bacteria Ilize the
bacterial el l PP er| film. uP&lFer‘Eeth"dso é?@’%”ﬁel I

contains). In mma hewin) &eahese méthods described in Vflited Statesi nmobi | i zed
\A,hilein(befog‘%gg{g ?@ ‘Qf from the whole fermentation
broth (and bef cenen ereof i n.the conversion

solution in the pﬂélsefﬂﬁl@ﬂsfactﬂ angnthe isaltsthereof to be ysed (epmamatically After such
i mobi | i zat Oncoﬁmﬁmtnﬁéme@obwﬂmm ifRnEaE hilay He@ii?\ﬁﬂlahb%ﬂf rom by

any net hog, wel knqwn t hgse, ski | | drnth ar.t simple 35

decant i nglcb lbe %WRWP toﬁ‘f“l?fat? %‘?Lifg?%gs may be done

- by any convent em;ailatlcally cmmﬂzomdesued organic ac1d In this regard, {
PCT/ | B95/ 01143 g3 cal magn d barium fumasate

met hod wel | -knovvn to t s‘gélgﬁmoelém}l’ ﬁ%;'lat;n gst}lft%‘a Ie gmpermt sthe use

thereof in t heMayAhbs employed as thesaltform ¢, fgparic %’Sr a salt thereof)

according to tbmmhmyeimemdprmmdlsanem smdmnSﬂnhametmdds i ncl ude

bei ng i b| i g Macr ﬁgﬁg llﬂﬁl hd( ﬂh]

pol ymer f| | m é%}im%'ﬁtfﬁﬁ of ﬂi@l&ﬂ'ﬁf@i r@%gtn osef% ﬁ

preferably uti rtsgwnmcecmye@m by, gpmins,of St at es

Letters Patent yfifdzed/fof thb Production of L-malic acx&rbﬁifﬂat’fﬁlhhﬁnﬁﬁnﬁuﬁﬂdtet he salts

bresent | nvent FBH IHSRStat, SoRYRrtn by smis oFhe BoS Mcebabtsip Bl 2ol "5
a salt funmar at be ftilingd foritheprasiuttion o€ Lragpartic acid. enzymat ically converted
to the deg red or dapbidiCictthe ethdd 8f fRY5reddnt invention, fumaric acid or a salt
thereof is reacted with the fumarase produced by the cells in a solution
(conversion solution). The fumaric acid or salt thereof has a pH of about 4
to about 10 with a pH of 7.5 being preferred in the event that L-malic acid
is being produced by conversion of sodium fumarate and a pH of 8.8 being
25 preferred in the event that L-aspartic acid is being produced by conversion
of ammonium fumarate. The reaction may be carried out at a temperature
of about 15 °C to about 60 °C (with a temperature of about 40 °C being
preferred) for a period of about 05to about 48 hours, with one hour being
preferred. : _
30 The solution (the conversion solution) is compnsed ‘of the liquid form
of the fumaric acid or the salt thereof which is desired to be converted.
Preferably, this fumaric acid or salt thereof is present in a concentration of
1.0 M. :
If desired, the (convers:on) solution may also include water, an ageuous
35 solution of a solvent, such as phosphoric or trishydrochloric acid buffer
| solution. An alkali, such as sodium, potassium or ammonium hydroxide or

BT



‘sodi um pot assi um amoni um cal ci um rmagnesi um and barium f unmar at es

may al | Wfamwed as the salt formof the fumaric acid tgerAReso1143
enzymatic converted. Preferred salts are sodiumfunmarate and 15

anmoni um fumarate. It is contenplated herein that sodium fumarate (and

its enzymatic conversion by strains of the genus Mcrobacterium wll be
utilized for the production of L-malic atPd and that ammoni um funarate
(and its enzymatic conversion by strains of the .genus M crobacterium wll
be utilized for the productlon of L-aspartic acid. 20 According to
t he net hod of taxelqormacld,nwhtaasdtydmcglwm sitfuric @cidamay be added to the

thereof is reac{dughiol, isB thdtGe fﬂdW{a@éﬁ Bﬂ%ﬁﬂ liBﬁtW’tS abBlt F0 (@ha2 Sol ution
(conversion sol ut Theagomﬂfh e&% t t hereof has a pH of about 4
to about 10 wi tPf® %cﬂm‘? 9 )ed i

n the event that L-malic acid
i s being produced Ajthoughvthere mmocpa:ﬁmﬂamlﬁnitaumrﬂm the dorcentdation 8f 8 bei ng

25 prefgrr edfuixﬁ}:fcr%uﬂﬁe i &J&iﬁ: @%fﬁrﬁx{?%nﬁﬁi the! BodVersiéh) NoRftidh S Sb DY

conver si on anmoni um e reaction my be cartied out
at a tenper at uras to be subjectegk tothe genvessipn: reaction,qit iuiyally GPPrOPAME towi t h a
temperature of yfﬁﬁn[befwde@abenms % (wiv) to dboti 80 B dv/V)Or11a6er i od of

about 0.5 to ab 4 wi th one hour being preferred. 30

The sol ution (twéﬁwgfﬁh solution) is conprised of the liquid form

of the fumaric aci 4ltbeughhtherssis inotpasticwddr lighitation as todhe cententsation ebtheer t ed.

Preferabl yg thigy ¢ @bidh J‘ﬁfe be thcfade@ppeNt ration
0 1 0&1&%@6 &eét&lﬁrd&u?tsdé A tﬁ(radoigﬂﬁ SaPef c

of esir onver |on sgd]gt on may

al so incl ude- m‘!‘@r‘m‘ﬁ'ﬁ%&m}@m{ﬁ Bu fc t9 eé’@i?

phosphoric or t¢w/shydatsmioll0r%qwie) \dxtbubﬁmtmxons of 4. Os%l(wVv)dmngAn aI kaI i,
such as sodi ump,gfgram um or anmoni um hydr oxi de or V\D 96/ 20232

PCT/ 1 B95/ 01143 -9-

an.inorgani ¢ aci d, AByknows mgthed; suelyas adserpting and, desorptipg using, B added to
t he 15  SOb ), anSidn teRliank éréﬁkvohactweacamxpéanfmplbyw fot to about 10

,(Ala?ﬂbugh t here %ﬁnagtﬁ/}.f e abo i i(%‘&h‘oa%?‘?gmf’hg‘emmmq%ﬁ“% 5

fumaric aci d orrefining ltlﬁmrwsequhntcﬂsex s present in the (conver5| Qn) sol uti on,
SO as to Pe &Weﬁ‘sift?ﬁbl?ﬁb %thﬁ ﬁ?ig‘)@nﬁ(ﬂﬁﬁ&lﬂuﬁ& ofysual Iy

appropriate to $ en, a u]“c S e S o about 30 %

(Wv). 11.6 % mlcmmmewrg%)‘gg

20 discussed at length above) and exther an L-organic acid or an L-amino acid
in the absence of the D-isomer and/or the DL-isomer forms thereof. In this
regard, the conversion solution is free of the presence of either the
D-isomer and/or DL-isomer mixture forms of the organic acid or amino
acid.

25 If desired, the principles of the present invention permit the production
of L-organic acids and L-amino acids by reacting the fumarase which is
naturally produced by a strain of the genus Microbacterium with a fumaric
acid or a salt thereof, whereby the fumaric acid or salt thereof is
enzymatlcally converted to either the L-organic acid or the L-amino acid.

30 By use of the term "naturally produced by" when referring to the
fumarase what 1s meant is not only the fumarase when it is produced by the
naturally producing microorganisms thereof (which have been identified
herein) but also that same fumarase which has been produced by another
microorganism by transformation thereof (using the well-known principles

35 and techniques of genetic engineering) with the gene coding for the
fumarase gene in such a manner so as to permit the expression by the



Al t hough there is no particular limtation as to the concentration of the

10 cultured or treated product (such as the m croorganism to be

i ncl udedwireé/20282 the (conversion) solution, it is usupcryBesppIApPri ate
to enploy about 0.5 % (wv) to about 10 % (wWv) with
concentrations of 4.0 % (wv) being preferred. Any
known net hod, such as-adsorption and degg ption using, for 15 exanpl e,
an ion exchange resin or active carbon cdn be enpl oyed for

separating the L- organi c acid or L-amino acid fromthe reaction product and

refining it for_s uent us nyer s. on sol ution of the
present invent ﬁ?ﬂ%‘ﬁ‘ﬁ gg:egegthpathftgpfgnmsecofedcto g Psm of the

genus M crobact er |Hanmg\khusrdesmbedph usesutlmrm&thddaaandl mE@onversiosmdxed at

| engt h above Ebtedéit ifventit '}ﬂﬁ%ﬁieﬂ
thegabsence Z)f %t?ﬁh P} ; r ar?g/or tﬂo‘@%iﬁ |soggg a?%rms ff n t hi s
regard, the coPiBISH slgs é@ﬂ?‘%é‘%’e@e‘?ﬁzé’oﬁﬁ ‘i‘l‘kﬁi the

D-i soner eﬂld/orbepmumrwngmommg‘ orms of the organic acid or am no

acid. 25 Iﬁ Eﬁi ged the principles of the present invention perm:t
t he production f L-organic acids and L-am no acids by reacting

the fumarase whi ciA fermentation medigaof 2 grams pydrolyzed apinal collagenn3 gramse genus

][Vlcrobacterldumﬁ%slé ahd| U5 Brdifis i bacto yeast eR@Ad @m?owﬂt mdﬁml%phxstmb@rebyt}]he

umaric acid or sa € nzynetical ly o either

the L-organic atey é#gm“ﬁsi’mcme me?b ‘;28 h{g erm
"nat ur al IN0 pr othimetes [i;qhxd\,bynie)rmdzr 15 RSl tand cheled. fumarase what is

meant i s not onl yﬁepﬁcﬁ %ﬁ,

natural |l y producin m c?oor ani éflrrs%t%éerpgi 1 ﬁqﬁ%lghbe n |eé)ent i fied

herein) but al ¥Hog ivecquitee Gh%cW v msama d by anot her

mi cr oor gani sm wﬁmw Tdbds Pl Of whikch haibbesal deplsitedrin pié nCi pl es

Fumar ase gene. GER TP CRIEHRR AT ra%{"?' RO e

ene
WO 96/ 2021% Rockville, Maryland 20852 U.S.A,, under the accession numbers listed

PCT/ | B95/ 01143pejow in Table 1 : - 10 -
genetical ly engi neered host of the fu coded for by said gene.
Havi ng thus described the uses, the nett and the conversion nedia
of the present{inv lon. t.h Tol o dw ed for the
pur poses of il ustﬁ%‘fW@ and a?ag‘%_mggﬁu&%&ﬁ?p bel,oén r té‘hou d they
| M. imperale | 8365 1&2 |
M, Jacticum - 8180 3&4
japhilum 15354 5&6
M. arborescens - 4358 7&8
. laevanifo 15953 9&10

After innoculation of the respective samples as outlined in Table 1,
fermentation was performed at 30-32 °C for either 23 hours (in the case of
samples 1 and 2 for M. _imperale), 47 hours (in the case of samples 9 and

20 10 for M_Jgg\m_mmn_s) or 36 hours (for Sa_.mples 3-8)ina thermostated
‘benchtop incubated gyratory shaker G24 [3/4" (19 mm) diameter circular
orbit, rotated horizontally] maintained at 35* é??,PM, |

The productlon of L-aspartnc acid was .:.aieved as follows.
25 The bacterial cells in the whole fermentatlon culture broth of samples 1,

3, 5, 7 and 9 were immobilized as described in Example 20 (and Table 2)
of United States Letters Patent, Serial No. 4,760,024, but wherein 6N

BB



5 read as bei ng controlling. Exanple 1 A
ferrrent a{vbé&?ﬂ?gl a of 2 grams hydrol yzed ani nmal col | agen, pérghdies

| act ose an grans bacto yeast extract (D FCO per 100 of distilled
Wwat er (pH 6.0) was prepared. The nedia was sterilized at 120 [err]C for 30
10 m nutes (liquid.cycle) under 15 PSI and cool ed.

Respective sanples of the sterile fermentbk+ on nedi um were then

i nnocul ated with active culture (3 %v/v) the various strains of

M crobacteriumlisted in Table 1, all of which had been deposited in the
Aneri can Type CHhO&wa{mﬁﬁmtﬁoopHﬁmlgnQZSOI Parkl awn Drive, 15

Rockvill'e, Marylang ﬁ@ﬁéﬁmeh* soldtion Hﬁ?ﬁfepﬂéﬁ o?:ﬁﬁ%?é m(fgbﬁ‘ﬁ g st ed

below i n Tabl e
cium ch}onde M

M croor gani sm  Water) Jor&c (w00 dsaspariongsid SIGMA), 0.8k (wév
i nperal e _ dlhydrate 0.1 % (w/v) TWEEDB80 (SIGMA) and ammonium hydroxide

1&2 5 (% rT‘?anl ;faﬁ pFl adjustment to 7.5). 10 % (w/v) T’aégimmobmzed

calls wasitben: g@d,quto the pretreatment solution. These sapapies were then

0 bbbt F KR HAITTRLLD °C with gontl agitaion. | 10097 ) o

outlined in Table 'Ihepretrea e“fé?‘HBﬂ'Ea‘EaFéﬁ“{/\Eg‘ 8&?’5 "gig'g@éﬁferr] C for

ei ther 23 hour sinfmobilikesl cells andfthe unmob:hzequﬂlsewext rasuspéhédnn S0 mhperal e),

47 hours nt %ﬁ% ke f Lf Oormans) or
36 hours ?Por rsjgmﬁ?ﬁ gi "ﬁg?%gtat aélegsﬂer%ﬂg hﬁ?‘ I ncubat ed
gyratory shakercwﬁﬁ[@/%’l‘“{% o gneghonrat 40 G.r cul ar orbit, rotated
hori zontal | y] rral nAftenene hour3 tife EllYlwere separated from thearadtivnZproducts

The production The
bact gl’l al cells Eﬁﬁg&%ﬁh\h& ?ogfrl rren t| on c%ﬁ#’ure lgﬁb(%gﬁ/{ (S§§4|1%o§or
3, 5, 7 and 9 V\f@reﬁumwandébe m@mnmga wetegndmdebseﬁlglaRwSM| e 2)

of Uni t ed]§t at egiqhi¥ CRfomdisgraply (FPLCHLsihl an HPR3702bluhn! (BIRRAD) 6N

}Qg-??gég/zgil 43 having a column temperature of 80 °C and using 0.01 M calcium acgtate

(pH 5.5) as mobile phase. RI detection was utilized as well as a flow rate
of 0.9 mi/min. L-Aspartic acid production and concentration was then
determined by caiculating by comparison with standards obtained from a
20 standard curve determined from the HPLC analysis.
The results of this method and use of the various strains of the genus
Microbacterium are summarized below in Table 2.

Oo~NOTw

Ro Qo Qo Ro
R oo M

Table 2
L-Aspartic Acid Concentration
Sample Microorganism (mg acid/hour/ml of broth)
1 M. imperale ATCC 8365 258
3 M, lacticum ATCC 8180 396
5 | M. ammoniaphilum ATCC 15354 438
7 M. arborescens ATCC 4358 324
9 M. laevaniformans ATCC 15953 390

The above HPLC analysis of the reaction products showed that the
incubation of pretreated immobilized cells with ammonivm fumarate at pH
25 8.8 produced L-aspartic acid.



1_).:

NaOH was utilized for pH adjustnent. A pretreatnent sol ution
was prepared consisting of (per 100 m of water) 10 % (w v)

L- aspartwo gseozs2(SI GVA), 0.1 % (w v) cal cium chloride PCT/IBYSALIRRYAr at e, _
0.1 % (wv) TWEEN-80 (SIGvA) and anmoni um hydr oxi de 5 (56.6 % (w-w) ‘
for pH adjustnent to 7.5). 10 % (wv) of the inmmobilized cells was
then added to the pretreatnent solution. ,Jhese sanples were then '

i ncubated for 6 hours at 40 [err]C w th'd ntle agitation. The
pretreatnment solution was then renoved by decantation fromthe

I mobi lized cells @nd ahg I mobi lized cells were resuspended in 50 m 10
portions of 1.0 M merm fumarate at. pH 8.8 (thereby formng the

conversi on sol uti dije production ofdismalic a¢il wes adlidved as follows. After one

hour, the cells {g&ggﬂa@ {% g (and the
conversion sol uti onE centri f% at | onmaya{ g%&m@ Lgi ‘I!QO?
for 45 nminutes Whef Pﬁéc‘f’?@ peted, from the cultire-brothoby sentrifugati ‘P‘P@gsure '
%5 Li qqul Chthe smfiple¢ ap 15000HRRKD) (mmmmdﬂ?xs&ﬁﬁumll ngmﬁﬁl | 8-thé\D) Cat
aving a col um r i n ci cetate
(pH 5.5) as rmlﬂ’%tgﬁgﬁ'ggt&‘%l&cfg&ggfﬁ}? %@‘u‘fﬁ?‘? cg%'cfe%a\g rgrqa w rate
of 0.9 ni/nin. resuspended iin respectiver Xbmt pprions of ldbhtmlmtfummct pHien
randard curve dots ehﬁbngg'@o%'%“ﬁﬁf“é’ Siisfond 87 WoiiPachl oCnec [TOM 2 | 20
of “thi 6 et hod andRensiqufothe selis Here ePamRd {5pin the reasrign products
M cr obact HY i um(andcthewomeersiondohtion)\by netiaﬁigtlan at 15000 RPM (SS-34 Rotor)

Table 2 Aspartic ,
Aci d Concentr atfl on Yy mmutes and “‘eé"a“P“ products were %%’?%8?’ glgﬁpsprlr'les sufe’ (

(mg aci d/ hour / Hiquid Qimﬁsography (rrTB’LC) using an HPX-87H gp luma,@BIQ-RART cC 8365
258 having a colithn t@fipérature OPB'@@C&&ﬂstmg 0.01N sulphuric acid as 396

5 M anmoni aphi 35 7 M
ar bor escens AT% §§]Ailrase lﬁl ﬁow rate was07mlllgg|4 ﬁ?dete_ctlon was_ 9 M

| aevani f ofSmans vfiligd. 15953 -390 | The above HPLC
anal ysi s of the erﬂﬁd m%ﬁaﬁ]%én&iiﬂ;h wdithen detenmned ubation of
pretreated i g{tl)lﬂl zed Is W|th "Bé&? og eatfreo s?andardzcurve 8.8

produced L-asp
PCT/ | B95/ 01143 detennmed from the HPLC analysns

The results of this method and use of the various strains of the genus
20 I_\ggmm;_e_um are summanzed below in Table 3.

Table 3
L-Malic Acid Concemation
Sample Microorganism (mg acid/hour/mi of broth)
2 | M, imperale ATCC 8365 ' 3.6
4 M. lacticum ATCC 8180 - 0.2
6 M_,_amm_qmapMnm ATCC 15354 . 1.8
8 M. arborescens ATCC _4358 25.3
10 | M. laevaniformans ATCC 15953 | 0.2

The above HPLC analysis of the reaction products showed that the
_ incubation of ce_llS with sodium fumarate at pH 7.5 produced L-malic acid.
Exampled | |
‘Bacterial cells of M. arborescens ATCC 4358 were obtained and
25 cultured in the manner described above in Example 1, except that the
quantities of the components utilized were increased by a factor of 100, so

JiEfi NN



: 12 - Exanple 3 The production of L-malic acid

was achi eved as fol |l ows. "The bacterial cells y the
cul turi n&"&?‘@&%l es 2, 4, 6, 8 and 10 of Exanpl eﬁiﬁ%&gﬂégl | ect ed
fromthe culture broth by centrifugation of 5 t he sanples at 15000 RPM
(SS-34 Rotor) for 45 mnutes. 2 grams of the wet bacterial cells

of each of the sanples which were so col + @8t-ed were t hen

resuspended.in respective 50 m portions of 1.0 M sodium funarate at pH
7.5 (thereby form ng the conversion solution) for 1 hour at 40 [err]C.
After one hour, ashepmiubetmeﬁtersd’pfememndubmhha‘hemammmlpmsdwabs 10

(and the conver 3¢ Rot or)
for 45 m nutes zlr‘legﬂtlﬁe rieﬂazggl)ag%*dﬁg%(*éﬂmre ar?ﬁ{i{%ég%% ressure
Li qui d Chr onot od*apiple 2 abeys) (sge pl¢ 3G>xnd Aableot @ neteqi tent No.

having a col um 4t,mu;ez:?; aujasted a8 %amuuﬁfdigh@uﬁw quhtities: aCI d as

LT ooy & PN TS e fied 3k ForhRuaiod o Bk hER iSRG Qf&a@‘%’s Then

determ ned by distilled waterl until she memmnhmﬁmmhmmam ai ned
froma standard ﬁb@gm
The results of ﬁﬁhﬁsh{m d:lut&?e oz eé\%lrﬁlmggi;ﬁgit-'r al, ns Ofe&?aebo enus 20

M crobact eri um 81938“99“3 solution is obtain

Table 3 15-30 minutes). 630 ml of 5 % (w/v) aqueous solution of polyethylénirvirlei ¢ Aci d
Concent r at{pn (ny

aci d/ hour/frﬂO of “b ﬁﬁdMeemmturew mnemmmlg)@ggﬁ%wlg? was

3.6 .o tamedl\(abmadti minyteshatpH 00 0.2

6 . M ammngaphllllggmﬁfm mbeb$ % (w/v) chitosan was addedl and stirred untll a8 " M
?;e\c;;ﬁ;sfc gprsmns ?Eeg%}ﬁmmmm was obtameddalz)ut %§ n%mutes) at pH ‘FhQ-J above HPLC
anal ysi s of the re800indofgy &j(mtvs glutamidehydewas hdded and the pH wasibat i on of
CE>e<131| SI \(,am ZhﬁOdl H&ﬁxﬁtﬁ&%@?c??er ce IR alr_bgalalsg g 58 .were
obtained and 25 m@mw ?%?Wrﬁﬁwwcf%em or belers b Blisl o 1,
except that the(C. GOODMAN &d.idlath filtek, ¢dtelogue#7418+0 polypropylesel fele rl8
Increased by a [@fleOfeHoublt%1azd), extruded (die size: 1mm) and dried at 45 °C in a
Glatt Dryer (GLATT AIR TECHNIQUES, Inc.).
20 - The dry immobilized cell particles were used for converting fumaric
acid or a salt thereof to L-malic acid as follows. |
The dry immobilized cell particle preparation was then charged into a
jacketed column (2.5 cm x 50 cm). Sodium fumarate solution (the
conversion solution) at pH 7.5 (1M) was then continuously passed through
25 the column at 40 °C at a flow rate of one-half the bed volume of the
column per hour. '
The L-malic acid content in the efﬂuent was then determined by HPLC.
The conversion rate of fumaric acid to L-malic acid was over 80 %.
Example 5
30 ~ Bacterial cells of M. arborescens ATCC 4358 were obtained and
cultured in the manner described above in Example 1, except that the
quantities of the components utilized were increased by a factor of 100, so
as to produce ten liters of fermentation broth. These bacterial cells were
them immobilized according to the procedure and parameters described in
35 Example 2 above (see Example 20, and Table 2 of United States Patent No.
4,760,024), adjusted as necessary to account for the increased quantities.
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as to prd¥Q8e2028h |jters of fernentation broth. These bactRETIBIS/WAI s were
t hem i nmobi |l i zed according to the procedure and paraneters described in .
Exanpl e 2 above (see Exanple 20, and Table 2 of United States Patent No.
4,760, 024), adjusted as necessary to accqynt for the increased quantities.
5 The ten liters of fermentation broth was then diluted with

dei oni zed distilled water until the electrical conductivity

t her eof neasured I was t hen

m xed with 100 grans o#’%ff fementau‘@g?%otﬁ%ﬁhg awdﬂ,ddg&g%&nti | a .

hom)geneous so|£mlls’4 wateryuatil;the elegtaisal gonductivity thereof measwrod lessthans30 M of
%;(W/V) aquf%@ﬁ?ﬁﬂ%'ﬁbﬁﬂm&ﬂbb&ﬁ%%ﬂ?ﬂﬁd wﬁlﬂlmgmadmdzand t he

m xture was sti | eneo m xt ure

(about 15 m nut(gggl z#&ﬁd adO BREd U °m°geﬂﬁ’>?f S&aﬁ%‘%ﬁ%‘f‘%?&t‘w

chitosan vas added minutes)i 630dnkofi § 1% {w/v) aqueous shbmng@ﬁ@obsthyiemmms vvas

obt ai ned (abouty, Ostirred o (W
gl ut :atr al d((ahydg &},54%% dﬁbﬁ‘%’ ‘I'ilaswas unulahogwgeﬁ&g aﬁss/l ﬁ\g \é?\l

sodi um hydr oxi mm“ﬁ’i ah?ﬂt&;?e was then gent | y stl rred for one
hour before bei ng Nextt2708dml of 5 % (w/¥)hitosiiDvis\added ant atitred ivintika, cat al ogue

#7418-0 pol ypr %}ﬂ L?gﬁlx;[uwgaf W(mqsf&hmgp%t&fts azed), extruded

(die size: yer (GLATT AIR
TECHNI QUES I nc. ) 8002@' of 5 % (wiv)sleatpldehyda, was addedand the pH; Was es were used

for converti ngaa}*gﬁaltsgousmgsN Sidiingin ¢ dﬁ)xﬁﬁlt thereof to L-malic acid as (

Iﬁlalrloy:\?\arged i nt o The ! mikd a¥tgmmbné{¥ %’%\%Sr{ﬁ grtlr#%fo g’eb‘%a{‘ by Pu\rﬁas

f umar at e sol ut |(6nG@0EMAN Co. clotbd'ﬂtee,r@taiogwl&ﬂpolmropy{eﬁe felt, 18) was

Fate of one. nap et RRIRRbI BN, cxéiaded (SR ONE) Al A LFUSIE Ba @ T OW
The L- mallgc acf t&m%fn& #&@?@% Infdn deternined by HPLC.

. The conversion ratthe afry immobilized celll particleswere ased:for converting furBric)o 30

Bacterial cell f %sﬁé% f&ﬁﬁf obt ai ned and

cultured in théc'?ré)r{nmer cfhscrlg)eg.a ove |n5§x e except that the
quantities of theThesisyimmobilized cel} partigler prepara @h&’éﬂﬂwmﬂmﬂﬁ’dof 100, so
as to produce G4 d mikife 6f 10 9 RARY I-aspartier &id). 0. T8 @/ Halchinm Thickide! s wer e

them i mmoly |12 g6y akes"d't 8 (w9v>%ﬁﬁ%6%fﬁma%a%oﬁ&%t§{ea @8R 11
ammonium hydroxide (for pH _ad_;ustment) to pH 8.8. at 45 °C for five to
eight hours with gentle stirring. The liquid was then decanted and the
pretreated immobilized preparation were then packed in the column.

An aqueous solution (conversion solution) of ammonium fumarate (1M)
25 at pH 8.8 was then passed through the column at 37 °C at a flow rate equal
to 1/3 of the bed volume per hour. The L-aspartic acid was then
precipitated by adjusting the pH of the effluent to pH 2.0-3.0 with
concentrated sulphuric acid. :
: The L-aspartic acid content in the effluent was then determined by
30 HPLC. The results of the above-described conversion is set forth in Table
4. _

M e
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The ten liters of fernentation broth was then diluted with deionized
distilled water until the electrical con‘db%tivity t hereof neasured | ess

t han 6000 ohns. The diluted broth was then mxed with 100 grans of
FW 2 (Eagl e-Picher) and m xed until a honpbgeneous solution is

obt ai ned (about 5 15-30 minutes). @sbled of 5 % (wv) aqueous sol ution
of pol yet hyl eni prTE T XCUTE T until a
honogeneous mi x} ur srate obt ai ned-Adpartic Axid ¥ieldt es) at pH|8. 0.

Next, 2700 m of (bedvélime/hryni {%Bsconveibnasifathafio dckE torL-aspasié atidp
honbgeneous m xgure was obtaijned (about 15 m nutes) at pH 8.0. 10

800 M of 5 % (Wv) gi t ar al dehyde was added aﬂdothe pH was

adjusted to 9.0f usi ng 6N sodijum hydr oxi de. ) The m xtur¢ was then
gently stirred for on®5hour Hefore being filte§6:@ (C. N Co.
cloth filter, cptal og§ig #7418-0 pol ypropyl ene feht, 18 . oufce felt

doubl e- gl azed),] extru %d (dig size: 1mm) and dﬁ?d at 45 [err]Cifp a 15

datt Dryer (GJATT Al R'TECHNIJQUES, Inc.). The dry i mmpbilized
cell particles mere Ul for jconverting funari@3.0 acid or alsalt
thereof to L-aspartic acid ad follows. _ The dry imobillized cell
particl e preparation was then pre-incubated wth a mxture of 10 %

(W v) L-aspartic adceordingly if,canbe)seen that the wse| of the meghod of theipreseat e, 0.1 %
(W v) TWEEN 80 {nSkhéidN restltbdCisfftienpdmleffétive eiéyibatic conversion 6finafic
hydr oxi de (for ﬁcli%z%jhgst nt%cf o pH 8.8. at 45 [err]C for five to

ei ght hours wt r g. The liquid was then decanted and the
pretreated i mobi | Masy modifications arayvies madé svithputodeparting frora the basie.

An aqueous5sol uﬁé‘gﬂd ﬁ{égbfédeﬁi fHvefitior!t m&mﬁ%lﬁm wﬁfiﬁé@b

25
at pH 8.8 was t d through. the colu at 37 ri1C at a,.# ow rate

as .
equal t ?‘B"’o e agtthat Within thescope; of the af claims, thejipveption \as
t hen pr may |betpractited wtired jthei hasthbeeh apedificullyt descritied| heeeih. t 0 pH 2. 0-3.°0
W th concentrated sul phuric acid. The L-aspartic acid
content in the effluent was then determ ned by 30 HPLC. The results of

t he above-descri bed conversion is set forth in Table 4.
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Tabl e 4 WO 96/20282 Fl ow rate L- AspapnaBssai1e4sYi el d
(bed vol urre/hr) (%converS| on of fumaric acid to L-aspartic acid)

1.0 91.0 2.5

86.0 _ 5.0 77.0

7.5 . 72.5

63.0 Accordingly it can be seen that theﬂM”HI"“NHIIlH I“l)d

of the present I nvention rgaul teg in efficient and effedtive *
enzymati c conversion of fumaric *L-aspartic acid.
Many nodifications may be made without departing fromthe basic 5

spirit of the presdnt A methed fon therprodnctiongpfian Liorganid adid onppdeaminoed by
those . akd! ked hibdtJﬁeﬁétﬁxgtfﬂﬁIanWabia' k-4 At ERDE with :I MBPe“dEd

| ai th
O e I bl wherdy T AseH A or A ol 10",

speC|f|caIIy de

A met hod f&r pr enkymatigally esmverted ¢o either the Liorgmiic acidardhe Lrgmineiaoigt

fumaric acid or o8y f@bberdhPthe Yhid'} oPedhic acid or L-amino acid.

16 1.
reacting

10

15

20

25

2 - The method of claim 1, wherein the strain is a strain of the species
Microl jum imperale.

3 The method of claim 2, wherem the stmn is M_,_mmgls ATCC
8365.

4 - The method of claim 1, wherein the strain is a strain of tlic species
Mi ! - . l 0 . . N

5- The method of claim 4, wherein the strain is M. lacticum ATCC
8180.

6 - The method of claim 1, wherein the strain is a strain of the species
Microbacterium iumphilum.

7 - The method of claim 6, wherein the strain is M. ammoniumphilum
ATCC 15354.

8 - The method of claim 1, wherein the strain is a strain of the species
9 - The method of claim 8, wherein the strain is M._arborescens ATCC
4358.

10 - The method of claim 1, wherein the strain is a strain of the species
Microbacteri ifo

11 - The r_nethod of claim 10, wherein the strain is M. laecvaniformans
ATCC 15953.

12 - The method of claim 1, Wherein the fumaric acid or salt thereof is _

sodium fumarate.
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m croorgani sm sel ected fromthe group consisting of Mcrobacterium

I nperal e %%act eriumlacticum M crobacterium anmoni a L&J

M cr obacl'&H borescens and M crobacterium | aevani f or maﬁ’ g %l@ﬁ, t he
fumaric acid or salt thereof is enzymatically converted-to—either the |-
aspartic acid or L-malic acid. 2. The nethod of Ca wherein the .

m croorgani smis M crobacteriuminperal e-bavi ng ATCC aﬁww Mmﬂmﬁ%S
3. The nethod of Claim1 wherein the mcroorganismis

| acti cum havi ng ATCC accessi on nunber 8180. 4. The nethod of "ddim1 _

wherein the mcroorganismis M crobacterium amoni aphi |l um havi ng ATCC
accessi on nunber 13354The mbthod Dflaimt IX)cvitdreiftithe foraridiacid ion salh ehereof

T EL0%T 9201 S| . M, R RS AR AT S

erern m croorganismis
M crobact eri um Il-a@ahﬁwldr mans havi ng ATCC accessi on’ nunber 15953. 7. The
method of Caiml wherein the fumaric acid or salt thereof is amopni-um :

fumarate and vvher eild tTiee methiodiof cldimnB whereinsthe funmari¢ acidtop shit Asgreoftisc aci d.
8. The net einthe fumaric acid or salt thereof is
sodi um f undar at e%%ém%e sodium fumarate is converted to L-malic
aci d.
15 - The method of claim 14, wherein fumaric acid or salt thereof is
ammonium fumarate, and wherein the L-amino acid produced thereby is

L-aspartic acid.

16 - The method of claim 1, wherein the L-organic acid or L-amino
10 acid is L-malic acid.

17 - The method of claim 1, wherein the L-organic acid or L-amino
acid is L-aspartic acid.

18 - A reactants solution comprised of a strain of the genus
Microbacterium and an organic acid or an amino acid, said organic acid or
15  amino acid being in the form of an L-organic acid or L-amino acid in the
absence of a D-isomer and/or DL-isomer thereof.

19 - The reactants solution of claim 18, wherein the organic acid or
amino acid is L-malic acid.

20 - The reactants solution of claim 18, wherein the organic acid or
20 amino acid is L-aspartic acid.

21 - The reactants solution of claim 18, wherein the strain is a strain of
the species Microbacterium imperale.

22 - The reactants solution of claim 18, wherein the strain is a strain of

the species Microbacterium lacticum.

25 23 - The reactants solution of claim 18,_ wherein the strain i$ a strain of
the species Microbacterium ammoniumphilum.

24 - The reactants solution of claim 18, wherein the strain is a strain of
the species Microbacterium arborescens,
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17 9. The nethod of Caim1l further conprising recovering the
L-aspartic acid or the L-malic acid.- 10. A reactants solution conprised
of a strswoeembkscted fromthe group consisting of M crobagicanBsmiitdgoer al e,
M crobacteriumlacticum M crobacterium amoni aphilum M crobacterium
aborescens and M crobacterium |l aevani formans and an organi c a

am no acid, said organic acid or amno acid being in the
L-organic acid or L- amino acid in the abdence of a D i s m ” MU"’

DL-i somer thereof. 11. The reactants solution of Caim 10

organic acid or amno acid is L-malic acid. 12. The reactants sol utlon
of Claim10 whereipn the organic acid of amno acid, is L-aspartic, acjd.

13. A method for t#- FhedeActansy,solytion of claimy Af; wherein:the istraiginis qostein

2SN

conprised of r ehetspégesf i wasifarfahs.t hereof with a fumarase
natural |y produced by a stral n selected fromthe group consi sting of

M crobacteri umi rr%al e eMuﬁr @Im}%?g}
anmoni aphi lum M crobac eril unt?g rescengha(’i:‘ri:é!n a eJr)lsﬁanﬁ?'aevanl f or mans,

wher eby the f urfgid, comprigsedof sacting fumaris agid og 3 spltghereef| wish adumparased t o

ei t her thesL- orgaitally pﬁdddcéd by Asstrain?of e gefusMicidbictaiior whereby thesai d
L-organic acid f?lInaxLic adid S saft thereof is enzymatically converted to either the
L-organic acid or the L-amino acid and recovering the said L-organic acid

or L-amino acid.
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