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(54) Title: METHOD FOR PRODUCING L-PHOSPHINOTHRICINE BY ENZYMATIC TRANSAMINATION WITH ASPARTATE

{54} Beecichnung: VERFAHREN ZUR  HERSTELLUNG VON L-PHOSPHINOTHRICIN DURCH ENZYMATISCHE
TRANSAMINIERUNG MIT ASPARTAT

(57} Abstract

The patent application describes a method for the enzymatic, chiral synthesis of L-phesphinothricine by means of transamination
from a corresponding keto acid PPO with aspartate as aminodonor. Quantitative conversion can be abtained by means of suitable reaction
engineering using approximately equimolar amounts of aminedonor and aminoacceptor, whereby the donoramino acid aspartate is completely
used. The use of thermostable ransaminases enables high reaction velocity and cormespondingly high room/time efficiencies,

(57) Zusammenfassung

Die Patentanmeldung beschreibt ein Verfahren zur enzymatischen, chiralen Synthese von L-Phosphinothricin durch Transaminierung
aus seiner korrespondicrenden Ketosiure PPO mit Aspanat als Aminodonor. Durch geeigneie Reaktionsfihrung kann eine quantitative
Umsetzung bei Einsatz annihernd dquimolarer Mengen von Aminodonor und —akzeptor unter vollstindigem Verbrauch der Donoraminosiure
Aspartat erreicht werden. Die Verwendung thermestabiler Transaminasen ermoglicht eine hohe Reaktionsgeschwindigkeil und enisprechend
grosse Raum/Zeit-Ausbeuten.
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10 transam nation in the presence of asparate in the presence of a PPO
specific aspartate transam nase (Asp-TA). The conpound L-PPT, its salts

and sone derivatives thereof are herbicidal reactive non- %&iﬂno%ﬁﬁgc
am no acids or salts and derivatives thereof (DE-A-271744 ? Rer e rmin

each case i i ically active whereas the D formi se is
virtually "’?Qq?%@?‘ﬁe ( DE- A- 2856260) . It has previ o&h@%@ 99| osed
that transam nases are particularly suitable, because of their high

st er eosel e§tasefipforand their relatively broad substrate specificity, in
particular for the chiral enzymatic synthesis of 20 amno acids fromtheir
correspond'h)n(g ket o aci@I precursors. One disadvantage for the industrial
use of trahs@PRSasi ifBe nerReaEtion: nel r L-ibgsphinetliriein c st emaymsticabout 1,
so that ontmnaamitatiphelith efpdrtiger equi red product can generally be obtai ned
(US- A-4; 826, 766) . EP- A-0344683 and US-A-5,221,737 describe the preparation

of the herbicidal agent 25 L-phosphinothricin
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substrate specificity, in particular for the chiral enzymatic synthesis of

20 amino acids from their corresponding keto acid precursors. One
disadvantage for the industrial use of transaminases is, however, their
equilibrium constant of about 1, so that only a 50% yield of the required
product can generally be obtained (US-A-4,826,766). EP-A-0344683 and
US-A-5,221,737 describe the preparation of the herbicidal agent

25  L-phosphinothricin [(L-homoalanin-4-yl(methyl)phosphinic acid, L-2-amino-
4-(hydroxymethylphosphinyl)butyric acid, L-PPT)], a non-proteinogenic
amino acid, by transamination from the corresponding keto acid {(2-ox0-
4-(hydroxy)(methyl)phosphinoyl)butyric  acid, PPO)] with 4-amino-
butyrate:2-ketoglutarate transaminase (GABA transaminase, EC 2.6.1.19)

30 from Escherichia coli. Quantitative conversion requires a large molar
excess of the amino donor glutamate, which makes purification of the
reaction product difficuit.

One solution of this problem is possible by use of aspartate as amino
35 donor, because the corresponding keto acid oxaloacetate is unstable in
aqueous medium and spontaneously decarboxylates to pyruvate. Removal
of one reaction product from the equilibrium makes back-reaction
impossible and quantitative conversion is possible even on equimolar use



aspartate known. 10 As an alternative, a coupled 2-enzyne system consisting
of PPT-specific transam nase and gl ut amat e: oxal oacet at e transam nase (GOT,

EC 2.6.1.1) has been proposed (EP-A-0249188 and EP- A- 047%8(2%& 9 this
reaction procedure, the glutamate used in the synthesis ‘5791" pes
regenerated from aspartate by neans of GOI. The aspartate transam nase
itself has no 15 specificity for L-PP™ PPO. The spontaneous conversion of

oxal oacet atef ketdaQidparididaner ani® beada procassbf fhis typetiB@eRaHbed o um i n the
direction %fxa'rndog in Es,yat@ﬁ% for the overall reaction. In this case,

guantitative product yie gre possi bl e on equi nol ar use of PPO and
aspartate with distinctly less than an equinolar quantity of glutamate. 20
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are possible on equimolar use of PPO and aspartate with distinctly less
than an equimolar quantity of glutamate.
20
This coupled enzyme process makes it possible to reduce distinctly the
overdosage of the donor amino acids present in the substrate solution
compared with the acceptor keto acid PPO, which simplifies work-up of the
product solution. However, it is still necessary in the coupled reaction
25 procedure to use glutamate which - in equilibrium with ketoglutarate -
remains in the reaction product or must be removed by elaborate
purification processes from the structurally very similar amino acid L-PPT.
In addition, optimization of the reaction procedure is more difficuit with 2
enzymes than with one enzyme because of the different kinetic
30 parameters.

Although previously disclosed aspartate transaminases such as, for
example, GOT show no conversion of PPO, aspartate transaminases from
microorganisms which likewise accept L-PPT/PPO with high specificity as

35 substrate have now surprisingly been found. These enzymes catalyze
direct transfer of the alpha-amino group of aspartate to PPO.

The present invention therefore relates to a process for the preparation of
L-2-amino-4-(hydroxymethylphosphinyl)butyric acid (L-phosphinothricin,



HBC P -CH2 CH2 CNH OHH (E) 5 from

4- (hydr oxynet hyl phosphi nyl ) - 2- oxobutyric acid (HWB, PPO of the formula
(Irr) 00011 11 11 HCcH2 CH2 c c OH (It) OHits deri [ ves ich are
selected fromthe group of carboxylic esters and car boxam$§téjsc\{®‘?ﬁ%é%
phosphinic esters and/or its respective salts as acceptor by enzymatic
transam nation in the presence of aspartate as donor, the transam nation

t aki ng pl in . the resence of one or nore acceptor-specific, preferably
PPO- speci ﬁlg%,ﬁ 0@%%89“?"%[(@ it$ degvalvasivhiss e selaged R the grog) of earboglicestest at e and

t he corrpomdlcamm‘xamh@sér@bmtbﬁni&é&ersérfd%r&‘?fép}é&{éégg% and/or salts, preferably
in the presence of 15 one_or nore thermally stable and/or isol ated
aspartate transani nase ang very particul arl ycﬁéeferabl y in the presence of
one or nore aspartate trgnsam nases with gyrﬁ i substrate specificity for
pyruvate, so that 6 matfon—6H, thechy-product al ani nﬁ can be reduced or
substantially avoided. 2p Salts of L-PPF a'emgleneral i/ salts with

i norgani c and/or organic ggids or nonog and di'salts with inorganic and/ or
organi c bases. Salts with acids (acid addition salts) are, for exanple,
salts with mneral acids such as hydrochloric acid (hydrochloride) or
sulfuric acid (sulfates), or with carbonic 25 acid (carbonates, hydrogen
car bonét edjorord-{iivdioxyngethiytphas phisy$-2edwabsityrac atidc(HPe, (RRE] aferg . fornic
acid (for rfg,trﬁ@g,(“pr opionic acid (propiates) or tartaric acid (tartrates).
Salts wth bases are, for exanple, alkali netal and alkaline earth netal
salts, ammoniumsalts, salts with organic am nes such as primary,
secondary or tertiary am nes, and quaternary amonium salts. 30 Derivatives
are, for exanple, estens of L-PPT whi c” are” esterified on the 20 Cct ober
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its derivatives which are selected from the group of carboxylic esters and carboxamides and
10  phosphinic esters and/or its respective salts as acceptor by enzymatic fransamination in the

presence of aspartate as donor, the transamination taking place in the
presence of one or more acceptor-specific, preferably PPO-specific,
aspartate transaminases (Asp-TA) to give oxaloacetate and the compound
of the formula (i), its derivatives and/or salts, preferably in the presence of
15 one or more thermally stable and/or isolated aspartate transaminase and
very particularly preferably in the presence of one or more aspartate
transaminases with minimal substrate specificity for pyruvate, so that
formation of the by-product alanine can be reduced or substantially
avoided.
20
Salts of L-PPT are generally salts with inorganic andfor organic acids or
mono- and disalts with inorganic and/or organic bases. Salts with acids
(acid addition salts) are, for example, salts with mineral acids such as
hydrochloric acid (hydrochloride) or sulfuric acid (sulfates), or with carbonic
25  acid (carbonates, hydrogen carbonates) or with organic acids such as
acetic acid (acetates), formic acid (formates), propionic acid (propiates) or
tartaric acid (tartrates). Salts with bases are, for example, alkali metal and
alkaline earth metal salts, ammonium salts, salts with organic amines such
as primary, secondary or tertiary amines, and quaternary ammonium salts.
30
Derivatives are, for example, esters of L-PPT which are esterified on the



phosphinic acid group, for exanple esterified with Cl-Cl12-al kanols such as
nmet hanol , et hanol, n-propanol, i-propanol, n-, i- and sec- or tert-butanol
and C3- C6-cycl oal kanol s such as cycl ohexanol . Derivativesg, S\jﬁ)b%kz&)&esters
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Derivatives are also the carboxam de™of L-PPT and its derivatives, where
appr opr i at phodpranikydcidgrauphfati edakypiamistrgiedi with Cpr@fealabhyls such@s4 C at ons

'n the alkylo ! (}t)‘xanc"ylo S)%Eéﬁ% &%p%oP RO ;L& sE8ror§?ﬁ t&hol tn?i salts

Wi th inorganic ant and b'ases sart ere have
al r eady be@ﬂ %ﬁw!@ﬁléan@lﬁ SL@Bn@ﬁa@wI@hemrtqh Depvahvegeaﬁevalﬁpmerar@ for

exanpl e, aLﬂiPTfSM%ﬁ Pt é?i%%amyclaraero@;tﬁﬁa@ Iégt@ffmémohhmeC@érBé%wcl c acid
cohol s suitable for the,

rou t he phos i cC aci or both
AR R AR I %fswgn%qneﬁaﬂpeh%r gEvaNeSAreL - ppT.
pr ef er abl yakhetra lcartmixamigataofohdRPT tdret dts BDerivativeby egheae ea@iropridtee
car boxam dg_ QLQPJ?CN%‘ ialug%arﬂ\fl‘%és"\%&h VgFefe.% hl & 9 ESdiShis! .'éfﬂsoﬂﬁ(t e

phosphi ni ¢ ‘acl correspon %Ikyl or

N, N- di al kyﬂ’tﬂiﬁtdes 20 Aspartate preferably de5| ghates L-aspartic acid or
its salts, preferably alkali rretal sal ts Hovvever it is also possible to
enpl oy, ures.of L- arti artlc acid, for exanple
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m Xt ures O@:or[esp(g“ghr[g %ls%'é)f‘ﬁé\' Naf@!‘?’!ﬂ)é a(‘ﬂ‘éﬁ -s), the m)l ar quantity of
L-aspartic acid (salt) is decisive. PPO derivatives nust be enployed in

ol ar fbuanhgééﬁé:teg)%lfe\@ﬂlﬁ'a fsqﬂa{:é%q gl?rertlgf%rc?osgpifse sglfts gﬂ}'ré'fte?émy glka‘i1 the

substrate soO ,
metal salts. However, it is a!so possible to employ mixtures of L-aspartic -

acid with D-aspartic acid, for example racemic D,L-aspartic acid, as
aspartate.

25 An alternative possibility in the process of the invention is to remove
pyruvate which is present where appropriate in the reaction mixture by
physical, chemical and/or enzymatic means, preferably by conversion by
means of enzymatic catalysis, for example by acetolactate synthase (ALS),
pyruvate decarboxylase, pyruvate oxidase, in particular acetolactate

30 synthase; the conversion of pyruvate very particularly preferably takes
place in the presence of a relatively thermally stable enzyme. The enzymes
used thus can be in immobilized form where appropriate.

Both substrates (donor and acceptor) are employed for example in a molar
35 ratio of 0.5-2:1 (based on L-aspartic acid:PPO), preferably 0.75-1.5:1, in
particular approximately equimolar. On use of mixtures of L- and D-aspartic
acids (salts), the molar quantity of L-aspartic acid (salt) is decisive. PPO
derivatives must be employed in molar quantities equivalent to PPO. The
presence of glutamate in the substrate solution is unnecessary. Some of




20 October 2003 5 the enzynes found exhibit excellent thermal stability.
The process can therefore be carried out in a wide tenperature range, for

exanple at tenperatures from1l0 to 95C, preferably from 90 | n
particular from60 to 85C. The preferred tenperature ranggch@eégg%es

which 5 display no particular thermal stability is from20 to 70C, in
particular from 30 to 40C. The rel atﬁvely hi gh tenperatures allow the
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the reaction m Xt €, ~for exa . _ _ 1998),
vol . 16, 4sustamgyith paieein thgtangedrom 7,9, drenetA pOosphatharitds byffenday
(1997), o/ Shrori8fghf the BR-GMES IAAEN nadl tRenl BbarirhRAIPbhaTRIGHAHURL, L-PPT.
rom reaction 'sol utigh.can e ere opriate . nown an
conven on‘i? ahl”@(‘f%@é’e%qe cﬁ?#@%ﬁ%@ %’ﬁﬁﬁiﬁ&gﬁ ‘ﬁﬁ’?‘\%ytfgp'ﬂéjcrﬁvpzﬁgobutyl
ket one or digclasedi HoRTERMapgeific dtansamirageaphy, for exanple with
Anberlite(r) IR 120 (manufactured by Sigma). 35 The process of the

invention is explained further in the follow ng exanples
Particularly high conversion rates can be achieved in the reaction if the

formation of alanine during the transamination can be avoided or

20 minimized. It is possible to use for this purpose where appropriate
optimized ASP-TA variants without substrate specificity for pyruvate. An
alternative possibility is for pyruvate to be removed physically, for example
by use of selectively permeable membranes and/or chemically or
enzymatically, for example by conversion with pyruvate decarboxylase,

25 pyruvate oxidase or acetolactate synthase, from the reaction mixture (see,
for example, Taylor et al., TIBTECH (1998), vol. 16, 412-418;
Fotheringham et al., CHIMICA OGGl/chemistry today (1997), 9/10, 33-38;
WQ 98/53088).

30  Purification of the product, L-PPT, from the reaction solution can take place
where appropriate by known and conventional processes, for example by
extraction with methyl isobutyl ketone or by a cation exchange
chromatography, for example with Amberlite® IR 120 (manufactured by
Sigma).

35
The process of the invention is explained further in the following examples
and the invention is defined in the patent claims. The following examples
are not to be understood as limiting in this regard.



and the invention is defined in the patent clains. The foll ow ng exanples
are not to be understood as limting in this regard. 20 October 2003 6 | 5

Exanples: 1.) Isolation of soil mcroorganisns with L-PPT-
asngr)t ate t%ansam nase activity: 1 g of each of various g(ﬁ)ﬁ%? b&ﬁ%?%%
(hunus, |oam sand/ Schwanhei mer Dune, Frankfurt) were extracted with 10 nl
of 10 mM Na phosphate buffer, pH = 7.0,6 at roomtenperature for 1 h.
Enrichment clxampdssin the foll owing nediumwere inoculated fromthe
extracts: 10 5 mM glucose 5 nmM succinate 10 mM glycerol 10 mm PPO 10 mM
L-aspartic acid 15 50 m || solution A 25 mll solution B 20 25 -30

Sol ution A 1Sol ut$sdatian ofo sgill nKerapaanioms giith NgBET -smediq 1aspdaiaite 25
m/1l-froma stockt@mggm.me eﬁjﬁm‘.'t\gl ni ng: | g/I FeSO4 x 7"H20 0.22 g/1 MSOH

x H20 051 g/l H3BO3 0. 1 g/l t MO X H20 0.18 g/1 ZnSO»4 x 7 H20
19 of each of various soil samples (humus, loam, sand/Schwanheimer
Dine, Frankfurt) were extracted with 10 ml of 10 mM Na phosphate buffer,
pH = 7.0, at room temperature for 1 h. Enrichment cultures in the following
medium were inoculated from the extracts:
10 5 mM glucose

5 mM succinate

10 mM glycerof

10 mM PPO

10 mM L-aspartic acid
16 50 mift solution A

25 mlfl solution B

Solution A: 50 g/l KoHPO4
Solution B: 2.5 g/l MgSOy
20 0.5 g/l NaCl
25 ml/i.from a stock solution
containing: 19/l FeS04 x 7 HoO
0.22 g/l MnSO4 x H20
0. 1 g/l H3BO3
25 0. 1 g/l Naz MoQ4 x 2 Ho0
0.18 g/ ZnSQ4 x 7 HO
0.16 g/l CuSQO4 x 5 H20
0.1 g/ CoClz x 6 Ho0O
1 mi/l 1 N HCI
30
The cultures were incubated at 28°C and 200 rpm on a shaker for 3-5 days.
Enrichment of microorganisms able to grow with L-aspartic acid as sole N
source was possible from one of the soil samples tested (humus). The
culture was passaged further in the same medium several times and then
35 plated out on agar medium of the same composition to isolate single
clones. After incubation at 28°C for 3-5 days, a total of 100 single colonies
was isolated and again inoculated in liquid medium (see above). The
isolation on agar plates was repeated 2 x more in order to ensure that pure
cultures were obtained.
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m/nin, UV (O@MCc3368; DIV 133854 ESMU13B55, iD8IA: 13356PRT: thabarind halin, D PPT:
about 21 MyHen HEp&‘Q?ecpgfﬁhgl‘Ebéﬂgéheb%arrolmlung von Mikoorganismen und
Zellkulturen GmbH") to detect the formation of phosphinothricin. The
20 enantiomeric purity of the reaction product was by chiral HPLC
[investigated with the separation column Chirex® (D) with penicillamine as
matrix (manufactured by Phenomenex)] (mobile phase: 2 mM CuS0Qy4, 10%
methanoli, flow rate: 0.5 mi/min, UV detection: 254 nm, retention times:
L-PPT: about 17 min, D-PPT: about 21 min). It was possible thereby to
25 detect L-PPT and no D-PPT as reaction product in all the 4 test samples
investigated.

For preparation of L-PPT by biotransformation and a quantitative analysis

of the progress of the reaction, 11 cultures of each of the soil bacterial
30 strains DSM 13354, DSM 13355 and DSM 13356 were grown in the

medium as described on page 6 at 28°C for 48 hours. The celis were

harvested by centrifugation, washed 1 x in 10 mM NaCl, 10 mM Na

phosphate, pH = 7.5, and then lyophilized overnight.

To carry out the biotransformation, 200 mg dry biomass of each of the soil
35  bacterial strains identified above were resuspended in 10 ml of the

following substrate solution:

100 mM PPO

200 mM L-aspartic acid

100 mM Tris/HCL, pH = 8.0



25 detect L-PPT and no D-PPT as reaction product in all the 4 test sanples
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sumari zed (DgM aBBss)l. The maxi mum conversion rate achi eved [produced

L- PPT/PPO in the substrate x 1001 was about 59% (DSM 13355). 10 Table 1:
Progress of the PPQO aspartate transam nation reaction by biotransformation
with soil isolates StrainReaction tine L-PPT [mM Aspartic acid [h][nmM

DSM 13341 3.9174.0 2 5.7150.0 4 10.3100.0 8 23.830.3 24 38.30

Table 1: Progress of the PPO/aspartate transamination reaction by
biotransformation with soil isolates

Strain Reactiog time L-PPT [mM)] Aspartic acid
(h] [mM]

DSM 13354 1 3.9 174.0
2 5.7 150.0
4 10.3 100.0
8 23.8 30.3
24 38.3 0
30 48.4 0

DSM 13355 1 4.5 143.1
2 7.7 1227
4 11.1 08.8

| 8 24.8 76.4

24 44.9 17.2
30 59.1 9.8

DSM 13356 1 5.7 138.1
2 8.4 124.4
4 12.5 95.9
8 27.5 58.8
24 51.3 14.3
30 49.6 7.2

*

15 . Reaction temperature: 37°C




30 48.40 DSM 133551 4.5143.1 2 7.7122.7 4 11.198.8 8 24.876.4 24 44.917.2
30 59.19.8 DSM 133561 5.7138.1 2 8.4124.4 4 12.595.9 8 27.558.8 24

51.314.3 30 49.67.2 15 : Reaction tenperature: 37C 20 Cct 9hejoitRP308; 2- )
Detection of direct PPO aspartate transam nation with transam nase enzyne

preparations: i 5 Atotal of 7 differegt commercially available
transam nases was tested for PPQ aspartate transam nation. From
m croorgani sms deriving (thermally stable transam nases AVMN-001-01,

-001-02, -0B]- OC*Deteﬁfbdn 0f direOORPQFaspatad BaneshinatibhavitiaNdangter ase test

Kit from Di versa, pﬁlgy%g (1998) gl ut amat e- oxal acet at e transam nase
(Gar), glut amate pyruvat ransam nase (GPT), Sigme). The enzyme
preparations were dissolved wi‘th a protein concentration of 5 mg/nl in 50

T Tr i SEHOIA ot 6 7 dlterenB Bmmaresbly Wi Yethnd Hééé?&agglss@@”fg{b“f fer at

nors ‘an ors which
are possl bl OBREBEAR (4SRN Ayine L B ROr ISR st (eghalinet  as
i nt er nedi atdallls amsareinasesn AMN- m@aosam@aolzonooi[bs e0G V-8, 59@#222??()?”
b s Iy WL PREBRLU T ol LG A ANETLI LD
8.0, 10 PI¥Y 2ip- Cp@é@}ﬂﬁ%lﬁetfﬁosammasat @@5)1 @ipematerpgruvatd mal f or
the pani Clﬂrlaalr'sammase (GPT), Sigma). The enzyme preparations were dissolved
with a protein concentration of 5 mg/ml in 50 mM Tris/HCI buffer, pH = 8.0,
and then dialyzed against the same buffer at 4°C overnight. This was
intended to remove amino donors and acceptors which are possibly
present in the enzyme preparations and which might act as intermediate
15 carriers in the transamination. The enzyme solutions were then adjusted to
1 mg/ml and incubated in 50 ul mixtures with reaction buffer consisting of
50 mM PPO, 50 mM L-aspartic acid, 50 mM Tris/HCI, pH =8.0, 10 uM
pyridoxal phosphate for 1 h at the temperature optimal for the particular
enzyme.
20
The enzyme tests were analyzed by thin-layer chromatography and chiral
HPLC as described in example 1. Enantioselective formation of L-PPT by
transamination from L-aspartic acid was detectable with 2 of the thermally
stable enzymes, AMN-001-03 and AMN-001-04 (reaction temperature:
25 80°C). None of the other enzymes tested showed any reactivity.

3.)  Quantitative investigation of the PPOfaspartate transamination with
the thermally stable transaminase AMN-001-03:

30 Because the specific activity was relatively high, the transaminase
AMN-001-03 was selected for more accurate characterization of the L-PPT
synthesis reaction. 1 mi of a substrate solution consisting of 40 mM PPO,
48 mM L-aspartic acid, 50 mM Tris/HCI, pH = 8.0, 0.1 mM pyridoxal
phosphate were incubated with 1 mg of AMN-001-03 transaminase at

35 80°C. To analyze the progress of the reaction, 50 ul aliquots were taken
over a period of 24 h and frozen at -20°C. PPT and aspartate were
determined in an amino acid analyzer (Biotronic LC 5001). The results are
shown in table 2. Under the chosen conditions, the L-PPT synthesis
reaction reached equilibrium after 2-4 h. The amino donor employed,
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L- PPT SYyNn{mesTs react ronmreached bqui T or1um Z=4-A—The—anm no donor
enpl oyed, | 20 Qctober 2003 10l L-aspartic acid, was conpletely consuned
after 7 higA conversion ratel g[produced L-PPT/RR3 ikn the substratie x 100]

of about 5% was achieved T [Tabi e 27 Progress gf the PPOaspartatie
t ransam nati Lon Wt 95 transanmi nase ANMYG 1-03 Reactionlti ne

[h] L-PPT {&M Aspartate {nM | 2N§3.4 19.547.8 23®$HE3. 8 425. 712. 5 [729. 70

2428.10. 4 4 React 1 on terrperatég.?: 80C 125
7 29.7 0
24 28.1 0.4

*

- Reaction temperature: 80°C

10 4) Enzymatic chiral synthesis of L-PPT from PPQO and aspartate with
partially purified thermally stable transaminase AMN-001-03:

Partially purified transaminase AMN-001-03 with a specific activity of
107 nkat/mg of protein (1 nkat = 1 nmol of aspartate/sec.) was employed
15 for the synthesis experiments. The reaction solution with a volume of 1 mi
contained 552 mM PPO (10%), 700 mM L-aspartic acid, 0.1 mM pyridoxal
phosphate, pH = 8.0, adjusted with KHCO3, and 11.5 mg of enzyme. The
mixture was incubated at 80°C.
Sampling and analysis took place as described in example 3.
20
The results are compiled in table 3. In this experiment, the reaction
equilibrium was reached after only 1 h. The amino donor L-aspartic acid
was almost completely consumed after 4 h. The conversion rate was about
52% and the space/time yield was 4.5 of [g of L-PPT/g of biocatalyst/h]. in
25 a parallel experiment with the same substrate solution and enzyme
concentration but a reaction temperature of 60°C, a similar conversion rate
was achieved although the reaction rate was distinctly reduced. The
spaceftime yield was only 0.95 [g of L-PPT/g of biocatalyst/h]. These
resuits demonstrate the great importance of the high thermal stability of the
30 transaminase for the conversion rate and an efficient reaction procedure.



10 4.) Enzymatic chiral synthesis of L-PPT from PPO and aspartate with
partially purified thermally stable transam nase AMN-001-03: Partially
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*

10 . Reaction temperature: 80°C




1286.4193. 198. 7 2288.515.2181.5 4284.01.9284. 1 8251.91.3234.5 10 Reaction
tenperature: 80C 20 Cctober 2003 12 Patent Clains: 5 1. A process for
prepari ng L-2-am no-4-(hydroxymnet hyl phos- phinyl)butyric agsiOdtober 2003

(L- phosphinothricin, L-PPT) of the formula (1), its derivatives which are
selected fromthe group of carboxylic -esters and carboxam des and
phosphinic esters and/or its respectiv®salts 0 HBC P CH -CH ,-C CO OH NH2
10 OH H (1) from 4-(hydroxynet hyl phosphi nyl ) -2-oxobutyric acid (HWB, PPO
of the formula (Il) ni 11 H3CP -CH2 1 J C OH 15 01) its derivatives which
are selected fromthe group of carboxylic esters and carboxam des and
phosphi ni ¢ BstegtElaimi:or its respective salts as acceptor by enzymatic
transam nation in the presence of aspartate as donor, where the
transam;’snation tgkes place in the 20 presence of one or nore

accept o splci fi ¢ adParess: e OF anBEaRaRAages L-2-AsHngAyr (hydrayymetoxphascet at e
and the conpoundplafybihstyfioasid @ -phdsphindtbrigiar LWT)V@{S@%&%@S | @, 2. The

process as clai in. claiml, wherein the reaction of aspartaté 25 as
donor and a corrpn@%ﬁ\}c?q'g% VYHUCH Sréelegted fiom tg%rﬂ"%&? o} carpvdin asters

and carboxamides and phosphinic esters and/or its respective salfs

I
CO-OH
NH,
OH H
10
from 4-(hydroxymethylphosphinyl)-2-oxobutyric acid (HMPB, PPO)
of the formula (II)
I I ]
H.C T CH, CH, c—C OH {n
OH
15

its derivatives which are selected from the group of carboxylic esters
and carboxamides and phosphinic esters and/or its respective salts
as acceptor by enzymatic transamination in the presence of
aspartate as donor, where the transamination takes place in the

20 presence of one or more acceptor-specific aspartate transaminases
(Asp-TA) to give oxaloacetate and the compound of the formula ),
its derivatives and/or salts.

2. The process as claimed in claim 1, wherein the reaction of aspartate
25 as donor and a compound of the formula I, its derivatives which are
selected from the group of carboxylic esters and carboxamides and
phosphinic esters and/or its respective salts as acceptor takes place
in the presence of one or more thermally stable acceptor-specific
aspartate transaminases.




selected fromthe group of carboxylic esters and carboxam des and
phosphinic esters and/or its respective salts as acceptor takes place in
the presence of one or nore thernally stabl e acceptor-spe2dOctwobepgpag t at e
transam nases. 20 Cctober 2003 13 3. The process as clained in one or nore
of claimse 1 to 2, wherein 'the acceptor-specific aspartate transam nases
have a | ow substrate specificity for pyr1lévate so that the formation, of

t he by-product alanine is avoided as far“~as possible. 5 4. The process as
clai med i n one3-or nbiepuicess gisrtaimedannewreneianof gginuy dtte Aviheheindher esent
is removed from theadc@ptdrispRrclicXbep&tdl¥ trRRYShidke ;‘5%@4%1}\%@”%@&?}%%

enzymati c neans. 10 5. 1process as clainmed 1nc rein

1he
conversion of the Wﬁ\?ﬂi’eqaﬁﬂgvﬁﬁaée fhatithe frreadiose obithenky-srodust e
acetol actate synt halseise (PaB)ided agifueanpesgblect ate. 6. The process as
clainmed ingclaim4, wherein the conversion of the 15 pyruvate takes place
in the presence of a pyruvate decarboxylase to give acetal dehyde. 7. The
process as cl & -ned The eretessas alaémed rintdne oomare siforlainfis 1 He 3,pwhenei e

takes place in the fRr@sREGEhiSH 9 pREY & feRSLERHDN B ir%’fctio%omg&ﬁr%yé}y

phosphate. 8. The proces s ¢l ai In one or nore o al s

wherei n the converfg]yéWaEFgBW?ﬂiégg?qr%&émﬁf'ﬁ@éeqw-the presence of a
thermally stable enzyme. 25 9. The process as clainmed in one or nore of
clainms 1 8.5 wherg| f. t tyansaninases are in i bilized
form 10, q,@A i r oor@aegpgjr%(é&msﬁ? ﬂ%{fgﬁ%ﬁg %s‘?lﬁ}’ﬁ?.'o Wﬁ?ﬁ?& %%IQPT%%@?.” Ogg"oell. A
m croor gani sm wi t h PYRévade felss piasenontber presenas 86 one2or Mare araetolgetatesm wi t h

t he deposi tion nunightHaghk 18BShio Give 43etofudiier oorganismw th the deposition
nunber DSM 13356.

6. The process as claimed in claim 4, wherein the conversion of the
15 pyruvate takes place in the presence of a pyruvate decarboxylase to
give acetaldehyde.

7. The process as claimed in claim 4, wherein the conversion of the
pyruvate takes place in the presence of a pyruvate oxidase to give

20 acetyl phosphate. N
8. The process as claimed in one or more of claims 5 to 7, wherein the

conversion of pyruvate takes place in the presence of a thermally
stable enzyme.

25
9. The process as claimed in one or more of claims 1 to 8, wherein one
or more of the transaminases are in immobilized form.
10. A microorganism with the deposition number DSM 13353.
30

11. A microorganism with the deposition number DSM 13354.

12. A microorganism with the deposition number DSM 13355.

35 13. A microorganism with the deposition number DSM 13356.




