1 MUTANT PENI ClI LLIN G ACYLASES Field of the invention The
invention relates to a nutated penicillin acylase and a process for the
S5preparation of a P-lactam antibiotic wherein a P-lactam nucleus is
acylated with the aid of an activated side chain in the presence of a

nmut ated penicillin acyl ase. Background of the invention The p-lactam
famly of antibiotics is the nbst inportant class of antibacterial 10
conmpounds in clinical application. The narrow bact eri ci dal spect rum of
natural ly occurring p-lactamantibiotics, their low acid stability and

i ncreasing resistance problenms have triggered the devel opnent of

sem -synthetic antibiotics (SSA s) such as the sem -synthetic penicillins
(SSP's) and seni-synthetic cepNMTONPBENIELNSBACIIASESy” general , cheni cal
synthesis of sem -synthetic p-lactamantibiotics is performed under harsh
15 conditions using reactive interngdlalfisindd grganlc solvents at | ow

t enperatures, causing hi gh downstream processing costs and processes that
are environmental |y ﬂﬂW@@Wﬂﬂ?mmTﬁéﬁéFﬁﬁﬁjp?%@’baW?s%ﬁmﬁﬁgﬁPﬁﬁsé¥ﬁB?t to
repl ace the s r agdicharaalot & Restoadntipstcoessesa biacenzydwtsiicayiederibitemsid i n
order to obtain,a, ok e Wsd BHaabine pn@éé?!géjgfta' At pehBikh agyRE het i ¢ P-1act am
anti biotics. 20Natural p-lactans typically consist of the p-lactam nucl eus
(e.g. 6-am no- penicillanic acid (6-APA),

7- am no- desacet oxy- cephal ospor an@e_'mm_l{n_(gl_émw.&&nd ot hers) and a
so-cal I ed side chai e\ ém kil QP BRBIAE it Gnet Mest MR euSoladh af amivasérde bond.
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or a kinetically contro conversi on proce i an
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out in aqueous Contro conversi on Lhe enz
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For the prepar Sﬁdogﬁgﬁ’ﬂ %emroy%w&fb@twpn PRRbEI Bibtbdhsol. L& Pt boratuediogiFde chain

may be the ami de-derrvat I opat | oxyllc
acid. In this G4S&Y»t W ¢%989” #mﬁngd%% iéggggénu |d§§|§ab§€€?ned by
the catal ytic @m@M@n@ﬁg@CUﬂkﬁhQO@HZ¥HE>éﬂﬂﬂﬁlgh non- eqU|I|br|um
concentrations of the acyl-transfer product can transiently be obtained.
Exanpl es of side chain used in the synthesis of SSA' s are activated
phenyl gl yci ne, activated hydroxyphenyl gl yci ne, activated

di hydr o- phenyl gl yci ne and ot hers. PenG acyl ase catal yzes the hydrol ysis of
am des and esters via an acyl-enzyne 20 internediate in which the
N-term nal serine of the 13-subunit is esterified to the acyl group. In the
case of hydrolysis, water attacks the acyl-enzyne and drives the hydrolysis
to conpletion. When an am no group of an added external nucl eophile (e.qg.

6- APA, 7- ADCA) is present, both the nucleophile and the water may attack
the acyl enzyne, yielding the desired acyl-transfer product (antibiotic)
and the undesired hydrol yzed acyl 25donor, respectively. The ability
of PenG acylase to act as an acyl transferase, i.e. to synthesize SSA's, is
already epr0|ted on an |ndustr|al scale |n the enzynatlc productlon of
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EP- 1418230 to TUHH Technol ogi e GrbH, di scl oses Al caligenes faecalis PenG
acyl ases for which the post-translational maturation of the a-subunit is
inconplete 30 resulting in a higher hydrolytic activity for penicillin G
and 6-nitro-3-phenyl acet am de benzoic acid (further referred to as N PAB)
| nconpl ete processing of said a-subunit was invoked by am no-acid
substitutions in the so-called |inker region between a and p subunit. It
was not described whether or not such nutations could also increase the
synthetic activity. 5 The prior art discussed above shows that,
although it is possible to increase the S/Hratio of various nutants of
PenG acyl ase, such inprovenents in the S/Hratio are acconpani ed by a
decrease of the syntMetifemadedcyiating flasarcenreugds He i PNt igHE BN R yI ase.
Therefore, the diyssdvariragessat hjdieses titagbbs uies td yatedimrigagonwsibblion ti nes
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20depi ct e e
MKNRNRM VNCVTASTRENAREL PAL KBRS kP URNR GPHI'Y ARDTVRL F%Y'%V\?\'/\?Af\é%%ﬁ’ EQVEMARRS
TQGTVAEVL GKDEVKICBKTY FRNAAPTIRINFAGY A SBRYoET R ASENIRARAP RS/ RANBET L P PKQENTEGF
TPKRWEPFDVAM F\4GTMANRESDSFSEioDMNLoALIST AtyKDICYEN SQBMAVENDE KYNNDS ARETIeAVOESNYPL

g;AKAI Sﬁ%@&aﬁ?ﬁfﬁk{gs o ﬁﬁéﬁ uv%e/fr?;%r?; AVDLY mﬁ%‘:t'\%&d COOVDI FAERL SAEK
PGYYL HNGKW/KM. SIREfEFC V%Ng@&@i‘% M%@M EVASL LAWTHQVKAK
NVOEWT QQAAKQAL T WWWWWM@%MW@RW@E@WWWYNP@GY
| ANVINNSPQKRY PASE ARk MGEARRN T DRk ReKRRh ADGARMb ROTSRDii R FloPTyQAATSGLT

SOPPRRQLVETL TR Nk R S RSN LM S M S AR RN GREY SRR T QDCPTCS

LNI SVGAKI L YEAVCEORSHRPOAVIST FRGRISERAPL AAL BEFPRETE SRRVERRA SRR BATAL TFRANNEFG
VPQAAAEET RHQAE YOINREG TENENY ESR TIHS DR AP ARGRSIE MAP BIGTY kHYE DER AWV ENF GRKSL
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6 A vi | d attypled peniredrIside hasatlyd atiebdtweed did me! REYEPR ([Agnaravadiural | y
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the group con3|st|ng er|c ra col/penicil 'ase having the
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penicillin G acylase is selected fromthe group consisting of the 19
penicillin G acyl ase sumrmari zed in Table 1 and which share a honol ogy of
30% or nore with the Escherichia co//penicillin G acylase. Goup # Source

of the wild type penicillin G acylase Longest Ildentity (%9 UN IPROT: |ID* |
1 Escherichia_coli 100 PAC ECOLX | 2 Kluyvera cryocrescens 86 PAC KLUCI ||
3 Providencia stuartii ATCC 2582 64 B2PV17 PROST _ Il 4 Providencia
rettgeri



62 Q/'WZI9_ PRORE Il 5 Achronobacter sp_CCM 4824 54 (BZEFO 9BURK Il 6

uncul tured ganma_proteobacteri 53 QGPWRS_9GAMM | | 7 Achronpbact er

xyl osoxi dans 53 @3YY8 _ALCXX Il 8 Paracoccus denitrificans PD122 45 Al
BBIO PARDP |1l 9 Serratia_proteanmacul ans 568 45 ABGEK2 SERP5 111 10

Al cal i genes_faecalis 43 B5TYU3_ALCFA Il 11 Alcaligenes faecalis 43 BVQG5_
ALCFA |11l 12 Alcaligenes faecalis 42 BIAEQ ALCFA Il 13

Al cal i genes_faecalis 42 034142 ALCFA 11| 384

from the activated side chain and the B-lactam nucleus. The hydrolysis product is
defined herein as the corresponding acid of the activated side chain. For an
economically attractive process, it is desirable that the S/H ratio is high, while at the
same time, the enzymatic activity preferably is also sufficiently high.

5 The S/H ratio that is observed in a conversion is dependant on the reactants, the
reaction conditions and the progress of the conversion. Youshko et al. showed that the
initial value of the S/H ratio is dependent both on the kinetic properties of the enzyme
and the concentration of the nucleophilic acceptor (e.g. 6-APA) — see Youshko, M.1. and
Svedas, V.K., Biochemistry (Moscow) (2000), 85, 1367-1375 and Youshko, M.l. et al.

10 Biochimica et Biophysica Acta - Proteins and Proteomics (2002), 1599, 134-140. At fixed
conditions and nucleophile concentration, the initial S/H ratio can be used to compare
the performance of different PenG acylases and/or different PenG acylase mutants. In
addition, the performance of different PenG acylases can be compared by measuring the

synthesis and the hydrolysis during the conversion as function of time, which allows for

15 calculation of the S/H ratio at different stages of the conversion. The synthetic activity (=
the rate at which the product of synthesis is formed = rate of synthesis = production rate)
of a PenG acylase in an acylation reaction refers to the amount of B-lactam antibiotic
formed in the acylation reaction per unit time at defined conditions. Preferably, the initial
activity is determined. The initial enzymatic activity can be determined by carrying out

20 the acylation reaction and then constructing a graph of the amount of product
synthesized versus the reaction time, a so-called progress curve. In general, at the start
of the conversion, the rate of product formation is relatively constant and the activity can
be derived directly from the slope of the progress curve. In case the synthetic activity
already starts to decline at the beginning of the conversion the initial rate should be

25 obtained by extrapolation of the progress curve and calculation of the slope at t=0. In
order to compare the activity of different PenG acylases the synthetic activity should be
normalised to the same amount of protein. In the same way as for the initial rate of
synthesis the initial rate of hydrolysis can be determined from a graph of the amount of
the activated side chain hydrolyzed versus the reaction time.

30 PenG acylases have been subject of several studies involving PenG acylase
mutants. An extensive list of published mutations is given Rajendhran and Gunasekara
(2004) ~ supre vide. More recently, further studies were published by Gabor, EM. and
Janssen, D.B., Protein Engineering, Design and Selection (2004), 17, 571-579; Jager,



Sphi ngononas_wi ttichii RM 41 A5VAS1 SPHWV IV 15 Aci net obacter baumanni i
AYE 39 BOV5B7_ACIBY |V 16 Aci netobacter baumannii AC/ CU 38 B21261_ACIBC |V
17 Aci net obacter baumannii ATCC 17978 38 A3M6T4 ACI BT |V 18 Bacillus

megat eri um 34 PAC BACME |V 19 Bacillus_bad/us 34 Q45TR7 BACBA _ 1V 20

Art hrobacter viscosus 33 PAC ARTVI _ * Universal Protein Resource
(http://ww. uni prot.orql) Mre preferred %re penicillin G acyl ases which
are 40% 100% honol ogous to 15 SEQ I D No: (e.g. the penicillin G acyl ases
bel onging to Group I-111) even nore preferred are penicillin G acyl ases

whi ch are 50% 100% honol ogous to SEQ ID No: 1 (e.g. the penicillin G

acyl ases belonging to Goup I-11) and even nore preferred are pen| cillin G
acyl ases whi ch e§rAeW89b/6"19@U/B%6ﬁ§|OE?§?ﬂ9§’g¥ FUSRA: [j%l\%? Weng eJ-get gl gepligd
penicillin G acyiasemghetdBigemgoltgy (ZBODUDH 1023-1RBGt preferred is the

wi | d-type penicillin,G aekhasenf & %E&th@ééx@é&hs’im@éﬂbr&a@d@sngachmo@m@o aci d
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rokaryo en||II|nG
acyl ase is havi ﬁ‘becﬁf'tyloéégrf(; AR'ase ??8 bﬁéﬁ“’&“‘%@ﬂ m”t lntgltoensugat e lt)m(fn e g
am no aci d subspie atniogn@miag adsiresitensnibyas 5o Wtéh‘*?ﬁ/"'aﬁt@@f %‘?:'IGE%FY‘P?E’SI‘E?’E he
group consi sti ngis®@be ead if¥hiéwaf90, Al44, A192, B109, B148, B313, B460 and

B488. Mitations at R Sc\!d& aﬁqnlnﬁgrélatlgl{a? F’lﬁfgﬂt\’\@pdh&tx&ﬂeW@@éQm%Q@/ Qr%’t)blgle?ééd 0ses

repl acenent of the natur %’% gb EP % |
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WD98/ 20120 showsmiad kcihrpsispis @2 Aot &ﬁ "bﬁ'@ aawblﬁég'ﬂct Ertawmsz@d 89S4oRB2H &R PE:| llin G
acyl ase of Escheriigea-aoliit of |FacHeadHia @uPaiG hlyase. e phriaerente BénQ dmglagrat ur al |y

occurring Phe a\;anr?% ltpﬁoﬁltﬁlogay&)sﬁorﬁwﬂ:ﬁﬂw QJhen'eHPBfQMﬁMe ik Ropiddgy §/ Hratio
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found that fhe ﬂ?ﬂ‘ﬂ?r PREFBIP REPIUEE ABEHtP Yl th‘erB’fi‘P Q\F'Fﬁyngheé's& er‘h?ﬁ"«gs %ﬁ‘ﬁ/atl ons
at a position sebedsedtinbr dowevbre igEWBOEBRS iitsvanghopn B in RIPSSSADBNEA144,

A192, B148, Bloigstee@%k%n e@é@@re@uﬁgormgmﬂ@)brd’c&sw fs dsBd petininatidnnwikCsdiase
mutants with an i nq ﬁ!ue%g-gra oeltsls Ihlcf*ut \{I eyeng'ﬂ:%tlc (?‘/lngéc! Il)\)l tridt Fnb'm:eher

i nproved S/ H ralf' 3" Gt h reactions various sem -synthetic
cephal ospori ns Qisth\ﬁ/emPta%lﬂs 'Ssé?ﬁno@ﬁﬁ%’h'@t‘th e AtEECve] HSCONPal Y StY p&hicillin
acyl ase nutaant sweid/fssaoantittad PTG adylap® siutahtosheBiaminiomet pditieh @45 edhe enbi nant s

(conbi nant is dS%dn hﬁdﬁ&b@b@%uénﬂﬁam fé{m&ﬁ%’mr& %IHQ(F@M&Q@% t wo
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or at activity, especially with amide precursors. Nevertheless, the synthetlc activity of all these
mutants was less the synthetic activity of the wild-type PenG acylase.

25 CN101177688 disclosed that also of mutants of the Bacillus megaterium PenG
acylase, an improvement of the S/H ratio was accompanied by a decrease of the
synthetic activity.

EP-1418230 to TUHH-Technologie GmbH, discloses Alcaligenes faecalis PenG
acylases for which the post-translational maturation of the a-subunit is incomplete

30 resulting in a higher hydrolytic activity for penicillin G and 6-nitro-3-phenylacetamide
benzoic acid (further referred to as NIPAB). Incomplete processing of said a-subunit was
invoked by amino-acid substitutions in the so-called linker region between a and B
subunit. It was not described whether or not such mutations could also increase the

synthetic activity.



25 positions [B24+A144+B109J or at positions [ B24+8109+B460] or at
positions [ B24+B144+B460] or at positions [B24+B109+B144+B460]. O her
preferred conbi nants conprise nutations at the positions

[ B24+13460+A3+A192] or at the positions [524+B460+A90] or at the positions
[ B24+ B148+B460] or at the positions [B24+ B148+B460+A3+Al 92] or at the
positions [B24+ B148+B460+A90] . 30Another preferred mutant prokaryotic
penicillin G acylase is having at |east ah am no acid substitution at
position B460 and optionally one or nore amino acid substitutions at the
positions selected fromthe group consisting of A3, A77, A90, Al44, Al92,
B24, B148, B109, B313 and B488. Preferred conbinants of position B460 with
at | east position BZehavearthisersséd abedshavothet, al@ohgrit ip pessblerte dicieassiihant s

conprise 8 nut gl gwo%r.éﬁenmwflpeﬁ@ aéy%@osté\%)ﬂbmoém@ts .ah@ A Fithl HNS
[ B460+8109] or a

r. at
[ B460+A90+8109] a&@ma?n'%% Y ap%eﬂeﬁf%?%?? EVZT%‘S s ﬁ’?n%dr Bg‘ﬁé h‘%ée 515 ons
[ B460+8109+A144Fcynse dherefeee, ;519siisaqverﬁgge[qg%mm%#swmmqmnver@mmesw%f erred
combi nants GonMphédsied BiLleat High®nahtritioe of utpaPeb® acyasgB4 80chAbORYsior waith t he
positions [ 8460?7_@33 %ﬁu&&a teﬂﬁhc% %é t(?fogﬁ;h[ ﬁﬂt@p@p\gﬁ%gﬁhﬁﬂl d%allﬂb&bé ylf plro?f erred
mut ant prokaryoti c peni cl i ase is the penicil in G acyl ase from
Escheri chia col impﬁ%ﬁﬂ'%g the am no acid sequence according to SEQ | D No.
1 and havi ng ami no dd$ tie surbsseiof ibe pesnt aventiersio piogide MBS RS 4aylases whigh

positions 10 [ 824+RAA%H SM raﬁ& s RAiR hdii1Sind &24brd346@1abIPincabsifpHé bintatc

[BZ4+A144+8109] r. at os Ey 448 ] Bk 1P RSk g
[BZ4+8144+8360] ac(?'v'tyc m aé%lt I ons E%%L?ﬁ%g @%ﬁg bﬁ%‘é@? opt ?%Snrg ycecszsgrsrbl ned
with one or nore amino acid substitutions at the positions selected from

the group consisting of A3, A7ktailddBescAfith of BledBvenBGi3 and B488. 15Anot her
highly preferred mutant prokaryotic penicillin G acylase is the penicillin

G acyl ase from Kl uyveromyces, eryocrescens and E Vi r](% m no. .%CI d |
substitutions at podl? "SfEPBIWINEAR PEY 8% @ BiY ?“}tﬁr% %’g‘[‘:ls"zaﬂ'ﬂ ?51'8%° at
posi tions [B24+&4i68]froor a atid-prspenictings pBR4sAlaiptte82q99) thak thamupesh hiadies

[ B24+B109+B460] arodmids acﬂ%hétii&%at[o%éﬁ%réérh%@&]ﬂ pBYitioad sqiR&d tiloMNISe group

[ B24+B105+B144+84600; OPIBNALd Yos FOMIRS, Wob Mh QG102 B! o B8 £1481BNG, AC d

substitutions at 1he 1 ons consi sting of A3,
A77, A90, A192, B@Q@Bd @@PSCO&CFW tpABgmino acid ”UF?B%’?”& gwek’éf?ﬂeﬁm@rf@"wvcdhnt ype
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A wild type penicillin G acylase is defined herein as a naturally occurring
penicillin G acylase. The wild-type penicillin G acylase may be any suitable wild-type
penicillin G acylase and preferably is selected from the group consisting of the
Escherichia coli penicillin G acylase having the amino acid sequence depicted in SEQ ID
No: 1 and penicillin G acylases which at least 30% homologous to SEQ ID No: 1.
Preferably, the wild type penicillin G acylase is selected from the group consisting of the
19 penicillin G acylase summarized in Table 1 and which share a homology of 30% or

more with the Escherichia coli penicillin G acylase.

Table 1.
Group | # | Source of the wild type ‘I_genr?t?t?/t UNIPROT:ID*
penicillin G acylase (%)

| 1 Escherichia_coli 100 PAC_ECOLX
| 2 Kluyvera_cryocrescens 86 PAC_KLUCI
il 3 Providencia_stuartii ATCC_2582 64 B2PV17_PROST
il 4 Providencia_rettgeri 62 Q7WZI9_PRORE
It 5 Achromobacter_sp._CCM_4824 54 Q3ZEF0_9BURK
i 6 uncultured_gamma_proteobacteri 53 Q6PWRS5 9GAMM
] 7 Achromobacter_xylosoxidans 53 Q83YY8_ALCXX
H] 8 Paracoccus_denitrificans_PD122 45 A1BBI0_PARDP
I 9 Serratia_proteamaculans_568 45 ABGGK2_SERP5
il 10 | Alcaligenes_faecalis 43 B5TYU3_ALCFA
I 11 Alcaligenes_faecalis 43 Q8VQG6E_ALCFA
i 12 | Alcaligenes_faecalis 42 B1AEQ1_ALCFA
]| 13 | Alcaligenes_faecalis 42 034142_ALCFA
] 14 | Sphingomonas_wittichii RW1 41 A5V4AS1_SPHWW
v 15 | Acinetobacter_baumannii AYE 39 BOV5B7_ACIBY
v 16 | Acinetobacter _baumannii_ ACICU 38 B21261_ACIBC
v 17 | Acinetobacter_baumannii ATCC_17978 38 A3M5T4_ACIBT
v 18 Bacillus_megaterium 34 PAC BACME
v 19 | Bacillus_badius 34 Q45TR7_BACBA
v 20 | Arthrobacter_viscosus 33 PAC_ARTVI

* Universal Protein Resource (hitp:/fwww uniprot.org/)

More preferred are penicillin G acylases which are 40%-100% homologous to
SEQ ID No: 1 (e.g. the penicilin G acylases belonging to Group [-lil) even more
preferred are penicillin G acylases which are 50%-100% homologous to SEQ ID No: 1
(e.g. the penicillin G acylases belonging to Group I-Il) and even more preferred are
penicillin G acylases which are 80%-100% homologous to SEQ ID No: 1 (e.g. the

F
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penicillin G acylases belonging to Group I). Most preferred is the wild-type penicillin G

acylase from Escherichia colf having the amino acid sequence of SEQ ID No: 1.

A preferred mutant prokaryotic penicillin G acylase is having at least an amino
acid substitution at position B24 and amino acid substitutions at one or more positions
selected from the group consisting of A3, A77, A90, A144, A192, B109, B148, B313,
B460 and B488. Mutations at position B24 are known in the art. W096/05318 discloses
replacement of the naturally occurring Phe at B24 in the penicillin G acylase of
Alcaligenes feacalis by the positively charged amino acid lysine or arginine. Especially
the B:F24K mutant showed an improved capacity to cleave the substrate phenylacetyl-
10 leucine thereby liberating leucine and ailowing the leucine-deficient E. coli strain,

transformed with the gene encoding the mutant penicillin G acylase of Alcaligenes

feacalis, to grow. W098/20120 shows all possible mutations at position B24 of the
penicillin G acylase of Escherichia coli. In particular the replacement of the naturally
occurring Phe at B24 by Ala gave a substantial improvement in the S/H ratio during the

15 synthesis of Cefadroxil.

It has now surprisingly been found that the combination of a mutation at B24 with
one or more mutations at a position selected from the group consisting of A3, A77, A90,

A144, A192, B148, B109, B313, B460 and B488 may result in penicillin acylase mutants

with an increased synthetic activity and, optionally a further improved S/H ratio during

20 synthesis reactions of various semi-synthetic cephalosporins as well as semi-synthetic
penicillins compared to penicillin acylase mutants with a mutation at position B24 alone.
Preferred combinants (combinant is defined herein as a mutant enzyme comprising at
least two mutations compared to the wild type enzyme) comprise mutations at the
positions [B24+A144] or at positions [B24+B109] or at positions [B24+B460] or at

25 positions [B24+A144+B109] or at positions [B24+B109+B460] or at positions
[B24+B144+B460] or at positions [B24+B109+B144+B460]. Other preferred combinants
comprise mutations at the positions [B24+B460+A3+A192] or at the positions
[B24+B460+A90] or at the positions [B24+ B148+B460] or at the positions [B24+
B148+B460+A3+A192] or at the positions [B24+ B148+B460+A90].

30 Another preferred mutant prokaryotic penicillin G acylase is having at
least an amino acid substitution at position B460 and optionally one or more amino acid
substitutions at the positions selected from the group consisting of A3, A77, A90, A144,
A192, B24, B148, B109, B313 and B488. Preferred combinants of position B460 with at
least position B24 have been listed above. Other preferred combinants comprise
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mutations at the positions [B460+A90] or at the positions [B460+B109] or at the
positions [B460+A144] or at the positions [B460+A90+B109] or at the positions
[B460+A90+A144] or at the positions [B460+B109+A144] or at the positions
[B460+A90+B109+A144]. Other preferred combinants comprise mutations at the

5 positions [B460+A192] or at the positions [B460+A3] or at the positions
[B460+A192+A3].

A highly preferred mutant prokaryotic penicillin G acylase is the penicillin G
acylase from Escherichia coli having the amino acid sequence according to SEQ 1D No.
1 and having amino acid substitutions at positions [B24+A144] or at positions

10 [B24+B109] or at positions [B24+B460] or at positions [B24+A144+B109] or at positions
[B24+B109+B460] or at positions [B24+B144+B460] or at positions
[B24+B109+B144+B460] optionally combined with one or more amino acid substitutions
at the positions selected from the group consisting of A3, A77, A90, A192, B148, B313
and B488.

15 Another highly preferred mutant prokaryotic penicillin G acylase is the penicillin G
acylase from Kiluyveromyces cryocrescens and having amino acid substitutions at
positions [B24+A144] or at positions [B24+B109] or at positions [B24+B460] or at
positions [B24+A144+B109] or at positions [B24+B109+B460] or at positions
[B24+B144+B460] or at positions [B24+B109+B144+B460] optionally combined with one

20 or more amino acid substitutions at the positions selected from the group consisting of
A3, A77, A90, A192, B148, B313 and B488.

Position A3 in the wild type penicillin acylases may harbor different types of
amino acids. The Escherichia coli wild type enzyme has a serine. A preferred mutation in
wild type penicillin acylases comprises the replacement of the naturally occurring amino

25 acid by leucine, isoleucine,alanine or by threonine. A highly preferred mutation in the
Escherichia coli penicillin G acylase comprises A:S3A or A:S3L.

Position A77 in the wild type penicillin acylases may harbor different types of
amino acids, e.g. positive (R, K) and negatively (D,E) charged residues as well as polar
ones (S, N, Q). The Escherichia coli wild type enzyme has an alanine. A preferred

30 mutation in wild type penicillin acylases comprises the replacement of the naturally
occurring amino acid by threonine. A highly preferred mutation in the Escherichia coli

penicillin G acylase comprises A/A77T.

Table 2. Occurrence of amino acids on positions A3, A77, A90, A144, A192, B24, B109,
35 B148, B313, B460 and B488 in 20 wild type penicillin G acylases.



F RVNTF 13 Al caligenes faecalis 42% VSRNAFRVNTF 14
Sphi ngononas wittichii F?W 41%SRLGAVKVHAF 15 Aci net obacter
baumanni i AYE 39YENRNSQK | TWL

10

15

9
)
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penicillin G acylase ﬁ 2 zl2lzlzISislslgl g3
1 | Escherichia_coli 100% | S|{AJMINIVIFIK|V|S|F|F
2 | Kluyvera cryocrescens 86% |P{S|K|/ N|{A|F|K|V|IN|F|F
3 [ Providencia stuartii ATCC 2582 64% |[PISI{Q|NJA|F|KIVID|F|F
4 | Providencia_rettgeri 62% | S|{SIQIN|JS|[F|KJL|INIJFI|F
5 | Achromobacter_sp. CCM_4824 54% |D|RJR|INIA|FIK|LIDIL]|F
6 | uncultured_gamma_proteobacteri 53% |AJ/RIR/ N|EJF|K|L|DI|L]|F
7 | Achromobacter xylosoxidans 53% |AJR{R|NIP|F|{K|[L|IDJ|L!F
8 | Paracoccus_denitrificans PD122 45% | TIDIR|IG|JEIJF|K|I1]Q]JLI|F
9 | Serratia_proteamaculans_568 45% | AJK|IR|IN|KIFIKJVINJLIF
10 | Alcaligenes faecalis 43% |VI{SIRINJAJFIR|[VI|IDI|T]|F
11 | Alcaligenes faecalis 43% {VIS|IR|INJAJF|R|VINI|T|F
12 | Alcaligenes faecalis 42% | VISIRIN|JA|JFIRIV|INI|T|F
13 | Alcaligenes_faecalis 42% [ V{S|R|INJTAJF|RIV|INIT|F
14 | Sphingomonas_wittichii RW1 41% | QI SIRJL|IGI{M|K|VIHIAI|F
15 | Acinetobacter_baumannii AYE 39% | QIN[R|NISIQ[K]|I]|T{V]L
16 | Acinetobacter_baumannii ACICU 38% {QINI/R|N|S|Q|K|I|T|V]L
17 | Acinetobacter_baumannii ATCC 1 38% |HINIR|NISIQK|II]|T|V]L
18 | Bacillus megaterium 34% [NJE[K{Y|S|VIK|A|TI| I |M
19 | Bacillus_badius 34% |VIEJK|Y|PIVIRIJAJE] I M
20 | Arthrobacter_viscosus 33% INJE|RIY|S|VIKIA|T] LM

Position A90 in the wild type penicillin acylases may harbor different types of
amino acids, but predominantly positively charged ones (R,K). The Escherichia coli wild
type enzyme has a methionine. A preferred mutation in wild type penicillin acylases
which do not harbor a lysine, comprises the replacement of the naturally occurring amino
acid by lysine. A highly preferred mutation in the Escherichia coli penicillin G acylase
comprises A:MAOK.

Position A144 in the wild type penicillin acylases shows mostly asparagine. A
preferred mutation in wild type penicillin acylases comprises the replacement of the
naturally occurring amino acid by threonine. In addition aromatic amino acids tyrosine or
phenylalanine or tryptophan are preferred amino acids at the position corresponding to
A144 in Escherichia coli penicilin G acylase. A highly preferred mutation in the
Escherichia coli penicillin G acylase comprises A:N1448S.

Position A192 in the wild type penicillin acylases may harbor different types of
amino acids. The Escherichia coli wild type enzyme has a valine. A preferred mutation in
wild type penicillin acylases comprises the replacement of the naturally occurring amino
acid by a more polar amino acid such as serine or threonine, preferably even a charged
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amino acid such as aspartic acid, glutamic acid, lysine or arginine. A highly preferred
mutation in the Escherichia coli penicillin G acylase comprises A'V192E.
Position B24 is highly conserved among the wild type penicillin G acylases. In the
E. coli penicilfin G acylase and many other wild type enzymes, phenylalanine is found.
5 The remaining wild type enzymes also have hydrophobic residues (M,V) or a polar one
(Q). A preferred mutation in wild type penicillin acylases comprises the replacement of
the naturally occurring amino acid by alanine or leucine. A highly preferred mutation in
the Escherichia coli penicillin G acylase comprises B:F24A or B:F24L.
Position B109 shows predominantly the positively charged amino acids lysine or
10 arginine. In the E. coli penicillin G acylase lysine is found. A preferred mutation in wild
type penicillin acylases which do not harbor a lysine, comprises the replacement of the
naturally occurring amino acid by arginine. A highly preferred mutation in the Escherichia
coli penicillin G acylase comprises B:K109R.
Position B148 in the wild type penicillin acylases may harbor different types but
15 predominantly small hydrophobic residues (V, L, I, A). In the E. coli penicillin G acylase
valine is found. A preferred mutation in wild type penicillin acylases which do not harbor
a leucine, comprises the replacement of the naturally occurring amino acid by leucine. A
highly preferred mutation in the Escherichia coli penicillin G acylase comprises B:V148L.
Position B313 in the wild type penicillin acylases may harbor different types but
20 predominantly polar or negatively charged residues (S, N, D, Q H, T, E). In the E. coli
penicillin G acylase serine is found. A preferred mutation in wild type penicillin acylases
which do not harbor asparagine or aspartic acid, comprises the replacement of the
naturally occurring amino acid by asparagine or aspartic acid. A highly preferred
mutation in the Escherichia coli penicillin G acylase comprises B:S313N.
25 Position B460 is less conserved among the 20 wild type penicillin G acylases.
Most wild type enzymes have a hydrophobic residue (F, L, A, V, 1). In the E. coli penicillin
G acylase phenylalanine is found. A preferred mutation in wild type penicillin acylases
which do not have a naturally occurring leucine is replacement of the naturally occurring
amino acid by leucine or comprises the replacement of the naturally occurring amino
30 acid by threonine, valine or isoleucine. A highly preferred mutation in the Escherichia coli
penicillin G acylase comprises B:F460L. In penicillin acylase which have a leucine at the
position corresponding to Escherichia coli penicillin G acylase B:F460, the leucine might
be replaced by alanine, threonine, valine or isoleucine. In particular when combined with
a mutation at the position corresponding to  Escherichia coli penicillin G acylase B:F24.
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In a sixth aspect, the invention provides a process for the production of a

sem - 15 synthetic P-lactamantibiotic conprising an enzymatic coupling of
an activated side chain to a p-lactam nucl eus characterized by using the
mut ant prokaryotic penicillin G acylase of the first aspect of the
invention. Preferred sem -synthetic f3-lactamantibiotics are selected from
the group consisting of sem -synthetic pegicillins and sem -synthetic

cephal osporins. Exanples of preferred sem-synthetic penicillins are
anoxicillin and 20 anpicillin. Anmoxicillin may be produced by enzymatic
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The various acyl ases were imobilized according to the nethod disclosed in
W97/ 04086 and EP0222462. Detection of cephal osporins 5The detection of
cephal ospori ns such as cefal exin and cefradi ne was carried out according to
the Fujii nmethod (Fujii et al., 1976, Process Biochem stry, 21-24). The
met hod can easily be converted to a high throughput format screening.
Detection of cefalexin ioThe standard assay to neasure the formation of
cefalexin fromthe D phenyl gl yci ne nethy? ster (PGV) and 7- ADCA was
carried out in the follow ng way: 10pl of a penicillin G acyl ase sol ution
was added to 130plof a substrate m xture consisting of 50 g/1 PGV and 50
g/l 7-ADCA - see below for the preparation of this solution. Subsequently
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precur sor ver sadd sistitu@ac bi e pdditoes prietcriabl yie heupeanisthgan d3 1086 hydr ol ysi s,
in which area the formati on of the hydrol yzed side chain precursor is
usually nore or less linear intime. The S/Hratio was cal cul ated 25hy
dividing the slope of the synthetic activity by the slope of the hydrolytic
activity. Measurenent of the S/Hratio for cefalexin was carried out
in a reaction m xture containing 10g/1 PGV MSA and 10g/1 7- ADCA and for
cefradine in a reaction mxture containing 10g/1 DHPGM MSA and 10g/1

7- ADCA. Penicillin G acyl ase was added such that after 4 hours 70-90%
conversi on was obtained. Sanples of 20pl were taken at 30Ovarious tine
points and diluted i mediately with 800pl 50mM phosphoric acid pH=2.7 to
stop the reaction. The amounts of DHPGM DHPG PMSF, PGM and PG were
detected at 210 nm and of 7-ADCA, cefal exin and Cefradi ne at 260 nm during
UPLC chronatography, mhlch was carried out accordlng to the fol |l ow ng
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210 and 260 nm 1 mnute Time (mn) 0.00 0.60 0.80 0.85 Mobile phase A
(% 100 50 50 100 Mobile phase B (%9 0 50 50 O 5Test A - Production of
anoxicillin from 6- APA and HPG net hyl ester A stainl ess steel
reactor of 2 1, equipped with a sieve bottomwi th 140 pm pores and an
agitator, was filled with the imobilized enzynme used to catal yse the
coupling of HPGMto 6- APA. The vol une Wag4adj usted to 1000 m by addition
of water. The contents were cooled to 10C, and the reactor contents were
circul ated over the sieve tobottom by neans of a peristaltic punp.

162.2 g 6-am nopenicillanic acid was added fol | owed by addition of 144 g
HPGM The vol une was adjusted to

gglfa ition of" % Hﬁmxture
was agitated and'¥ A E'& B&v%ta”q ﬁ%sssﬂ\@\slt e Efrﬁeéj '® iFoRF B AREFCHEht ai ned
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time increased Ber@-Q@thsugstntu@cWQ at basifAb sEeaueo] yr pesiages. BAI9+BA®] poi Nt

t hat pH was Ies rg}qgg 4%@ the reaction is nearly conplete. At that

poi nt (about 2 *f' ition of HPGV) a sanple was taken fromthe
recirculatioen line filtered and anal yzed for the residual 6-APA content by
HPLC. List of abbreviations 206MAPERIALSBES MEVRDDEEX DHPG

6-am nopeni cillanic acid : 7-am nodesacet oxycephal osporanic acid :
anpicillin : cefalexin : D 2,5-D hydrophenyl gl ycine 18 DHPGM MSA
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Production of the mutant penicillin G acylase may be obtained by cloning the

genes encoding mutant penicillin G acylases into an appropriate expression vector,

15 transforming a suitable host such as E.coli with said vector and cuituring the transformed

host under conditions suitable for the production of the mutant penicillin G acylases.

Recovery and purification of the mutants was carried out as described in WO9605318.

Furthermore, an Akta Purifier 10 system, equipped with a Superdex200 gel filtration

column as well as a HPLC system equipped with a TSKgel 3000SWx| column were used

20 to purify the acylases. Both systems were running in 0.1M phosphate buffer pH7.0 at a

flow rate of 1 mi/min.

Determination of the acylase concentration
The acylase concentration was determined by performing an active site titration
25 with phenylmethylsulfonyffluoride (PMSF) as described by Svedas et al. 1977, Bioorg.
Khimya [Russ.] 3, 546-553 and Alkema et al. 1999, Anal.Biochem 275, 47-53. |Initial
activities and residual activities upon active site titration were measured using NIPAB as
a substrate. The hydrolysis of NIPAB is followed at 37°C in 0.1M MOPS buffer pH=7.4
by measuring the increase in absorbance at 405 nm due to the release of 5-amino-2-
30 nitrobenzoic acid. Alternatively, residual activities after an active site titration can be

measured using the synthesis of cefalexin (see below).

Immobilization of acylases



NOVENCLATURE OF AM NO ACIDS  3-letter abbreviation 1-letter abbreviation
L-alanine Ala A L-cysteine Cys 15 L-asparaginic acid Asp L-glutamnic
acid G u L- phenyl al ani ne Phe L-glycine Ay G L-histidine Hs 20
L-isoleucine Ile L-l1ysine Lys L-1 euci ne Leu L- net hi oni ne Met

15

The various acylases were immobilized according to the method disclosed in

WO97/04086 and EP0222462.

Detection of cephalosporins
The detection of cephalosporins such as cefalexin and cefradine was carried out

according to the Fujii method (Fujii et al., 1976, Process Biochemistry, 21-24). The

method can easily be converted to a high throughput format screening.

Detection of cefalexin
The standard assay to measure the formation of cefalexin from the D-

phenylglycine methylester (PGM) and 7-ADCA was carried out in the following way: 10ul
of a penicillin G acylase solution was added to 130pl of a substrate mixture consisting of
50 g/t PGM and 50 g/l 7-ADCA — see below for the preparation of this solution.
Subsequently the reaction compartment was sealed to prevent evaporation. After
incubation time of 2 hours at room temperature, 140yl of 1M NaOH was added to stop

10

the reaction and start the colour development. Thorough mixing prevents precipitates.
After 2 hours incubation at room temperature in sealed compartments the absorbance at
490 nm was measured. For the blank experiment, water was added instead of enzyme.
In case of determination of initial turn-over rates the enzyme concentrations were such
20 that the final conversion was between 1 and 10%. Instead of varying the enzyme
concentrations in order to control the conversion, alternatively the reaction time can be
adapted to obtain the desired conversion. The absolute amount of cefalexin formed can
be determined from a calibration line obtained when plotting the OD at 490 nm versus
the cefalexin concentration {determined with samples containing a known amount of

25 cefalexin ).
in order to prepare the PGM/7-ADCA substrate mixture, 50 g PGM.MSA
(PGM.MSA is the methane sulphonic acid (MSA) salt of PGM) and 50 g 7-ADCA were
added to 900 m! 0.1M MOPS buffer pH=6.9. Under continuous stirring, re-adjust the pH
to 6.9 using a 4M NaOH solution. Adjust the volume to 1 liter with buffer and adjust the
30 pH again. For each experiment, a fresh solution should be made since PGM
spontaneously degrades in water. For preparing the MOPS buffer dissolve 20.9 g MOPS
(Sigma M-1254) in approx. 900 m! MilliQ water. Adjust the pH to 6.9 using the 4M NaOH

solution and adjust the volume to 1 L with MilliQ water.



L- asparagi ne Asn 25 L-proline Pro L-glutamne G L-arginine Arg

L-seri ne Ser L-threonine Thr 30 L-tyrosine Tyr L-valine Val V

L-trypt ophan Trp HOMOLOGY & | DENTI TY 35The terns "honol ogy" or "percent
identity" are used interchangeably herein. For the purpose of this
invention, it is defined here that in order to determ ne the percent

honol ogy of two am no acid sequences or aqfy two nucleic acid sequences, the
sequences are aligned for optiml conparison purposes. In order to optimze
the alignnment between the two sequences gaps may be introduced in any of
the two sequences that are 40 conpared. Such alignnment can be carried out
over the full length of the sequences being conpared. Alternatively, the

al i gnment nay b&etestien geAdneover a shorter length, for exanple over about
20, about 50, about TheGtarardmssayntochessge dod Gsnhdsias eof cefradaai freor thedP-E6t ds. The

i dent i Ly i's thed@%rfp%% BinOheth HER: (BHHG h@hﬁ@cp%y\@mf dtob@n th%us»awgnces
over the reported align regi on. . 0 | . S  ,an

det er mi nati on of*®Hh&% ?:%ﬁrfebe? 8%(%’??‘Erfefsiée{'ﬂegﬂy?hﬁongﬁaﬁégﬁg@gmcagﬁ%gggﬁé(2:’§an i shed
usi ng a mat lenmatihddeheryvigleing methyiestas (RHAGM- MaA yes sed Miaer of BCMMSAwar e of t he
fact that several different conputer prograns are available to align two

sequences and d ] t hoapliggy between two sequences (Kruskal, J. B.
(1983) An overv?’%@vﬁrg'}’&g)g(fzéﬁce C(t)'rgrpari son In D. Kruskal ,

. _ iagnkotff and J. 5
(ed.), Time warps, <197 e d8FHERE? ¥RdieaE gRse s HgsT Y Patt br act i ce
of sequence conpaibibgenthe ppverdiontdaiuedsgen ay\e Sinelion of The Sgewieewereitekentf t y
befj wevﬁn t\lf]\o1o?m aﬁetrﬁf@itﬁessf?ﬁmp@&em ltas corBogith &t Mhe €shvbiSion gniktie. mems errgn
an nsch al gorithm for align . B.
and Winsch, C. fS?Ct'()'w'ﬁ)fm%O.eg%Iowgﬁ%g% P ﬁ%) ﬁﬁ?gﬁ%ﬁ& eea’gkjg%’?éﬁf‘z?n&can

align both ani nttectaforssqerekisds CoipmatpATe WO iofe" LetftrsriEe &1e cpfgentration of
Needl erman- Wins cine &rgar dctihia haisiofie@a anttpliemnerte theihpdrblwed sdephairerreqursogr am
NEEDLE. For the, purPosenat p,re lrSyr | _nventi on the NEEDLE program fromthe
EVBOSS 15 package wgs used (velsion 2. 8.0, or, Bl dNel . FMEOSS:, The, Fur opean
Vbl ecul ar BFol ogy OpBhHSEEPIGETEY YRS B0 RIE &R O TR GHER PN ahy
Bl easby, A. Tr enpistiigrth€Gamaint ofrdBst veBYs hp 25e6tiaptime fgferably between 0 and 10%
li ernboss. bi oi NfAIIBdH, RSvhithialea tROBMEST &t HQUUEN GeSeackBLOMMIndrs oused for
the substit !'It ! Oln sqﬁ%grlir%(ﬁmel.:?nr calgg%leesorgth%ig a&ﬁ{t}”’r@@glgﬁecli@‘ %Flrw-tke 're%ct%ﬁ%% Qthers
can be specifi e_as.. e optional paranmeters used are a gag- open _Fenal ty of 10
and a gap 20 &ritidmis ean hsenisiney by pxigpratation fidhe RPIPISFUPE PES FRIMA Y A5 eci at e
that all these gipbfae=ent parameters will yield slightly different results
but t ][‘f’ﬂ t hle over al ‘nasor%jro@@i& ABRit) Qggfﬂéétéramneé fr%%e?#d%@%ﬂ@]@%uh& oftGihed by
stgniticantly aplcftt(i?]%ethe am%ﬂntugfl Q)%roqylzec!( es{dgnéha;% ggulrstor r\T/Fér'sus the reaction time
preferably between 0 and 10% hydrolysis, in which area the formation of the hydrolyzed
side chain precursor is usually more or less linear in time. The S/H ratio was calculated
25 by dividing the slope of the synthetic activity by the slope of the hydrolytic activity.
Measurement of the S/H ratio for cefalexin was carried out in a reaction mixture
containing 10g/l PGM.MSA and 10g/| 7-ADCA and for cefradine in a reaction mixture
containing 10g/l DHPGM.MSA and 10g/l 7-ADCA. Penicillin G acylase was added such
that after 4 hours 70-90% conversion was obtained. Samples of 20ul were taken at
30 various time points and diluted immediately with 800ul 50mM phosphoric acid pH=2.7 to
stop the reaction.
The amounts of DHPGM, DHPG, PMSF, PGM and PG were detected at 210 nm
and of 7-ADCA, cefalexin and Cefradine at 260 nm during UPLC chromatography, which

was carried out according to the following protocol:



G obal Honol ogy Definition 25The honol ogy or identity is the percentage of
i dentical matches between the two sequences over the total aligned region
i ncl udi ng any gaps. The honol ogy or identity between the two aligned
sequences is calculated as follows: Nunmber of corresponding positions in

t he alignment showi ng an identical amno acid in both sequences divided by
the total Iength of the alignnent including the gaps. The identity defined
as herein can be 30obtai ned from NEEDLE and is | abelled in the output of
the program as "I DENTITY". Longest identity Definition The honol ogy
or identity between the two aligned sequences is cal cul ated as foll ows:
Number of correspondi ng positions in the alignment show ng an identical
amino 20 acid in both sequences divided by the total |ength of the

al i gnment after ,gapimasidon of thegiiH dvetidigder of gaps in the alignnent.
The identity deficaedrvasutdiemgen Cansdagpleaidnagenast fampolakiEdcE by using the
NOBRI EF opti on #QUITY-Uatmdctoed i n ROFedetrgtop(8® herfz) t he program as

"| ongest - i dent i tefumn> EXAMPLES Ex BEH @hepdct -7 ot &1 pefl ¢TI (AL acvl ase

mutants having ap ~10i nproved cef glP8Xi%ynt hesi zi no activity I n

order to find ar,n%ggon%jug,eposi ti Q”%;ﬁfbﬂiﬁm Ei ons which inprove the activity
of a PenG acyl asgpiphadsta Wi t h an isgpinoyREonaledufi@igrps.0@a mutant library was
gener at ed by er mabilephaded nMut agenesiios% atetdnted gene encodi ng penicillin G

acyl ase of Eschepribohiempemture whi ch 69d@t ai ned al ready the following two

mut ati ons on pr %%F‘WPP@U@: B: F_-24A081ﬁd 5 B V148L (subsequently designated
as the control) Rfrmgg%t ant |i brarﬁ} : :gié 8Bt ai ned was subjected to high

t hroughput screening for nutants exhi Iting inproved cefal exin productivity
conpared with the .contr_PI_. The assay and the nethod of detection of the
cefal exi n for med Bt ujii nmethod have been described in the Materials
and Met hods section. For the hight throughput Titeeminér m productijvity refers
to the amount of cefalexin 20| syd0hesi se¥Sby 5 fPBRd anpl$P of cell free
extract (CVE) ildoRiepasepfyo)r i 4 109 ¢ L hout—7000—ctonedlwerle t ested.
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Next reconbi na ;Mq‘:bg(?‘ﬂ@?‘? gﬁo’f’);l I ;I i 0(‘IF\ILI s m?lgr essi nrfof helmit 8nts lof interest
and control penicillin acyl ases were grown as descri bed. Shake flasks with
si mi | ar 01DsoonTesval- @esivewaneof bavieeivillarichnt $:4P4 ahd HP@ setryt estaent ri f uged and

frozen at -20C. In @ar@&iiest 9t_e&5eé%f09973§I,ee%ip8§d Witd 4 88DVl kn 140N Réd eg sl
r . | ng .

wer e resuspended in extraction buffe M MOPS, pH=6.9 contain

ng/ M DNase andanﬂr‘?ﬂlaﬂ"fa%ﬂ?’s"@ff?ﬁ% Vﬁ‘ﬁ&"el 'W@ﬁ%%%ﬁga?zyﬂ? tu%erdq%ﬁaq?ﬁ’sﬁﬁqeecé) URIAR O xt r act
was centri f ugediReM te BehAPdugbe eltaatwae gaivatehith d00ha! b piiditve dorateyi The was
used for the cejbakaxwsrespbibNesicsc iagthe rAidi@codertOES criiRited@NVEhS ik Was

stopped and, th n . i ormed was determ ned as described in
the 30Mater al ?ogﬁywt&%fgagaeéﬁgﬁéi%ﬁ&sed as th

, . expr es e OD at 490nm
Mitants that were s&%ct GBMIPPRSAICHHES aridvan e99eC 5Yavsr pnaddtaned MR oY
i nproved cef al ebemolprnodacidusied cothfdmetly additivrhef wantThe mixturewsuaaitated awld | n
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nunber represents.the, consecutive 1 aci ositio C t he
cDNA sequence and 't?r?ldglmlﬁtﬁgystﬁ? ﬂ'é S Snogj}_ Qggnf?fgEQWGt'Afﬁlpcﬁ%%g(%gggggﬁét %eé

a- subuni t (209 sHpficfieRC HRFEPSES: e teoivine &t Al YfFE pEsS deen( M baniedeaiPHE) and
t he 13- subunit néoyompkroARBatdBINt (aBhe 2pT Ticebduitine bhiePGV ep sagentiss thke@ am no

acid position iggnthe.si08Rh i MERE LOLanaRz U tsiddaNEASORRRGT Iy BEPL | de
de sequence respectively. The AA-w I d

and the 8-subunit of the pol ypepti
type represents the anmno acid on the respective position in the penicillin
G acyl ase of Es¢hefdgphiviatisd |- The AA-control represents the amno acid of
a nut ant wgi ch carries _nagt al';]ci) ons, %i F%i A and B:V148L in the penicillin G
acyl ase of “Eschdfioni a (G PHHEITIRIF] bt columms show the cefal exi n
productivity fafpi onut andmpkif0 Mut-ant 2735 observed in the libr ary

screeni ng. AbsgkEpMt e prodidetdivi ty as well as relative productivity conpared
to the control DHEGgi ven: D-Géridhyduntzeyigifcine 29 103 : 116 170 218 313 398 437

602 748 777 : abs ref Protein number 11 A3 A77
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Lou Ser

AA w | d type

AA ' Control

P e Phe 2A 1.0 nmutant 1

DHPGM.MSA : D-2,5-Dihydrophenylglycine methyl ester methanesulfonic acid salt

EDTA : Ethylenediaminetetraacetic acid
HPGM : D-p-hydroxyphenylglycine methyl ester
PG : D-phenylglycine
PGA : D-phenylglycine amide
PGM : D-Phenylglycine methyl ester
PGM.HCL : D-phenylglycine methyl ester HCI salt
PGM.MSA  : D-phenylglycine methyl ester methanesulfonic acid salt
NOMENCLATURE OF AMINO ACIDS
Amino acid 3-letter abbreviation 1-letter abbreviation
L-alanine Ala A
L-cysteine Cys C
L-asparaginic acid Asp D
L-glutaminic acid Glu E
L-phenylalanine Phe F
L-glycine Gly G.
L-histidine His H
L-isoleucine Ilte [
L-lysine Lys K
L-leucine Leu L
L-methionine Met M
L-asparagine Asn N
L-proline Pro P
L-glutamine Gl Q
L-arginine Arg R
L-serine Ser S
L-threonine Thr T
L-tyrosine Tyr Y
L-valine Val \%
L-tryptophan Trp W

HOMOLOGY & IDENTITY

The terms “homology” or “percent identity” are used interchangeably herein. For
the purpose of this invention, it is defined here that in order to determine the percent

homology of two amino acid sequences or of two nucleic acid sequences, the sequences

are aligned for optimal comparison purposes. In order to optimize the alignment between
the two sequences gaps may be introduced in any of the two sequences that are

compared. Such alignment can be carried out over the full length of the sequences being

compared. Alternatively, the alignment may be carried out over a shorter length, for
example over about 20, about 50, about 100 or more nucleic acids/based or amino
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acids. The identity is the percentage of identical matches between the two sequences
over the reported aligned region.

A comparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm. The skilled person will
be aware of the fact that several different computer programs are available to align two
sequences and determine the homology between two sequences (Kruskal, J. B. (1983)
An overview of sequence comparison In D. Sankoff and J. B. Kruskal, (ed.), Time warps,
string edits and macromolecules: the theory and practice of sequence comparison, pp.
1-44 Addison Wesley). The percent identity between two amino acid sequences may be
determined using the Needleman and Wunsch algorithm for the alignment of two
sequences. (Needleman, S. B. and Wunsch, C. D. (1970) J. Mol. Biol. 48, 443-453).
The algorithm can align both amino acid sequences and nucleotide sequences. The
Needleman-Wunsch algorithm has been implemented in the computer program
NEEDLE. For the purpose of this invention the NEEDLE program from the EMBOSS
package was used (version 2.8.0 or higher, EMBOSS: The European Molecular Biology
Open Software Suite (2000) Rice,P. Longden,I. and Bleasby,A. Trends in Genetics 16, (6)
pp276—277, hitp/femboss. bicinformatics.ni). For protein sequences, EBLOSUMGZ is
used for the substitution matrix. For nucleotide sequences, EDNAFULL is used. Others

can be specified. The optional parameters used are a gap-open penalty of 10 and a gap
extension penalty of 0.5. The skilled person will appreciate that all these different
parameters will yield slightly different results but that the overall percentage identity of

two sequences is not significantly altered when using different algorithms.

Global Homology Definition
The homology or identity is the percentage of identical matches between the two

sequences over the total aligned region including any gaps. The homology or identity
between the two aligned sequences is calculated as follows: Number of corresponding
positions in the alignment showing an identical amino acid in both sequences divided by
the total length of the alignment including the gaps. The identity defined as herein can be
obtained from NEEDLE and is labelled in the output of the program as “IDENTITY".

Longest Identity Definition
The homology or identity between the two aligned sequences is calculated as

follows: Number of corresponding positions in the alignment showing an identical amino
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acid in both sequences divided by the total length of the alignment after subtraction of
the total number of gaps in the alignment. The identity defined as herein can be obtained
from NEEDLE by using the NOBRIEF option and is labelled in the output of the program

as “longest-identity”.

EXAMPLES

Example 1

Selection of penicillin G acylase mutants having an
improved cefalexin synthesizing activity

In order to find amino acid positions and mutations which improve the activity of a
PenG acylase mutant with an improved S/H ratio, a mutant library was generated by
error prone mutagenesis of the gene encoding penicillin G acylase of Escherichia coli
which contained already the following two mutations on protein level: B:F24A and
B:V148L (subsequently designated as the control). The mutant library thus obtained was
subjected to high throughput screening for mutants exhibiting improved cefalexin
productivity compared with the control. The assay and the method of detection of the
cefalexin formed by the fujii method have been described in the Materials and Methods
section. For the hight throughput the term productivity refers to the amount of cefalexin
synthesised by a fixed amount of cell free extract (CVE) in a certain time. In total about
7000 clones were tested.

Next recombinant Escherichia coli cells expressing the mutants of interest and
control penicillin acylases were grown as described. Shake flasks with similar ODegoonm
values were taken and the cultures were centrifuged and frozen at -20°C. In order to
prepare a cell free extract, the pellets were resuspended in extraction buffer, 0.05M
MOPS, pH=6.9 containing 0.1 mg/m! DNase and 2mg/mi Lysozyme and incubated. After
30 minutes the extract was centrifuged and the supernatant containing the acylase
activity was used for the cefalexin synthesis test. After 2 hours the conversion was
stopped and the amount of cefalexin formed was determined as described in the
Materials and Methods and expressed as the OD at 420nm.

Mutants that were selected from the mutant library by screening for improved

cefalexin production compared to the control are summarized in Table 3: S/H Mutants 1-

4 have a higher activity.

Al a



Leu
Leu

Mut ant 9

Ala Arg Leu Leu Mut ant 10 Ser Ala Arg Leu

Mutant 11 Ala Leu GQu Ala Arg Lou Lou
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Table 3. The gene number represents the consecutive amino acid position as encoded
by the cDNA sequence and includes the signal peptide (26 amino acids), the a-subunit
{209 amino acids), the connecting peptide (54 amino acids) and the B-subunit (557
amino acids). The protein number represents the amino acid position in the signal
peptide, a-subunit, the connecting peptide and the B-subunit of the polypeptide
sequence respectively. The AA-wild type represents the amino acid on the respective
position in the penicillin G acylase of Escherichia cofi. The AA-control represents the
amino acid of a mutant which carries mutations B:F24A and B:V148L in the penicillin G
acylase of Escherichia coli. The two right columns show the cefalexin productivity for
mutant 1 to mutant 4 as observed in the library screening. Absolute productivity as well
as relative productivity compared to the control is given.

| 116 [ 170 | 218 | 313 | 398 | 437 | 602 | 749 | 777 |abs | rel

“Gene [ 11 oo s
- number | ﬂ,; 29;

Protein | 11 | 22 | arr | Ao | atal Aven) B2s |B100|B146| B3T3 | B460| Bass|
- number | e A3’,5j~ ";?AQQ,;_-A144;A192 B24 3199.5314&;331;3:3469‘;8488

AR vt | Ser | Ala | Met | Asn | Val | Phe | Lys | Val | Ser | Phe | Phe |
wildtype | b T e e b

Conwet | 1 4 4 4 | (Aepjlew) ] 2410

mutant1 | Ala | Leu Glu | Ala Leu - Leu T 40 ﬁ.9

mutant 2 Lys Ala Leu Leu 35|16

mutant 3 Thr Ala Leu | Asn 23111

mutant 4 Ala Leu teu | 24 [ 11

Mutant 5 Ala Leu Leu

Mutant 6 Ser Ala Leu Leu

Mutant 7 Ser Ala | Arg | Leu

Mutant8 | Ala | Leu Ser | Glu | Ala | Arg | Leu Leu

Mutant 9 Ala | Arg | Leu Leu

Mutant 10 Ser Ala  jArg [lLeu Leu

Mutant 11 |Ala |Leu Glu |Ala JArg [Leu Leu

Mutant 12 Leu Leu




Mut ant 12 Leu Leu 22 Exanple 2 Selection of penicillin G

acvl ase nutants having an inproved anpicilline/6-APA in synthesis of am
picilline SFromthe nutant |ibrary described above about 6000 cl ones were
tested for the synthesis of anpicillin. After growi ng the Escherichia coil

clones, cell free extracts were prepared as described before. Subsequently
20 mcroliters of cell free extract is trgnsferred to 80 mcroliters of
0.05 M MOPS buffer pH=6.9 containing 12 PGM 4nM 6- APA and 10nmM
anpicillin. PGMis prepared as the free base. Al solutions are 10prepared
fresh every day. Reactions are carried out at roomtenperatures and stopped
wth PVMSF. Subsequently the sanples are anal gzed by UPLC chromat ogr aphy.
Col um: Waters Acquity UPLC BEH Phenyl 1 nm particl e size 1.7 pm
Sol vent A: 50 nnM Anmoni umsaéatoatoe .mnaas la n 60% acetonitrile
+ 40% M 11i-Q water Wak; ’ s i Kg,,l,,he Q water Strong
wash: 95% acetonitrile + Wa Yoflow (m/ mn)
curveOOO100012010401000120605066341206090
5 From the mutant library described above about 6000 clones were tested for the

synthesis of ampicillin. After growing the Escherichia coli clones, cell free extracts were

prepared as described before. Subsequently 20 microliters of cell free extract is

transferred to 80 microliters of 0.05 M MOPS buffer pH=6.9 containing 12mM PGM,

4mM 6-APA and 10mM ampicillin. PGM is prepared as the free base. All solutions are

10 prepared fresh every day. Reactions are carried out at room temperatures and stopped

with PMSF. Subsequently the samples are analyzed by UPLC chromatography.

Column: Waters Acquity UPLC BEH Phenyl, 50 x 2.1 mm, particle size 1.7 um.
Solvent A: 50 mM Ammonium acetate pH = 5.8
15 Solvent B: 60% acetonitrile + 40% Milli-Q water
Weak wash: 5% acetonitrile + 95% Milli-Q water
Strong wash: 95% acetonitrile + 5% Milli-Q water

Gradient table:

Time (min) A% B% flow (ml/min) curve
0,00 100 0 1,20 1
0,40 100 0 1,20 6
0,50 66 34 1,20 6
0,90 66 34 1,20 6
1,00 0 100 1,20 6
1,40 0 100 1,20 6
1,50 100 0 1,20 6

20
Identification and quantification of the eluted compounds was done by mass

spectrometry using a Waters Micromass ZQ 2000 LC Mass Spectrometer and by UV
measurement in the range 190-400nm using a Waters ACQUITY UPLC Photodiode
Array (PDA) Detector. Calibration was done using the appropriate standards.
25

The clones were ranked according to the ratio ampicilline/6APA. Clones showing a
higher ratio compared to the control were retested several times. Finally two clones
which showed consistent improvement in the ampicilline/6-APA ratio with respect to the
control were sequenced. Typical resuits for the two mutants are shown in table 4. The

30 sequence of the clones are shown in table 3.



66 34 1,20 6 1,00 O 100 1,20 6 1,40 0 100 1,20 6 1,50 100 0 1,20 6 20

I dentification and quantification of the eluted conpounds was done by nass
spectronetry using a Waters M cromass ZQ 2000 LC Mass Spectroneter and by
UV neasurenent in the range 190-400nmusing a Waters ACQUI TY UPLC

Phot odi ode Array (PDA) Detector. Calibration was done using the appropriate
standards. 25 The cl ones were ranked according to the ratio

anpi ci | I'i ne/ 6APA. C ones showi ng a higher2¥atio conpared to the control
were retested several tines. Finally two cl ones which showed consi st ent

i nprovenent in the anpicilline/6-APA ratio wth respect to the control were
sequenced. Typical results for the two nutants are shown in table 4. The
30sequence of t Hebiekoiregnair eorséreivmoficpARAab brepidllin as2Furictidyl @ tidke. Enzymati

conversion of 6{APAeto amicillin as a ffefineBABA tine Tinme (mn) fatio
Arnpi / 6- APA  Copt¥H) Mt ant C;Prg(r)n)m ant 7.0 7,'\ﬁ2¢?éf&t7l, 602160 an;;t,aegﬁ 41612, 81
D2 %n 77 : ) ,
60 2,72 5,79 3, ¢ 30 T 2,62 4,16 2,81
60 2,72 5,79 3,22
90 2,77 6,91 3,42
120 2,78 7,60 3,55

Mutants 5-6 and 8-12 were obtained by combining mutations, which were identified in
5 screening the error prone library. Results of testing these mutants will be described in

the examples below.

Example 3

cefalexin en Cefradin synthesising activity of penicillin G acvlase mutants
10 selected on improved cefalexin productivity

The activities of the selected mutants mutant 1 to mutant 4 of Example 1 (Table

3) are based on the assumption that at similar growth of the production host more or less
similar penicillin G acylase expression is obtained (similar ODgonm ~ cell densities). In

15 order to correct for any differences in expression ievel of the mutants, the concentration
of the penicillin acylase in the cell free extracts was determined using the PMSF titration

as described in the Materials and Methods. Based upon PMSF titration the active
penicillin G acylase content can be determined without further purification so that the
specific activities (in units per mg acylase) can be determined more accurately. In order

20 to determine the initial synthetic activity in the synthesis of cefalexin and cefradin, the
conversion was followed by UPLC as described in the Materials and Methods. Results

are shown in Table 5.



6,91 3,42 120 2,78 7,60 3,55 Mut ants 5-6 and 8-12 were obtai ned by
conbi ning nutations, which were identified in 5screening the error prone

library. Results of testing these nmutants will be described in the exanpl es
bel ow. Example 3 cefalexin en Cefradin synthesising activity of
penicillin G acvl ase nmutants 10sel ected on inproved cefal exin productivity

The activities of the selected mutants mutant 1 to nutant 4 of Exanple 1
(Tabl e 3) are based on the assunption that at simlar growh of the

production host nore or less simlar penicillin G acyl ase expression is
obtained (sim/lar 0OD490nm - cell densities). In 15 order to correct for
any differences in expressi on | evel of the mut ants, the concentration of

the penicillin |nt Xt HAGE g the
e 1t on SBER e o D AR B TR B o
titration the a%ﬁ"a‘é@ayp@dﬂhlﬁdn kbréas@L W @ﬁﬂra@DUh@nberCﬂ@ Rpadiebes B3 I’lEd= wi t hout
further purisfi catpgr@Bmafdclathetiher tepeatid isa badéfindiod i es (in units per ny

acyl ase) can be determ ned rately. Gefradinder | 20 t¥PABt ernmijne t he
initial synthetfic activity/] &P&%h@&ﬁ{heéi% 2si s Syithesis g eixin HYAPNSIS radin, the
conversi on was ol Lowed by BB a5 dBscy i Mdma; tfie kbfﬁ%ﬂé s #Eg Net hods.
Resul ts are showhiCRIPALI o S19034 748 o 1g 1 peetHHt—actiyatiessG6—the
: mutant 4, - . 6362 1, - 19, L5859 - T30 3% " '[°Y 23

sel ect ed penicit 'rHutS'ﬁtz' ase Jiant s _)\dsml e I3 or thg ynthgg sjof

cefal exin , cefiradij@ad tihgokprdrotysi sTof B PAB {see Matgrijal g and Met hods
for assay condiTi ORGInt@XPrie$seHl ijn Aob1 T ragay Uni ts6 per e acdyl @ase and as | F

= inmorovenent f T r the of the control is 1 by definition. cefalexin
synthesis Cefradin Synthesis NI PAB Hydrolysis AU nmg IF AUng IF AUng IF

Control 31903 1.0 134 1.0 1.7 1.0 nutant 1 60362 1.9 559 3.0 3.6 2.3 nutant
2 52869 1.7 Exampie 4

S/H ratios of the penicillin G acylase mutants selected on improved cefalexin
10 productivity

The S/H ratio of the selected mutants 1-4 was measured as described in the

Materials and Methods. During the synthesis of cefalexin progress curves were
recorded. The S/H ratio for the synthesis of cefalexin and the hydrolysis of PGM was

16 determined from these progress curves. For the same mutants progress curves were
recorded during the synthesis of cefradine. The S/H ratio for the synthesis of cefradine

and the hydrolysis of dihydrophenyiglycine methylester was determined. Results are

shown in Table 6.

20 Table 6. S/H ratio of the selected penicillin acylase mutants 1-4 compared to the control
during the synthesis of cefalexin and cefradine.

 initial S/H ratio - initial S/H ratio
Acylase - cetalexin : IF cefradine IF
- synthesis . synthesis
Control 9.4 1.0 1,5 1.0
Example 5
Modification of position B460 is crucial for enhancing the synthetic productivity of
25 penicillin G acvlases.

Mutants 5 and 12 were designed based on mutant 1. Mutant 5 is the control with
in addition the phenylalanine at position B460 replaced by a leucine. Like mutant 5, in



373 2.5 3.0 1.9 mutant 3 40307 1.3 223 1.5 1.9 1.2 mutant 4 32235 1.0 244
1.6 1.3 0.8 Exanple 4 S/Hratios of the penicillin G acvl ase
mut ants sel ected on inproved cefal exin 10productivity The S/'H
ratio of the selected nutants 1-4 was neasured as described in the
Material s and Methods. During the synthesis of cefal exin progress curves
were recorded. The S/IHratio for the synthesis of cefal exin and the
hydrol ysis of PGM was 15 deternined from4shese progress curves. For the
same nutants progress curves were recorded during the synthesis of
cefradine. The S/Hratio for the synthesis of cefradine and the hydrolysis
of di hydrophenyl gl yci ne net hyl ester was determ ned. Results are shown in
Table 6. 20Tabl envGant 8 Hemberydlaohe bhestiel BE0eds peai attol placed by | Bednenut ant s
1-4 conpared toLhe a@@ifﬁnrtﬁ)é alédm@ & sftu@rdBiheNaswevé&W t@%ﬁedyﬁlaﬁ:h@és iSbtderad 1 0

cefal exin synt he I rol 9.4
1.0 1 5 1.0 EX %Iseoogtlon n many m?ﬂdi)%mc@gt(? acr:.}/? S P%Xc%rgéféﬁgnts ga%ljc% aI f or

enhanci ng the systerpdtaingd py gracyrithiesis ?”%Wer??,qm@ﬁf'ﬁqdlt? i’"ﬁ’ eEPraEsee fidweherichia
Mit ants Sand 12 cyedsededebi@ B&itke AR thraghtamdt &RtEstheriid emitcels wae tragecont r ol
with in additi O@orﬁfﬂgtgm}\ed?éﬂr% r@@bé‘ﬁhea&enﬂﬂﬁ 'décQQseB%ﬁQhé &l %@t@rqer%(w ceuci ne.

Li ke mutant 5, | mut an en ani ) §4 0 has been
al so repl aced b99W®d¥|%@mHB¥mﬂdm7Fﬂmgﬁa‘%lg (¥ﬁ%p%e§nﬁ g §Wm58 t1'8h B24
was reversed todgerenngt abk ENiSAdtration.i s observed at this position in many wld
penicillin G acyl as@ftanfeef@nd 8PGRE Apidlihand Syntheai@f tdawer aniebliai ped by

gene synthesis a0fdyedsy il ASLALERALE MnSHRM CR5EddeFSC BRI, S coll

as described befdre Mentation the Escherichia co s were
treated by soni f¢EEEHOYHPYMHer to rel ease the penicillin-G acyl ase from
the cells. After renoving cell debris by centrifugation the concentration
of active proteig,d~ the supernatant was determned via PMSF titration.

Mutants 5 and 12 were :.\nnl ied in-the-svynthesi s of cefal-exin—nhit+e—ail d type
i oacyl ase (SEQ|1), t hgc %gnt rol arylase s@%ﬂes@“}cﬁ’\ﬂ& 1 inia é/Hffrlnrcsi_yutdm as
controls. The U/M cefalexin
(UMg)
wild type 1.1 3,8
control 1.0 10,3
mutant 1 3.3 13,2
mutant 5 3.1 12,7
mutant 12 1.6 3,2
15 Mutants 1, 5 and 12 have in common that the phenylalanine at position B460 has

been replaced by leucine. For all three mutants this modification increases the synthetic
activity without drastic decline of the S/H ratio. In most case the S/H ratio is even

improved.
Example 6
20 Performance of various combinants in the synthesis of cefalexin and cefradin

Mutants 1 and 7 was selected from the screening for improved ampicilline/6-APA
ratio when subjecting the mutant acylase to a mixture of PGM, 6-APA and ampicilline.
Mutant 1 was also selected from the screening for improved productivity in the synthesis

25 of cefalexin . The mutations observed in mutant 1 and mutant 7 can be combined in
different ways. Mutants 6 and 8-11 are examples of such combinations. The mutants can



results are shown below. Table 7 Acylase IF cefalexin synthesis activity
(UM) initial S/H for synthesis cefalexin wild type 1.1 3,8 control 1.0
10,3 mutant 1 3.3 13,2 nmutant 5 3.1 12,7 nutant 12 1.6 3,2 15Miutants 1, 5
and 12 have in comon that the phenyl al anine at position B460 has been
replaced by Ieucine. For all three nutants this nodification increases the
synthetic activity without drastic decli e of the SSHratio. In nost case
the SSHratio is even inproved. Exanple % 20Per f or mance of vari ous

conbinants in the synthesis of cefal exin and cefradin Mut ants 1 and
7 was selected fromthe screening for inproved anpicilline/6-APA rati o when
subjecting the nutant acylase to a m xture of PGV 6-APA and anpicilline.

Mitant 1 was al boogaheschyeatnt sprhasisetransioseaiphand SPresHYy BV FHIGEt #vity in
the synthesis 25qtebab@Xtdults oTBGiINGBSAd df ETese @bises sredhdwn imabladt 1 and
mutant 7 can be conbined in different ways. Mitants 6 and 8-11 are exanpl es
of such conbinations. The nutants can 26 be obta

t ransf or mati on B?Pdff’ei?ﬁfoé”@ c8) ftggeg%'ygﬁ‘t‘t?'ﬁﬁlt%d tﬁ:‘t sﬁgg%@é@??%gfﬁ%m 2?2' >

C mutan
RESU| ts Of fest- ||3 o —D:Q Q‘ Paf@d Clllsl. ST A€ STTOWT N t al i
Tabl e 8. Perforjmance %f Cbribkdranhs nut%ﬁtﬁé’;ﬁ?énj Magt@ait 8 |h”"f,hé Bnt hesi s
of cefal exin rent s®#ft%ant | raess aptyAnt Leaoen . . | Synthesis activity syl
. céfalexin - - _ 7. . .cefradin. ALYl aSe€
| F cef al exi n—synthesis actHMa v My —Ai-tal ( ) PR

~ i 7 ‘gontrol _ L g © I o NYh3t i ar fof—synihesis
cefal exin | F cefragigisyn ”33'358 d(.,LI VT tV¥i0.1 5.2 20

Mutant 7 2.6 9.8 29 1,9

Mutant 6 3.8 6,9 6.0 1,8

Mutant 8 4.2 6.4 7.0 2,1

The combinants resulting from combining mutations of mutant 1 and mutant 7
show that in certain aspects such hybrids can surpass the performance of their parents.

10 Example 7
Production of amoxicillin from 6-APA and HPG methyl ester

A stainless steel reactor of 2 |, equipped with a sieve bottom with 140 um pores
and an agitator, was filled with the immobilized enzyme indicated in the table. The
15 volume was adjusted to 1000 mi by addition of water. The contents were cooled to 10°C,
and the reactor contents were circulated over the sieve bottom by means of a peristaltic
pump.
162.2 g 6-aminopenicillanic acid was added followed by addition of HPGM (see
table). The volume was adjusted to 1500 ml by addition of water. The mixture was
20 agitated and circulated over the sieve. The temperature was maintained at 10°C. The pH
was monitored. Initially the pH was about 6.3 and after some time increased to about 7,
and subsequently decreased. At the point that pH was less than pH=6.3, the reaction is
nearly complete. At that point (about 2 h after addition of HPGM) a sample was taken
from the recirculation line filtered and analyzed by HPLC. The results of the of various
25 experiments are presented in table 9.
The reaction mixture with mutant 1 and 1.06 equivalents of HPGM (conversion
10 in the table) is subjected to further processing . Reaction mixture is taken from below
the sieve until the enzyme immob nearly blocks the sieve. Subsequently water is added



(UM) initial S/H for synthesis cefradin control 1.0 9.3 1.0 1.3 Mutant 1
3.8 10,1 5.2 2,0 Mutant 7 2.6 9,8 2.9 1,9 Mutant 6 3.8 6,9 6.0 1,8 Mutant 8
4.2 6,4 7.0 2,1 The conbi nants resulting from conbi ni ng nmutations
of nmutant 1 and nmutant 7 show that in certain aspects such hybrids can
surpass the performance of their parents. 10Exanple 7 Production of
anoxicillin from 6- APA and HPG net hyl ester A stainl ess steel

reactor of 2 |, equipped with a sieve bot¥%omwi th 140 pm pores and an
agitator, was filled with the i mobilized enzyne indicated in the table.
The 15 volunme was adjusted to 1000 mM by addition of water. The contents
were cooled to 10C, and the reactor contents were circul ated over the sieve
bot t om by neans t®the anipee iirs thalstaintzs 689 reactor, and sitriRanBouglyGrigtivie O ke ©arh | ani ¢

i d dded |
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was nonitored. IARAtdndlHRGM Wbilepbsingatbe aborienms aeadly esent i8 direrepttare Theicr eased

to about 7, ;and s%ég%%y%mﬂeye de6FRaReS corPbrsibie1Paedombied ai-budpstel @ss t han
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equi val ents of EB@MC(Qgﬁﬁé@r@fhgﬂrst]@séenattsh& 4 alue th'e%re%ﬂdkﬁt@ﬁttlﬂﬁsug&ngbﬂt her
processing t he
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the nixture in 8HE vstfienlaed ntreduesd in ree%@taﬁ'Fer lqriefs §W?fﬁi|'zteérﬁ’é'd§1§1339‘tarﬁe§tahr eis
t aken from bel opuidrenshiion tnisd Nadie, tbrapeturs Us peinginen atcaor ¢.etikediulmass a

vol ure of 3000 flinpineg a pos AN ELSON R, WS ERAA:EH:S. S fdalRs, Ay _addi ng

t he sane anount e usli nl_? ih en zrﬁ{ys al r ea dy
present in the PisctastainedkpH8.00y afdiion obarde IIIOT #l & Ao HEEILTE S8
conver si onss10 aywelizemni madaisendatsTHY| wcbedratiy ovedipy d¢ @hldgitzied pesselThie

suspension is h&ﬁﬁeﬁg ot‘ FPnsZé@el ﬁ@@o&lé&o mG(tTHé BsidSnck Mtk Qe edssens @ nsekd es of 5

tated I t ed
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the sane tine 3859%pCh fit@’eaﬁ t%‘“'t ?@Stﬁntr‘ﬁ?'gf\?eg@eb"e’ét“séh”tq’i'c'é\'” HpEthat t he
precipitate in fheugasqpensdimad)wasd1linmssohai®@s in the series of 5 agitated
vessels. The acidic solution is filtered in line over a 10 pmfilter, and
introduced I n argrystallizer. In this crystalli zer pH i s mai ntai ned at
pH=3. 7 by addi fion of 25% NaCH, tle erature 9 I ned at 2 C The

vol ume is maintained al 2250 ni byr%r" g pSverfl VS\?”?E’)' a secongUantt

crystallizer. iﬂma%é Hi(”g%%:“ [ I‘Zer[GIA&é{er HF; rr% ﬂF’Ri' "'@lﬂeﬁﬁ [%H%] | [%M]..

addi tion of 250 R e geaentd mih cromhal ey |is
mai nt ai ned at #56 .. uy'1éjﬁ*é1 Hysgve Fgowt toan agttated—vesset—The
contents of this Vfaac 1A e repgged .593 3Cjdfe|regpdency ot rmthis vessel
is 4 h. The crystad SUSpggsiON2d § fid4ereg;swashed W tlh.wafer (1[5 T7KQ

product) and driediin aiseniil &g 1jonerg oyesad 35CLant] | 1gonst ant wei ght.| The
yield of anoxifcilldan trrgeydrate (lcal cul ated om added| 62APA) was 91%

(mol e/ nol ). 20 Tdble | 152.2 | 1.12 1.3 2.0

7 148.1 | 1.09 13 2.3

8 146.7 | 1.08 1.0 0.9
9 1440 | 1.06 2.1 2.8 1.0 0.9
10 1413 | 1.04 1.2 1.0
11 140.2 | 1.03 33.3 29.8

12 138.6 | 1.02 16 0.6
13 135.9 | 1.00 16.7 40.3 20.5 8.6

* molar equivalents of HPGM with respect to 6-APA



P Rm

coil wld type Control Mutant 1 Conversion HPGM (g) Ratio* [6-APAlL (m\V)
H al (my [6-APA] (MM [HPGM (MM [6-APA] (MM [HP GM (M) 1 184.8
. 26013. 0 nd 2 176.6 1.30 15.3 14.3 1.9 1.0 3 168.5 1.24 32.4 31.5
28
Example 8
Synthesis of a D-phenylglvcine-methylester (PGM) solution
5 The synthesis of the D-phenylglycine-methylester (PGM) solution was carried out

essentially as described in W02008/110527.
90 g PG was suspended in 170 ml methanol and 73.2 g concentrated sulfuric

acid was added. The mixture was kept at reflux for 2 hours at approximately 73°C and
concentrated at reduced pressure (p = 20 mm Hg, T = 75-80°C). 170 ml methanol was
10 added and the mixture was kept again at reflux for 2 hours and concentrated at reduced
pressure. Again, 170 ml methanol was added and the mixture was kept at reflux for 2
hours and concentrated at reduced pressure. Finally, 125 ml methanol was added. The
solution was dosed into a second reactor, which had been pre-charged with 20 ml
methanol, in 1 hour at 20°C. The pH was kept at 3.5 with ammonia. A solid was formed,
15 which was removed by filtration. The resulting mother liquor was diluted with 25 ml water
and concentrated at reduced pressure (p = 20 mm Hg, T = 40-45°C). Finally 207.5 g

PGM solution was obtained.

Example 9
20 Enzymatic synthesis of cefalexin

A reactor with a 175 um sieve bottom was filled with the indicated amounts of
different immobilized acylases whereby the protein load of the immob-particles was the
same for all acylases tested. Subsequently 21.4 g 7-ADCA and 95 g water were added
at 25°C and the pH was adjusted to 7.0 with 25 % ammonia. 38 g PGM solution as

25 obtained in Example 8 was dosed into the reactor at a constant rate in 120 min. The pH
was maintained at 7.0 with ammonia. The temperature was kept at 25°C. After 30 min,
0.25 g solid cefalexin (seed) was added. Crystallization of cefalexin started at 45 min.
From 120 to 150 min, the pH was kept at 7.0 with 25% sulfuric acid. Subsequently, the
pH was decreased to 5.7 with 25% sulfuric acid.

30 The reactor was discharged through the bottom sieve with upwards stirring. The
resulting cefalexin suspension was filtered through a glass filtker. The resulting mother
liquor was transferred back into the reactor. This sequence of steps was repeated five
times. Subsequently, the enzyme was washed with 2 x 10 ml water. In this way, >98% of

cefalexin was separated from the solid biocatalyst.
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The cefalexin wet cake, mother liquor and wash water were combined, and the
temperature was maintained at 2°C. The pH of the combined wet cake and mother
liquors was decreased to 1.5 with concentrated sulfuric acid and the resulting solution
was filtered through a 0.45 um filter.

A crystallization reactor was filled with 20 g water and 1.0 g of cefalexin (seed).
The above-mentioned acidic cefalexin solution was dosed into the crystallization reactor
in 80 minutes at 30°C. The pH was kept at 5.0 with ammonia. Subsequently, the
suspension was stirred at 20°C for another 30 min. The suspension was filtered through

a glass filter and the wet cake was washed with 2 x 15 ml water and 2 x 15 ml acetone.

Table 10.

Experiment

Acylase

Immobilized
acylase

(9)

cefalexin
monohydrate

(9)

Purity

Reaction
Rate

S/H ratio
end of
reaction
(180 min)

Control

15

32.6

>99.8%

n.d.

n.d.

1

Mutant 1

6

32.4

>99.8%

n.d.

n.d.

Control

10.25

n.a.

n.a.

Same

13.8

2

Mutant 1

3.7

n.a.

n.a.

Same

12.9

n.d. = not determined; n.a. = not applicable

Example 10

Production of cefadroxil from 7-ADCA and HPG methyli ester

A reactor with a 175 um sieve bottomn was filled with the indicated amounts of

different immobilized acylases. Subsequently 17.7 g 7-ADCA, 15.6 g HPGM, 0.02 g
EDTA and 123 g water were added at 10°C and the pH was adjusted to 7.2 with 25 %
ammonia. The enzymatic reaction was run at 10°C and the pH was kept at 7.2 with

formic acid.

Table 11.

Experiment

Acylase

Immobilized
acylase

(9)

Reaction
Rate

S/H ratio
end of reaction
(180 min)

Control

20.5

Same

25

Mutant 1

8.2

Same

22




2.1 2.8 1.00.9 10 141.3 1.04

138.6 1.02

1.6 0.6 13 135.9 1.00

1.2 1.0 11 140.2 1.03

46.7 40.3 20.5 8.6

33.3 29.8
* ol ar
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equi val ents of HPGMwi th respect to 6-APA 28 Exanple 8 Synthesis of a
D- phenyl al yci ne- et hyl ester (PGW sol ution 5The synthesis of the
D- phenyl gl yci ne-net hyl ester (PGW solution was carried out essentially as

descri bed

I n W2008/110527.
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15
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Example 11

Enzymatic synthesis of cefradine

A reactor with a 175 pm sieve bottom was filled with the indicated amounts of
different immobilized acylases. Subsequently 14.82 g 7-ADCA and 50 g water were
added at 20°C and the pH was adjusted to 6.9 with 25 % ammonia.

18.5 g DHPGM.MSA was dissolved in 20 ml water and the solution was dosed
into the reactor at a constant rate in 150 min. The pH was maintained at 7.0 with
ammonia. The temperature was kept at 20°C. After 30 min, 0.25 g solid cefradin (seed)
was added. The pH was decreased to 5.7 with 25% sulfuric acid at 460 min. Due to
inaccuracy of measurement of DHPG, the S/H could not be determined with sufficient

accuracy.
Table 12.
immobilized . S/H ratio
Experiment Acylase acylase Hes:tt;on end of reaction
C)] (180 min)
1 Control 19.3 Same n.d.
Mutant 1 7.4 Same




90 g PG was suspended in 170 m nethanol and 73.2 g concentrated sul furic
acid was added. The m xture was kept at reflux for 2 hours at approxi mately
73C and concentrated at reduced pressure (p = 20 nmHg, T = 75-80C). 170 m
met hanol was added and the m xture was kept again at reflux for 2 hours and
concentrated at reduced pressure. Again, 170 ml nethanol was added and the
m xture was kept at reflux for 2 hours and concentrated at reduced
pressure. Finally, 125 m nmethanol was added. The sol ution was dosed into a
second reactor, which had been pre-charged with 20 m nethanol, in 1 hour
at 20C. The pH was kept at 3.5 with amonia. A solid was fornmed, 15 which
was renoved by filtration. The resulting nother |iquor was diluted with 25
m water and concentrated at redugedeypressure (p = 20 mm Hg, T = 40-45C).
Finally 207.5 g PGM sol uti on was obtai ned. Exanple 9 20Enzymatic synthesis
of cefal exim? "5 I 2Rt daétor with a 175 1.1.msieve bottomwas filled

wi th the indpcatedr aapuni:snof aditkderent 1 mobilized acyl ases whereby the
protein |load of the i mmob-particles was the sanme for all acyl ases tested.
Subsequent 11y021¢%#2gio7eCADCA and 95 g water were added at 25C and the pH was
adjusted t9,/. 0 with 25 % amonia. 38 g PGM solution as 25 obtained in
Exanpl e 8 was- dosed into the reactor at a constant rate in 120 mn. The pH
was naintained at 7.0 with anmonia. The tenperature was kept at 25C After
30 min, 0.25%y'solid cefalexin (seed) was added. Crystallization of
cefalexin started at, 45 mn. From 120 to 150 mn, the pH was kept at 7.0
wth 25% sul furic acid. Subsequently, the pH was decreased to 5.7 with 25%
sul furic aeie 130The reactor was di scharged through the bottom sieve with
upwar ds sti2rti A The resul ting cefal exin suspension was filtered through a
glass filteis, Jhe.resul ti,ng nother |iquor was transferred back into the
reactor. This sequence of steps was repeated five tines. Subsequently, the
enzyme was4tashed with 2 x 10 ml water. In this way, A8% of cefal exin was
separ at ed 'Ff dfff t'fie "$BI*PH b7 deat’af yst o0 5o Vot Thr Athdcpéfal exin wet cake,

not her |iquor and wash water were conbi ned, and the tenperature was

mai nt ai nedicatTy2Cyr The spH1ef rthelcopbirnediwetn cakeeand: oot her |i quors was
decreased to 1.5 wi 2h concentrated2sul furic acid &hd the resulting solution
was filtered throu 0.45 gm.filter. 5A cr allization reactor was
filled wi tIﬁ“ 26° 529&?@?*%%3? f.gb "G gﬁ} géffg %)%f%%;‘lé&e%%?a '5?' le above- menti oned
acidic cefalexin solution was dosed into the crystallization reactor in 80
m nut es at*s80€ TThépHewdss Keptlattyvh S0y Wit Mo afmoitalSatisequent |y, the
suspensi on was’stirred at 20€ for another 30’ nmin. The suspension was
filtered thsoughna cal ass chi hterniand; bhe swetncakeswasnwashed with 2 x 15 ni
water and 28 x 15 m acetonme. 10 Experinemnt Acylase Imo#ilized acyl ase (Q)
cefal exin nonohydrate (g) Purity Reaction Rate S/Hratio end of reaction
(180 nin) “1* Goht'FoI*15:3276 308 8% n. " *I 4°° “fufdnt o1 "6 32. 4 >99.8%n. d.
n.d. 2 Control 10.25 n.a. n.a. Sane 13.8 Mitant 1

Arg Asn Tyr Trp Pro Asp Ala Ile Arg Ala Gln Ile Ala Ala Leu Ser
100 105 110

Pro Glu Asp Met Ser Ile Leu Gln Gly Tyr Ala Asp Gly Met Asn Ala
115 120 125

Trp Ile Asp Lys Val Asn Thr Asn Pro Glu Thr Leu Leu Pro Lys Gln
130 135 140

Phe Asn Thr Phe Gly Phe Thr Pro Lys Arg Trp Glu Pro Phe Asp Val
145 150 155 160

Ala Met Ile Phe Val Gly Thr Met Ala Asn Arg Phe Ser Asp Ser Thr
165 170 175

Ser Glu Ile Asp Asn Leu Ala Leu Leu Thr Ala Leu Lys Asp Lys Tyr
180 185 190



3.7 n.a. n.a. Sane 12.9 n. . = not determned; n.a. = not applicable

Exanpl e 10 15 Production of cefadroxil from 7- ADCA and HPG net hyl ester

A reactor with a 175 pmsieve bottomwas filled with the indicated anmounts
of different inmobilized acyl ases. Subsequently 17.7 g 7-ADCA, 15.6 g HPGM
0.02 g EDTA and 123 g water were added at 10C and the pH was adjusted to
7.2 with 25 9% 20ammoni a. The enzymatic reaction was run at 10C and the pH
was kept at 7.2 with formc acid. Table 11. Experinent Acylase | mmbilized
acyl ase (g) Reaction Rate S/Hratio end of reaction (180 mn) 1 Control
20.5 Same 25 Miutant 1 8.2 Sane 22 30 Exanple 11 Enzymatic synthesis of
cefradine 5A reactor with a 175 plI Tl sieve bottomwas filled with the

i ndi cat ed arount srofindirffrerent dammmbidsh zed racylases.c.eSubsequent |y 14.82 ¢
7- ADCA and 50 g Water were added®®at 20C and tHé°>pH was adjusted to 6.9 with
25 %arrrmnia o Se AlalEBro hg IQHPQ\AAIYBA\}aYVaG%anJl§%Q| \ﬁgg %p ng o wat er and the
sol uti on was gf@s into the fieactor at a constant in 150 mn. The pH
was nmaintained at 7.0 with lo amonia. The terrperature was kept at 20C.
After 30 niet, 1v9.225 P@“S@PI%“@@?FS&GI%H(T@E%Z Mageaddedre T‘Iﬁ‘é pH was decreased
to 5.7 witH°25% sul furic & d at 460 nirf>°Due to inacclifacy of measurement
of DHPG, the I@@&e@@%bd&l@@rob@td_%tlekfsmAQ@CfrWAtlg] sufcfii ahentp accur acy.

Experi mert4sAcyl ase | nmol¥sbi zed acyl ase 26g) Reacti on

Gly Ala Leu Leu Ala Leu Thr Ala Gly Lys Asn Arg Glu Thr Ile Ala
260 265 270

Ala Gln Phe Ala Gln Gly Gly Ala Asn Gly Leu Ala Gly Tyr Pro Thr
275 280 285

Thr Ser Asn Met Trp Val Ile Gly Lys Ser Lys Ala Gln Asp Ala Lys
290 295 300

Ala TIle Met Val Asn Gly Pro Gln Phe Gly Trp Tyr Ala Pro Ala Tyr
305 310 315 320

Thr Tyr Gly Ile Gly Leu His Gly Ala Gly Tyr Asp Val Thr Gly Asn
325 330 335

Thr Pro Phe Ala Tyr Pro Gly Leu Val Phe Gly His Asn Gly Val Ile
340 345 350

Ser Trp Gly Ser Thr Ala Gly Phe Gly Asp Asp Val Asp Ile Phe Ala
355 360 365

Glu Arg Leu Ser Ala Glu Lys Pro Gly Tyr Tyr Leu His Asn Gly Lys
370 375 380

Trp Val Lys Met Leu Ser Arg Glu Glu Thr Ile Thr Val Lys Asn Gly
385 390 395 400

Gln Ala Glu Thr Phe Thr Val Trp Arg Thr Val His Gly Asn Ile Leu
405 410 415

Gln Thr Asp Gln Thr Thr Gln Thr Ala Tyr Ala Lys Ser Arg Ala Trp
420 425 430

Asp Gly Lys Glu Val Ala Ser Leu Leu Ala Trp Thr His Gln Met Lys
435 440 445

Ala Lys Asn Trp Gln Glu Trp Thr Gln Gln Ala Ala Lys Gln Ala Leu
450 455 460

Thr Ile Asn Trp Tyr Tyr Ala Asp Val Asn Gly Asn Ile Gly Tyr Val
465 470 475 480

His Thr Gly Ala Tyr Pro Asp Arg Gln Ser Gly His Asp Pro Arg Leu
485 490 495

[\



Rate S/Hratio end of reaction (180 mn) 1 Control 19.3 Sane n.d. Mitant 1
7.4 Sane SEQUENCE LI STI NG <110> DSM | P Assets B.V. <120> MJTANT

PENI Cl LLI N G ACYLASES <130> 26942- WO PCT <140> <141> <160> 1 <170> Patentln
Vet. 2.1 <210> 1 <211> 846 <212> PRT <213> Escherichia coli <400> 1 Met Lys
Asn Arg Asn Arg Met Ile Val Asn Cys Val Thr Ala Ser Leu 151015 Met Tyr Tyr
Trp Ser Leu Pro Ala Leu Ala Gu d@n Ser Ser Set A u 202530 Ile Lys Ile Val
Arg Asp Au Tyr Gy Met Pro Hs Ile Tyr Ala Asn 354045 Asp Thr Trp Hi s Leu
Phe Tyr Ay Tyr Ay Tyr Val Val Ala A n Asp 505560 Arg Leu Phe G n Met du
Met Ala Arg Arg Set Thr An Gy Thr Val 65707580 Ala Qu Val Leu Gy Lys
Asp Phe Val Lys Phe Asp Lys Asp Ile Arg 859095 Arg Asn Tyr Trp Pro Asp Ala
Ile Arg Al &ocGNn tdoeciAl mrAha dyeurrbetsp 1001510 P o.eQruc Asp Met Ser |l e Leu
An dy Tyr Ala Asppddy Met Asn AI"R°115120125 Trpifle Asp Lys Val Asn Thr
Asn Pro G u Thr Lou, Leu P € 0 .Phe Asn Phe Gy Phe Thr
Pro Lys Ar%ﬁu'll?eﬁ %lﬁg,uuP Igrﬁ(;VSP\{]ag %;}A;yalro i%gjlg%gjlc;g%ﬁg@%h%l?\/étml |l e Phe Val Gy
Thr Met Ala Asn Arg Phe Ser Asp Ser Thr 165170175

Trp Asn Asn Ser Pro Gln Lys Asp Tyr Pro Ala Ser Asp Leu Phe Ala
530 535 540

Phe Leu Trp Gly Gly Ala Asp Arg Val Thr Glu Ile Asp Arg Leu lLeu

545 550 555 560

Glu Gln Lys Pro Arg Leu Thr Ala Asp Gln Ala Trp Asp Val Ile Arg
565 570 575

Gln Thr Ser Arg Gln Asp Leu Asn Leu Arg Leu Phe Leu Pro Thr Leu
580 585 590

Gln Ala Ala Thr Ser Gly Leu Thr Gln Ser Asp Pro Arg Arg Gln Leu
595 600 605

Val Glu Thr Leu Thr Arg Trp Asp Gly Ile Asn Leu Leu Asn Asp AsSp
610 615 620

Gly Lys Thr Trp Gln Gln Pro Gly Ser Ala Ile Leu Asn Val Trp Leu
625 630 635 640

Thr Ser Met Leu Lys Arg Thr Val Val Ala Ala Val Pro Met Pro Phe
645 650 655

Asp Lys Trp Tyr Ser Ala Ser Gly Tyr Glu Thr Thr Gln Asp Gly Pro
660 665 670

Thr Gly Ser Leu Asn Ile Ser Val Gly Ala Lys Ile Leu Tyr Glu Ala
675 680 685

Val Gln Gly Asp Lys Ser Pro Ile Pro Gln Ala Val Asp Leu Phe Ala
690 695 700

Gly Lys Pro Gln Gln Glu Val Val Leu Ala Ala Leu Glu Asp Thr Trp
705 710 715 720

Glu Thr Leu Ser Lys Arg Tyr Gly Asn Asn Val Ser Asn Trp Lys Thr
725 730 735

Pro Ala Met Ala Leu Thr Phe Arg Ala Asn Asn Phe Phe Gly Val Pro
740 745 750

Gln Ala Ala Ala Glu Glu Thr Arg His Gln Ala Glu Tyr Gln Asn Arg
755 760 765

Gly Thr Glu Asn Asp Met Ile Val Phe Ser Pro Thr Thr Ser Asp Arg
770 775 780

Pro Val Leu Ala Trp Asp Val Val Ala Pro Gly Gln Ser Gly Phe Ile
785 790 795 800



Adv

Val

Ser Gn Gy Met Ala Val Phe Asn G n Len Lys Trp Leu Val 195200205

Asn Pro Ser Ala Pro Thr Thr Ile Ala Val Gn Gu Ser Asn Tyr Pro 210215220
Len Lys Phe Asn Gn Gn Asn Ser Gn Thr Ala Ala Leu Len Pro Arg
225230235240 Tyr Asp Leu Pro Ala Pro Met Len Asp Arg Pro Ala Lys Gy Ala
245250255 A v Ala Len Len Ala Leu Thr Ala Gy Lys Asn Arg G n Thr Ile
260265270 Ala G n Phe Ala Gn dy Ay Ala Asn Av Leu Ala Ay Tyr Pro
275280285 Thr Ser Asn Met Trp Val Ile Gy Lys Ser Lys Ala G n Asp Al a
290295300 Ala Ile Met Val Asn Ay Pro Gn Phe Gv Trp Tyr Ala Pro Al a
305310315320 Thr Tyr Gy Ile Ay Len Hs Ay Ala Gv Tyr Asp Val Thr

Asp
Al a
Thr
Lys
Tyr
Ay
Val
Phe
dy
Asn
Asn
Arg
Gn
Gn
Ay
Leu

Asn
Ile
Al a
Lys
dy 3
Ile
Al a
Met
Al a
Tyr
Leu
Ile
Leu
Arg
Asp
Leu

325330335 Thr Pro Phe Ala Tyr Pro Gv Len Val Phe Gy H's Asn Gy
340345350:pSery Thrpva AspSer dFhrrvAl@u@sy PheeGiys Asp Asp Val Asp Ile
355360365 G n ®°g Len Ser Al &G n Lys Pro G%>Tyr Tyr Len Hi s Asn
379%7(;51%895n-rgh9 c}@'lArlqyﬁs'\@tf L&, 5eL, ALg (A, G0, Thr Ile Thr Val Lys

85390395408,G n A'a G n The Phe Thr Val sk6p Arg Thr Val Hs dy
Leu 405410415 G n Thr Asp Gn Thr Thr Gn Thr Ala Tyr Ala Lys Set
Trﬁ)lu4f’2]@4‘25413f@ Bgp=d %}“Lgvﬁ ‘@ revdls APa rAr‘Een Len Ala Trp Thr Hi s
Lys 435440445 Al a Lys Asn Trp Gn Gn p Thr Gn Gn Ala Ala Lys
Len 450455460 Thr Ile Asn Trp Tyr Tyr AI a Asp Val Asn Ay Asn Ile
Val 465470475480 Pro VaI Pro Ay Thr Ay Lys Trp Asp Trp Lys Ay
Pro Phe 500505510 G n Met Asn Pro Lys Val Tyr Asn Pro Gn Ser Ay
Al a Asn 515520525 Trp Asn Ass Ser Pro G n Lys Asp Tyr Pro Al a Ser
Phe Al a 530535540 Phe Leu Trp Av Ay Ala Asp Arg Val Thr Qu lle
Leu Len 545550555560 G u G n Lys Pro Arg Leu Thr Ala Asp G n Al a
Val Ile Arg 565570575 G n Thr Ser Arg G n Asp Len Ass Leu Arg Leu
Pro Thr Leu 580585590



Gn Ala Ala Thr Ser Av Leu Thr Gn Ser Asp Pro Arg Arg G n Leu 595600605
Val Qu Thr Len Thr Arg Trp Asp Ay Ile Ass Leu Len Ass Asp Asp 610615620
Gy Lys Thr Trp Gn Gn Pro Gy Ser Ala Ile Leu Ass Val Trp Leu
625630635640 Thr Ser Met Len Lys Arg Thr Val Val Ala Ala Val Pro Met Pro
Phe 645650655 Asp Lys Trp Tyr Ser Alasfger Sly Tyr Gu Thr Thr G n Asp Gy
Pro 660665670 Thr Ay Ser Leu Ass Ile Ser Val Ay Ala Lys Ile Leu Tyr Qu
Al a 675680685 Val Gn Ay Asp Lys Ser Pro Ile Pro Gn Ala Val Asp Len Phe
Al a 690695700 Qv Lys Pro Gn Gn GGLAMIS Val Leu Ala Ala Leu A u Asp Thr
Trp 705710715720 G n Thr Len Ser Lys Arg Tyr Sly Ass Ass Val Set Ass Trp
Lys Thr 725730735 Pro Ala Met Ala Leu Thr Phe Arg Ala Ass Ass Phe Phe Gy
Val Pro1.7A0m4BR50rakamvoliy senititin AP aacgage defiverhfromy g wWildstyrg wepicllinGSnagwased n
ASS Ar Qo l80L6 % Y thIhﬁutﬁt%o%ﬁse%szﬂ] Mﬁfno'alc% sYr%!;tltEmﬁ a$¢éasPépp65hfon-§WGOSer
Asp Arg 770775780 Pro Vi Gn Ser Ay
Phe || e2Bs7gbieasone am'rsp PF'B QS)@&OG%?'G?WP ffPJ’P tﬁl%pgrq_%?s“}qlsés“"’rﬁ}/r"f @M NEFIG n
(La_eu kgs d{fﬂ@%@%ﬁéﬂﬁh‘@ommﬁm oASBR4PIBe 063 B/148¢ l31.3(84669randi®488' wcdmaug HuheLys
n a
Ao sobigR#8a nyeing wehe Escherie 2 eEI R A RRe U iR edEe e
deri vedddpiated |aSHC1 Imrﬂ@?p‘e penicillin G acyl ase characterized in that the
mut ant \ﬁ JF?E'H?eeésc%anaHg &Q(Jj)@ﬁl'cﬂm%@cﬁﬁds%l%hﬁasgﬁ | east at posi tion B460 and
of at one selected fromthe group consisting of
am no aC| d pmmsigoa@emie (AﬁamimldSAgmmo anitgpsitigp4-26B3109, B148, B313, B460
and B488 acc I Escherichia coli
penicillin P%g%ﬁw\;\%(@% gfﬂ'negfnﬂﬁo a@?gaggbﬂgonl?e? %éelﬁl cted in SEQID NO 1,
wherein the @t@ﬁ@?ﬁeémﬂgape@mq (GAening @qlqsrra@"é’c%ﬂdd@é't'%E%@ 489819 (a) a signal

peptide (26 @y B%uﬁ@rhld(%? %n@%c@%o@h&?%ﬁlb%@ld:b'bglﬁén 24d34en a- subuni t (209
am no acids--amno acid position -235); (c) a connecting peptide

ani no aci ds-angnwhgrseigdn @%%P@qfﬁﬁh?aﬁu%wds HRdumpres ABAZhIMthe QS@’F”ﬁm no
aci d pogdrh B9y %mm%wm%w%é&%ﬁﬁﬁ@ acylase is ha@ﬁ@aﬂ‘@rﬂfn@'a@ud's@q&é}%e

a-subunit the am no acids are nunbered A in g éji E\%*mt from Bl
to BSS?N'H%'S\ﬁHéPQﬁH‘WQ\RWWtf‘?/ﬁ'é“”ﬁé\‘fldcﬁeﬂwr}?eéea‘&g‘?fjé& ERIPNRTng an ani no

aci d sequence which is 80-100% honol ogous to the am no acid sequence

depicte n S Th ot| ni. C e
accor dind e BV PRV BiRIeN RSt oaar e | B s i oBfneas
subst i tant amimoadcid eghistitution Bﬂ@@sutmdBd@O ami raao amlncl asigbsitbstitutioroat pesitiposB24.on
B24. 3. The nutant prokaryotic penicillin G acylase according to claim2

wherein the mutant conprises at | east one further am no acid substitution
at an ahiThe madand pisksayeticorenisdlinge revlagerasseding te Flginh2 wOASINhE mytast camprisey 7,

A90, AJa?ZeasB@aﬁ@furﬁ%ﬂ-émm%% cBélﬁ%tltuf}on dhgn m@néc.dob@%ﬁﬂfnywécfedom Ghd biodp G

acyl ase accord mg wherein said mutant further conprises an amino
aci d s988iFNGtaf 6 /ép éﬁ?rfb19§c\3?j48p§§1%la&ﬂ8é§§8 5. A nucleic acid sequence

encodi ng the nmutant penicillin G acyl ase of claim 1. 6 An expression
vector Cqﬂg u%anQ%rcgkg(rayo clzjglen%gnﬁ:n £a':cacy!aseqalg:(écg]r mg% cfém?'Z wherem said mutant further
comprises an amino acid substitution at amino acid position B148.
5. A nucleic acid sequence encoding the mutant penicillin G acylase of claim 1.
6. An expression vector comprising the nucleic acid sequence of claim 5.
7. A host cell comprising the expression vector of claim 6.
8. A process for the production of a semi-synthetic B-lactam antibiotic comprising an enzymatic

coupling of an activated side chain whereby the side chain is selected from the group consisting

of the amide derivative or the ester of HPG (hydroxyphenylglycine), PG (phenylglycine) and



7. A host cell conprising the expression vector of claim6. 8. A process
for the production of a sem -synthetic 13-lactam antibiotic conprising an
enzymati c coupling of an activated side chain whereby the side chain is
selected fromthe group consisting of the am de derivative or the ester of
HPG ( hydr oxyphenyl gl yci ne), PG (phenylg ycine) and 32 DHPG

(di hydr ophenyl gl ycine) to a 8-1actam nucl eus characterized in the presence
of the mutant prokaryotic penicillin G acylase of claim1l and wherein the
mut ant PpHEKadiIhgdiopherglglycink) fora (Glaatyl asteusahalagteazed in¢heepregerae iof theouythintng.

9. A pr ccor di. t [ wher ej 2 bs Wi

ant 1 by oprreettc BT Byt bRt 1L Nkl By T oy geEhA™

peni ci | B¢yasezatdlygesihe spnintmdicicoupdisphal osporins. 10. A process according to
claim9 wherein the sem -synthetic penicillin is amoxicillin or anpicillin.
11. A process according to claim9 wherein the sem -synthetic cephal osporin
i s cef aPekPiocesscdcaandingitp clgim 8 aherain the semiynthetip Bdeearg apihioticHe selpgadifeon of
amoXi Ci fhbi Ry MRET @nSishride A’ QERRSBRAPT beRsIifONAREL sdrdl-shiifretic  cephalosporins.
(hydroxyphenyl gl ycine) in activated form and 6- APA (6-am no-penicillanic
acid) in the presence of the mutant prokaryotic penicillin G acyl ase of

cl ai m 11@ndprobess aktording toastainaB@hdtéih &le/seas-siilitreteqispicilimgs amoXiilin boapidA. and
wherein the nolar ratio of the activated HPGto 6-APA is 3.0 and the yield
of anoxicillin based on 6-APA (nol e/ nole) and neasured after the enzymatic
coupl i nyyt.raoodess dcsorfidgoto d8m B \phayeiastbe seowsyithefict cepbhigspnrin2is cdfdexdn.n t he
acyl ase e property of producing anoxicillin from500 mmol e per
liter M?ﬁ'ﬁ?gﬁﬁ%ﬁ“‘enw gl yci ne-net hyl ester) and 530 mmol e per liter 6-APA
(6-am no-penicillanic acid) and at the end of the conversion, performnmed

under tie £phdids BNhedRodlRESH bPRAiEIT @hbrefy the §Fedeks chMplises TohfadihgdHPwD! e
per liter 6-APA whereby the Tes ises the folla

er | . epy { eft COTEDr asgihne I 'anséeﬁ% .
fi11inghydrgxphandgicing) dns potivaied ferm gid 5-APA GRAMBHREN M 20! EEE wi t h
140 Ji lrrclbfpb)é ﬁﬁut@lﬂdrdkarya?i belﬁﬁdﬂﬁn Gndylasé hefliamrmtahu ime@birlrmte&wlape oktalyyed the
penicillin. G e claiml tq cat e e upl i, n . - APA,
adj usti ?‘?d'p'fr}?e&\c}_ﬁil %iﬂes?‘g AlﬁgiowrPﬁre'B ea@ﬂf%f |aé'ﬁ Ot&?n evv%g'égt?a (':_%510 {Onégﬁﬁgléé %o‘?fp ents
t 0 10C. gndcihecyigldtof mgnoiciinr esset om G-ARemae/ovk) andenedsgiad #fter ttbenebgynmatians of

a peris o ;. 8ddi,ng 162.2 g 6-am nopenicillanic acid followed by
addi ti o‘?@hﬁ"g?ﬁﬁa'gnﬁpggf%adj usting the volume to 1500 m by addition of

water, agitating the mxture and circul ating over the sieve while
mai nt ai 1. RGorbb&ssRENRAING I ERINRY 2 L erein RN héyiseNibsbdiBes BRCIrbSEHYF prelucpgl ng
the increase in pH from about 6 3 to about 76&] and t heI sul s%gus%gtmr%iglgr ease
i n pH R BenTehF00 sl Bt 87 HECMGYIEeheRMd S BRI e 2
per liter 6-APA (6-amino-penicillanic acid) and at the end of the conversion, performed under the
conditions as described in Test A, results in less than 5 mmole per liter 6-APA whereby the Test
comprises the following steps:
filling a stainless steel reactor of 2 |, equipped with a sieve bottom with 140 um pores and
an agitator, with the immobilized mutant prokaryotic penicillin G acylase of claim 1 to catalyze the
coupling of HPGM to 6-APA,
adjusting the volume to 1000 ml by addition of water,
cooling the contents to 10°C.,
circulating the reactor contents over the sieve bottom by means of a peristaltic pump,
adding 162.2 g 6-aminopenicillanic acid followed by addition of 144 g HPGM,
adjusting the volume to 1500 ml by addition of water,
agitating the mixture and circulating over the sieve while maintaining the temperature at
10°C.,
monitoring the reaction by following the increase in pH from about 6.3 to about 7.0, and

the subsequent decrease in pH to below 6.3 at which point the reaction is complete.



