WO 03/ 055998 PCT/ EP02/ 14610 PROCESS FOR THE PREPARATION OF A | -LACTAM
ANTI BI OTI C The invention relates to a nutated penicillin acylase and a
process fwp oBlossoopr eparati on of a 13-1actam anti bi oti c whecCeaiRPoa1416 act am
nucleus is acylated with the aid of an activated side chain in the

presence of a nutated penicillin acylase. 5 Penicillin acylases are a group
of hydrol ases originating frommcroorgani sns, for exanple bacteria, that
are capabl e of reversibly hydrolyzing the 6-acyl group of penicillins or

the 7-acyl group of cephal osporins to formthe corresponding free am nes
w thout the ring sgpuctire inGd A i (6. AQF ARTIBIDTIC N9
destroyed. Reacti on A E@Rﬁ?!’ﬁ??ﬁ?ﬂﬂbgs?l%r'g%?s reaction. A few
exanpl es of side chains Rin the 10 penicillin conpound are phenyl acetyl
and phenoxyacetyl. HI1 S~ "C3 HRNS CH3 + O+ ROH OYN CH3 3 O- N _
CH3 _ OOH OB:~~CH 10 O R Reaction diagram| Penicillin acyl ases are
variously known as for exanple penicillin am dase or 15 benzfyl Eﬂ%eni cillin
hydr ol ase (enzyfbedivestior fetaies iora mutedpeniqillin agylasgand 2 praces Ph e m
antibiotic comprises @l L ferdifate-GeRhahitidisGo BERREE dith the1Gidsar St em
as shown t?{/eqagé{%llog%l@Iag}a%?%lllﬂ!%%ﬁr*:% or O The best%nom B-l1actam
anti bi ot i gg stieatbtieidpehaiaiinh thermesande of pimautaieg denisin agpae8/ 055998
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for example bacteria, that are capable of reversibly hydrolyzing the 6-acyl group of

J I

penicillins or the 7-acyl group of cephalosporins to form the corresponding free amines
without the ring structure of the penicillins or cephalosporins being destroyed. Reaction
diagram | illustrates a hydrolysis reaction. A few examples of side chains R in the

10 penicillin compound are phenylacetyl and phenoxyacetyl.
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Reaction diagram |

Penicillin acylases are variously known as for example penicillin amidase or
15 benzy! penicillin hydrolase (enzyme classification E.C. 3.5.1.11).
The term R-lactam antibiotic comprises all antibiotics that contain a condensed
ring system as shown by formula Il or [il, where X=S8 or O. The best-known f3-lactam

antibiotics are the penicillins and cephalosporins.



according to formula (11) and cephal osporins as conpounds according to
formule (111), HH I XRRX 2RLlI O-RERO-NR2 OR4AORA (I1) (111)
5 where WO#385599%8 C, S(O, or SO2, Rl = side chain, suchPa3/Hror1sx@npl e
phenyl acetyl, phenoxyacetyl, hydroxyphen&IegcyI phenyl gl ycyl,

di hydr ophenyl gl ycyl and derivatives theréof and acetyI adi pyl, glutaryl
and 10 derivatives thereof, R2, R3 = O, aliphatic or aromatic groups,
optionally with one or nore O, S or Natoms, R4 = OH aliphatic or
aromatic al cohol s and derivatives thereof, optionally with one or nore O,
S or N atons. Side chains in the context of the present invention nmay

i nclude any suitable 15 corrPounds that can be attached to the 6-penam or
7- cephem posi ti o 1€ ePniext gk h&rﬁre%néﬁ%@athwﬂlqﬂl'%&;ﬁrﬂe&aﬂaﬁﬁ iJQ)"thIrtdal I y
active conpRu /Tt

atons, and isalgjrng tg?%rﬂlrd;d)hg%ﬂgtcﬁ@%dgﬂn&%gﬁqq@irﬁ%%g%@ XO IF‘osp@sﬁi ns are
prepared for exanple by acylating the 6- 20 am no-group of

6- am nopeni ci I l'anic acid (6-APA) or a derivative thereof as shown in _
formula (1V),Hor the 7-anino group of 7-aninod@sacet oxycephal osporani c acid
(7- ADCA) or a derivative thereof as shown in fornula (V), with the aid of

an activat ed/ e chaj and,a penicillin ac '3@(& enzy Al so .

7- ami nocepffa Io‘s\p c awi %7-ACA)-nucIei Bﬁr |ateg with the aid of
penicillin acyl ages.| iA#atives of the conpounds|acgording to WO 03/055998
PCT/ EPO2/ 14618/ R, o/

an (1)

where

X=3§, 0, C, S(0), or SO,,

R, = side chain, such as for example phenylacetyl, phenoxyacetyl, hydroxyphenylglycyl,
phenylglycyl, dihydrophenylglycyl and derivatives thereof and acetyl, adipyl, glutaryl and

10 derivatives thereof,

Rz, Rs = Cl, aliphatic or aromatic groups, optionally with one or more O, S or N atoms,
R, = OH, aliphatic or aromatic alcohols and derivatives thereof, optionally with one or
more O, S or N atoms.

Side chains in the context of the present invention may include any suitable

15 compounds that can be attached to the 6-penam or 7-cephem position of a R-lactam
nucleus, resulting in an antibiotically active compound.

The aliphatic group in R, or R, preferably contains 1-4 C atoms, and is preferably
a methyl group.
Penicillins or cephalosporins are prepared for example by acylating the 6-

20 amino-group of 6-aminopenicilianic acid (6-APA) or a derivative thereof as shown in
formula (IV), or the 7-amino group of 7-aminodesacetoxycephalosporanic acid (7-ADCA)
or a derivative thereof as shown in formula (V), with the aid of an activated side chain
and a penicillin acylase enzyme. Also 7-aminocephalosporanic acid (7-ACA)-nuclei can

be acylated with the aid of penicillin acylases. Derivatives of the compounds according to



3 formula (1V) or (V) are understood to be conpounds according to fornula
(I'Vv) or (V), respectively, wherein X, R2, R3, and R4 have the neani ng
shown in Wwormiobz9€11) and (111), respectively. HZN X R2 IPEWER02/G6N) R3 O N
R2 OR4A OR4 (IV) (V) 5 where X=S 10,R2= CH3 R3 =CH3 R4 = OH

Penicillin acyl ases can be classified bo?h on the basis of their nolecular
15 structure and on the basis of their substrate specificity. There are
type I, Il and I I | acylases. Type Il acylases consist of a heterodiner

of a (small) a-subunit and a (large) f3-subunit. Type Ila, the so-called

peni cilling WQ@F&S’V %F@u%ét&@d Q%é&%&uﬁﬁ?écc‘ﬁr&a??ofomﬁgllé‘?m%ﬂ\% si de

chai n such exa phenyl acetyl, the side ch Peni Ci |

Short al kylrespeaiivedy, Wl'@fel@)&lﬁpl%, apd B, h@@dgmnm@mls@@wnyn fwmelal(ll)aaractglll)ases.
However, 296'[%8{?\/ I};a acyl ases are not active with substrates with charged
si de chal ns substrates with charged side chains Type Ilb acylases are
sui tabl e. Type Il acylases belong to one famly. It is known that Type
Il acyl ases show hi gh honol ogy in am no acid sequence. WO 03/055998

PCT/ EPO2/ 14610 4 In the framework of thIS gp lication penicillin acyl ase

i s under st bkt o be yper, || acyl ase. ferre odi nent the
i nvention rel at :s—r‘ﬁa'Ty e/lta penicilli n acyl asef. [A nutated penicillin
acyl ase or a pepicilllin&cyl ase mutant is under s
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5
where
X=8
10 R,= CH,4
R; = CH,
R,=OH

Penicillin acylases can be classified both on the basis of their molecular

15 structure and on the basis of their substrate specificity. There are type I, ll and 1ll
acylases. Type |l acylases consist of a heterodimer of a (small) a-subunit and a (large)
3-subunit. Type lla, the so-called penicillin G acylases, are active on substrates with a
hydrophobic side chain such as for example phenylacetyi, the side chain of Penicillin G.
Short alkyl chains, for example, are recognised also by Type lla acylases. However,

20 Type lla acylases are not active with substrates with charged side chains. For
substrates with charged side chains Type lIb acylases are suitable. All Type Il acylases
belong to one family. It is known that Type Il acylases show high homology in amino acid

sequence.



penicillin acylase in which in at |east one position an amno acid fromthe
am no acid 5 sequence of a wild type penicillin acylase has been repl aced
by anot hewoagiososaci d. Miutants are described by the nunb@cTafPor/hsiposition
of the amno acid which is replaced in the am no acid sequence of the wild
type. Before the nunber it is i ndi cat ed® whi ch amino acid occurs at that
place in the wld-type, and after the nunber it is indicated which am no
acid has taken its place in the nutant. 10 SEQ ID No:1 shows the am no acid
sequence of an E.coli penicillin acylase, including secretion signal. SEQ

| D No: 2 shows the,am no acid.seq . Of §’f§% |
penicillin acyl E'% W%klﬁé:ﬁ% %ﬁg\\%%mt% gkgﬂ‘[l"ﬁ% ac:égé E%%éjgetﬁga;t 0 &tnggp'? 1-
subuni t ofj @dylaEecml d pr@ﬁenremi drhibonliraent|tiaes mvemtmnSE@tdsDo Nypé |la penigifinrasy aseel

sequence is given he .myt at ed a- subuni. ositio col i

penicillin acyl fs@“{@éeé?ﬂ in 2gasq oFe B[UC! 589{' %\e[mgkgpgruggﬁﬁoov\(%quﬁev% ch
reference deﬁldrlﬁffjé‘cy‘ié%ewmtcﬁdn aﬂ@é&ktféjnb'po@ltlaﬁﬁh asfso adldlfrm&Bé aﬁﬂrﬂﬂacﬁ@f erence
is made for exanple to the fol | ow ng ﬁullcatlons Prie cfté‘ppl
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Eur. J. Biochem1l it is known that Ser290 is an essenti al
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L-aspartic acid t abl
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PCT/ EPO2/ 1
described that replacement of L-methionine in position 168 in penicillin acylase of

K.citrophila by L-alanine (M168A), L-valine (M168V), L-asparagine (M168N) or L-tyrosine

20 (M168Y) had an influence on the kinetic parameters for deacylation of peniciliin G and
penicillin V, while the substitution of Asn375 or Tyr481 by lysine (N375K) and histidine
(Y481H), respectively, had no effect. In J. Martin and 1. Prieto, Biochimica et Biophysica
Acta 1037 (1990) 133-139, a mutant is described in which Met168 is replaced by alanine
(M168A). This resulted in improved thermal stability. Replacement of Ser177 in E.coli

25 penicillin acylase by glycine (S177G), threonine (S177T), leucine (S177L), or arginine
(S177R) produced inactive enzymes (Wang Min et al., Shiyan Shengwu Xuebao 24
(1991) 1, 51, while from Kyeong Sook et al., Journal of Bacteriology 174 (1992) 6270
and Slade et al., Eur. J. Biochem.197, (1991) 75 it is known that Ser290 is an essential
amino acid in penicillin acylase of E.coli. Replacement of Gly359 by L-aspartic acid

30 (G359D) resulted in a mutated enzyme which was not able to hydrolyze penicillin G but
which was able to hydrolyze phthalyl-leucine and phthalyl-glycyl-L-proline. Replacement
of Trp431 in Arg (W431R; Gabriel Del Rio et al., Biotechnology and Bioengineering 48



5 (1995) 141-148) resulted in a nutated penicillin G acylase of E.coli with
increased stability in a basic environnment. A recent publication is WB.
L. Al kenaweto3mbi998 Pr ot ei n Engi neering, 13, (2000) 857- 86¥CTiEPomhicth t he

binding site of E.coli penicillin acyl aqi is characterised, and in which it
5 is further described that a nutant with L-tyrosine on al46 (F146Y) was
not active for the synthesis of penicillin G from phenyl acetam de and

6-am nopenicillanic acid, while nutants with | eucine (F146L) or al ani ne
(F146A) at that position were nore effective for the synthesis of

peni ci l1inGok f‘zﬂ-’ii@ r d&t@dwgﬁwuéﬁgg g@@&nﬂn% whI54e SOl MIARESaSEd

penicillin*acyl ases dare descri be uropean 10 patent application
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to hydrol y%irﬁh&lisoghtféni@ﬁn defdnmpre tni@& ndl 8ranfigogehtillanic)Eery, ivdile acy! at i on
reaction. Synthesis product is understood to be the R-lactamantibiotic

formed frowiatewiiqugnedt’4Glaer ekaing (RHPARA Hat RASTRIWRIGIIOTRAHPEINASPS
pr oduct |s}htr%rgs/ﬁg1%ggqg bRicRE 1@ thoWiigspendi ng acid of the activated side

chain. 20 context of the inventi'on enzymatic activity is defined as
t he vol unetric Ppteothiotwhicht mamemutanénefigepicilin anytases aeddescribech@gi Furgegsn

defined . ifdd j . i >v].at i {ON.
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activity is defi RedarpeconguracHily bitraetive pnoobsd fosthe erryyatic préharatiod anefri c

producti vi ' .acylatio ' b d t he, 25 . nol
uant ity ol sl R R s Peb Iy s BBy FE G R B BN et i nea
condi ti onsprdlefabRané BEH FARGE high dpErat td danvedlieEhaerkypeitic ubtivity is a0 The S/ H

ratio is a function of, anongst other things, the concentration of the
react ant s, Stffigeptnyghat ure, the pH and the enzyme. It is therefore inportant

to indicate in whalk, geRGLHYBRY A8 tbHaELS) it Bnd@ERbaEBE the molar ratio of
synthesis product to hydrolysis product at defi‘ned conditions during the enzymatic
acylation reaction. Synthesis product is understood to be the R-lactam antibiotic formed
from the activated side chain and R-lactam nucleus. Hydrolysis product is understood to
be the corresponding acid of the activated side chain.

20 In the context of the invention enzymatic activity is defined as the volumetric
productivity per quantity of dissolved or immobilised enzyme at defined conditions during
the enzymatic acylation reaction. Preferably enzymes are applied in imrﬁobilised form
and the enzymatic activity is defined per quantity of immobilised enzyme.

The volumetric productivity in an acylation reaction can be expressed as the

25 molar quantity of R-lactam antibiotic formed in the acylation reaction at defined conditions
during the reaction per unit volume and per unit time.

The S/H ratio is a function of, amongst other things, the concentration of the
reactants, the temperature,the pH and the enzyme. It is therefore important to indicate in
what conditions an S/H ratio is determined.

30 A process for the enzymatic preparation of a -lactam antibiotic from a 13-
lactam nucleus and an activated side chain with the aid of a penicillin acylase mutant is
known from the international patent application WO 98/20120. This publication discloses

that a R-lactam antibiotic can be prepared by carrying out an enzymatic acylation



30 A process for the enzymatic preparation of a R-lactamantibiotic froma
R- | actam nucl eus and an activated side chain with the aid of a penicillin
acyl ase myDan®s3938 known fromthe international patent appCrEen?/on10AD

98/ 20120. This publication discloses that a R-lactam antibiotic can be
prepared by carrying out an enzymatic acyl ati on WO 03/055998 PCT/ EP02/ 14610
6 reaction in which a R lactam nucl eus and an activated side chain are
contacted with each other in the presence of a penicillin G acyl ase. The
R-lactamantibiotic is formed by coupling the side chain to the nucl eus.
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economically less attractive.

We found it is attractive to use amides as activated side chains, because
amides are chemically more stable than esters. A greater chemical stability is understood
to mean that hydrolysis of the activated side chain to form the corresponding acid and/or

" 50~ the chemical racemisation of the side chain are significantly lower for amides than for
esters. Phenylglycine amide, for example, is around one thousand times more stable
than phenylglycine methyl ester at equal temperature and pH.

The object of the invention is therefore to provide a mutated penicillin acylase
which, when used in a process for the enzymatic preparation of a B-lactam antibiotic

25 from a R-lactam nucleus and an amide as activated side chain, results in a relatively high
S/H ratio and relatively high activity.

Surprisingly, it has been found that a higher S/H ratio is obtained in a process
for the preparation of a R-lactam antibiotic whereby, in the presence of a penicillin
acylase and with the aid of an activated side chain a B-lactam nucleus is acylated as a

30 mutated penicillin acylase, which acylase has at least one amino acid substitution in a
position corresponding to position 145 on the a-subunit of a penicillin acylase originating

from E.coli. In particular, a higher S/H ratio is obtained in said process in the presence of



25 froma R-lactam nucl eus and an am de as activated side chain, results in
arelatively high S/Hratio and relatively high activity. Surprisingly, it
has been wWouwnds¥9bgt a higher S/Hratio is obtained in a pPOTEPs2/1f606 t he
preparation of a R-lactamantibiotic whgreby, in the presence of a

penicillin acylase and wwth the aid of ‘an activated side chain a R lactam
nucl eus is acylated as a 30 nutated penicillin acylase, which acyl ase has
at | east one anm no acid substitution in a position corresponding to
position 145 on the a-subunit of a penicillin acylase originating from
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as hig ich-1s found when-a wl -typeEcoll
peni ci | | i np@icilip|Ggeyldse. Tee ihvaniiiwralshielaiesie a mutated penicillin acylase which,

when used in a process for the enzymatic preparation of a 3-lactam antibiotic from a f3-
lactam nucleus and an amide as activated side chain with the aid of the mutated
penicillin acylase, results in an initial S/H ratio at least twice as high as the initial S/H ratio

20 which’is found when a wild-type E.coli penicillin G acylase is used under the same
reaction conditions and which has an enzymatic activity amounting to at least 1% of the
activity of the wild-type E.coli penicillin G acylase under the same reaction conditions.
Preferably, the mutated penicillin acylase according to the invention is an E.coli penicillin
acylase.

25 The invention in addition relates to a process for the enzymatic preparation of a
R-lactam antibiotic from a R-lactam nucleus and an activated side chain with the aid of a
mutated penicillin acylase according to the invention.

in a preferred embodiment the invention relates to a process for the preparation
of a R-lactam antibiotic whereby, in the presence of a penicillin acylase according to the

30 invention, a R-lactam nucleus is acylated with the aid of an activated side chain in the
form of an amide.

in a preferred embodiment the mutated penicillin acylase is an acylase which,

when used in a process for the enzymatic preparation of a 3-lactam antibiotic from a -



reaction conditions and which has an enzymatic activity anounting to at

|l east 1 % of the activity of the wild-type E.coli penicillin G acyl ase
under thewean®svemcti on conditions. Preferably, the nutatrea/Rremidsio | in
acyl ase according to the invention is ag E.coli -penicillin acylase. 25 The
I nvention in addition relates to a procgss for the enzymatic preparation of

a RIlactamantibiotic froma R-|actam nucl eus and an activated side chain
with the aid of a mnutated penicillin acylase according to the invention.
In a preferred enbodi nent the invention relates to a process for the
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the reactiQBmBRf dUgahe FRERNGH b¥r AblaF §aHHBNGT rus@aht UsBErwhdrbthd reactaaninayay
be either the 13-1aCtam nucl eus or the (activated) side chain__In the

context ofbe pithet e Priagiam ohcleunoeingi (@divatgdyeie R taeoryerdet ey of
f3-1agt am ant idl @bhGerbRheGefinBd88nhe quantity of B-lactam antibiotic formed in the

acylation reaction (in moles) per quantity of R-lactam nucleus used (in moles).

During an enzymatic acylation reaction the S/H ratio generally decreases. The
conversion generally first increases and later decreases. The S/H ratio is a function of
the conversion, amongst other things. The S/H ratios of different penicillin acylases are

26 preferably compared at equal conversion. They are most usually compared at 0%
conversion, the so-called initial S/H ratio, which thus is a measure of the S/H ratio. The
initial S/H ratio is understood to be the S/H ratio at 0% conversion, hence at time t = 0.
The initial S/H ratio can be determined with sufficient accuracy by carrying out the
acylation reaction until a sufficiently high conversion is reached, at least 30%, preferably

25 at least 50%, and then constructing a graph of the S/H ratio versus conversion and
extrapolating it to 0 % conversion. It is desirable to determine the initial S/H ratio through
extrapolation, since this improves the accuracy of the determination of the initial S/H
ratio. For accurate determination it is desirable to have sufficient data points, for
instance, at least three data points, which should preferably represent a difference in

30 conversion of at least 5% and wherein preferably none of the measuring points are
located where the conversion is less than 10%.

During an enzymatic acylation reaction the volumetric productivity and the

enzymatic productivity generally decrease over time. The volumetric productivity and the



acylation reaction (in noles) per quantity of 13-lactam nucleus used (in
nol es). During an enzymatic acylation reaction the S/Hratio generally

decr easeswOTh®s559eonver sion generally first increases and lPar@Podesi®ases.
The S/Hratio is a function of the conyersion, anongst other things. The
S'Hratios of different penicillin acylases are 20 preferably conpared at
equal conversion. They are nost usually conpared at 0% conversion, the
so-called initial SSHratio, which thus is a neasure of the S/Hratio. The
initial SSHratio is understood to be the S'Hratio at 0% conversion, hence
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The molar ratio of activated side chain to R-lactam nucleus, i.e. the total quantity

of activated side chain added divided by the total quantity of R-lactam nucleus added,
20 both expressed in moles, may vary between wide limits. Preferably the molar ratio is- -
between 0.5 and 2.0, in particular between 0.7 and 1.8.

The temperature at which the enzymatic acylation reaction is carried out is
generally lower than 40 °C, preferably between -5 and 35 °C. The pH at which the
enzymatic acylation reaction is carried out generally lies between 5.5 and 9.5, preferably

25 between 6.0 and 9.0.

Preferably the reaction is almost completely terminated when the maximum
conversion is all but reached. A suitable embodiment to terminate the reaction is
lowering the pH, preferably to a value between 4.0 and 6.3, in particular between 4.5 and
5.7. Another suitable embodiment is lowering the temperature of the reaction mixture as

30 soon as maximum conversion is achieved. A combination of both embodiments is also
possible.
In the context of the invention, a decrease in pH can be accomplished for

example by the addition of an acid. Suitable acids are for example mineral acids, in



enzymatic activity. For accurate deternmnation it is also desirable to have
sufficient data points, preferably, at least three data points, which data
poi nts preDesabioys represent a difference in conversion ofPCREPIEaSI0 2% and
wherein preferably none of the measurin poi nts shoul d be | ocated where
the conversion is less than 1 % 15 SU|?bee reaction conditions for the
performance of an enzymatic acylation reaction in which a nutated or

unnmut ated penicillin acylase is used are known to one skilled in the art.
The nmolar ratio of activated side chain to a-lactam nucleus, i.e. the total
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D- phenyl gl lgctamenusiei that can e @quqnythgﬁfﬁgﬁg%aqc‘@rdmg o the inventiort are penicillin
15 derivatives, for example 6-APA, and cephalosporin derivatives, for example a 7-

aminocephalosporanic acid with or without a substituent on the 3-site, for example 7-
ACA, 7-ADCA, 7-aminodeacetylcephalosporanic acid (7-ADAC), 7-amino-3-chloro-ceph-
3-em-4-carboxylic acid (7-ACCA) and 7-amino-3-chloro-8-oxo-1-azabicyclo[4.2.0]oct-2-
ene-2-carboxylic acid.

20 ~ "8ide chains in the context of the present invention may include any suitable
compounds that can be attached to the 6-penam or 7-cephem position of a 3-lactam
nucleus, resulting in an antibiotically active compound. Phenylglycine, p-
hydroxyphenylglycine and dihydrophenylglycine are examples of suitable side chains. As
an activated side chain in the (enzymatic) acylation reaction use may be made of for

25 example an amide (primary, secondary, tertiary) or an ester of said side chains, for
instance an amide or ester of phenylglycine, p-hydroxyphenylglycine or
dihydrophenyiglycine, preferably an amide or a lower alkyl (1-4C) ester, for example a
methyl ester. The activated side chain may also include salts of the esters or amides.
Preferably, phenylglycine amide is used as an activated side chain.

30 R-lactam antibiotics that are preferably prepared by the process according to the
invention are amoxicillin, ampicillin, cephalexin, cefadroxil, cephradine and cefaclor.

Mutants of penicillin acylases can be made by starting from any known penicillin

acylase. Microorganisms from which penicillin acylase enzymes can be obtained are for



applied. The enzymatic acylation reaction can be carried out in water. If
desired, the reaction mxture may also contain an organic solvent or a

m xture oVomsgswwE sol vents, preferably |ess than 30 vol pes/EERAMsl@s of
organi ¢ solvents that may be applied arq 10 al cohols with 1-7 C atons, for
exanpl e a nonoal cohol, in particular met’hanol or ethanol; a diol, in
particular ethylene glycol or a triol, in particular glycerol. The
enzymatic acylation reaction is preferably carried out as a batch process.
If desired, it is also possible to carry out the reaction continuously.
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salts of the esters or amdes. Preferably, phenylglycine amde is used as
an acti vat@@osyerotigRain. 30 1 -lactamantibiotics that are preferably

prepared by thes;BIOEERBATTAPEEANT TESOTAETACTVEIEAGAGAAEAABINITGIGCAT3'
anpicillin, cephalexin, cefadroxil, cephradine and cef acb,hcﬁ)‘g Mut ant s of
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L-Arginine being replaced in that position by a codon for L-Leucine. Oligonucleotides as
described above, in which the underlined codon is replaced by ACA or CTT can be used
in order to introduce in the same position a codon for L-Cysteine or L-Lysine,
respectively.

20 " After the introduction of the mutation in the DNA sequence, the obtained-DNA -
sequence may be cloned into a vector. The vector may subsequently be used for
transforming a host cell. The host cell is then cultivated under conditions suitable for
expression of the mutated penicillin acylase.

The invention also relates to a nucleic acid sequence that codes for the mutated
25 penicillin acylase according to the invention and to an expression vector containing the
nucleic acid sequence according to the invention with a functionally linked promotor that
is suitable for expression of the nucleic acid sequence in a host cell. The invention also
relates to a host cell containing the expression vector and to a process for the
preparation of a mutated penicillin acylase according to the invention in which the host
30 cell is cultivated under conditions suitable for production of the mutated penicillin
acylase. E.coli is preferably used as the host cell.
Preferably a penicillin acylase is applied in immobilised form, since the

immobilised enzyme can then be readily separated and recycled.



exanpl e Acetobacter, in particul ar Acetobacter pasteurianum Aerononas,

Al caligenes, in particular Alcaligenes faecalis, Aphanocladium Bacillus
Sp., I n paotosdes Bacillus negaterium Cephal osporium PBsthPot/cdoi@, in
particul ar Escherichia coli, Flavobacterium Fusarium in particular
Fusari um oxysporum and Fusari um sol ani 125 K uyvera, Mcopl ana,

Prot am nobacter, Proteus, in particular Proteus rettgari, Pseudononas and
Xant homonas, in particular Xanthonmonas citrii. Miutated penicillin acyl ases

can be prepared in any known manner. A suitable process is for exanple a
process in which_a pol yner chai.n r I : I ; ity oduce a
mutation in thehWRY‘ﬁﬁ'f’n algg%elyglpatgdg%ﬁ%%?%l% E@%ﬁx gg'g%gﬁ\ﬂ%te ‘F%teﬂéy process
a 10 mut ajinfBg terétit roduced, with the aid of a synthetic oligonucleotide,
in the desired site in a DNA sequence that codes for a penicillin acyl ase.
Use may be nade of for exanple the oligonucleotide 5 -TG CCAGATTATCGATTTC
G CTAGTACTATCAGAGAACAAGITTG CCAT-3'"  in which the underlined codon codes
for L-leucine, for the purpose of introducing a 15 nutation in position 145
of the a-subunit of an E.coli penicillin acylase with the codon for

L- Ar gi ni neydpedriegaturepi andieb acidg hat position by a codon for L-Leucine.

A igonucl eotides as described above, in which the underlined codon is

repl aced by ACA qor CIT c e used .in order ' 1N the sane

posi tison AREEAFfor L- Q%legﬁeﬁéggFeVLathi ne, ﬁ'%gﬂﬁgtgkﬁ&gﬁ?a&dnnm - After the
introduction of the nutation in the DNA sequence!-tﬂe obt ai ned- DNA
sequence Hﬂﬂ@/‘%‘@ecl oned into a vECtor. The vector may subsequently be used
for transforddin® a host cell. clke host cell is theg cultivated under
conditions suitable for expression of the nutated penicillin acylase. The
i nvent i on ladsparaginiaeed to a nudSBi ¢ acid sequence tHat codes for the
nutated 25 peni.cilliqs@cyl ase according to the invention and to an
expressi on vector contalning the nucleic acid sequence according to the

i nventd on Wwphdnysaldnimet i onal |y |IRheked pronotor that Fis suitable for
expression of the nucleic acid gequence in a host cell. The invention also
relates to"8YHBE&t cell containi ng t he expression vector and to a process
for the priepetighéon of a nutatetispenicillin acyl asethaccording to the

invention in which the host 3Q cell is cultivated ynder conditions
sui tabl e floiSOU6HECti on of the Wutated penicillin
L-lysine Lys K
15 L-leucine Leu L
L-methionine Met M
- L-asparagine - - -~ - --Asn- -. N...
L-proline Pro P
L-glutamine Gl Q
20 L-arginine Arg R
L-serine Ser S
L-threonine Thr T
L-tyrosine Tyr Y
L-valine Val \Y
25 L-tryptophan Trp W

List of abbreviations

7-ADCA : 7-aminodesacetoxycephalosporanic acid

6-APA : 6-aminopenicillanic acid



acylase. E.coli is preferably used as the host cell. Preferably a
penicillin acylase is applied in inmmobilised form since the immvobilised
enzyme cawotobesdbe readily separated and recycl ed. WO 03/ @6E53P82/14610
PCT/ EPO2/ 14610 12 The invention will bg, elucidated on the basis of the
exanpl es without being limted thereby.” Nonmenclature of amno acids 5
Amino acid 3-letter abbreviation 1-letter abbreviation L-alanine Ala A
L-cysteine Cys C L-asparaginic acid Asp D L-glutamnic acid Au E 10
:_l-phleny:_a: anine Phe F L-glycine Ay G L-histidine Hs H L-isoleucine

e - e Lys 1 -leucine Leu L L-nethionine Met M L-asparagine
Asn N W%‘pol i néag}aélglr L-glutamne G Q 20 L-arginine Arg R LPserigne
Ser S L-tCGHEXoni ne :Thephdlexih-tyrosine Tyr Y L-valine Val V 25 L-tryptophan

Trp W Li %G of abbr:%/—ipﬁérily?&?cine
PGA : D-phenylglycine amide
5 PGM.HCL : D-phenylglycine methyl ester HCI salt
HPGM : D-p-hydroxyphenylglycine methyl ester

Examples and comparative experiments

Penicillin acylase (wild type)

10 Assemblase ™is an immobilised E. coli penicillin acylase of E. coli ATCC 1105
as described in WO—A-99/20786 and in WO-A-97/04086. The acylase was immobilised
on spherules as described in EP-A-222462, utilising gelatin and chitosan as gelating
compounds and glutaraldehyde as a crosslinker.

The activity of the E. coli penicillin acylase produced is determined by the quantity

15 of enzyme that is added to the activated spherules and amounted to 3 ASU/g dry weight.
1 ASU (Amoxicillin Synthesis Unit) is defined as the quantity of enzyme needed to
produce 1 g of Amoxicillin.3H,0 per hour from 6-APA and HPGM (at 20 °C; 6.5 mass%
6-APA and 6.5 mass% HPGM).

20 Example 1

Mutated penicillin acylase (R145L)

Preparation of mutants

In a polymerase chain reaction (PCR) a DNA fragment was amplified by
thermocycling. For this purpose use was made of 2 primers each of which was
25 complementary to the DNA (E.coli) of one of the two ends of the fragment (template)
which was amplified. After the primers had been bound to the template the DNA
polymerase was able to bind to the primer template complex and the DNA was amplified.
During thermocycling the following processes took place:
Step 1: Incubation at 94 °C: the double strand template melts and single strand template
30 DNA is formed.



7- ADCA : 7-am nodesacet oxycephal osporanic acid 6-APA : 6-am nopenicillanic
acid WO 03/055998 PCT/ EP02/ 14610 13 AMPI : anpicillin CEX : cephal exin PG
. D phenywologosises PGA : D phenyl gl yci ne am de 5 PGM HCL : pDIfEPerydeti yci ne
met hyl ester HCl salt HPGM: D p-hydroxyphenyl gl yci ne net hyl ester

Exanpl es and conparative experinments Penicillin acylase (wild type) 10
Assenbl ase TMis an immobilised E. coli penicillin acylase of E. coli ATCC
1105 as described in WO- A-99/ 20786 and in WO A-97/04086. The acyl ase was

i mobi li sed on spherules as described in EP-A-222462, utilising gelatin

and chi tosan asztéﬁgz@ 'd&gaﬁi&omW%rggﬁmgk%cﬁ{e% fahy dsmpRnnirP BNA Sker .

The activity of col1 penicil acyl ase produced is determ ned by
t he quantithg terbplatef. enzynme that is added to the activated spherul es and
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an .5 mass% HPGV) . 20 anple | Mit ated nicillin acylase (R145L
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each of which was 25 conplenentary to the DNA (E.coli) of one of the two

ends of theequeagdrent , (tenplate) which was anplified. After the priners

had been bound t¢,4 Hﬁﬁfﬁ_”tﬂgt%tti@n WS nfdR byRAL PIN AsRriN@PaiveeA fragRieRtloft 0 the
prinmer tenplate conplex and the DNA was "anplified. During thernocycling

t he fol | owB@mbaseoTaisseas aroplifiep wéibdhe aid of the following reaction mixiure:

10 1 wi primer R145Lfw (100 ng/ul): 5-GAAGTGCTTGGCAAA-3'
1 ul primer R145Lrv (100ng/ul):
5-TGCCAGATTATCGATTTCGCTAGTACTATCAGAGAACAAGTTTGCCAT-3'
(in which the underlined codon codes for L-leucine)
1 ul plasmid DNA, pEC (~ 20 ng/ul stock solution)

15 2 ul dNTPs (10 mM stock solution)
10 ul 10 X Pwo buffer
1 yl Pwo polymerase
84 ul H,0

“ 20 The following temperature programme was used to heat the reaction mixture:- -
1 cycle of 1 min. at 94 °C, 25 cycles of: 1 min at 94 °C followed by 1 min. at 55 °C
followed by 1 min. at 72°C, 1 cycle of 5 min. at 72 °C

The PCR product and the plasmid pEC were subsequently cut with the

restriction enzymes Clal and EcoRV. Both products were then applied on an agarose gel
25 and purified with the aid of the Quiaex kit from Quiagen. After purification both fragments

were ligated. This was done using the following reaction mix.

10 pl PCR product cut with Eco RV and Clal in H,O (300 ng DNA in total)

1 ul plasmid DNA cut with EcoRV and Clal in H,O (100 ng DNA in total)

2 ul ligation buffer
30 1 ul ligase

6 ul H,0

The reaction was carried out at room temperature for 16 hours.



Step 1: Incubation at 94 C. the double strand tenplate nelts and single
strand tenplate 3o DNA is formed. WO 03/055998 PCT/EP02/14610 14 Step 2:

| ncubat i oNOaB/SHILC: The primers adhere to the conpl enent aPgTBRA/0f610 t he
tenplate. Step 3: Incubation at 72 C Tpg pol ymerase binds to the priner
tenplate conplex and anplifies the DNA'™5 By repeating these 3 steps a
nunber of tines the fragnent was anplified on the tenplate DNA which was
fl anked by the sequences that are conplenentary to the prinmer sequence.
The aR145L nutati on was made by the PCR described above. A fragnent of 305

?a;f B?: %d&%ﬁg@&v‘@}ggf %s} %Iagﬂﬁ Srﬂfxq/vé%f sfeB%erhéf&\M 08c, %aﬁipetéﬂtmd@v:ure 10

rlrre R145L
Eloo\?\/ﬁ/ dal pIB1Gt. W@s@@ﬁ@ﬁaﬁm‘b@p@@ﬁm@uw SEAQTA@MWQ#@&NQWK r R 3! Y
in IChth ned cqdon pl\@@ EC
(- 20 ng/pf S’lg"tﬁ? ‘tﬁ'”%r?)q-a ?@9 ar{é‘%[rééo‘% BﬁWé?%’a %%m%s 10 ISF 10
X Pwo buf f @fringlHatboPWosPOAY ertyass arﬂébqh‘brsl—dié@d%rq ﬁeMBﬂGMﬂgﬁd\ﬂ@Wat ure
programe was used to heat the-r actlon {ﬁ,%’ A gt at 94
C, 25 ®ycles of: | m rPaEeeneng I"Y%\R/@Hf"g%/ {Lﬁeﬁnmg& c%;ﬁ%? ?"]%
mn. at 72&snr%d%€ﬂestld@(se'§¢]ﬁhéb. at 72 C The PCR product and the pI asm d pEC
wer e subsequently cut with the restriction enzynes Cal and EcoRV. Both

products were then applied on an agarose gel 25 and purified with the aid
of the Quiaex kit from Quiagen. After purification both fragnents were
ligated. This was done using the follow ng reaction mx. 10 pl PCR product
cut with EPoriftvationdp@tatoli n H2O (300 ng DNA in total)

10 The recombinant enzyme was obtained as follows. E. coli with the plasmid pEC
containing the gene for penicillin acylase with the relevant mutation was cultivated at 17
°C, 150 rpm, in LB medium with 0.1mM IPTG. The cells were harvested at an optical
density at 600 nm (OD600) of 2 by centrifuging at 5000 x g for 10 minutes. The pellet
was then resuspended in ice-cold buffer A (20% sucrose, 100 mM Tris-HCI, pH 8.0, 10

15 mm EDTA), in 1/10" of the original volume. Next the cells were centrifuged again for 10
minutes at 5000 x g.The-pellet was then resuspended in ice-cold buffer B (1mM EDTA)
and centrifuged at 5000 x g for 10 minutes. The supernatant is the periplasmatic exiract,
to which phosphate buffer pH 7.0 was added to a final concentration of 50 mM.

(NH,),S0, was added stepwise to the supernatant to a final concentration of 1.5
““55 " M after which the extract-was centrifuged at-10,000x-g for 20-minutes.- The supernatant --- -
was then placed on a Resource Phe (Amersham-Pharmacia Biotech) and eluted with a
linear gradient of 1.5 M — 0 M (NH,),S0O,. The final concentration of the purified enzyme
was determined by measuring the absorption at 280 nm (A280) (cell length 1 cm) and by
using an extinction coefficient of
25 210.000 M"-em™.
The plasmid pEC is shown in Figure 1.

Immobilised Pen-G acylase mutant R145L

The mutated penicillin acylase (a145L) was immobilised in the same way as
30 described for Assemblase™, except that the mutant R145L was used instead of the wild-

type E.coli Pen-G acylase and the enzyme loading was chosen to be a factor of 0.87



1 pl plasmd DNA cut with EcoRV and C/al in H20 (100 ng DNA in total) 2 pl
ligation buffer 30 1 pl ligase 6plH20 The reaction was carried out at
room t enpepats®Is or 16 hours. WO 03/ 055998 PCT/ EP02/ 1461®@CTIFPOBussequent | y
10 pl of this reaction m x was used to transform CaC 2 conpetent E. coli
HB101l. Transformati on took place through standard met hods described in
Sanbrook et al, 'Mlecular Coning: a Laboratory Manual', Cold Spring

Har bor Laboratory Press, Cold Spring Harbor, 1989. Al enzynes and buffers
used were from Boehringer Mannheim 5 By sequencing it was verified that
the nutant éﬁB?Fn%l |B§&*un§)3£ﬁcﬁ1.@§<éhi§m lodisg) hRfheR YE4 RIS bBSEW BR hemobilised
Purification protocol” 10 The réeconbi nant enzyne was obtained as follows. E.
coli with pradeipl asmid pEC containing the gene for penicillin acylase with
the relevant nutation was cultivated at 17 C, 150 rpm in LB nediumw th
0.1 MM I PTG The cells were harvested at an optical density at 600 nm
(0OD600) of 2 by centrifuging at 5000 x g for 10 mnutes. The pellet was

t hen resuspended in ice-cold buffer A (20% sucrose, 100 nM Tris-HC, pH
8.0, 10 15 nm EDTA), in 1110th of the original volunme. Next the cells were
centrifuged again for 10 mnutes at 5000 x g. The pellet was then
resuspended in ice-cold buffer B (1 mM EDTA) and centrifuged at 5000 x ¢
for 10 m nutes. The supernatant is the periplasnmatic extract, to which
phosphate buffer pH 7.0 was added to a final concentration of 50 nM

(NH4) 2SOU4was added stepwi se to the supernatant to a final concentration of
1.5 20 Mafter which the -extract-was-centrifuged at -10000-x-g for 20

m nut es. - The supernatant was then placed on a Resource Phe

(Amer sham Phar maci a Biotech) and eluted with a linear gradient of 1.5 M -
0 M (NH4)2SH4. The final concentration of the purified enzyne was

determ ned by neasuring the absorption at 280 nm (A280) (cell length 1 cm
and by using an extinction coefficient of 25 210.000 M'-cm'.



The plasmd pEC is shown in Figure 1. |mmbilised Pen-G acyl ase nut ant
R145L The nmutated penicillin acylase (al45L) was immobilised in the sane
way as 30woesosiohed for Assenbl aseTM except that the nut act/ERLZABMe1mas used
instead of the wild- type E.coli Pen-G gyl ase and the enzyne | oadi ng was
chosen to be a factor of 0.87 WO 03/055998 PCT/ EP02/ 14610 16 (nor nal

| oadi ng) and 1.35 (higher |oading) higher, respectively, based on

i mmobi |l i sed protein. WO 03/055998 PCT/ EP02/ 14610 17 Reference experi nent
A I mobi | i sed Pen-G acyl ase nutant (3F24A The nutated penicillin acyl ase
((3F24A) was immobilised in the same way as described for Assenbl aseTM
except thag tehe nut antyﬁéFMA was used instead of the wild- 5 type E. coli
Pen- G acyl BEETeRAGREXITIMEM Badi ng was chosen to be sane, based on

i rmobi | i sed protein. Synthesis of cephalexin with Assenbl aseTM (i nobil i sed
wi | d-type Pen-G acylase) 10 and PGA An enzyne reactor (100 m), with a

si eve bot t bnmgbilised Pt asyipse myiast BF244d "with 20 g nett-wet Assenbl aseTM
. A preparation reactor (100 m) was filled with 40.0 M water (T = 2 O,
0.10 g sodi um bi Fhé phitdted pabicBingcylagd(PK2¢ADwes immbbilisasdn thel sajnePEay ag46. 8
mmol). 0.45 g concentrated a ni a adde r which,: nsjon
was 15 st AeguoPgroPssATReE. arcept e v kg SrefiedSLER kBT ui R e
sus pen%i ONyRS cbif Iﬂé}ﬁéeécz%@ej THeleriA}etaiifPwasatdsen tébe samePbagetiiont he ai d
of 10.0 nl "water (T =2 C. At t = 0 the stirrer in the enzynme reactor was
started. ThempeiigastRiolgie was kept at T = 2 C. After about 90 ninutes all
7- ADCA had di ssol ved; next, a clear solution, apart fromsolid

Assenbl aseTM was present. 20 After 166 m nutes the pH had risen to 8. 80,
[P = 1.10 mass% the conversion = 70 %wr.t. the initial 7-ADCA anount

and the S/ 'gyrzlth%s?s 013- cr:]eepl'inari'(ia}iil%itheﬂgélémﬁlggeﬁ?imﬁﬂaﬁmsé& wild-type Pen-G acylase)
10 and PGA
An enzyme reactor (100 ml), with a sieve bottom with 175 pm gauze, was filled
with 20 g nett-wet Assemblase™ . A preparation reactor (100 mi) was filled with 40.0 mi
water (T = 2 °C), 0.10 g sodium bisulphite, 10.8 g 7-ADCA (49.6 mmol) and 7.1 g PGA
(46.8 mmol). 0.45 g concentrated ammonia was added, after which the suspension was
16 stirred for 15 minutes at T = 2 °C. The pH was 7.8. Subsequently the suspension was
transferred into the enzyme reactor at t = 0 with the aid of 10.0 ml water (T = 2 °C). Att =
0 the stirrer in the enzyme reactor was started. The temperature was keptat T = 2 °C.
AAnf-te; égout 790' .mil‘wﬁtes baII‘ >7»-ADCA“had dis;ol\)edi “next,‘a <§Ieér ;olﬁtion, abéft from solid
Assemblase™, was present.
20 After 166 minutes the pH had risen to 8.80, [PG] = 1.10 mass%, the conversion
= 70 % w.r.t. the initial 7-ADCA amount and the S/H = 6.6. The initial enzymatic activity is
calculated to be ~8.2 pmol CEX / (min - mg enzyme). The S/H as a function of conversion

is shown in Figure 2.

25 Reference experiment B

Synthesis of cephalexin with immobilised Pen-G acylase mutant BF24A and PGA
A similar enzyme reactor as in reference experiment A was filled with 25.0 g

nett-wet of immobilised Pen-G acylase mutant BF24A. A preparation reactor.was filled



calculated to be -8.2 nol CEX/ (mn ng enzyne). The S/H as a function of
conversion is shown in Figure 2. 25 Reference experinent B Synthesis of
cephal exiwowBwobs9smobi | i sed Pen-G acyl ase mutant (3F24A amdTHB/14161 M | ar
enzynme reactor as in reference experlrrel?% Awas filled with 25.0 g
nett-wet of inmobilised Pen-G acyl ase nutant (3F24A. A preparation reactor
was filled WO 03/055998 PCT/ EPO2/ 14610 18 with 40 ml water (2C), 0.10
sodi um bi sul phite, 10.0 g 7-ADCA (45.9 mmol) and 7.2 g PGA (47.5 mol).
0.45 g ammoni a was added. Conditions were further as described in

ref erence Oﬁ?&Pﬁé hﬁ%fteﬂ‘bz’@ bab sg&gm%laﬂﬂsrﬁt% ﬁd)‘@ gDﬁAb@Qk (ms%%rrngAﬁd‘?r 26PA =

0. 05 mass t he converssi % W. r. initial anount and
the S/H = BGA (#h& rmiot)i Gi#5 erazrynmla waa@dd&d t@ﬂnidélonwe@ﬂlaherca&Qﬁssebet?blms ol
CEX [/ (mnIr " % he S/H as a function of conversion is shown in
Fi gure 2. elf&nﬁ% yint hesi s of cephalexin wth inmobilised Pen-G

acyl ase nmut ant RAW&deOrmmnmls the pld dhad giserated?. PGRGA=50.08 massBnthgroenveraioncr as

[ f fill ' LA

pen- G Byl 5% Mitahe el eA0CAsmauR wikhr s = ¢ bty TR ALY R
filled wtgydfatdq bwabelrs bE)@/ (ihﬁn gmgedtm)brrﬁeembgefuﬂ&oﬁo@ 7- ADCA 15
(70.9 mol ) and 11. Condi tions were further as

descri bed cwver%qmlﬁ@h@wnéyﬁewﬁer%nt A After 315 minutes the pH had risen to
8.58, [PG 0.66 mass% conversion = 81 %w.r.t. the initial 7-ADCA
anount and the S/H = 13.8. The initial enzymatic activity is calculated to
be 0.71 nmol CEX /-(min . ng enzyne): The S/H as a function of 20 conversion
is shown i exémmple2 2. The results (Figure 2) show that a higher S/Hratio
(13.8) in conbination with a high conversion (83% in Cephal exin synthesis
i s obt,gi negyhiHeRisP6fcdpatesdif afthTHindobilis¥d Ben-G auxyingd mute)nt RdBshgnednalo t he

wild type Pen G acyl ase (Reference experinment A). Wth
loading) and PGA
A similar enzyme reactor as in reference experiment A was filled with 20.0 g
nett-wet immobilised Pen-G acylase mutant (R145L, normal loading). A preparation
reactor was filled with 47.0 ml water (2°C), 0.16 g sodium bisulphite, 15.5 g 7-ADCA
15 (70.9 mmol) and 11.5 g PGA (76.0 mmol). Conditions were further as described in
reference experiment A.
After 315 minutes the pH had risen to 8.58, [PG] = 0.66 mass%, conversion =
81 % w.r.t. the initial 7-ADCA amount and the S/H = 13.8. The initial enzymatic activity is
“calculated to be ~0.71 umol CEX 7 (min “mg enzyme). The S/H as a function of ™

20 conversion is shown in Figure 2.

The results (Figure 2) show that a higher S/H ratio (13.8) in combination with a high
conversion (83%) in Cephalexin synthesis is obtained with Pen-G acylase mutant R145L
(Example 1), compared to the wild type Pen G acylase (Reference experiment A). With
25 Pen-G acylase mutant BF24A (Reference experiment B) only a low conversion (23%) is
obtained. In addition, the initial enzymatic activity of Pen-G acylase mutant R145L is
8.8% of wild type Pen G acylase, whereas the initial enzymatic activity of Pen-G acylase

mutant BF24A is onily 1.6% of wild type Pen G acylase.

30 Reference experiment C



25 Pen- G acyl ase nmutant (3F24A (Reference experinent B) only a | ow
conversion (23% is obtained. In addi tion, the initial enzymatic activity
of Pen- GwoyBas®srut ant R145L is .8% of wild type Pen GramjHPazeisiwher eas
the initial enzymatic activity of Pen Gg;acyl ase nutant (3F24A is only 1.6%
of wild type Pen G acyl ase. 30 Reference” experinment C WO 03/ 055998

PCT/ EPO2/ 14610 19 Synthesis of anpicillin with Assenbl aseTM (i nmobili sed

wi | d-type Pen-G acyl ase) and PGA An enzyne reactor (750 ml), with a sieve
bottomwith 175 pm gauze was filled wth 150 g nett-wet AssenblaseTM 5 A

preparati gw{tﬁ%%& %Fﬁo‘?&ﬂ[ﬂ %itﬁg‘e%bll%%TWﬁlnl&ﬁ@séa wildkfle Pn-& déylage)and

71.6 g P 6- APA (300 ol ) was added in
smal | portdam@BGAi n 15 mnutes with cooling and with the pH bei ng kept at
7.0 by titration with 6N H2SO4. The m xture was stirred for 15 mnutes at
T =10 C and sul)@reamrrﬁd Aeattoa (RS0eml),edthi msieve bd:tmrewztw%rueraqamvmsftlled 0
with the aid of 50. Waterée Ty= 10 C. At t O the stirrer in 10 the
enzyne red%'ﬂb?5%§egt"‘<‘%tt°‘é§lemq’lﬂ pH was kept at 7.0 by titration with 6N

H2SO4.  The errpﬁ‘bﬁé&'é?ﬁmﬂ@éaéém%o@h ﬂl@malafﬂleﬁtw% 0 kBQvaTENTt €50 bORartLANGI t Y

of anpicillin was Xl mum and the p | owered to 5.6 by addition of 6N
H2SO4. At gpeﬂ@wsmmup@anheoeenaﬁeagleeh% (800 mpolpwag, gdded in praall pertipas

6- APA d =
cal cul at ednig BEutes R yiuf e P TOHEE RSP AR NN IROR | |

of converidmidtFre MR fér BunRutbs dRaf-e1@PC ane xpissaquentty tlnSﬁemlteIdeBﬁos of
anpicillin wth inmmobilised Pen- Ggﬂ%lase mut ant (3F24A a R 2{
simlar enmyrmzvreawantor@tr—rﬂ widh teaite’ B0G a1 wsidT & Wad)rnt eQI”Vﬁ? fregd 5 g

?gf)f) ‘3’55 | e e‘%%%ﬁ?%afﬁn% %g%%g%ﬂefﬂ#@%kép?%?% bﬂt@t.&paﬁtﬁtsm@smmor

wat er = 10 , 6- APA (139.0
mol ) and @hpdrgulRGlad ke at noreC) . The pH was 6. 7. The mxture was stirred

for 15 mnutes at, T = subsequent | nzyme
reactor at t = OAWT HG%HE”“&?%%&Q“%B&%%#% Igmrw?asﬁ%aQHuﬁgaM‘ 8 pHGa€
lowered to 5.6 by addition of 6N H,SO,. At t = 160 minutes the conversion = 91-92 %
w.r.t. the initial 6-APA amount and the S/H = 1.67. The initial enzymatic activity is
16 calculated to be ~1.4 pmol AMPI / (min - mg enzyme). The S/H as a function of

conversion is shown in Figure 3.

Reference experiment D

Synthesis of ampicillin with immobilised Pen-G acylase mutant BF24A and PGA
20 A similar enzyme reactor as in reference experiment C was filled with 95.5 ¢
nett-wet immobilised Pen-G acylase mutant BF24A. A preparation reactor (600 ml) was
filled with 200 ml water (T = 10 °C), 30.0 g 6-APA (139.0 mmol) and 22.8 g PGA (140
mmol). The pH was 6.7. The mixture was stirred for 15 minutes at T = 10 °C and
subsequently transferred into the enzyme reactor at t = 0 with the aid of 50.0 ml water (T
25 =10 °C) . At t = O the stirrer in the enzyme reactor was started. The pH was kept at 6.7
by titration with 6N H,SO,. The temperature was kept at 10 °C.
At t = 300 minutes the conversion was only 11.1 % and the S/H ratio was 19.1.
The initial enzymatic activity is calculated to be ~0.057 pmol AMPI / (min - mg enzyme).
The S/H as a function of conversion is shown in Figure 3.

30



25 =10C . At 't =0 the stirrer in the enzyne reactor was started. The pH
was kept at 6.7 by titration with 6N H2SO4. The tenperature was kept at 10
C. At t =wB@3/0si9psit es t he conversion was only 11.1 % and Pla/EBOMHi46ad i 0 was
19.1. The initial enzymatic activity ig calculated to be -0.057 nol AWPI /
(mn ng enzyne). The S/H as a functiofi“of conversion is shown in Figure
3. 30 WO 03/055998 PCT/ EP02/ 14610 20 Exanple 3 Synthesis of anpicillin
with inmobilised Pen-G acyl ase nutant R145L and PGA A simlar enzyne
reactor as in reference experinent Cwas filled with 90 g nett- wet

i mmobi | i sed Pen G acyl ase mutant R145L (nornmal |oading. Then 59.8 g PGA,
65.8 g 5 (300 mmol) and 225 m wat er (T = 10 © were added and
stirred fo xi@ utes at T = 10 C. Then 59.8 g PGA (397 nmol) was added (t

= 0). After 10 mnutes 1, Ilntrl drate
t enper at ur 8YBEIEAty ‘kfeﬁi'f‘p'&i""‘r%““hl'g? 89?' REny 6‘% yasa g %'thgﬂ&(?@%@o‘
titration wth SQUAERhSyME réhctoh st aéfer@fncél&pmm@ﬁ?/camtﬂu@d &ﬁIh@OV@ﬁett—
needed. At t 390 m nutes the quanti

npicillin_was max g%‘
pH was 10 W@V\mr@f@blhsﬁdf?%‘ Gyacyask mumtﬁ%@e%%r@é't'%d'%ﬁ@en&@ &9 %@ 91ut es
the quanti FYASFQ% /@%&bﬂ) bh g‘é?ano r'{‘r'm ﬁﬁ%)tvme Bhb&Psnd étm«@%rfsldﬁ mirfutds by

addition o ic’acl 10 m ). The conversion of was 87- 838%
relative tetThequ‘l(Eaﬁ’henﬁQ@fg BGARA%S”EnDDaWdS atdedst A 0).chftes 1Rarinytgs 4.0 Q'he

i ST AR BRI A BBslut 1

enzynme) . ion o onversion 1s shown 1 n Figur )
resul ts sheuingRkeptut®. Bhy tifnationwhithns (P medicaanyd. ak éotaaf 48 miR0AGacdtis agisres n

Anpicillin synt he5| s.a higher S/Hrati 14. .S _obtained. at hi

conver si on "eEsRghAt 6= 3PP mlglgﬁf)g}eewapﬁ{yva?@& @%W%W%%W?B%gh (‘g@g}é?ence
exper i,gent I&)ereawcwe%yrau@t.aﬁws@%acawcam ant (3F24A (Reference experiment
D) only a low conversion is obtained. In addition, the ini EI al enzymatl C

activity of Pen- &theypOasNygs e dURDLE of BEPEHIR Was MRsINM and JlsePH Ba

acyl ase, dhitidh of5EX RELE 288 (dndirter 10fmiFemeContarkion of Wéh amt
(3F24A is q‘?é’&[f}ﬁ@fdy’%] Iho-type PenG gtc | ase. 2
8% relatlve to the quantity of 6-APA used and the S/H ratio was 14.5. The initial
enzymatic activity is calculated to be ~0.94 pmol AMPI / (min - mg enzyme). The S/H as

15 a function of conversion is shown in Figure 3.

The results show (Figure 3) that when Pen-G acylase mutant R145L is used in
Ampicillin synthesis a higher S/H ratio (14.5) is obtained at high conversion (Example 1I)
compared to wild type Pen G acylase (Reference experiment C). With Pen-G acylase = -
20 mutant BF24A (Reference experiment D) only a low conversion is obtained. In addition,
the initial enzymatic activity of Pen-G acylase mutant R145L is 67% of the wild-type
PenG acylase, whereas the initial enzymatic activity of Pen-G acylase mutant BF24A is

only 4% of the wild-type PenG acylase.



WD 03/ 055998 PCT/ EPO2/ 14610 21 CLAIMS 1. A nutated penicillin acyl ase
whi ch acyl ase has at | east one amno acid 5 substitution in a position
corr espormiDrg/os9osi ti on 145 on the a-subunit of the peniPCriEPON146aCy| ase

originating fromE.coli 2. A nmutated peahci l1in acyl ase according to claim
1, in which L-Arginine has been replacéd in said 145 position by
L- Leuci ne, L-Lysine or L-Cysteine. 10 3. A nutated penicillin acyl ase,

whi ch, when used in a process for the enzymatic preparation of a 13-1actam
antibiotic froma a-lactam nucl eus and an am de as an activated side chain
with the aid of the nutated penicillin acylase results in an initial S/ H
ratio at least twice as high as the initial S/Hratio which is found when a
wild-type E.coli 15 penicillin G acyl &AIMS ysed under the sanme reaction
conditions and which has an enzynmatic activity amounting to at |east |% of
the activity of the wild-type E.coli penicillin G acylase under the sane
reacti on candi t iAonstatet. pehidilin acyasepenicicadyldse hasyat lesst enscamitPegidt o anyone of

an £ cal 1 et 2oy BoreroRy Bt adish e ol REPhGL b s AEMARC ! <

repara

-l act am anttahsd bigindtpggiom B.¢otil actam nucl eus is acylated with the aid of
an activated side chain in the presence of a nutated penicillin acyl ase,
characterised in that a nutated penicillin acylase enzynme according to

anyone  250f t hem@latdd Benkcilli® adylase ate8flingto dRiBciess wahar-Aighing kahedrm 5,
characterised in that an amde is used as activated side chain. 30 7.
Process acc¢enlasadgn saidci4ginestion by &-Leskie el ¥sin egL-Cysemgt the | -1actam
ant i bi1L tic is a cephalosporin. WO 03/055998 PCT/ EP02/ 14610 22 8. Process
according to claim5 or 6, characterised in that the | -lactam antibiotic
is a peni@|Iim mutated penicillin acylase, which, when used in a process for the enzymatic

preparation of a R-lactam antibiotic from a R-lactam nucleus and an amide as an
activated side chain with the aid of the mutated penicillin acylase results in an initial S/H
ratio at least twice as high as the initial S/H ratio which is found when a wild-type E.col/
15 penicillin G acylase is used under the same reaction conditions and which has an
enzymatic activity amounting to at least 1% of the activity of the wild-type E.coli penicillin

G acylase under the same reaction conditions.

4, A mutated penicillin acylase according to anyone of the claims 1 to 3,

20"~ -characterised in that the penicillin acylase is-an E.coli penicillin-acylase.- - - -----

5. Process for the preparation of a R-lactam antibiotic wherein a B-lactam nucleus is
acylated with the aid of an activated side chain in the presence of a mutated penicillin
acylase, characterised in that a mutated penicillin acylase enzyme according to anyone

25 of the claims 1 to 3 is used.

6. Process according to claim 5, characterised in that an amide is used as activated
side chain.
30 7. Process according to claim 5 or 6, characterised in that the B-lactam antibiofic is

a cephalosporin.



9. A nucleic acid sequence that codes for the nmutated penicillin acyl ase
according to anyone of the clains 1 to 3. 5 10. An expression vector
cont ai ni rngotohessvee! ei ¢ aci d sequence as defined in clai m CTEPIN14610
functionally |inked promotor suitable fof,expression of the nucleic acid

sequence in a host cell. 10 11. A host cell containing the expression
vector of claim10. 12. A process for the preparation of a nutated enzyne
according to anyone of the clains | to 3 in which the host cell is

cul tivated under conditions suitable for the production of the nutated
peni cillin @acyl a%8ceskiaccdiiing to claim 5 or 6, characterised in that the R-lactam antibiotic is

a penicillin.
9. A nucleic acid sequence that codes for the mutated penicillin acylase according

to anyone of the claims 1 to 3.
10. An expression vector containing the nucleic acid sequence as defined in claim 9
with a functionally linked promotor suitable for expression of the nucleic acid sequence in
a host cell.

10 11. A host cell containing the expression vector of claim 10.
12. A process for the preparation of a mutated enzyme according to anyone of the
claims 1 to 3 in which the host cell is cultivated under conditions suitable for the

production of the mutated penicillin acylase.

15



