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Abstract

Immobilized penicillin acylase is a moderately priced versatile enzyme,
that is able to catalyze the synthesis of derived penicillins and cephalospor-
ins from the corresponding β-lactam nuclei and proper side-chain precur-
sors. Kinetically controlled synthesis is a better strategy when product yield
is a key issue. Yield should increase at reduced water activity by depressing
the competing hydrolytic reactions in favor of synthesis; therefore, organic
cosolvents can be a suitable reaction media for synthesis. Using response
surface methodology and product yield as objective function, temperature
and pH were optimized in the kinetically controlled synthesis of ampicillin
using previously screened cosolvents and reaction conditions. Optimum pH
was 6.0 for ethylene glycol (EG) and glycerol (GL) and 6.6 for 1-2 propanediol
(PD); optimum temperature was 30°C for GL and for EG and PD was in the
lower extreme of the range studied, optimum lying below 26°C. Maximum
molar yields predicted by the model were 58, 51, and 46% for EG, GL, and PD,
respectively, which were experimentally validated. Highest yield in aque-
ous buffer was always <40%. Molar yields about 60% compare favorably
with values reported for the kinetically and thermodynamically controlled
synthesis of ampicillin and other derived penicillins.
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Introduction

Penicillin acylase (penicillin amidohydrolase; EC 3.5.1.11) is a moder-
ately priced readily available enzyme (1) with remarkable versatility (2).
It is currently used for the industrial production of 6-aminopenicillanic
acid (6-APA) by hydrolysis of penicillin G (3) or V (4) and 7-amino-
desacetoxycephalosporanic acid (7-ADCA) by hydrolysis of cephalosporin
G (5). It can also be used for the synthesis of derived penicillins (6) and
cephalosporins (7) from the corresponding β-lactam nuclei and suitable
side-chain precursors. Several other reactions relevant in organic synthesis
can be performed by penicillin acylase, such as the kinetic resolution of
alcohols and amines by performing hydrolytic or synthetic reactions to
produce pure enantiomers (8–10), the nonspecific transfer of acyl moieties
to nucleophiles (11), and the protection of groups in peptide synthesis (12).

Peptides (13,14) and β-lactam antibiotics (15,16) can be produced by
thermodynamically or kinetically controlled synthesis using enzymes.
Kinetically controlled synthesis of β-lactam antibiotics, although requiring
activated acyl donors, is usually a better strategy when product yield is a
main issue (17) as is the case for antibiotic production (18), since it is not
restricted by the equilibrium of the reaction. On the other hand, thermo-
dynamically controlled synthesis does not require of activated acyl donor,
but yield is entirely determined by the equilibrium of the reaction, and
conditions hardly compatible with enzyme activity and stability are often
required to displace it in favor of synthesis (7,19,20). Yield is expected to
increase at reduced water activity since this will depress the competing
hydrolytic reactions in the case of kinetically controlled synthesis, as well
as displace the equilibrium toward synthesis in the case of a thermo-
dynamically controlled strategy (21). A powerful tool to depress water
activity is the use of organic solvents as reaction medium, and much effort
has been devoted to the development of biocatalysis in nearly anhydrous
hydrophobic organic solvents, in which hydrolytic reactions are almost
completely avoided in favor of synthesis (22). Penicillin acylase is barely
active and substrates poorly soluble in such solvents (6); the low activity
exhibited seems to be related to a direct solvent effect rather than to reduced
water activity, since the enzyme has proven to be active at very low water
activity in solid-phase systems (23). However, water-miscible organic
cosolvents are a suitable medium to perform the synthesis of β-lactam
antibiotics, because they will favor synthesis by reducing water activity
and increasing the proportion of reactive nonionized species (24). Water-
miscible organic cosolvents have been discredited for being deleterious to
enzyme activity and stability; however, this is by far not a general rule, and
there are cosolvents in which the enzymes can be at least as active and stable
and substrates as soluble as in water (25–27).

A screening of cosolvents and variables for the synthesis of ampicillin
with immobilized penicillin acylase has been previously reported: ethyl-
ene glycol (EG), glycerol (GL), and 1-2 propanediol (PD) were the best


