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Abstract

Non-consensus residue threonine in Candida antarctica B lipase was exchanged with glycine residue using site specific
mutation. The effect of the mutation on the thermostability was investigated by measuring residual activity after heat
treatment of the lipase and the mutant. A significant increase in thermostability was found for the mutant lipase. Specific
activity of the mutant lipase was determined using tributyrin as substrate which showed a twofold decrease in specific
activity. To investigate the effect of mutation on the specificity and activity in ester synthesis, both the mutant lipase and the
native lipases were immobilized on a solid support. Ester synthesis using decanol as alcohol with three different fatty acids
was carried out. The activity and specificity of the mutant lipase was unaltered in the ester synthesis as compared with the

native lipase.

1. Introduction

The crystal structures of several microbial
lipases have been published [1-5]. One com-
mon feature of all these lipases is an active site
triad consisting of a serine as the nucleophile,
histidine as base and either aspartic acid or
glutamic acid as the acidic residue. Microbial
lipases and mammalian lipases show no obvious
similarities in their primary structures. Within
the group of microbial lipases, a large sequence
variety is found. One common feature in mam-
malian and microbial lipases is that almost all
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contain the consensus sequence Gly—X-Ser—
X~Gly around the active serine [6,7].

Another interesting group of enzymes is the
members of the prolyl oligopeptidase family
which contain the same consensus sequence,
and their catalytic triad might be covered with a
flap similar to those found in lipases [8]. In the
carboxypeptidase group the second conserved
glycine residue is changed to alanine, i.e. G—
X-S-X-A [8], Bacillus subtilis lipase was
shown to deviate from the consensus sequence
[9]. We have previously shown that Candida
antarctica produces two different lipases named
A and B [10].

Lipase A was non-specific and the most ther-
mostable lipase, but lipase B was more interest-
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ing for industrial applications such as ester syn-
thesis and production of peracids [11,12]. Lipase
B from Candida antarctica has been cloned and
sequenced. The sequence and crystal structure
of lipase B was recently reported [4]). It has a
threonine residue instead of a glycine as the first
residue in the consensus sequence. Its specific
activity is only 500 U/mg using tributyrin as
substrate. In order to investigate if the threonine
residue plays any role for specific activity,
specificity and stability, we mutated it back into
a glycine.

2. Materials and methods
2.1. Cloning and expression

The gene for Candida antarctica lipase B
has been cloned and sequenced. Expression of
the gene has been achieved in Aspergillus
oryzae by co-transformation with an expression
plasmid and a marker plasmid carrying the ac-
etamidase gene (amdS) from Aspergillus nidu-
lans essentially as previously described for the
Rhizomucor miehei lipase [13].

2.2, Site-directed mutagenesis

The approach used for introducing mutations
into the lipase gene has been described previ-
ously [14]. It involves the 3-step generation of a
PCR (polymerase chain reaction) fragment con-
taining the desired mutation introduced by using
a chemically synthesized DNA-strand as one of
the primers in the PCR-reactions. From the PCR
generated fragment, a DNA fragment carrying
the mutation can be isolated by cleavage with
restriction enzymes and re-inserted into the ex-
pression plasmid. Using that method, the threo-
nine in position 103 in the mature Candida
antarctica lipase B was exchanged by a glycine
by shifting the codon from ACC to GGT. The
primer used for the mutagenesis had the se-
quence 5-CTTCCCGTGCTTGGTTGGTCC-
CAGGGT-3'. The mutation as well as the DNA

fragment generated by PCR was verified by
DNA sequencing.

2.3. Assay of lipase activity

Lipase activity was assayed using tributyrin
as substrate and gum-arabic as emulsifier at
30°C using the pH-stat method as described
previously [15].

2.4. Purity of lipases

Cloned Candida antarctica lipase B and mu-
tant lipase were purified by conventional ion
exchange and hydrophobic chromatography.
Both the lipases were checked for homogeneity
by SDS—-PAGE.

2.5. Thermo-inactivation in solution

The protein concentration of the Candida
antarctica lipase B and the mutant lipase was
adjusted to 1 mg/ml in 50 mM Tris acetate
buffer (pH 7). Both the lipases were pre-in-
cubated at 60°C and aliquots were withdrawn at
different time intervals, diluted in water and
assayed for lipase activity.

2.6. Immobilization

A stirred solution of mutant lipase T103G (2
mg/ml) at pH 7.0 was exposed to a polystyrene
matrix (Accurel EP100, 40 mg/ml) for 4 h at
room temperature. A load of 50 mg/g carrier
was obtained. Candida antarctica lipase B was
immobilized using the same procedure.

2.7. Ester synthesis

To a stirred mixture of decanol (117 mg, 0.75
mmol) and either dodecanoic acid, octadecenoic
acid, or 9-cis-octadecenoic acid (0.75 mmol,
150, 213 and 212 mg, respectively) at 60°C was
added either 10 mg immobilized mutant lipase
T103G or immobilized native Candida antarc-
tica lipase B. After 2 h the ester formation was



S.A. Patkar et al. / Journal of Molecular Catalysis B: Enzymatic 3 (1997) 51-54 53

Table 1
pl and specific activity of wildtype and mutant lipases. The
activity assay was carried out with tributyrine as substrate

Table 2
Synthesis of ester by exposing decanol to various fatty acids with
either immobilized T103G or native B lipase

MW by p! Spec. act. Lipase Dodecanoic Octadecenoic 9-cis-Octadecenoic
SDS-PAGE Lu/mg acid

C. antarctica B 35kD 6.0 500 C. antarctica B 72% 72% 71%

mutant T103G 35kD 6.0 260 mutant T103G  68% 72% 70%

monitored by NMR spectroscopy (using CDCl,
as the solvent with tetramethyl silane (TMS) as
internal reference employing a Bruker acp 300
spectrometer).

3. Results
3.1. Specific activity and pl

Table | summarizes the molecular weight, p/
and specific activity of Candida antarctica li-
pase B and of the mutant lipase. The molecular
weight and isoelectric points are identical for
both the native and mutant lipases. The specific
activity of the mutant lipase was reduced to
almost half of the activity of the native enzyme.

120

3.2. Thermostability

Fig. 1 shows that native lipase had lost half
of its activity in 6 min at 60°C whereas the
mutant T103G lipase maintained 50% activity
for up to 25 min. This shows a pronounced
increase in thermostability of the mutant lipase.

3.3. Effect of the mutation on ester synthesis

The activity of T103G in ester synthesis was
evaluated by exposing decanol to various fatty
acids using either immobilized T103G lipase or
Candida antarctica lipase B (the native en-
zyme) as catalyst. Almost identical conversions
were obtained in all experiments indicating
T103G to have a specificity and activity compa-
rable to the native enzyme, as shown in Table 2.
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Fig. 1. Comparison of activity of wild type and mutant T103G of C. antarctica B lipase. Thermostability. The figure shows the difference in
decay of lipase activity of the native and mutant lipases upon exposure to heat in solution.
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4. Discussion

In all the known structures of lipases, the
consensus sequence is located in a nucleophilic
elbow formed by a PB-sheet and an a-helix
[16,17]. In the Rhizomucor miehei lipase the
first glycine in the consensus sequence is deeply
buried, both in open or closed conformation
[18], in Candida antarctica B lipase it is a
threonine in the equivalent position. A structural
comparison of the nucleophilic elbow in Rhi-
zomucor miehei and Candida antarctica B 1i-
pases show that the a-helix in the nucleophilic
elbow of Candida antarctica lipase B is slightly
more bent away from the B-strand [4]. The
threonine 103 sidechain are in close contact
with the opposite a-helix.

It can be suggested that the increase in ther-
mostability of Candida antarctica lipase B mu-
tant arises from increased number of internal
contacts between the o-helix and the B-strand.
If the threonine 103 placed in Rhizomucor
miehei at the glycine position it would push the
a-helix away from the B-strand. Replacing
glycine by a threonine in the Rhizomucor miehei
lipase would definitely introduce structural
changes in this highly homologous region. Re-
moving the threonine in the Candida antarctica
lipase B and assuming that the overall structure
is more or less intact, an empty space is proba-
bly formed, which would leave room for addi-
tional internal water atoms. Alternatively the
structural elements will adopt to a closer and
better contact now that the sidechain of residue
103 has been removed. Whether the increased
stability is a result of additional water in the
free space created by the mutation, or from
structural adaptation of new and better internal
contact in the mutant structure, must await the
solution of the X-ray structure of the mutant
lipase.
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