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Ferulic acid esterase fromHumicola Insolens catalyzes
enantioselective transesterification of secondary alcohols
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Abstract

Ferulic acid esterase (FAE) fromHumicola insolens was found to catalyze transesterifications of secondary alcohols with
high enantioselectivity. In all cases the enzyme showedR enantiopreference.
© 2002 Elsevier Science B.V. All rights reserved.
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Ferulic acid esterases (FAE)[1] are enzymes which
hydrolyze the esters of hydroxycinnamic acids[2] that
are components of plant cell walls. These esters en-
hance the mechanical strength of the cell wall[3] and
limit cell wall growth [4] by cross-linking hemicel-
lulose and pectin[5,6]. These esterases are secreted
by many organisms, such as bacteria[7,8] and fungi
[9,10], their role being to facilitate the breakdown of
the plant cell wall either to enter the plant cell wall or
to directly utilize its material as a nutritional resource.
These enzymes are important components of micro-
bial xylanolytic enzyme systems and are required for
the efficient degradation of cell-wall polymers[11,12].

In addition to their fundamental biological impor-
tance feruloyl esterases have many potential industrial
and medicinal applications. Increasing interest in fer-
uloyl esterases revolves around their potential appli-
cations in the food and flavour industries, as ferulic
acid and other hydroxycinnamic acids could be used
as flavour precursors[13]. Furthermore, ferulic acid
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shows photoprotective[14], antioxidant[15], antitu-
mor [16,17] and hypotensive[18] activity. Most of
the research done to date involves the isolation, pu-
rification and characterization of feruloyl esterases de-
rived from a wide range of microorganisms[7–10],
as well as the enzymatic release of the products from
cell-walls degradation[3–6]. In all cases the activities
of these enzymes have been determined by the release
of free ferulic acid or other hydroxycinnamic acids. A
few studies on substrate specificity and on the kinetics
towards a range of methyl phenylalkanoates have been
used to probe the active site of the enzyme[2,19].

Recently, the crystal structure of feruloyl esterase
module of xylanase 10B[20] and xylanase Z[21] from
Clostridium thermocellum were reported. The primary
structure analysis of FAEs has shown that they dis-
play�/� hydrolase fold, with an Asp/His/Ser catalytic
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Table 1

Entry Substratea Conversion (%) ee (%) t (d) Configuration Eb

1 1-(4-Pyrinidinyl)-1-ethanol 50 >98 2 Rc >100
2 1-(1,1′-Biphenyl)-4-yl-1-ethanol 17 >98 2 – >100
3 1-Phenyl-1-ethanol 23 92 3 Rd 32
4 1-Phenyl-1-propanol 25 93 3 Re 37
5 1-(4-Methoxyphenyl)-1-ethanol 18 88 3 Rf 19
6 1-(4-Isopropylphenyl)-1-ethanol 7 93 7 – 30
7 1-(3-Methylphenyl)-1-ethanol 52 91 5 Rg >100

a Alcohols 3 and 4 were commercially available. All the other alcohols were prepared by Grignard addition of CH3MgI to the
corresponding aldehydes.

b [28].
c The configuration of the ester was determined by the optical rotation of the isolated product after 50% conversion. Measured

[a]25
D = +81± 1 (c 1, CHCl3) and literature [a]25

D = +81 (c 1, CHCl3) [25].
d By GC analysis with a chiral capillary column of the remaining alcohol and standardS-(−)-1-phenyl-1-ethanol.
e By the optical rotation of the isolated product after 50% conversion. Measured [a]25

D = +47±1 (c 1, CHCl3) and literature [a]25
D = +49

(c 1, CHCl3) [26].
f By the optical rotation of the remaining alcohol after 35% conversion. Measured [a]25

D = + − 15 (c 1, CHCl3), ee% 30 and literature
[a]25

D = +52 (c 1, CHCl3), ee % 87 (R)-alcohol, [26].
g By comparison of GC analysis of the produced ester and the enzymatic hydrolysis of racemic ester of alcohol 7 with PFL[27].

triad at their active site[20–22]. Despite the fact that
feruloyl esterases and lipases bear the same catalytic
triad of residues in their active site they do not show li-
pase activity. Recently, the synthesis of pentylferulate
was achieved by using a water-in-oil microemulsion
system containing a feruloyl esterase fromAspergillus
niger [23]. Nevertheless, the potential of feruloyl es-
terases for the transesterification of alcohols has never
been reported.

In this work, we have examined for the first time
the reactivity of a crude feruloyl esterase preparation
from Humicola Insolens towards substrates that bear
no structural similarity to the natural substrates for this
enzyme. Our preliminary results show that this crude
enzyme preparation can successively catalyze transes-
terifications of secondary alcohols with high enantios-
electivities. These are the first reported stereoselective
reactions catalyzed by this enzyme, and may eventu-
ally lead to the use of this enzyme as a potent catalyst
in stereoselective organic synthesis.

In a typical run, 200 mg of the enzyme preparation1

was placed in a vial to which was added 0.2 mmol

1 The enzyme preparation (Pentopan 500 BG) was given by
Novo Nordisk as a commercial culture supernatant from a strain
of Humicola Insolens. The FAE activity of the enzyme preparation
was 0.435 U/gr.

of the substrate and a 30-fold excess of vinyl acetate,
which was used as the activated acyl donor[24]. The
resulting suspension was shaken at 45◦C. Samples
were collected periodically and were analyzed by gas
chromatography. The enantioselectivity in each reac-
tion was determined by analyzing the optical purities
of the unreacted alcohol and the produced ester by us-
ing a 30 m chiral capillary column (HP-5 cross-linked
5% phenyl-methyl silicone). The results are summa-
rized inTable 1.

From the results inTable 1, by looking at the reac-
tion times, it is obvious that the enzyme shows rela-
tively similar reactivity towards the studied alcohols,
except for alcohol 6 where the reaction is much slower.
In all cases FAE showed high enantioselectivity, up to
98% ee, withR enantiopreference, as determined from
the measured optical rotations. It should be noted here
that in the cases of 1-(4-pyridinyl)-1-ethanol, 1, and
1-(3-methylphenyl)-1-ethanol, 7, when the conversion
was extended to 60%, the unreacted alcohol was al-
most enantiopure (>99% ee) having theS configura-
tion. When the above catalytic reactions were run at
room temperature, the reaction times were longer than
those at 45◦C and the enantioselectivities observed
were slightly higher.

In summary, our preliminary results have shown
that feruloyl esterase fromHumicola Insolens, which
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naturally degrades a wide range of ferulic acid esters,
can successively catalyze the stereoselective transes-
terification of secondary alcohols that bear no struc-
tural similarity to the natural substrates of this enzyme.
These reactions proceed with good to excellent enan-
tioselectivity analogous to that of lipases[25–27]. This
unique behavior of the feruloyl esterase has never been
reported before. Further studies are currently under
way in our laboratories in order to gain a better insight
on substrate specificity and to explore the usefulness
of this enzyme as a potent catalyst for the enantios-
elective synthesis of various alcohols and esters with
interesting practical applications.
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