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The ability of GH 39 B-p-xylosidase (XylBH39) from Bacillus halodurans to catalyze transxylosylation
reactions, particularly for the production of alkyl xylosides, has been investigated using p-nitrophenyl
(pNP) B-p-xylopyranoside, xylobiose and xylotriose. Furthermore wheat bran, being rich in xylo-
oligosaccharides after enzymatic treatment with an endoxylanase, was used as a source of xylosyl donors.
The autocondensation of pNP 3-D-xylopyranoside was characterized by poor regioselectivity and the pro-
duction of a variety of short (di- and trimers) oligosaccharides. Compared to xylobiose, xylotriose was
a better donor molecule for XyIBH39-mediated transxylosylation of primary alcohols presenting chain
length from 1- to 5-carbon atoms. Using a wheat bran hydrolysate, generated using an endoxylanase,
it was possible to perform XylBH39-mediated transxylosylation of propan-1-ol to produce propyl 3-b-
xylopyranoside. This enzymatic process led to synthesis of 0.9 g of propyl B-p-xylopyranoside from 20 g
of destarched wheat bran.

Wheat bran

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

The rapid emergence of biorefinery concepts that aim to trans-
form plant biomass into biofuels is raising a series of important
questions concerning the management of renewable resources.
In particular, the necessity to develop a whole crop approach
and second generation fuels that will be derived from lignocellu-
losic material is now obvious [1-3]. However, this shift towards a
more efficient use of biomass resources implies the use of sugars,
other than glucose, as feedstock for the manufacture of added-
value molecules. In this respect, the development of new product
itineraries for plant-derived pentose sugars is a key challenge that
must be met in order to achieve sustainable, economically viable
biorefining.

Heteroxylans are widespread in plant biomass and can repre-
sent up to 35% dry weight of voluminous agro-industrial products
such as wheat bran. In cereal fractions such as brans, cobs, straws
and stover, heteroxylans are composed mainly of p-xylose and
L-arabinose. The main-chain of these polymers is made up of
[3-1,4-linked p-xylopyranosyl units to which a-L-arabinofuranosyl
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substituents are attached through O-2 and/or O-3 linkages [4-7].
In biorefining processes, heteroxylans are found to be more labile
than cellulose and their removal is normally achieved through
a thermochemical pre-treatment of the biomass that solubilizes
heteroxylans in the form of oligomeric or monomeric pentose
residues.

Alkyl glycosides are non-ionic surfactants with useful applica-
tions in the food, pharmaceutical and cosmetic industries [8]. These
compounds consist of a hydrophobic part that is usually an alkyl
chain of variable length, and a hydrophilic part that can be a sugar
moiety. Interestingly, because the alkyl moiety can be obtained
from plant oils, and sugars are also of plant origin, alkyl glycosides
are viewed as renewable, eco-friendly surfactants. The classical
chemical synthesis of alkyl or aryl glycosides from free sugars is
Fischer glycosylation [9]. However, this reaction suffers from sev-
eral drawbacks, such as the use of large quantities of alcohol and
aggressive reaction conditions (high temperatures, prolonged reac-
tions times in the presence of strong mineral acids) that can lead
to the decomposition of sugar groups and the generation of hetero-
geneous product mixtures (o and 3 anomers displaying variable
degrees of polymerization). Alternatively, it is conceivable to use
enzyme catalysis to circumvent these difficulties.

Glycoside hydrolases catalyze the formation of glycosidic link-
ages via reverse hydrolysis (thermodynamic control) or through
transglycosylation (kinetic control) [10,11]. The production of
hexose-based oligosaccharides and alkyl glycosides in reactions
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catalyzed by glucosidases and galactosidases has been widely
documented [12-17] and the enzymatic-catalyzed synthesis of
pentose-based oligosaccharides and surfactants using pentose-
acting enzymes such as a-L-arabinofuranosidases, 3-xylosidases
and xylanases is receiving more and more attention [18-26].

[B-Xylosidases belong to families GH 3, 39, 43, 52 and 54 of the
glycoside hydrolase classification system [27,28] (http://afmb.cnrs-
mrs.fr~pedro/CAZY/db.html). Apart from GH43, these families
display a reaction mechanism that involves the formation of a
glycosyl-enzyme intermediate that can be decomposed either by
the action of a nucleophilic water molecule (hydrolysis) or by that
of another suitable nucleophile, such as an alcohol [29,30]. There-
fore, enzymes from these families are appropriate candidates for
the catalysis of reactions that can lead to the production of alkyl
pentosides.

Previously, we reported the production and characterization
of a B-xylosidase GH 39 from Bacillus halodurans (XylBH39) and
revealed that this enzyme can catalyze transglycosylation reac-
tions using p-nitrophenyl (pNP) [3-D-xylopyranoside (pNPXylp) or
xylotriose as substrates [31]. In the present work, we have pur-
sued this investigation, notably to establish the usefulness of this
enzyme for the synthesis of various alkyl xylosides, using primary
alcohols and various donors. Moreover, striving towards an appli-
cation in biorefining, we have evaluated the production of propyl
[3-p-xylopyranoside directly from wheat bran hydrolysates that
were themselves obtained using enzyme technology.

2. Materials and methods
2.1. Xylosidase XyIBH39 and xylanase Tx-Xyl11

After cloning of the corresponding gene from B. halodurans,
recombinant xylosidase XylBH39 was produced as a C-terminally
(His x 6)-tagged protein in Escherichia coli J]M109 (DE3) and
purification was performed in a one step procedure from cell
lysates using IMAC technology as previously described [31]. Enzy-
matic activity was determined by measuring the liberation at
401 nm of p-nitrophenol from p-nitrophenyl (3-p-xylopyranoside
for 10min at 45°C in 50 mM Tris-HCl buffer, pH 7.5. One unit
of B-xylosidase activity was defined as the amount of enzyme
releasing 1pmol of pNP per minute using the defined condi-
tions. Kinetic parameters were obtained from reactions carried
out at 45°C with XylBH39 at 0.5 and 0.85IU/mL in presence
of xylobiose (5-100 mM) and xylotriose (1-50 mM), respectively.
Data were derived from Michaelis-Menten representations using
the SigmaPlot 2000 software (Version 6.1) equipped with the
Enzyme Kinetics Module 1.0 (SPSS Science, Paris, France). Sequence
alignment of XylBH39 (GenBank accession no. BAB04787) with
xylosidase GH39 from Geobacillus stearothermophilus (GenBank
accession no. AF098273) was performed using BLAST on the NCBI
server (http://www.ncbi.nlm.nih.gov).

Endo-xylanase Tx-Xyl11 was obtained and purified from Ther-
mobacillus xylanilyticus using a previously established protocol [32].

2.2. Chemicals and substrates

Alcohols and p-nitrophenyl (-p-xylopyranoside were pur-
chased from Sigma-Aldrich Corp. (St. Louis, MO). Destarched
wheat bran was provided by ARD, Pomacle, France. Xylobiose
and xylotriose were purified from wheat bran hydrolysates that
were obtained by submitting destarched wheat bran (20g/L in
water) to the action of Tx-Xyl11 (101U/mL) during 24 h at 60°C.
Xylo-oligosaccharides were purified from enzymatic reaction as
previously reported [33].

2.3. Transxylosylation reactions catalyzed by XyIBH39

To characterize the synthetic abilities of XyIBH39 in simple
conditions, transglycosylation reactions using a variety of accep-
tors and donors were performed in water at 45 °C. When pNPXylp
(5mM) was used as substrate for XylBH39 (0.1 IU/mL), the synthe-
sis of xylo-oligosaccharides was achieved after 10 min. To evaluate
transxylosylation of methanol (5%, v/v), reactions were carried out
using pNPXylp, xylobiose or xylotriose (5 mM) as donors with two
different concentrations of XylBH39 (0.1 and 11U/mL). To investi-
gate the influence of chain length, various alcohols (5%, v/v) were
incubated for 16 h at 45°C with 11U/mL of XylBH39. The synthe-
sis of propyl xyloside using crude wheat bran hydrolysates was
performed in a two-stage process. First destarched wheat bran
(100g; 20g/L in water) was incubated with Tx-Xyl11 (101U/mL)
during 24h at 60°C and then a sample of the supernatant was
removed. Supernatant was placed in a boiling water bath for
15 min, centrifuged at 2367 x g during 20 min. In order to deter-
mine total soluble xylose content, an aliquot of supernatant was
acid-hydrolysed before HPAEC-PAD [33]. Propan-1-ol (5%, v/v) and
XyIBH39 (1 1U/mL) were added to the clarified supernatant and the
transglycosylation reaction was allowed to proceed at 45 °C during
16 h. The reaction was stopped by boiling during 10 min to denature
XylBH39.

2.4. Quantification, purification and characterization of the
products of transglycosylation

To qualitatively analyze transglycosylation reactions, TLC was
performed using Kieselgel 60 F;54 aluminium-backed sheets (E.
Merck) and EtOAc-HOAc-water (7:2:2) or BuOH-HOAc-water
(2:1:1) as the mobile phase, respectively. Detection of products
was achieved at 100 °C using 0.2% (v/v) orcinol in HSO4 (20%, v/v).
The quantification of alkyl xylosides was performed by HPLC using
a NH; column (Nucleosil 100-5 NH;, 250 mm x 4.6 mm) operated
in reverse phase mode. Products were eluted at 1 mL/min using a
mobile phase composed of an acetonitrile/water mixture (70/30 for
C1 to C5 alkyl xylosides and 95/5 for C6 to C8 alkyl xylosides). The
detection of eluates was performed using a dynamic light scattering
detector (PL-ELS 1000, Polymer Laboratories). Following large-scale
preparative reactions, compounds PXA, PXB, PXD and alkyl xylo-
sides were purified using gel permeation chromatography (Bio-Gel
P-2, Biorad Laboratories Inc.) and water as the eluent. Alkyl xylo-
sides were further purified using silica gel chromatography (9385
Merck Kieselgel 60, 230-400 mesh) with a EtOAc/MeOH (85/15)
mobile phase. These compounds were identified by NMR (D,0,
500 MHz for 'H and 125 MHz for 13C) and MS-ESI, and used for as
standards to calibrate subsequent HPLC analyses. The previously
described compounds PXA and PXB [26] were identified by 'H
NMR (D50, 500 MHz), whereas PXD was submitted to character-
ization using NMR (D, 0, 500 MHz for 'H and 125 MHz for 13C) and
HRMS-ESI. 'H and 3C NMR spectra, COSY and 'H-13C correlation
experiments permitted structure and signal assignments.

p-Nitrophenyl [4-O-B-p-xylopyranosyl-2-O-3-p-xylopyrano-
syl]-B-p-xylopyranoside (PXD). 'H NMR (D,0, 500 MHz): § 8.20
(d, 2H, J=9.0Hz, Ar-H), 7.15 (d, 2H, J=9.0Hz, Ar-H), 5.34 (d, 1H,
J=6.0Hz, H-1), 4.66 (d, 1H, J=7.8 Hz, H-1'), 4.41 (d, 1H, J=7.8 Hz,
H-1"7), 410 (dd, 1H, J=4.4Hz, J=12.3Hz, H-5eq), 3.90 (dd, 1H,
J=5.3Hz, J=11.5Hz, H-5'eq), 3.87-3.77 (m, 3H, H-2, H-3 and H-4),
3.69 (dd, 1H, J=5.3Hz, J=11.5Hz, H-5'ax), 3.60-3.52 (m, 2H, H-4/,
H-5ax), 3.47 (m, 1H, H-4"), 3.38 (t, 1H, J=9.25Hz, H-3"), 3.36 (t,
1H,J=9.25Hz, H-3'), 3.26-3.17 (m, 4H, H-2/, H-2", H-5'ax, H-5"ax);
13C NMR (D50, 125MHz) § 103.9 (C-1’), 101.8 (C-1"), 98.5 (C-1),
80.7 (C-2), 75.8 (C-4), 75.5 (C-3'), 75.2 (C-3"), 73.3 (C-2'), 72.6
(C-2" and C-3), 69.0 (C-4"), 68.9 (C-4'), 65.1 (C-5’ and C-5"), 62.6
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Fig. 1. TLC analysis of the xylo-oligosaccharides produced by XylBH39-mediated
(0.11U/mL) autocondensation of pNPXylp (5 mM) at 45 °C. Lane 1: reaction mixture
obtained after 1 min of incubation; lane 2: standard mixture of xylose and pNPXylp
(1 mg/mL); lane 3: reaction mixture obtained after 10 min of incubation.

(C-5). ESI-HRMS: m/z calcd for C31HpgNOq5Na: [M+Na]*: 558.1435.
Found: 558.1423.

3. Results and discussion
3.1. Autocondensation with pNP B-D-xylp

The use of pNP [(3-pD-xylp as substrate led to the rapid pro-
duction of several products that were tentatively identified by
mass spectrometry as pNP-derived oligosaccharides displaying

Table 1
Kinetic parameters for hydrolytic reactions catalyzed by XylBH39.

Substrate Ky (mM) keat (s71) Keat/Knm (s ' mM—1)
pNP 3-D-xylp? 8.61 + 0.48 5.26 + 0.78 0.60 + 0.12
Xylobiose 80.14 + 2.35 0.32 + 0.01 0.0040 + 0.0003
Xylotriose 37.27 + 3.46 491 + 0.38 0.1319 + 0.0225

Reactions were carried out at 45°C in 50 mM Tris-HCI buffer, pH 7.5. Data were
obtained from triplicates.
@ Data from Ref [35].
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Fig. 2. TLC analysis of the products (formed after 1h at 45°C) of transxylosylation
reactions catalyzed by XyIBH39 (1 IU/mL) involving pNPXylp, xylobiose or xylotriose
(5mM) and methanol (5%, v/v). Lane 1: with pNPXylp; lane 2: with xylobiose; lane
3: with xylotriose; lane 4: a standard mixture of xylose, xylobiose and xylotriose
(1 mg/mL).

DP values from 2 to 5. These products were clearly observable
after 10 min of reaction, but then progressively disappeared,
presumably due to secondary hydrolysis (data not shown).
Although accurate quantification of the reaction products was
not done, TLC analysis (Fig. 1) inferred that a pNP xylobioside
regioisomer was the major product (PXB) and that a second one
(PXA) and two pNP xylotrioside regioisomers (PXC and PXD)
were also produced in significant quantities. NMR analysis to
determine the exact structures of PXA, PXB and PXD confirmed
the poor regioselectivity of reactions catalyzed by XylBH39 and
revealed that the following O-glycosidic linkages had been formed:
PXA: pNP 3-O-3-p-xylopyranosyl-[3-p-xylopyranoside; PXB: pNP
2-0-B-p-xylopyranosyl-f-p-xylopyranoside; PXD: pNP [4-O-B-
D-xylopyranosyl-2-0-3-p-xylopyranosyl]--p-xylopyranoside

(Scheme 1). Unfortunately, due to difficulties associated with
its purification, the structure of PXC could not be elucidated
by NMR. Poor regioselective control of reactions catalyzed by
glycoside hydrolases is quite common and is often related to
relaxed hydrolytic specificity [34]. The B-xylosidase GH39 from
Thermoanaerobacterium saccharolyticum produced xylobiosides
and xylotriosides with either $-1,2 or $-1,3 or -1,4 linkages
[18], whereas the [3-xylosidase GH3 from Aspergillus sp. is the
only reported xylosidase that can catalyze regioselective syn-
thesis of pNP 0-[3-1,4-p-xylooligosaccharides [19]. Interestingly,
in reactions catalyzed by XylBH39, no pNP [(-D-xylopyranosyl-
(1,4)-B-p-xylopyranoside was accumulated, even though XylBH39
catalyzes the hydrolysis of [3-1,4 linkages [31]. However, it seems

o)
HO
HM/O-PNP
HO o o
HO

OH PXB

(o)
%o-pm’

HO Se)
Ho

PXD

OH

Scheme 1. Structures of the xylo-oligosaccharides obtained from XylBH39-mediated transxylosylation of pNPXylp.
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Fig. 3. Time course analysis of methyl 3-p-xylopyranoside production catalyzed by
XyIBH39 at 45°C with 5mM pNPXylp (triangles) or 5mM xylotriose (squares) in
presence of methanol (5%, v/v).

likely that pNP 4-0-3-p-xylopyranosyl-f3-D-xylopyranoside was
rapidly synthesized and then either hydrolyzed via secondary
hydrolysis or used as an acceptor molecule for transxylosylation,
which generated PXD, a mixed linkage (3-1,4 and 3-1,2 linkages)
xylotrioside.

3.2. Transxylosylation with various primary alcohols

3.2.1. The influence of the donor sugar on the synthesis of methyl
B-p-xylopyranoside

In the initial phase of this study, xylobiose, xylotriose and
pNPXylp were used as substrates for reactions catalyzed by XylBH39
in the presence of methanol. TLC analysis of the products, which
were formed after 1 h of reaction, revealed that all three molecules
were able to act as donors for transxylosylation reactions (Fig. 2).
Compared to xylobiose, xylotriose was a better donor group and
was completely consumed after 1 h of reaction. Kinetic parameters
calculated for reactions involving xylobiose and xylotriose revealed
that dissimilar values for kq;¢ and Ky translated into a 33-fold dif-
ference in catalytic efficiency (Table 1). Nevertheless, pNPXylp was
the most efficient donor group, because the catalytic efficiency of
XyIBH39 on this substrate was 4.5- and 150-fold higher than on
xylotriose or xylobiose, respectively.

A time course analysis of the enzyme-catalyzed production of
methyl p-xyloside using either pNPXylp or xylotriose revealed that
synthesis occurred at the same level during the 6 first hours of reac-
tion (Fig. 3).In case of pNPXylp as donor, maximum concentration of
methyl p-xyloside was produced within 6 h. Approximatively 50%
of the donor initially present (5 mM) were converted into methyl b-
xyloside (2.4 mM). When xylotriose was used as donor, no plateau
was observed and after 24 h, methyl p-xyloside concentration was
2-fold higher (4.6 mM) than maximal concentration obtained with
pNPXylp. No secondary hydrolysis of methyl 3-p-xylopyranoside
occurred.

XylBH39 74
XylGs3g 73

Xy1lBH39 134
Xy1lGSs39 133

Xy1lBH39 194
XylGs39 193

XylBH39 254
XylGs39 253

w
o
s

Alkyl xylosides yield, mM
&

1 2 3 4 5 6 7 8
Alcohol chain lenght

Fig. 4. Effect of alcohol chain length on the rate of production of various alkyl 3-
D-xylopyranosides using XylBH39 after 16 h in presence of xylotriose 5 mM (black
bars) or hydrolyzate containing xylo-oligosaccharides (diluted to obtain xylotriose
5mM) (white bars) and alcohols 5%.

Table 2
Quantitative evaluation of an enzymatic two-step process to produce propyl 3-p-
xylopyranoside from wheat bran and propan-1-ol.

Quantification (g)

Wheat bran 20
Xylans 8
Hydrolysis with Tx-Xy111

Xylo-oligosaccharides produced 3.15
Transxylosylation with Xyl BH39 and propan-1-ol

Purified propyl 3-p-xylopyranoside 0.9

3.2.2. Enzyme-mediated synthesis of alkyl 5-D-xylopyranosides
using xylotriose and various primary alcohols

Primary alcohols displaying chain lengths in the range C1 to C5
were tested in XylBH39-catalyzed reactions containing xylotriose
(Fig. 4). These proved to be good acceptors, although the use
of higher concentrations (>5%, v/v) did not improve product
yields (data not shown). Maximal concentration of alkyl (3-p-
xyloside (8.3 mM) was obtained with propan-1-ol as acceptor.
With propan-1-ol, butan-1-ol and pentan-1-ol, concentrations of
alkyl B-p-xylosides were superior to the initially concentration of
xylotriose (5 mM). This can be attributed to the fact that one mole of
xylotriose will produce one mole each of alkyl p-xyloside and xylo-
biose, which in turn can be used as a donor sugar for the production
of a second mole of alkyl B-b-xylopyranoside. As mentioned above,
xylobiose conversion will be much slower than the one involving
xylotriose, but over long periods it will have a positive impact on
product yield.

Alcohols displaying longer chain lengths (C6-8) were unsuit-
able as acceptors. Similar results have already been obtained with
other B-xylosidases [21,35], notably in the case of the GH3 B-
xylosidase from Aspergillus awamori that showed a clear acceptor
preference for propan-1-ol. Preference for shorter alkyl chains has
been attributed to the presence of hydrophobic residues in the
enzyme’s active site. In this context, it is noteworthy that 3D struc-

VEPFYNFTYIDRIFDTFLELNIRPFVEIGFMPKLLASGEQTIFDWQGNVTPPEDYDQWKQ 133
MKPFYNFTYIDRIVDSYLALNIRPFIEFGFMPKALASGDQTVEYWKGNVTPPKDYNKWRD 132

LIQAVISHFIDRYGVEEVTKWPFEIWNEPNLINFWQOHADKKEYFKLYKITARAIKEVHPY 193
LIVAVVSHFIERYGIEEVRTWLFEVWNEPNLVNFWKDANKQEYFKLYEVTARAVKSVDPH 192

IQVGGPAICGGSDEWITDFLQFCHKEEVPVDFVSRHAYTSAKPHKVTPDYYYQELYENTH 253
LOVGGPAICGGSDEWITDFLHFCAERRVPVDFVSRHAYTSKAPHKKTFEYYYQELEPPED 252

MLDELKSVKELIQQSPFPNLPFHITEYNTSYSPINPVHDTVLNAAYLARILSEAGDIVDS 313
MLEQFKTVRALIRQSPFPHLPLHITEYNTSYSPINPVHDTALNAAYIARILSEGGDYVDS 312

Fig. 5. Partial sequence alignment corresponding to the aglycon sites of XyIBH39 and of GH39 xylosidase from Geobacillus stearothermophilus (XylGS39). Conserved residues

conferring hydrophobicity are underlined in grey.
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tural data for the GH39 B-xylosidase from G. stearothermophilus
shows that the aglycon binding pocket contains several hydropho-
bic residues (Phe115, Leu163, Phe166 and Tyr283) [36]. Therefore,
the presence of homologous residues in XylBH39 (Phe116, Leu164,
Phe167 and Tyr284) might explain its substrate preference (Fig. 5).

3.3. Direct enzymatic synthesis of propyl B-p-xylopyranoside
from wheat bran hydrolyzate

As previously reported, the incubation of destarched wheat
bran with the endo-xylanase from T. xylanilyticus (Tx-Xyl11)
allowed the production of a mixture of xylobiose, xylotriose
and soluble arabino-xylo-oligosaccharides [37]. After clarifica-
tion of this mixture and the addition of various alkyl alcohols,
XylIBH39 was able to catalyze the production of various alkyl
D-xylopyranosides (Fig. 4). The use of propan-1-ol procured max-
imum product concentration (28.4mM) and, interestingly, the
crude mixture of xylo-oligosaccharides, diluted to obtain a final
concentration of 5mM xylotriose, gave better product yields
than pure xylotriose used at the same concentration. This data
confirms the observation already mentioned above, XylIBH39 cat-
alyzes transxylosylation preferentially with xylotriose as donor
but other xylo-oligosaccharides present in wheat bran hydrolysate
(xylobiose, xylo-oligosaccharides with higher degree of polymer-
ization) could act as donor molecules.

To scale-up the enzyme-catalyzed synthesis of propyl
3-p-xylopyranoside from wheat bran, a multi-gram experi-
ment was performed and results are summarized in Table 2. After
the treatment of 20 g of wheat bran with Tx-Xyl, 39% of wheat bran
xylans were converted in a soluble form (xylo-oligosaccharides).
After addition of propan-1-ol (5%, v/v) to the hydrolyzate con-
taining 3.15 g of soluble xylo-oligosaccharides, XylBH39 catalyzed
the synthesis of 0.9 g of pure propyl -D-xylopyranoside, which
corresponds to yield of 112 mg/g of xylan. This is lower compared
to the reported synthesis of hexyl B-pD-xylopyranoside using a
crude mixture of a xylanase and xylosidase from Thermotoga
neopolitana that produced 228 mg/g of xylan [38] and is better
than the enzyme-mediated synthesis of octyl 3-p-xylopyranoside
from xylan and octan-1-ol using an endo-xylanase from Aure-
basidium pullulans, which procured a yield of only 35mg/g of
xylan [24].

4. Conclusion

In the present study, we have sought to investigate the useful-
ness of XylBH39 for the synthesis of alkyl p-xylosides. Our data
indicate that this enzyme could be useful for the production of short
alkyl chain xylosides and that it is suitable for use in combination
with xylanases for the direct synthesis of alkyl chain xylosides from
arabinoxylan-rich agricultural co-products. One drawback that is
underlined in this study is the poor ability of XyIBH39 to use longer
chain alkyl alcohols as acceptors. However, it is plausible that the
attenuation through enzyme engineering of hydrophobicity in the

aglycon site of XylBH39 could lead to better performances with
longer chain alkyl alcohols. Protein engineering work aimed at
achieving this goal is now underway.
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