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Benzaldehyde lyase from Pseudomonas fluorescens Biovar I. (BAL, EC 4.1.2.38) is a versatile catalyst for the organic synthesis of
chiral α-hydroxy ketones. To allow fast assessment of enzyme activity, a direct spectrophotometric assay is desirable. Here, a new
robust and easy-to-handle assay based on UV absorption is presented. The assay developed is based on the ligation of the α-hydroxy
ketone (R)-2,2′-furoin from 2-furaldehyde. A robust assay with direct monitoring of the product is facilitated with a convenient
concentration working range minimising experimental associated with low concentrations.

1. Introduction

Benzaldehyde lyase (BAL; EC 4.1.2.38) from Pseudomonas
fluorescens Biovar I (BAL, EC 4.1.2.38) belongs to the group
of thiamine diphosphate- (ThDP-) dependent enzymes [1].
It is a versatile catalyst for the enantioselective synthesis of
a broad variety of α-hydroxy ketones by both C–C bond
coupling and kinetic resolution. These chiral compounds are
important building blocks for the synthesis of several drugs
and natural products [2–8].

According to its synthetic importance and application
prospects, several methods for the determination of BAL
activity have already been established. Most prominent are
the uses of high pressure liquid chromatography (HPLC) or a
combination of gas chromatography and mass spectroscopy
(GC-MS) [3, 9]. However, these methods are material- and
time-consuming when it comes to sample preparation and
performance of measurements, and are therefore hardly
applicable to the monitoring of fast reaction courses or
large sample batches. For these purposes, establishment of
spectrometric methods is highly desirable.

In fact, the BAL-catalysed carboligation of benzaldehyde
into benzoin has been determined via spectrophotometry at
a wavelength of 250 nm. However, both benzaldehyde and
benzoin revealed a considerable absorption at this wave-
length resulting in an overlap for which a correction had to be

carried out [1]. The same applies for the spectrophotometric
determination of the condensation of furaldehyde into
furoin at a wavelength of 277 nm. Fluorescence spectroscopy
at an excitation wavelength of 360 nm and an emission
wavelength of 470 nm was used for the investigation of
the carboligation of 3,5-dimethylbenzaldehyde (DMBA) into
3,3′,5,5′-tetramethoxybenzoin (TMB) [10]. However, the
linear range of this assay strongly depends on the pathway
of the excitation light [11]. Furthermore, the method is
restricted to this substrate-product pair suffering from the
same limited solubility as benzoin (see below). Generally,
fluorescence spectroscopy is more difficult in handling and
not as widely available.

BAL activity with regard to cleavage of α-hydroxy ketones
into aldehydes, can be determined with an indirect spec-
trophotometric assay. In a successive reaction, the product
benzaldehyde is reduced by horse liver alcohol dehydroge-
nase (EC 1.1.1.1.) and the accompanying consumption of the
cofactor NADH is measured at a wavelength of 340 nm [3].
However, even with addition of cosolvents such as DMSO
or PEG the application of this method is strongly limited by
the low solubility of the substrates such as benzoin [8]. In
addition, the coupling of a second reaction adds to the error
of activity determination.

To overcome the limitations imposed by the established
assays we explored the direct monitoring of (R)-2,2′-furoin
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Figure 1: 2-furaldehyde (FA, CAS 98-01-1) condensation to 2,2′-
furoin (FO, (R)-2,2′-furoin, or (R)-1,2-di(furan-2-yl)-2-hydroxy-
ketone, CAS 92921-36-3).

formation from 2-furaldehyde (Figure 1). This would allow
to overcome the limitations of solubility, as maximum
solubility of 2-furaldehyde in water (0.86 mol L−1) is
orders of magnitude higher than benzoin or benzaldehyde
(60 mmol L−1; http://www.inchem.org/). Thus, addition of
co-solvents, which is known to interfere with activity, is not
required [12, 13].

2. Materials and Methods

2-furaldehyde (FA, CAS 98-01-1), furoin (FO, (R) 1,2-
di(furan-2-yl)-2-hydroxyketone, CAS 92921-36-3), and thi-
amine pyrophosphate (ThDP, CAS 154-87-0) were obtained
from Sigma Aldrich. The furaldehyde was distilled and stored
under argon atmosphere. Furoin was used without further
purification. The solutions of furoin in water and buffer were
obtained after filtration using polyamide filter with 0.45 μm
pore size.

Cells of E. coli SG13009/BALHis containing the over-
expressed enzyme were kindly provided by Martina Pohl
(Institute of Biotechnology 2, Research center Jülich, Ger-
many). The cells were disrupted and BAL was purified via
immobilized metal ion chromatography (Ni-NTA column)
as described in the literatures [3, 8]. Purified BAL was
lyophilised and stored at −20◦C until use.

Potassium phosphate solution at a concentration of
50 mmol L−1 and pH 8 containing 2.5 mmol L−1 MgSO4

and 0.25 mmol L−1 ThDP was used as buffer. Under these
conditions half life of BAL is known to be several hours
[10, 13] excluding interference within the assay time span of
minutes.

Initial rate measurement were carried out in 96-well
microtiter plates. Typically, 5 mmol L−1 of substrate were
reacted with 20 μL BAL at 30◦C for 2.3 min in which the
absorbance was measured every 7 sec (Power Wave HT,
BioTek Instruments). The slope of linear regression was
taken as activity. All measurements were carried out in
triplicate, standard deviation (STD) is given as error. One
unit activity is defined as the amount of enzyme that catalyses
the formation of 1 μmol of furoin per min. at 30◦C and pH 8.

3. Results and Discussion

Analysis of the components in the reaction mixture showed
that all absorption maxima overlap considerably. The
absorbance at 320 nm was chosen as the best compro-
mise between sensitivity and interference. At 320 nm the
extinction coefficient for 2-furaldehyde is more than one
magnitude lower than for furoin (Figure 2). For comparison,
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Figure 2: Spectra of substrate (•; FA, furaldehyde 0.7 mmol L−1),
product (◦; FO, Furoin 0.33 mmol L−1), buffer with ThDP (�)
0.25 mmol L−1, and only ThDP (�) 0.25 mmol L−1 in water.
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Figure 3: The absorbance of furaldehyde (FA) and furoin (FO) at
278 nm and (C) 320 nm B: activity of BAL as a function of concen-
tration monitored in the accessible concentration range at 278 nm.

the absorption at 278 nm as the peak maxima for both
furoin and furaldehyde were determined. At 278 nm a low
sensitivity is obtained as the absorbance is similar for both
furaldehyde and furoin. Furthermore, a linear response
is obtained only for concentrations below 0.3 mmol L−1.
Whereas, a high sensitivity can be obtained at 320 nm in
which furaldehyde absorption depends linearly on con-
centration up to 40 mmol L−1. The linear sensitivity for
furoin is up to 1 mmol L−1 at 320 nm and 0.5 mmol L−1 at
278 nm. The extinction coefficient for furaldehyde at 320 nm
(0.06 L mmol−1 cm−1) is much lower compared to furoin
(1.67 L mmol−1 cm−1), therefore the decrease of absorbance
is at least 10-fold lower than the increase.

http://www.inchem.org/
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Figure 4: Activity of BAL as a function of concentration monitored
in the accessible concentration range at 320 nm.

The activity assay for measurement of absorbance at
320 nm increases the concentration range up to 40 mmol L−1

whereas the measurement of absorbance at 278 is not
possible above 0.3 mmol L−1 due to detection limit of UV
absorption (Figure 3). The activity as a function of substrate
concentration for measurement at 320 nm can be described
using a hyperbolic Michaelis-Menten-type equation with a
vmax of 11.8 ± 0.4 U mg−1 and KM of 11.0 ± 1.0 mmol L−1

(Figure 4).

4. Concluding Remarks

In summary, a robust and sensitive activity assay based on
UV-spectrometry is proposed. It allows for relatively high
concentrations of aldehyde thereby minimising experimental
error. Furthermore, choosing a wavelength outside absorp-
tion maxima minimises interference with the other assay
components.

Abbreviations

BAL: Benzaldehyde lyase
DMBA: 3,5-dimethylbenzaldehyde
DMSO: Dimethyl sulfoxide
FA: 2-furaldehyde
FO: (R)-2,2′-furoin

(R)-1,2-di(furan-2-yl)-2-hydroxyketone
GS-MS: Gas chromatography-mass spectroscopy
HPLC: High-pressure liquid chromatography
KM: Michaelis-Menten constant
MgSO4: Magnesium sulfate
NADH: Nicotinamide adenine dinucleotide
Ni-NTA: Nickel-nitrilotriacetic acid

PEG: Polyethylene glycol
ThDP: Thiamine diphosphate
TMB: 3,3′-5,5′-tetramethoxybenzoin
U: Unit activity
vmax: Maximum activity.

Conflict of Interests

The authors have declared no conflict of interests.

Acknowledgments

The paper is funded by Deutsche Forschungsgemeinschaft
via the DFG Graduate School 1166 BioNoCo-Biocatalysis in
Non-Conventional Solvent (http://www.bionoco.org/). The
authors thank Professor Martina Pohl (Institute of Biotech-
nology 2, Research Center Jülich, Germany) for providing
the E.coli SG13009/BALHis cells containing the recombinant
BAL.

References
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