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in Escherichia coli BL21(DE3)
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Abstract

Objectives To characterize a novel feruloyl esterase

from Escherichia coli BL21 DE3.

Results The gene encoding BioH was cloned and

overexpressed in E. coli. The protein was purified and

its catalytic activity was assessed. BioH exhibited

feruloyl esterase activity toward a broad range of

substrates, and the corresponding kinetic constants for

the methyl ferulate, ethyl ferulate, and methyl p-

coumarate substrates were: Km values of 0.48, 6.3, and

1.9 mM, respectively, and kcat/Km values of 9.3, 3.8,

and 3.8 mM-1 s-1, respectively.

Conclusions Feruloyl esterase from E. coli was

expressed for the first time. BioH was confirmed to

be a feruloyl esterase.

Keywords BioH esterase � Escherichia coli �
Feruloyl esterase

Introduction

Feruloyl esterases (EC 3.1.1.73, FAEs), which are a

carboxylesterase subtype, participate in the release of

hydroxycinnamic acids from plant cell walls (Benoit

et al. 2008; Koseki et al. 2009). FAEs are widespread

in plants, fungi, and bacteria. The potential of FAEs to

degrade the plant cell wall is important when design-

ing processes for improved biomass utilization (Faulds

2010).

Sanishvili et al. (2003) reported that BioH is a

member of the protein hydrolase superfamily, and

they demonstrated that it possesses weak thioester-

ase activity by comparing the crystal structure of

BioH with those of other known enzymes. Xie et al.

(2007) identified BioH as the sole enzyme respon-

sible for the hydrolysis of the dimethylbutyryl-S-

methyl mercaptopropionate to the free acid during

the biocatalytic conversion of monacolin J to

simvastatin. Wang et al. (2010) found that with

BioH efficiently resolved a variety of secondary

alcohols, with enantiomeric excess (ee) values of the

desired product reaching 98 % under mild condi-

tions. Jiang et al. (2014) proposed a new method for

synthesizing dihydropyran derivatives by a Escher-

ichia coli BioH esterase-catalyzed method. Jiang

and Yu (2014a, b) found that BioH possesses

sufficient activity to catalyze the aldol, Knoevenagel

and Baylis–Hillman reaction. Gu et al. (2015) used

E. coli BioH coupled with a mandelate racemase to

successfully improve the ee value toward methyl
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(S)-o-chloromandelate based on a strategy of

sequential hydrolysis and racemization.

Escherichia coli BL21 is often used as a negative

control for expressing exogenous FAEs. In this work,

by overexpressing the bioH gene in E. coli strain

BL21, we characterized this enzyme as a novel FAEs.

This work provides a more thorough examination of

the function of BioH, and it enriches our knowledge of

FAEs-producing bacteria.

Materials and methods

Materials

Methyl ferulate (MFA), methyl p-coumarate (MpCA),

chlorogenic acid, ethyl caffeate, and ethyl ferulate

were obtained from Langde (Yancheng, China).

Substrates used to assess enzymatic substrate prefer-

ences were purchased from Sigma–Aldrich or Aladdin

(Shanghai, China). Molecular biology reagents,

including PCR reagents, T4 DNA ligase, restriction

enzymes, as well as PCR purification, gel extraction,

and plasmid miniprep kits, were purchased from

TaKaRa (Dalian, China). IPTG was obtained from

Sangon Biotech (Shanghai, China). All other chemi-

cals were of analytical grade.

Plasmids, bacterial strains, and media

Escherichia coli DH5a was used for DNA manipula-

tions and propagating the pColdII vector (TaKaRa)

and its derivative. E. coli BL21 served as the host for

recombinant protein production. E. coli strains were

cultured in lysogeny broth (LB), ampicillin (Amp) was

added at 100 lg/ml when required.

Cloning of the E. coli bioH gene,

and overexpression and purification of BioH

The bioH gene was PCR-amplified from E. coli BL21

genomic DNA using two synthetic primers. The

forward primer (50-GCCG GAA TTC ATG AAT

AAC ATC TGG TGG CAG A-30) contains an EcoRI

restriction site (underlined), and the reverse primer

(50-GC TCT AGA CTA CAC CCT CTG CTT CAA

CG-30) contains a XbaI restriction site (underlined).

The PCR-amplified bioH gene and pColdII plasmid

were digested with EcoRI and XbaI, purified, and

ligated by T4 DNA ligase. The ligation products were

transformed into E. coli DH5a. After identifying

clones containing the correct insert via restriction

enzyme analysis and DNA sequencing, the plasmid

containing the bioH gene was transformed into E. coli

BL21 competent cells.

BL21 cells containing the correct expression plas-

mid were inoculated into LB/Amp medium and grown

overnight at 37 �C. An aliquot of the culture was

transferred into fresh LB/Amp medium and grown at

37 �C until the OD600 value reached 0.4. Then, the

culture was incubated at 15 �C for 30 min, and BioH

expression was induced with 0.4 mM IPTG. The

culture was grown at 15 �C for 24 h, and cells were

collected by centrifugation (60009g, 6 min, 15 �C).
The cell pellet was re-suspended in 20 mM sodium

phosphate buffer (pH 7.4), and the cells were lysed by

ultra-sonication on ice. Subsequently, unbroken cells

and debris were removed by centrifugation (60009g,

15 min, 4 �C), and the supernatant was used as the

crude enzyme. The overexpressed protein was his-

tidine-tagged, and the crude extract was filtered

through a 0.2 lm cellulose filter and purified using a

Ni-HisTrap HP column (GE Healthcare). After the

column was equilibrated in binding buffer (20 mM

sodium phosphate buffer, 500 mM NaCl, 5 mM imi-

dazole, pH 7.4), histidine-tagged BioH was eluted

using 10 column vol of a linear 0–100 % buffer B

gradient (buffer B, 20 mM sodium phosphate buffer,

500 mM NaCl, 500 mM imidazole, pH 7.4). Aliquots

were analyzed by SDS-PAGE, and the purified

enzyme was concentrated using an ultrafiltration spin

column. The enzyme was flash frozen and stored at

-70 �C until further use.

Analysis of feruloyl esterase activity and kinetic

parameters

Feruloyl esterase activity was measured by HPLC.

Solutions A (pure methanol) and B (formic acid,

0.2 %) were applied to a reversed-phase C18 SunFire

column (25 cm 9 4.6 mm inner diam., 5 lm particle

size) (Waters) at 35 �C. The method was as follows:

0.5 min, 10 % A, 1 ml/min; 0.1 min, 10 % A, 1 ml/

min; 15 min, 100 % A, 1 ml/min; 5 min, 100 % A,

1 ml/min; 9.9 min, 10 % A, 1 ml/min. Samples were

filtered through a 0.45 lm filter, and detection was at

280 nm. The retention times and spectral data of each

peak were used to determine whether the substrates
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were hydrolyzed. The reaction mixtures contained

2 ml substrate solutions and 0.1 ml purified protein,

and were shaken at 35 �C for 4 h. The reactions were

terminated by boiling them for 3 min. Control reac-

tions in which the enzyme was replaced with the same

volume of buffer were used to account for any

spontaneous hydrolysis of the substrates.

The kinetic parameters were determined from the

initial rates of hydrolysis of 0.0625–1 mM MFA,

MpCA, ethyl caffeate, and ethyl ferulate in buffer (pH

8.8) at 40 �C. Under these conditions, BioH is stable,

and spontaneous substrate hydrolysis is negligible. Km

and Vmax were calculated using a Lineweaver–Burk

plot. For the calculation of kcat, the molecular mass

was determined by denaturing SDS-PAGE. Samples

were analyzed by HPLC as previously described.

Substrate specificity

The enzymatic substrate profile of purified BioH was

determined using an ester library as described previ-

ously (Liu et al. 2001). The hydrolysis of various ester

substrates was measured colorimetrically using 4-ni-

trophenol as a pH indicator at 25 �C according to Janes

et al. (1998). The decrease in absorbance at 412 nm

was monitored for 30 min in a 96-well flat-bottom

plate in a microplate reader. Each well contained

1 mM substrate, 4.65 mM N,N-bis(2-hydroxyethyl)-

2-aminoethanesulfonic acid (BES), 0.434 mM 4-ni-

trophenol, 7.1 % v/v acetonitrile, and 38 lg enzyme/

ml. Blank reactions without purified protein were

performed for each substrate. All assays were per-

formed in triplicate, and the average activities were

quantified. The results are shown asmeans ± standard

deviations.

Results and discussion

Cloning of the E. coli bioH gene,

and overexpression and purification of BioH

The bioH gene from E. coli BL21 was cloned into the

pColdII vector and overexpressed in E. coli BI21

(DE3). BioH was overexpressed in E. coli as a

hexahistidine-tagged protein, and purified to homo-

geneity by nickel-affinity chromatography. SDS-

PAGE was used to examine the purity of the enzyme,

and it revealed a single protein band with an estimated

molecular mass of 28 kDa (Fig. 1).

The enzyme activity profile

To investigate the substrate specificity of BioH, the

purified protein was evaluated in parallel against a

panel of 49 different substrates. BioH showed high

preference and good enzymatic activity when feruloyl

esters were used as substrates. BioH did not hydrolyze

chlorogenic acid or rosmarinic acid (Table 1). The

enzyme showed the highest activity toward methyl

ferulate other than Tri-O-acetyl-D-glucal, which is

similar to phenolic esters in the chemical structure.

The broad substrates specificity of BioH was similar to

two feruloyl esterases from Lactobacillus johnsonii

(Lai et al. 2009) and Fae1A from Anaeromyces

mucronatus (Qi et al. 2011). BioH could be classified

into the feruloyl esterase base on its substrate speci-

ficity (Crepin et al. 2004).

Fig. 1 SDS-PAGE analysis of the overproduction and purifi-

cation of BioH in E. coli. The gels were stained with Coomassie

brilliant blue. Arrows indicate the overproduced and purified

protein. Lane M low molecular weight standards, lane 1

overproduction of BioH in BL21 (DE3)/pColdII cell lysates

after induction with IPTG, lane 2 fractions eluted from a

histidine-affinity column
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Steady-state kinetic analysis

Purified BioH showed classical Michaelis–Menten

kinetics, and linear double-reciprocal plots were

obtained for hydroxycinnamic esters; the data are

shown in Table 2. The best catalytic efficiencies (kcat/

Km) were obtained against ethyl ferulate and MpCA.

The Km values demonstrated that the enzyme had a

10-fold higher affinity for ethyl ferulate than MpCA.

Among the four tested substrates, BioH possessed the

lowest affinity for ethyl caffeate.

Conclusions

A feruloyl esterase from Escherichia coli was found

and expressed for the first time. We describe E. coli

BioH as a novel feruloyl esterase with a wide substrate

Table 1 Esterase activity (substrate profile) of BioH toward a general ester library

Substrates Specific activity ± SD

(nmol/mg/min)

Substrates Specific activity ± SD

(nmol/mg/min)

Ethyl acetate 136 ± 11.2 1-Naphthyl-acetate 1091 ± 123.1

Ethyl butyrate 396 ± 32.9 1-Naphthyl propionate 987 ± 89.2

Ethyl caprate 152 ± 12 1-Naphthyl butyrate 406 ± 43.9

Ethyl caproate 0 2-Naphthyl acetate 1166 ± 112

Ethyl caprylate 144 ± 14.3 2-Naphthyl Propionate 263 ± 23.8

Vinyl acetate 76 ± 7.4 Methyl 2-bromopropionate 1084 ± 123

Vinyl propionate 0 Methyl alpha-bromo-phenylacetate 824 ± 67.5

Vinyl butyrate 92 ± 9.8 Caproic acid methyl ester 397 ± 34.7

Vinyl decanoate 0 Glucose pentaacetate 151 ± 12.2

Vinyl laurate 708 ± 68.6 Methyl lactate 475 ± 34.6

Vinyl pivalate 105 ± 12.2 Gamma-butyralactone 369 ± 43.3

Vinyl methacrylate 560 ± 45.3 Gamma-valerolactone 228 ± 21.7

Vinyl crotonate 774 ± 67 Methyl octanoate 99 ± 4.1

Propyl acetate 835 ± 67.3 Triacetin 78 ± 7.7

Butyl acetate 665 ± 86.9 Tributyrin 439 ± 54.2

Phenyl acetate 508 ± 56.2 Tri-O-acetyl-D-glucal 1440 ± 134.2

Isopropenyl acetate 39 ± 3.4 Geranyl Acetate 371 ± 34.3

Isobutyl acetate 360 ± 34.4 Methyl bromoacetate 368 ± 54.1

Methyl(R)-(-)-mandelate 173 ± 14.7 Caffeic acid phenethyl ester 423 ± 45

Methyl(S)-(-)-mandelate 0 Chlorogenic acid 0

Methyl 2,6-dihydroxy-4-methylbenzoate 178 ± 12.5 Methyl ferulate 1279 ± 123.7

Benzyl cinamate 344 ± 34.8 Caffeic acid ethyl ester 30 ± 5.3

Vinyl benzoate 556 ± 44.1 Methyl 4-hydroxycinnamate 78 ± 8.5

Rosmarinic acid 0 Ethyl ferulate 736 ± 67.7

Methyl jasmonate 0

Table 2 Kinetic parameters of BioH toward several ester substrates

Substrate Km (mM) kcat (s
-1) Kcat/Km (mM-1 s-1) Vmax (U/mg)

Methyl ferulate 1.8 ± 0.2 1.5 ± 0.1 0.9 3.1 ± 0.2

Ethyl ferulate 0.5 ± 0.1 0.9 ± 0.1 2.0 2.0 ± 0.1

Methyl p-coumarate 3.1 ± 0.2 8.1 ± 0.2 2.7 17.0 ± 0.5
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range. Since BioH was first identified via its relation-

ship to biotin synthesis, it has subsequently been

shown to possess additional enzymatic activities.

Moreover, this protein could be obtained by the

large-scale fermentation of E. coli at a low cost, and as

a result, we believe that BioH has broad application

prospects.
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