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Abstract The gene encoding extracellular thermostable

carboxylesterase (estA) from Geobacillus thermoleovorans

YN was fused to six histidines and expressed under dif-

ferent promoters. Three different clones carrying this gene

were constructed in host cell Escherichia coli BL21 (DE2)

using three expression systems pET-17b, pBluescript� II

KS(?) and pCYTEX-P1 (pET-estA T7 promoter; pBlue-

estA T7 promoter and pBlue-estA T7 promoter and Lambda

pL promoter). The efficiency of expression of the three

constructs was evaluated, where the highest esterase

expression (589 lmol/ml) using p-nitrophenyl laurate as

substrate (pNP-laurate: C18H27NO4) was measured under

the control of T7 promoter in expression vector pET-17b

after 4 h of the induction. A 1.5-fold increase in enzyme

activity was measured with specific activity 1,043 lmol/

mg protein on growing the clone expressed the target gene

under T7 promoter (pET-estAT7) in 2-L working volume

BIOFLO III bioreactor under optimal conditions. Recom-

binant expression of the tested thermostable esterase was

monitored by sodium dodecyl sulfate polyacrylamid gel

electrophoresis, zymogram and activity measurements with

a-naphthyl acetate (C12H10O2) and Fast Red. The SDS-

PAGE analysis of E. coli BL21(DE3)/pET-estA lysates

indicated the presence of a protein band (29 kDa) related to

the targeted expressed gene.

Keywords BIOFLO III bioreactor � Encoding gene �
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Introduction

Carboxylesterases (EC 3.1.1.3) and lipases (EC 3.1.1.1) are

two major classes of a/b-fold hydrolases, which are widely

distributed in nature. Carboxylesterases can be distin-

guished from lipases by their preference for short chain

acyl derivatives and lack of requirement for interfacial

activation (Long 1971). Both esterases and lipases have

been recently used with success in media containing low

water content where they catalyze new reactions such as

esterification or transesterification and transformation

(Kawamoto et al. 1987; Klibanov 2001; Liang et al. 2010).

Heterogeneous transesterification is considered to be a

green process. The process requires neither catalyst

recovery nor aqueous treatment steps and very high yields

of methyl esters can be obtained, close to the theoretical

value. However, heterogeneously catalyzed transesterifi-

cation generally requires more severe operating conditions,

and the performance of heterogeneous catalysts is gener-

ally lower than that of the commonly used homogeneous

catalysts (Refaat 2011).

The thermostability in water usually correlated with the

resistance to denaturation in organic solvents. Therefore,

the thermostability is considered an important parameter in

the choice of an enzyme for the development of various

industrial processes. The new application of carboxyles-

terases enzymes have been reviewed recently by Borns-

cheuer (2002), Panda and Gowrishankar (2005). Recent
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classification of these enzymes based on the biochemical

properties and their application in biocatalysis has been

reviewed by Bornscheuer 2002.

Although esterases (EC 3.1.1.3) are widely distributed in

animals, plants and microorganisms, only little is known on

the production of heat-stable esterases from thermophiles.

Most commercially available esterases are produced by

mesophilic bacteria and fungi, and because of the possi-

bility of increasing stability and resistance to chemical

denaturation, esterases from thermophiles are expected to

play a significant role in industrial processes (Owusu and

Cowan 1989; Cowan 1992). Recently, thermophilic,

hyperthermophilic microorganisms and unculturable

microbes via metagenome represent an ideal sources for

isolating such enzyme (Wood et al. 1995; Kugimiya et al.

1992; Morana et al. 2002; Montoro-Garcı́a et al. 2009; Lee

et al. 2010). Many of genes related to this enzyme have

been cloned, purified and characterized (Gao et al. 2003;

Ewis et al. 2004; Ro et al. 2004; Karpushova et al. 2005).

For the development of industrial bioprocesses for ther-

mostable esterase production, it is crucial to evaluate the

kinetic and stoichiometric parameters of microbial growth

and enzyme production and to consider the operation

conditions for maximum productivity. However, only

limited information is available from the literature on

bioprocessing data concerning esterase production. In this

paper, we describe the expression of the previously iden-

tified and expressed gene encoding heat-stable esterase for

Geobacillus thermoleovorans YN (Soliman et al. 2007)

under different expression promoters in reference to the

earlier temperature-inducible expression system. We also

report scaling up the production of the recombinant heat-

stable esterase expressed under T7 promoter in 3-L BIO-

FLO III bioreactor with 2-L working volume.

This work was performed in City for Scientific Research

and Technology Applications Alexandria, Egypt.

Materials and methods

Bacterial strains, plasmids and culture conditions

For the purpose of cloning, Escherichia coli DH5a
(Clontech, Heidelberg, Germany) was used as a host for the

expression vector pCYTEX-P1 (ITB Stuttgart,Germany).

E. coli BL21 (DE3) (Novage, Madison, WI, USA), which

is protease-deficient mutant, was used as a host for the

expression vectors Bluescript� II KS(?) and pET-17b

(Novagen).

For selection of E. coli cells harboring the above-men-

tioned vectors carrying estA, it was grown in Luria–Bertani

(LB) liquid medium or in LB agar plates supplemented

with 100 lg/ml ampicillin at 37 �C (Luria et al. 1960). For

experiments utilizing a-complementation, isopropyl-thio-

b-galactoside (IPTG) and 5-bromo-4-chloro-3-indolyl-b-

D-galactopyranoside were added to LB agar media at

concentration 100 and 20 mg/l, respectively. LB/ampicil-

lin, IPTG and tributyrin (1 %) agar plates were used to

check for esterase activity.

DNA isolation and manipulation

Restriction analysis and DNA modifications were per-

formed using enzymes purchased from MBI Fermentas

(MBI Fermentas, St. Leo-Rot, Germany) according to the

manufacturer’s recommendations. Plasmid DNA was iso-

lated using plasmid kit (ExtremePure Plasmid Isolation Kit

GEBRI). Gel extraction kit was used to recover DNA

fragments from agarose gels (SephaglasTM BandPrep Kit).

Recombinant DNA manipulations were carried out using

standard protocols (Sambrook et al. 1989), where E. coli

transformation with plasmid DNA was carried out

according to a method of Chung et al. 1989.

Construction of expression vectors carried

the thermostable esterase gene (estA)

The recombinant vector (pCYTEX-estA) which carries the

thermostable esterase from G. thermoleovorans YN was

used as a source, where NdeI and EcoRI recognition sites at

the 50 and 30 ends, respectively, were introduced into the

gene to produce a fragment size of 744 bps. After restric-

tion digestion with the previously mentioned enzymes, the

744-bp fragment was ligated into the respective sites of

pET-17b using T4-DNA ligase from MBI for 12 h at

16 �C. Chemically prepared competent E. coli cells were

transformed with the ligate and plated onto LB/ampicillin

agar plates. The presence of gene in resultant plasmids was

confirmed by restriction analysis and PCR using the for-

ward (FE:50TTCCATATGATGATGAAAATTGTTCCGC

CG30) and the reverse esterase specific primers (RE:50CC

GGAATTCTTACCAATCTAACGATTCAAGAAATG30).
PCR was performed in a thermocycler (Eppendorf, PCR)

with initial denaturation step (95 �C for 2 min), followed

by 30 cycles: 95 �C for 1 min, 55 �C for 1 min, and 72 �C

for 1 min.

In order to prepare the construct pBlue-estA T7, the ends

of the fragment carry the gene were repaired in an end-

filling reaction using Klenow fragments of E. coli DNA

polymerase for blunt-end ligation. The DNA was ligated

into the blunt-end vector [pBluescript� II KS(?)] cut with

EcoRV. Competent E. coli cells were transformed with the

ligate and plated onto LB agar plates containing X-gal and

IPTG. The white colonies were selected for plasmids iso-

lation. Among the isolated plasmids, the esterase gene that

lies under control of T7, but not T3, promoter was selected

120 Int. J. Environ. Sci. Technol. (2014) 11:119–126

123



using the following set of primers for PCR amplification:

The universal reverse primer for b-galactosidase

(URP:50AGCGGATAACAATTTCACACACGA30) and the

forward esterase specific primer (FE:50ATGGGAATTCCAT

ATGATGATGAAAATTGTTCCGCCG30) at the same PCR

conditions as previously described.

The third construct (pBlue-estA T7& kpL) was prepared

to include a hybrid of T7 and k pL promoters. The pCY-

TEX-estA was cleaved with NotI and EcoRI, where the

restricted fragment (2,238 bps) containing the kpL pro-

moter and the esterase gene was cut and purified from the

agarose gel and inserted into respective sites of the vector

pBluescript� II KS(?) next to T7 promoter. Competent

E. coli cells were transformed with the ligate and plated

onto LB/ampicillin agar plates containing X-gal and IPTG,

and the white colonies were selected for plasmid isolation.

Restriction digestion of the purified plasmids with Not1/

EcoR1 and PCR amplification with URP and FE primers

were used for gene verification.

For expression, the previously constructed vectors car-

rying estA gene (pET-estA T7, pBlue-estA T7, pBlue-estA

T7& kpL) retransformed into E. coli BL21 (DE3), plated

onto LB/ampicillin agar to obtain E. coli BL21(DE3)/pET-

estA T7, BL21(DE3)/pBlue-estA T7 and BL21(DE3)/

pBlue-estA T7& kpL. Recombinant clones of E.coli BL21

(DE3) harboring the appropriate expression vectors were

used to inoculate 5 ml LB/ampicillin and allowed to grow

overnight at 37 �C and 200 rpm. For qualitative esterase

activity detection, the overnight cultures were streaked on

(LB/ampicillin/IPTG agar plates supplemented with 1 %

tributyrin), incubated overnight at 37 �C. The appearance

of halo zone is considered an indication of esterase activity

(Lawrence et al. 1967).

Expression of the cloned thermostable esterase

E. coli DH5a cells were freshly transformed with the

expression vector pCYTEX-estA as a parent construct.

Whereas, the created expression vectors (pET-estA T7,

pBlue-estA T7 and pBlue-estA T7& pLk) were freshly

transformed into E. coli BL21(DE3) and grown at 37 �C in

50 ml LB media until the early exponential phase with

optical density measured at 600 nm equal 0.8 (OD600). The

recombinant protein of pCYTEX-estA construct was

induced by an increase in temperature to 42 �C. However,

the expression was induced with 0.4 mM IPTG for the

constructs (pET-estA T7 and pBlue-estA T7). Three dif-

ferent conditions of induction were applied individually in

case of expression vector (pBlue-estA T7& kpL), using

0.4 mM IPTG, temperature shift to 42 �C and 0.4 mM

IPTG with shifted temperature.

Samples were taken every 30 min at the tested induction

conditions and the cultivation was continued for 2 h. The

cells were harvested from the collected samples by cen-

trifugation (4,000 rpm) and washed twice with 50 mM

phosphate buffer, pH 7.5. E coli cell extracts were prepared

by sonication (3 times for 5 min) and used to assay esterase

and protein.

Bioreactor experiment

Esterase activity and gene expression of E. coli BL21(DE3)

harboring the plasmid pET-estA T7 was investigated on

growing the clone in 2-L working volume BIOFLO III

fermentor (New brunswick Scientific co Inc., Edison, NJ,

USA) in LB/ampicillin medium. The airflow rate was

0.75 L/min, and the dissolved oxygen tension, as recorded

polarographically with a O2 electrode, was maintained

above 10 % air saturation by automatic adjustment of the

speed of the stirrer. The temperature was kept at 37 �C and

the pH was controlled at pH 7.0. The fermentor was

inoculated with 10 % of freshly cultured E. coli

BL21(DE3)/pET-estA T7 grown in LB/ampicillin medium

at 37 �C for 4 h. Growth of culture in the fermentor was

monitored by measuring the OD at 600 nm. For induction

purpose, 0.4 mM IPTG was added to the culture at

OD600 = 1.0. Esterase activity and protein concentration

were measured in cell lysate of collected samples.

Protein determination

The protein concentration of cell lysate was measured by

the Lowry method (Lowry et al. 1951) with bovine serum

albumin as the standard and all measurements are the mean

of three determinations.

SDS-PAGE

Protein from the crude extracts were analyzed by sodium

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-

PAGE) according to Laemmli (1970). A low molecular

weight (LMW) standard (MBI, Fermentas) was used as a

reference.

Esterase activity

The esterase activity of the crude extracts was determined

spectrophotometrically using p-nitrophenyl laurate (Sigma-

Aldrich Chemie GmbH, Germany) as substrate. All activity

measurements were performed in triplicates and expressed

as the arithmetic mean of measurements. A volume of

25 ll appropriately diluted sample was dissolved in 725 ll

phosphate buffer (50 mM, pH 7.2). The enzymatic reaction

was carried out at 60 �C after addition of 100 ll substrate

solution (25 mM p-nitrophenyl laurate in absolute ethanol).

After 10 min of incubation, 250 ll of 100 mM Na2CO3
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was added and the mixture was centrifuged at 4 �C (10 min

13,000 rpm). The absorbance of librated p-nitrophenol was

measured at 420 nm. 1 unit (U) of esterase activity is

defined as the amount of enzyme that causes the release of

1 lmol of p-nitrophenol/min under test conditions (Becker

et al. 1997).

Esterase activity was visualized on zymogram, using

8 % SDS–polyacrylamide gel. The enzyme preparation

samples were separated by SDS-PAGE and the gel was

renaturated in 100 mM Tris–HCl buffer, pH 7.5, contain-

ing 0.5 %Triton X-100 for 1 h at room temperature. After

washing the gel with deionized water, it was incubated for

5 min in developing solution consisting of 3 mM a-naph-

thyl acetate, 1 mM Fast Red TR (Sigma) and 100 mM

Tris–HCl buffer, pH 7.5. Esterase activity was detected by

the appearance of brown-colored band in the gel (Krebsf-

anger et al. 1998; Schmidt-Dannert et al. 1996).

Results and discussion

Construction, expression of thermostable esterase

under different expression promoters

The thermostable esterase gene (estA) from G. thermo-

leovorans YN was previously expressed under the control of

the strong temperature-inducible kpL promoter by Soliman

et al. 2007. In this experiment, the gene encoding G ther-

moleovorans YN thermostable esterase gene (estA) was

excised from E. coli expression vector pCYTEX-P1 for

creation of new constructs carrying the gene. Three sub-

sequent steps were followed to obtain three different frag-

ments carry the gene (Fig. 1a). The first-developed fragment

was ligated into NdeI/EoRI/pET-17b and produced pET-

estA T7 (Fig. 1b). Whereas, both second and third fragment

were ligated into EcoRV/pBluescript� II KS(?) and NotI/

EoRI/pBluescript� II KS(?) and produced pBlue-estA T7

and pBlue-estA T7& kpL, respectively (Fig. 1c, d). The

plasmids were transformed into E. coli BL21(DE3) to obtain

the three new constructs, namely E. coli BL21(DE3)/pET-

estA T7, E. coli BL21(DE3)/pBlue-estA T7 and E. coli

BL21(DE3)/pBue-estA T7&kpL) (Fig. 1b–d). After induc-

tion, the expression under these different promoters was

monitored quantitatively using pNP-laurate as substrate

(complete data not shown). Compared to the earlier con-

struct (E. coli DH5a/pCYTEX-estA kpL), the highest

expression (470 lmol/ml) was obtained when the gene

expressed under pET-T7 promoter then under pBlue-T7

promoter (171 lmol/ml). The least expression (20 lmol/

ml) was observed when a hybrid promoter (T7 and kpL)

applied. Additionally, the recombinant expression of estA

gene under pET-T7 promoter was monitored by SDS-

PAGE. The SDS-PAGE analysis of E. coli BL21(DE3)/

pET-estA T7 lysate indicated the presence of a protein band

(29 kDa) was progressively increased by time (Fig. 2lane

1–4). As expected, this band corresponds to the earlier active

recombinant (estA) which was purified (Fig. 2, lane 5, 6) in a

single step to electrophoretic homogeneity by IMAC (Sol-

iman et al. 2007). It is worth to mention that the protein

separation by electrophoresis of the observed leaky

expression (E. coli BL21(DE3)/pBue-estA T7&kpL)

showed no induced band, while moderate expression clone

(E. coli BL21(DE3)/pBlue-estA T7) produced a mild-

expressed band (data not shown).

Expression of EstA gene under T7 promoter

In this experiment, the freshly prepared preculture of

E. coli BL21(DE3)/pET-estA T7 was used to inoculate

50 ml LB ampicillin medium and allowed to grow at 37 �C

with shaking (200 rpm) until OD600 = 1.0. At this point,

the expression was induced by lactose analogue (IPTG,

0.4 mM) and D-lactose plus lactose analogue (10, 0.4 mM),

respectively. In both cases, the expression of the gene was

monitored at interval 1 h for 5 h and showed in Fig. 3.

Compared to the expression of E. coli DH5a/pCYTEX-

estA kpL (induced by shift of temperature to 42 �C), the

construct E. coli BL21(DE3)/pET-estA T7 showed higher

expression along all tested intervals. The highest expres-

sion (589 lmol/ml) was observed after 4 h of induction

with IPTG alone. On the other hand, maximum expression

(517 lmol/ml) was attained after 4 h (Fig. 3) using both D-

lactose and IPTG.

Bioreactor experiment

The preculture of E.coli BL21(DE3) harboring the plasmid

pET-estA T7 was cultivated in a 3-L BIOFLO III con-

taining 2-L LB/ampicillin medium. The expression was

induced with IPTG (0.4 mM) at OD600nm (1.0). Samples

were withdrawn from sampling gauge at different time

intervals and assayed for cell growth (OD600 nm), protein

concentration and esterase activity using pNP-laurate as

substrate. A typical profile is shown in Fig. 3, where

esterase production started after IPTG induction and

increased continuously, reaching a maximum after 4.3 h of

induction in correlation to the cell growth and specific

enzyme activity as showed in Fig. 4. Furthermore, SDS-

PAGE and zymogram of the highest recombinant expres-

sion (799 lmol/ml) were applied and showed in Fig. 5

(lane 1–3).

Several intra- and extracellular carboxylesterases have

been cloned, fully expressed or even partially characterized

from various thermophiles (Amaki et al. 1992; Kim et al.
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1997; Morana et al. 2002; Gao et al. 2003; Ewis et al.

2004). This paper describes the expression of carboxy-

lesterase from G. thermoleovorans YN under different

expression promoters (pET-T7, pBlue-T7 and T7& kpL).

Fig. 1 Construction of different expression vectors carried the (estA) gene derived from pCYTEX-estA construct (a). The produced constructs

(b, c) and (d) are pET-estA T7; pBlu-estA T7 and pBlu-estA T7 ? kpL, respectively
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Fig. 2 Expression of the thermostable esterase (estA) in E. coli

BL21(DE3) under T7 promoter (E. coli BL21/pET-estA T7). Protein

samples were separated in 10 % SDS–polyacrylamide gels and

stained with Coomassie blue (lanes 1–5) and a-naphthyl acetate and

Fast Red (zymogram) (lane 6). M: Low molecular weight protein

standard (Fermentas); cell lysate of E. coli BL21/pET-estA T7 before

induction (lane 1); after 1-, 1.5- and 2-h induction, respectively (lane

2–4); fraction after IMAC of a previously purified recombinant estA

protein (Soliman et al. 2007) (lane 5, 6)
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Fig. 3 Monitoring the expression of thermostable esterase with

(BL21(DE3)/pET-estAT7) at different induction conditions and

compared to the original construct (pCYTEX-estA kpL). Esterase

activity was assayed using pNP-laurate on cell lysate and expressed as

an average of three measurements
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The parent gene developed from a previously constructed

library of G. thermoleovorans YN and expressed under

strong temperature-inducible promoter (kpL) (Soliman

et al. 2007). The gene under investigation was successfully

expressed under kpL, pET-T7 and pBlue-T7 promoters;

however, expression under the control of the hybrid pro-

moters (T7 & kpL) failed. The highest efficiency of

expression was obtained under T7 promoter in pET-17b

vector followed by kpL in pCYTEX-P1 vector then T7

promoter in pBluescript� II KS(?). The pET series cloning

and expression vector utilize the T7 RNA polymerase to

express the cloned DNA under the control of T7 ploy-

merase in E. coli. This system is very popular for heter-

ologous protein expression. The pET vectors are PBR322

derivatives, multicopy plasmid widely used as a cloning

vehicle (Sambrook et al. 1989). pET plasmids are capable

of expressing a wide variety of genes from prokaryotic and

eukaryotic sources (Studier et al. 1990). Such plasmids are

said to replicate in a relaxed fashion. The plasmids carry

pMBI or ColE1 replicon which does not require plasmid-

encoded functions’, rely on enzymes supplied by the host.

Similarly Gao et al. (2003) and Karpushova et al. (2005)

were efficiently expressed novel esterases under the control

of T7 promoter using the vector pET-11a and pET-22b(?),

respectively.

On the other hand, we cannot ascribe the observed

unsuccessful expression under a hybrid promoter to a

specific reason, especially the kpL & T7 promoters worked

successfully when used individually. It could be attributed

to the far distance between T7 promoter and the gene under

investigation. In addition, the pBlu T7 promoter was

showed relatively weak expression when used individually.

Also, the fused lambda promoter could not show any sense

on expression; however, it worked very well when it was

applied alone.

In order to test the use of D-lactose, as a cheap carbon

source on induction of expression, two cases were per-

formed the use of IPTG alone and IPTG with D-lactose.

The first case which used IPTG (D-lactose analogue)

improved the expression, whereas the second case used

(D-lactose together with IPTG) caused weakness in

expression and shortage the time for maximum expression.

This could be related to the blocking of receiving sites by

the substrate, giving no chance for further expression by

extending the time. Supposing that the enriched LB con-

taining D-lactose, that IPTG its analogue, would induce

LACUV 5 gene and render T7RNA polymerase expressed.

Conclusion

So far, there is deficiency in literature that deals with the

production of heat-stable esterase on large scale. This

information is very important for the development of a

bioprocess for the production of any required products. So

that, in this paper, we deal with the over-expression and

scaling up the production of recombinant heat-stable

esterase. The over-expression was attained under T7 pro-

moter and the yield increased to 1.5-fold when scaling up

was performed in 3-L BIOFLO III fermentor with 2-L

working volume.
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Fig. 4 Growth and specific activity of the expressed thermostable

esterase with (E. coli BL21(DE3)/pET-estA T7) under scaling up the

expression in 3-l fermentor. Esterase activity was assayed using pNP-

laurate on cell lysate and expressed as an average of three

measurements
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Fig. 5 Scaling up the expression of the thermostable esterase (est) in

E. coli BL21(DE3) under T7 promoter (E. coli BL21/pET-estT7).

Protein samples were separated in 10 % sodium dodecyl sulfate

(SDS)-polyacrylamide gels and stained with Coomassie blue (lanes

1–2) and a-naphthyl acetate and Fast Red (zymogram) (lane 3). M:

Low molecular weight protein standard (Fermentas); cell lysate of

E. coli BL21/pET-estT7 before induction (lane 1); after 4.2-h

induction in 3-l fermentor (lane 2)
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