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Extremophile, which survive in extreme conditions that are 
considered inhabitable, are mostly archaea. These microor-
ganisms are one of the most primitive microorganisms and 
they are important not only in genetics but also their char-
acteristics that can grow at extreme conditions such as high 
temperature and saturated salt level. These characteristics of 
extremophile made it researched in various fields (Shinsuke, 
2002). These microorganisms are very useful to the bioen-
gineering field because high thermostability of their enzymes 
have high potential of utilization in industrial process. Repre-
sentative case would be Taq DNA polymerase used in PCR 
(polymerase chain reaction). Their structural characteristics 
also lead high resistance against organic solvents as well as 
resistance to many denaturing conditions (Vieille and Zeikus, 
2001). This has been proven by comparative test on various 
denaturing conditions (Shinsuke et al., 2001). Because of ther-
mal stability and strong resistance to organic solvents, thermal 
stable enzyme can be more ideal than mesophilic enzyme in 
application to producing process that requires organic solvents 
and high temperature. Thus finding of new thermostable 
enzyme for application in industry is highly demanded. 
Most of the pharmaceuticals which produced by synthetic 
chemical process are ester compounds that can be hydrolyzed 
by esterase. Esterase can be utilized in chemical pharma-

ceutical synthesis, food producing process, kinetic resolution, 
and other various fields because they do not need any co-
factor, are easy to acquire, have activity in hydro liquid as 
well as organic liquid and have high enantioselectivity and 
broad substrate range (John and Abraham, 1991; Faber and 
Franssen, 1993; Roberts, 1999). Esterase is a general name 
for hydrolase that hydrolysis ester bonds, exists in animals, 
plants, and microorganisms. Esterase can be categorized into 
carboxylesterase, thioesterase, lipase, phosphomonoesterase, 
and phosphodiesterase depends on substrate specificity. 
However, usually carboxylesterase is defined as an esterase. 
The most of the / -hydrolase is carboxylesterase (Carboxy-
lester hydrolase: EC 3.1.1.1) and lipase (triacylglycerol hy-
drolase: EC 3.1.1.3). These two enzymes have similar mo-
lecular structure and catalytic mechanism. However, esterase 
can be distinguished with lipase using difference of surface 
active ability and relatively high activity on short chained 
acyl derivatives than the long ones. Tributyrine is used to 
measure standard activity of esterase but triolein is used for 
lipase (Liu et al., 2001).
  Ketoprofen [rac-2-(3-Benzoylphenyl) propionic acid] is 
widely used as drug for rheumatoid arthritis and pain. It is 
a non-steroidal anti-inflammatory drug (NSAIDs) which is 
commonly contains 2-aryl-substituted propionic acid chiral 
center. It also contains benzene ring at one side of the chiral 
center and methyl or carboxyl group on the other side. (S)- 
Enantiomer of ketoprofen has better medicine effects and 
lower side-effects than (R)-ketoprofen which may cause 
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toxic effects on stomach. Application of esterase has been 
intensively studied because enantioselectivity of esterase can 
be utilized as a best way to obtain pure enantiomer profen 
drug (Margolin, 1993).
  In this study, thermostable archaeons that have entire ge-
nomic sequence verified were used to obtain thermal stable 
esterase. Putative esterases from chromosomal DNA of four 
extremophiles were cloned. This research was carried out to 
characterize the putative esterases including thermostability, 
resistance with organic solvents, and enantioselectivity.

Bacto
TM 

tryptone, Bacto
TM

yeast extract, and Bacto
TM 

agar
for medium preparation were purchased from BD (USA). 
Rest of chemicals for experiment was purchased from Sigma 
(USA). Ketoprofen ethyl ester (KetOEt) was synthesized 
from commercially available ketoprofen (Bornscheuer, 1997). 
Bio-Rad Protein Assay Dye Reagent Concentrate from Bio- 
Rad Laboratories (USA) was used for quantitative assay of 
cloned esterase. Pfu polymerase from Intron (Korea) for 
Polymerase Chain Reaction (PCR) was used. All of oligo-
nucleotides were synthesized from Bionics (Korea). All of 
restriction enzymes and T4 DNA ligase were purchased 
from Intron. Cell Lysis Reagent from GenoFocus (Korea) 
was used for Est-AF purification and activity staining.

Hyperthermophilic archaeons (Sulfolobus solfataricus ATCC 
35092, Thermotoga maritima ATCC 43589, Pyrococcous hori-

koshii shinkaj OT3 ATCC 700860, and Archaeoglobus fulgidus

DSM 4304) were used for new esterase cloning and entire 
genetic information was obtained from GenBank (NCBI, 
http://www.ncbi.nlm.nih.gov/blast). Esterase genes was ampli-
fied by PCR with primers prepared based on putative ester-
ase sequences on chromosomal DNA. Chromosomal DNAs 
of four archaeons were donated from Microbial Genomic 
and Applications Center (Korea).

Putative esterase gene PCR product was ligated into ex-
pression vector, pQE30 (QIAGEN Inc., USA) and trans-
formed into Escherichia coli strain, XL1-blue. Transformants 
were selected by Urakami and Komagata’s activity staining 
method using -naphthyl acetate (Urakami and Komagata, 
1981) with minor change. Activity staining solution was pre-
pared by adding -naphthyl acetate (4.6 mg/0.5 ml ethox-
yethanol) and Fast Blue B salt (2 mg/ml H2O) into 50 mM 
Tris-HCl buffer (pH 8.0) 100 ml with 0.8% agar and poured 
over colonies. Esterase positive colonies showed brown col-
ored circles around colonies transferred on new LB plate 
containing ampicillin 100 mg/ml.
  Cell Lysis Reagent (GenoFocus, Korea) was overlaid on 
selected colonies on LB plate containing ampicillin 100 mg/ml 
and incubated at 80°C for 3 h then performed activity 
staining to test thermostability of esterase (Alessandra et

al., 2002). Selected colonies also cultured onto LB plate 
containing ampicillin 100 mg/ml, ketoprofen ethyl ester and 
0.5% triton X-100 and then incubated at 80°C for 1 h to 

measure activity with ketoprofen ethyl ester (Gong et al.,
2002).

E. coli cells with esterase expression were inoculated in 100 
ml of LB liquid medium containing 100 mg/ml. When cell 
OD (A600) reached 0.4~0.5, 1 mM of IPTG was added and 
cultured at 37°C for 3 h to induce esterase expression. 
After cells were washed with 5 ml of 50 mM Tris-HCl buffer 
(pH 8.0) and stored at -20°C for 2 h. Cells were resus-
pended in lysis buffer (50 mM phosphate-NaOH; pH 8.0 
and 10 mM imidazole) and Cell Lysis Reagent for 30 min 
and broken by sonication (Cole-Parmer Instrument Co., 
Ultrasonic Homogenizer 36260 series) three times for 30 sec 
each with 13~15 W of intensity. Cell free extract was pre-
pared by incubation at 75°C for 30 min to eliminate ther-
mosensitive proteins and obtained supernatant after centri-
fugation.
  Ni

+2
-NTA Superflow resin (QIAGEN Co., USA) was used 

for purification of histidine tagged protein (QIAGEN, 2002). 
Histidine tagged esterase bound with resin by shaking incu-
bation of 4 ml of cell free extract and 1 ml of 50% resin 
slurry (20°C, 180 rpm, and 1 h). Esterase and rasin mixture 
was washed with 5 ml of washing buffer (50 mM phos-
phate-NaOH; pH 8.0, 20 mM imidazole) twice and elute 
with elution buffer (50 mM phosphate-NaOH; pH 8.0, 250 
mM imidazole).

For investigate activity with various carbon number of -
nitrophenyl compounds [ -Nitrophenylacetate (pNPC2), -ni-
trophenylbutyrate (pNPC4), -nitrophenylhexanoate (pNPC6), 
-nitrophenylcaprylate (pNPC8), -nitrophenyllaurate (pNPC12), 
-nitrophenyl palmitate (pNPC16)] as a substrate were tested. 

Twenty milimole of substrate stock solution (each NP esters 
in pure acetonitrile) were prepared. 75 l of each substrate 
were added in 2,250 l of 50 mM Tris-HCl buffer (pH 8.0) 
containing purified esterase 0.1 g. Amounts of produced 
-nitrophenol after reaction were measured by UV/VIS 

spectrophotometer (Lambda 35, Perkin Elmer) at 405 nm 
every 30 sec for 10 min. -Nitrophenyl ester without esterase 
was used as a blank. Specific activities with each substrate 
were measured at 50, 60, 70, 80, and 90°C.

Esterase activities with ketoprofen ethyl ester were measured 
with different reaction temperatures (35~95°C). Esterase in 
50 mM Tris-HCl buffer (pH 8.0) was reacted with 5 mM 
ketoprofen ethyl ester as a substrate at various reaction tem-
peratures with 0.3% of Triton X-100 for 1 h. Enzyme reaction 
was stopped with same amount of 100% ethanol at 70°C 
for 10 min. One unit of enzyme was defined the amount of 
enzyme to produce 1 mole of ketoprofen for 1 min.
  The resolution of produced ketoprofen ethyl ester was 
analyzed with HPLC (Waters Co., USA) system with chiral 
compound analytical column (Chirex Phase 3005, Phenomenex 
Co., USA) and UV detector (254 nm). Methanol with 0.03 M 
of ammonium acetate was used as mobile phase and flow 
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 Transformant with putative esterase screening by activity
staining. Positive clones showed dark purple color after agar overlay
(A) in room temperature (B) after 2 h of heat-treatment at 75°C.

(A)

(B)

 Amino acid sequence alignment of Est-AF (A) multiple alignment of the partial amino acid sequences containing the conserved
motifs of GxSxG, and putative catalytic triad residues of the esterases/lipases from A. fulgidus DSM 4304 (query, Est-AF), Treponema pallidum

subsp. Pallidum str. (Gi 15639887), Bacillus halodurans C-125 (Gi 15616116), Staphylococcus aureus subsp. Aureus N315, (Gi 15926135), and
Thermotoga maritime MSB8 (Gi 15643780) (B) amino acid sequence alignment of Est-AF with other carboxylesterase from A. fulgidus DSM
4304. The alignment was performed using the CLUSTAL W method. The arrowheads denote the putative catalytic triad residues. The identical
and conserved residues are marked by (*) and (:), respectively.

rate was 0.8 ml/min. Every samples were filtered by fluo-
ropore

TM
 membrane filter (fore size 0.2 m, Millipore, Ireland) 

before inject into HPLC system. The purity of enantiomer 
(ee %: enantiomeric excess) was calculated as below.

  ee % =
[(S)–ketoprofen] – [(R)–ketoprofen]

× 100
[(S)–ketoprofen] + [(R)–ketoprofen]

Putative esterases were amplified by PCR with primers which 
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 SDS polyacrylamide gel electroporation of purified Est-AF.
(MK, protein size maker; C, cell lysate; CH, cell lysate after at 75°C
heat treatment for 30 min; FT, flow-through; W, wash solution; E,
eluate)

(A)

(B)

 Activities and optimum temperature of Est-AF (A) activities
of Est-AF with various -nitrophenyl derivatives were determined
photometrically at 405 nm at 80°C (B) optimum reaction temper-
ature of Est-AF with -nitrophenylbutyrate. Enzyme activities were
determined with 0.5 mM -nitrophenylbutyrate in each temperature.
Error bars obtained from three independent experiments.

are forward; 5’-cgggatccgtgctaattcacc-3’ containing BamHI
and reverse; 5’-aactgcagtcataagaaattctttatg-3’ containing PstI
for Sulfolobus solfataricus ATCC 35092, forward; 5’-acatgcat 
gcatgaggttctttc-3’ containing SphI and reverse; 5’-aactgcagtc 
attgcgatccc-3’ containing PstI for Thermotoga maritima ATCC 
43589, forward; 5’-cggatccatgccccttatgg-3’ containing SphI and 
reverse; 5’-acgcgtcgactcatctagatattg-3’ containing SalI for Pyr-

ococcous horikoshii shinkaj OT3 ATCC 700860, forward; 
5’-ggatccatggaaagaataactctc-3’ containing BamHI and reverse; 
5’-gtcgacttacagcttctcaataaaatt-3’ containing SalI for Archaeo-

globus fulgidus DSM 4304. Amplified putative esterases were 
ligated into expression vector (pQE30) after digestion with 
appropriate restriction enzymes. Transformations were per-
formed via electroporation and transformants which has 
purple circle around colony were selected by activity stain-
ing method using -naphthyl acetate and Fast Blue B salt. 
However, only two E. coli strains with putative esterase ex-
pression (T. maritima ATCC 43589 and A. fulgidus DSM 
4304) were showed purple circle. Figure 1 showed active stain-
ing result of esterase from A. fulgidus DSM 4304. Because 
esterase from T. maritima ATCC 43589 showed too low ex-
pression in E. coli analyzed by SDS-PAGE and Western 
blotting analysis to proceed further experiment (data not 
shown), only esterase from A. fulgidus DSM 4304 (Est-AF) 
was studied for further characterization. According to results 
of SDS-PAGE and amino acid sequence analysis, Est-AF is 
27.5 kDa of monomer and composed with total 247 of amino 
acids. Amino acid analysis showed Est-AF contains repeating 
units G-X-S-X-G (GHSLG) as known as common esterase 
active site.
  Esterase also has common catalytic triad which is consist 
of Ser, Asp, and His. BLASTP and PHI-BLAST (Pattern Hit 
Initiated-BLAST) and PSI-BLAST (Position-Specific Iterated 
BLAST) analyses for the amino acid sequence comparisons 
revealed that Est-AF exhibited Ser201, Asp303, and His333 
to be the putative catalytic triad (Ollis et al., 1992; Akoh et

al., 2004) (Fig. 2A). Results that amino acid sequence align-
ment of other esterases from A. fulgidus DSM 4304 also 

showed Ser201, Asp303, and His333 which are the putative 
catalytic triad (Fig. 2B).

Purification of Est-AF was performed for study of enzyme 
characterization. Est-AF was purified using Ni

+2
-NTA resin 

because expressed esterase with pQE30 contains histidine 
tag in N-terminal. Figure 3 shows SDS PAGE result of 
samples from each steps of Est-AF purification. FT lane 
shows no band left because proteins from E. coli without 
histidine tag can not bind with Ni

+2
-NTA resin and W lane 

shows washed buffer does not contain any protein. Lane E 
shows purified Est-AF after elute with elution buffer. 
Est-AF was expected stable with heat treatment because 
Est-AF was cloned based of sequence from thermostable 
strain. Thus Est-AF expressed E. coli cell extract was treated 
at 75°C for 30 min and then remaining protein was ana-
lyzed with SDS-PAGE. Lane C of Fig. 3 shows proteins from 
supernatant of esterase expressed E. coli extract before heat 
treatment. Lane CH shows all of proteins except esterase 
were disappeared after heat treatment. This result implies 
that Est-AF is thermostable and this method is easy way to 
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(A)

(B)

(C)

 Activities of Est-AF with ketoprofen ethyl ester at various
conditions (A) activities of Est-AF with ketoprofen ethyl ester at
various temperatures without heat-heattreatment. (B) Activities of
Est-AF with ketoprofen ethyl ester at various temperatures after
heat-treatment. The relative activities of Est-AF with 5 mM keto-
profen ethyl ester compare with enzyme activity without heat-treat-
ment was measured after 1 h enzyme reaction at 70°C (C) optimum
reaction pH of Est-AF with ketoprofen ethyl ester. The activity
was measured with 5 mM ketoprofen ethyl ester as the substrate
at 70°C in buffers with different pH for 1 h reaction. Error bars
obtained from three independent experiments.

eliminate native E. coli proteins. Thus, this technique was 
applied for Est-AF purification.

Esterase is including carboxylesterase, thioesterase, lipase, 
phosphomonoesterase, and phosphodiesterase depends on 
substrate specificity (Chasse et al., 2001). However carbox-
ylesterase is usually defined as an esterase. Carboxylesterase 
and lipase are very similar in their characteristics. Two en-
zymes have to be distinguished using enzyme activity with 
different substrate because some lipase contains common 
esterase active site. Lipases are defined that hydrolysis en-
zymes of acylglycerols contain long carbon chain more than 
10. However, carboxylesterase are defines only hydrolyze 
acylglycerols contain short carbon chain less than 10 (Jaeger 
et al., 1999). In addition, lipase usually shows highest activity 
with acyl chain of C8~C16. Esterase has highest activity with 
acyl chain of C2 or C4 and activity decrease with acylglycerols 
contain longer carbon chain (Liu et al., 2001).
  To investigate whether Est-AF is carboxylesterase or lipase, 
activities of Est-AF with -nitrophenyl derivatives contain dif-
ferent length of acyl chains were measured. All of reactions 
were taken place at 80°C which is optimum temperature for 
esterase activity with -nitrophenyl derivatives. Among the 
various -nitrophenyl esters, Est-AF showed highest activity 
with -nitrophenylbutyrate (pNPC4). Activity with -nitro-
phenylcaprylate (pNPC8) showed only 10% of activity com-
pared with pNPC4 and no activities observed with -nitro-
phenyllaurate (pNPC12) and -nitrophenylpalmitate (pNPC16)
(Fig. 4A). These results represent that Est-AF is a carbox-
ylesterase but not a lipase.
  To investigate thermostability of Est-AF, purified Est-AF 
and buffer mixture was pre-treated at various temperatures 
(50, 60, 70, 80, and 90°C) and time (20, 40, 80, 100, 120, 
140, 160, and 180 min) and then add -nitrophenylbutyrate 
which showed highest esterase activity and then esterase ac-
tivity was measured every 30 sec for 10 min at 40°C. The 
highest activity was observed when heat treatment of Est- 
AF at 80°C and activity at 90°C was decreased as 80% of 
activity at 80°C (Fig. 4B). These results showed not only 
optimum temperature of Est-AF is higher than another ther-
mophilic esterase from Bacillus stearothermophilus (Henke 
and Bornscheuer, 2002) but also heat is necessary for acti-
vation of Est-AF because Est-AF is not active when pre- 
treated at low temperature.

(S)-Enantiomer of ketoprofen showed much higher drug effect 
and lower side effect than racemic mixture [(S,R)-enantiomer] 
(Borman, 1990). Thus characterization of Est-AF with keto-
profen ethyl ester including enantioselectivity was investigated.
  Optimum reaction temperature of purified Est-AF with 
ketoprofen ethyl ester was 70°C and more than 90% of ac-
tivity remains at 65°C and 75°C (Fig. 5A). Even after 3 h 
incubation at 90°C, 10% of activity was still observed (Fig. 
5B). These results are similar with esterase from thermo-
philic microorganisms, Archaeoglobus, Thermotoga, Pyrococ-

cus, or Sulfolobus (Manco et al., 2000; Claire et al., 2001; 
Alessandra et al., 2002). In addition, it is reported that op-
timum reaction temperature of esterase from mesophilic 

strain, Pseudomonas sp. is 35°C and no activity observed at 
50°C (Choi, 2001). These results allowed us to confirm 
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 Relative activities and enantioselectivities of Est-AF under
various reaction temperatures

Temperature (°C) Relative activity (%) ee (%)

50  68 -43.9

60  87 -45.2

70 100 -46.4

80  92 -46.9

90  58 -47.3

 Effects of various surfactants on activities and enantiose-
lectivities of Est-AF

Relative activity (%) ee (%)

Control  100 -30.9

Tween 20 1,396 -46.2

Tween 40 1,306 -46.2

Tween 60 1,396 -46.9

Tween 80 1,339 -47.3

Triton X-15  210 -36.2

Triton X-45  662 -32.9

Triton X-100 1,060 -33.5

Triton X-165 1,749 -35.8

Triton X-305 1,628 -29.9

 Effects of various organic solvents on the activity of Est-AF. Error bars obtained from three independent experiments.

thermostability of Est-AF with ketoprofen ethyl ester. To 
investigate enantioselectivity of Est-AF, purified Est-AF 
with (S,R)-ketoprofen ethyl ester as a substrate which was 
dissolved in buffer contains 0.2% of Triton X-100 was re-
acted for 1 h then activities and enantioselectivities were 
measured. Table 1 shows activities and ee values of Est-AF 
at various reaction temperatures. 100% of ee value repre-
sents 100% of (S)-ketoprofen production. ee Values were 
slightly increased as reaction temperature increased. ee value 
of Est-AF at 70°C is -47% which means Est-AF prefer (R)- 
ketoprofen ethyl ester rather than (S)-form. These results 
represent that Est-AF has high thermostability but not suit-

able for precise separation of enantiomers. Thus improve-
ment of enantioselectivity of Est-AF will be necessary for 
further application.
  The optimum reaction pH of Est-AF was also investigated. 
Activities of esterase in various pH were measured after re-
action of 5 g of purified esterase with different buffers [50 
mM of citrate buffer (pH 3.0, 4.0, 5.0, and 6.0), phosphate 
buffer (pH 7.0), Tris-HCl buffer (pH 8.0), glycine-NaOH 
buffer (pH 9.0 and 10.0), Na2HPO4-NaOH buffer (pH 11.0 
and 12.0)] containing 5 mM of ketoprofen ethyl ester and 
0.1% of Triton X-100. Amount of produced ketoprofen was 
measured by HPLC. Activities of purified esterase with ke-
toprofen ethyl ester in different buffers which have different 
pH were measured. Est-AF showed highest activity at pH 
7.0~8.0. However enzyme activity was decreased higher than 
pH 8.0 and no enzyme activity was observed at pH 3.0 and 
pH 12.0 (Fig. 5C). This is similar result with esterase from 
another thermophilic strain Geobacillus (Ewis et al., 2004).

Because ketoprofen ethyl ester is insoluble in water, it may 
lead result of decreasing enzyme activity. Thus non-ionic 
surfactants were added to increase solubility of substrate 
for improvement of enzyme reaction. Two different kinds of 
non-ionic surfactant, Triton and Tween type surfactants which 
are reported no suppression of enzyme activity was added 
in reaction mixture and esterase activities were measured. 
Twenty hundreds and fifty microliter of enzyme solution 
containing 50 mM Tris-HCl buffer (pH 8.0) with 5 g of 
purified esterase and surfactants was reacted with 250 l of 
substrate solution (0.6% Triton X-100, 50 mM Tris-HCl; pH 
8.0, and 10 mM ketoprofen ethyl ester) at 70°C for 1 h. 
Amount of produced ketoprofen was measured by HPLC. 
Table 2 showed esterase relative activities when 1% of dif-
ferent surfactants were added in reaction mixture compare 
with esterase activity without surfactant. Esterase activities 
with 4 different kinds of Tween type surfactants were similar 
and all of activities were higher than activities with Triton 
type surfactants. Esterase activities with 5 different kinds of 
Triton type surfactant were also tested. The highest esterase 
activity was observed when Triton X-165 was added and the 
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 Km and Vmax of Est-AF. The kinetic constants were esti-
mated from a typical Lineweaver-Burk plot.

highest ee value was observed with Triton X-305. The sur-
factants contain longer carbon chain which leads higher 
substrate solubility showed higher esterase activity ee value. 
Organic solvents were often used to increase solubility of 
substrate because it is reported that esterase activity usually 
remains in organic solvents (Phytian, 1998; Bornscheuer, 
2002). Therefore, organic solvent addition effect of Est-AF 
was also investigated. Ketoprofen ethyl ester as a substrate 
was dissolved in buffer which contains 2% of Triton X-100 
and purified Est-AF and different kinds of organic solvents 
[10% of each acetone, acetonitrile, iso-propanol, ethanol, 
methanol, dimethyl sulfoxide (DMSO) and dimethyl forma-
mide (DMF)] were added and then enzyme activities were 
measured. All of organic solvents additions were resulted 
decrease of enzyme activities (Fig. 6). Organic solvents ad-
dition is not suitable for improvement of enzyme reaction 
through increase of substrate solubility.

For more detail characterization of Est-AF, enzyme kinetic 
parameters were measured. Different concentrations of sub-
strate [(R,S)-ketoprofen ethyl ester] and 1 g of purified 
Est-AF were added in 50 mM Tris-HCl (pH 8.0) buffer 
contains 0.2% of Triton X-100 for enzyme reaction. After 
measured enzyme activities, kinetic parameters were obtained 
using Lineweaver-Burk plot (Fig. 6). Km and Vmax of Est- 
AF with (R,S)-ketoprofen ethyl ester are 1.6 mM and 1.7 
mole/mg protein/min, respectively. Km and Vmax of esterase 
isolated from mesophilic P. fluorescens which is reported activ-
ity of ketoprofen ethyl ester were 1.5 mM and 6.2 mole/mg 
protein/min, respectively (Kim et al., 2004). Both esterases 
showed similar affinities to substrate. However, Est-AF 
showed slower reaction with ketoprofen ethyl ester com-
pare with esterase from P. fluorescens.

Because application range of enzymes in industry has been 
expanded, demands of new enzymes development for main-
taining their activity in industrial environments have been 
increased. However, most of enzyme reactions cannot be 
performed with high temperature or organic solvents which 

are often needed in industrial processes. Thus, enzymes iso-
lated from microorganisms which can survive at extremely 
high temperature environment have been gotten attention 
because of their high thermostability. In this research, ther-
mostable esterase was cloned from extremophilic micro-
organism which has high thermostability and widely used 
for chemical synthesis, food process with their high enantio-
selectivity and wide substrate range.
  In this study, esterase genes were cloned using genetic 
information of putative esterase on extremophile chromo-
some from GenBank database search and chromosomal DNA 
donated from Microbial Genomic and Applications Center. 
Four different esterases were cloned from four different hy-
perthermophilic archaeons. An esterase from A. fulgidus (Est- 
AF) showed esterase activity but no activities were observed 
with rest of esterases. Est-AF showed high thermostability 
but low enantioselectivity with ketoprofen ethyl ester.
  In conclusion, Est-AF has higher thermostability as we 
expected and is considered as heat activated enzyme because 
it shows strong activity at higher temperature but barely active 
at lower temperature. Thermostability of Est-AF can help 
easier enzyme purification because Est-AF can maintain ac-
tivity after heat treatment to eliminate other thermosensi-
tive proteins. Est-AF showed highest activity with -nitro-
phenylbutyrate (pNPC4) and activity was decreased with -
nitrophenyl derivatives which contain longer carbon chain. 
Amino acid sequence analysis revealed that Est-AF contains 
the conserved sequence motifs of esterases/lipases, such as 
G-X-S-X-G (GHSLG) and the putative catalytic triad com-
posed of Ser88, Asp198, and His226. These results allowed 
us to consider that Est-AF is a carboxylesterase but not a 
lipase. Although Est-AF has high thermostability, Est-AF has 
slow reaction rate and lower enantioselectivity with (R,S)- 
ketoprofen ethyl ester. For further industrial applications, 
in vitro protein evolution technology such as error prone 
PCR, site-directed mutagenesis and DNA shuffling should 
be applied for improvement of esterase has higher enantio-
selectivity as well as thermostability.

This work was supported by the Korea Research Foundation 
Grant funded by the Korean Government (KRF-2004-041- 
D00235).
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