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Optically active D-p-Acetylthioisobutyric acid (DAT) is used
as a starting material in the synthesis of captopril as a valuable
chiral drug in the treatment of hypertension. For an efficient
DAT production by a stereo-selective hydrolysis, Klebsiella
pneumoniae CJ-317 producing a thermostable esterase was
isolated in previous study. In order to construct an esterase
hyper-producing strain, the esterase gene of K. pneumoniae
CJ-317 was cloned into Escherichia coli and was found to
show a high-level expression, which the esterase activity of the
recombinant E. coli was more than 800 times higher than that of
parental strain. The nucleotide sequences of 1.6 kb BamHI-
EcoRI fragment containing the esterase gene were sequenced
and found to include an open reading frame (ORF) of 837 bp
coding 278 amino acid residues. The deduced amino acid
sequence of the ORF was classified as an o/f hydrolase
superfamily and showed the highest identity of 71% with that
of an esterase from Pseudomonas putida MR-2068. By using
the recombinant E. coli as a catalyst, highly expressing the
thermostable esterase gene, an efficient production of DAT by
stereo-selective hydrolysis with microbial cells could be
useful.
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Tt =Sl de] EarE o] Yl TR Al ol A F
o] =(0]3} esterase)+= AWl 5 Ax(lipase) 2} $H4| carboxyl
ester 23S Hallohs 349l a4g g A 9lrk £3] ot
It 25 7H o2 SkghEo] thAl el Aol A Fagt
35 il gl om wheta] o] 2Rhesterase O] G BE
i 24§83t ke Azl Q1o A A &8 7FA] 7L vl
- ZLtHRomano et al., 2015). ol & 501 T2 2JefE=0]
Bk A2 A 7] SFgHE(chiral compounds) FEjo]| =22
sat gl ola) Az u) EgE bAoAl racemic mix-
ture) 2 A4 ==t 71 F shhe] A-&A4F 0]/ A Al(enantiomer)
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= Az 71 o] a7 o] S HIR o R S ulpa R
S A QJokEat 22 ARV HA] slehE o] aa <l
Az 78 ok $hx] 2 HlAl Agh 34~ A8 A]|(angio-
tensin converting enzyme inhibitor) 2 2}-8-5}= ) 322191 118
QF 2] & A2l captopril (Ondetti et al., 1977)2 A= 34 Q] %
7| 24 338t 0] Al A 21 D-B-Acetylthioisobutyric acid (©]
SIDAT)E &1 22 ALgstol 4442 A% Alstel 7
gl 4= QltHasegawa et al., 1981; Sakimae ef al.,1993). o] 2]}
captopril ZZHA| 241 5o/ 4|1 DATE =51 A] A2 A8
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Fig. 1. Restriction map of recombinant plasmids. Recombinant plasmids were constructed by incorporating the DNA fragments into pUC19, and esterase
activities were tested. The arrow in the fragment indicates the DNA region coding the esterase from K. pneumoniae CJ-317. Restriction site abbreviations are

as follows: B, BamHI; E, EcoRI; P, Pstl.
(©]3} DL-ester) 2] D-& ester groupWHS 335HA1 Bl Z(stereo-
selective) © 2 7}4= Ha|5}= esterase A4 2] THA]L 0] L3
= 715 7ol thet A7} o] Fof A L Q1. o] 23t DL-ester
£ GehAe ) o 2 Hal|5]= esterase S YA = n| SR =
ZF2 Pseudomonas<:3} Acinetobacter calcoaceticus 50| X
1% QJti(Sakimae et al., 1992; Gokul ef al., 2000; Honda et
al.,2002; Shaw et al., 2006). |- 501 80°C7HA] AAS &
Z| 51w DAT A| 2 &g o] 4231 338 el 4 esterase & A4t
3l+= Klebsiella pneumoniae CJ-317-& BE-2|5}1L a4 &4
EA o o3t A7} EarE vl It Chung, 2019).

wheha] B o Ttof| A= o]u| R I1% K prneumoniae BR-317
7} XAYE= YA A esterase 2] S AAS A+ Escherichia
coli)o] &2 (cloning)sto] A F-AA 2 FE Al
sht] HESIAT B4 24 9 SR A7) HLe B
Asigich. ol2H MU AXTES A2 22 Ve
captopril R 2] S1A| Q1 3F3} ==0] g A DAT A| 9] 7] =
717 7= BRI TR

A 230 A ZE Q3] 7]E2 0 & Sambrook 5(1989)9]
2} Nutrient agar 8]} %](0.3% beef extract, 0.5% bacto peptone,
1.5% agar)ol| A 30°Cof| 4] 18 A|7t vlj %3t K. pneumoniae CJ-
31725 A9 DNA (chromosomal DNA)E & A A5+
A}, A% TR BamHIE AFEsto] et 270 slol A
HAA] DNA (10 ug)E F= Aetstal 0.8% o2 oA A
(agarose gel) Aol Al 11458 7] o3 E}edck Al fids
o A E S 24 5 28 kbol AFS ol A FoIS HAE
A5k DNA 222 DNA gel extraction kit (Qiagen) & A&
Slo] A 2 HE] 8% 3145131 TE €3 -8-9%(10 mM Tris-HCl,
1 mM EDTA; pH 8.0)0ll &A1 AF& 1Ak, 712 2ol 8
2] 2)(gene library) = A| Z5}7] )3} @ E|(vector) 24 pUC19
5 AR5 o w335 (host) 2 A E. coli DHSa [supE44, A

lacU169 (080 lacZ, AM15) hsdR17, recAl, endAl, gyrA96,
thi-1, relA11S AFE51o] 242 3Y519ith Alg a4 BamHI
o 2 BE AASHK pneumoniae CI-3172] G244 DNA 3]
3} 9 ke pUCIOS 217} Egtato] 16°Coll A 181715
ol T, DNA ligaseS HF2-A]# A %3 DNAES A| %38 T,
Hanahan 5+(1983) 2] Wi of| u}2} E. coli DH5a0] 32 Zg}
AlZ ) Ampicillino] 100 pg/ml7} $-3-% L-broth agar (1%
bacto trypton, 0.5% yeast extract, 0.5% NaCl)©]| isopropropyl-
B-D-thiogalactopyranoside (IPTG) 2} 5-bromo-4-chloro-3-indolyl-
B-D-galactopyranoside (X-gal)E Z+z} 1 mg/ml2} 20 pg/mlS
7Kt wjR| o A 37°Cofl A SR vt & A= et
(colony)2 & 3itt. o] o A %= white colony)TH2- A3}
o 232 A5 o v A A= 5 esterase S-S
7HA Az eEE AEshr] 9980 0.1% (w/v) DL-ester2}0.01%
bromocresol purple©] g% 0.1 m12] 0.05 M Tris-HCI £+
FolpH 7.5)0] 2t 2ke] g ulgol S W11 30°C, 2417 Bk
1l et 5 DL-ester -g-0ffo] mghd) © 2 MM ot 5=5 Al Hs}
Ak A #70] A2AE plasmid S Reltol £AT 2
3}, R EZ 0 2 ArhE 6.6 kbe] BamHI THH o] AFQIE E. coli
DH50/pBE101 A 23157} esterase T2 7HA| 1L Q)22 &+
Q15+l A2 DNAE tHA] BamHI .2 1A Aetst
o] subcloning$t A}, ZF2F2.1 kb THH 0| AU H R ZE=H(E.
coli DH50/pBE102)2} 4.5 kb W o] A1 =] A Z3H5(E. coli
DH50/pBE103)E 991 2.1 2.1 kb T of A= 24 & K o] %]
Aot 4.5 kb THO] AN H A2l ATt S 7HA]
Q19ith % o T F7]2 Zol7] 913} EcoR1S AHE3
ZHhslo] AL subclone A Z3HF = =% O F esterase
XS 2= 1.6 kb7 A= A Z8HE E. coli DH50/pBE104
AU o] wf AlxH A= DNAS A3t A4 A =9}
esterase 4] F-F-E &2lgt AHE Fig. 1] YeRT)

IL

2

O

%
3

o

T R S T

Korean Journal of Microbiology, Vol. 57, No. 1



48 - Yong-Joon Chung

1 goa tcc aca cgt ggg cag tcc tgg ctc tat cge tcg cce ctg geg 45
46 gcg acg cge tgg geec ttt ctg ctg tcg geg gec goc tgg ctg ctg 90
91  gcg ctg gtg gee tgg tat ggc ggg cag gac tgg tcc gec atg ctg 135
136 ccg ggc gtg geg tge gac ggg geg 999 geg get gte gee tgg cgg 180
181 att gcg gcg gga cgg tcg geg cag tgt gog ccc aga gtc gat ggc 225
226 gca acg ctg ctg agc gtg gtc gtt gtc atc geg geg acg ctg ttg 270
271  gcc caa cat acc gcc ggg gec ggg cge age gac gtg tge ttc gee 315
316 ttc gcc gtg ctg ctg gac ctg tcg ctg ctc ggc geg ctg atc gtg 360
361 cgt atc agg cag cag gag agt gcg gcg taa cgg agt ccg gecg geca 405
406 aat gaa gcg aga cgg ggt aag tca ccc ggc gtg gtg aca aat ttc 450
451  ttc tac act gtt aca ggc atc aca ttc ctg tgc ggt cgg cac tcc 495
496  tgc cgg ccg ccg teg geg ttc age cca ggc acg ggc ctg cag got 540
541 got tat cct gaa aga gga gtc tgt aac atg gca ttt gtc acc acc 585

SD Met Ala Phe Val Thr Thr 6

586 caa gac ggc gtc aac att tac ttc aaa gac tgg ggt cca aag gaa 630
7 GlIn Asp Gly Val Asn Ile Tyr Phe Lys Asp Trp Gly Pro Lys Glu 21

631 gct cag ccg ata gtc ttt cat cac ggc tgg ccc ctg age gec gac 675
22 Ala GIn Pro Ile Val Phe His His Gly Trp Pro Leu Ser Ala Asp 36

676 gac tgg gat aac cag atg ttg ttt ttc ctt gec gaa ggt ttt cgg 720
37 Asp Trp Asp Asn GIn Met Leu Phe Phe Leu Ala Glu Gly Phe Arg 51

721 gtc atc gct atc gac cgt cgg ggt cat ggc cgc tcc gat cag gtt 765
52 Val Ile Ala Ile Asp Arg Arg Gly His Gly Arg Ser Asp GIn Val 66

766  agc gag ggg cac gat atg gac cat tac gcg geg gac gtt tcg geg 810
67 Ser Glu Gly His Asp Met Asp His Tyr Ala Ala Asp Val Ser Ala 81

811 gtg gtg gaa cat ctg gat ctg cac aat gcg gtc cac gtc ggg cac 855
82 Val Val Glu His Leu Asp Leu His Asn Ala Val His Val Gly His 96

856 tcc act ggc ggc ggc cag gtt gec cge tac gtc gec cge tac ggc 900
96 Ser Thr Gly Gly Gly GIn Val Ala Arg Tyr Val Ala Arg Tyr Gly 110

901 cag ccg cag ggg cgg gtg gcg aaa geg gtg tta att age gee gtc 945
112 GIn Pro GIn Gly Arg Val Ala Lys Ala Val Leu Ile Ser Ala Val 126

c

946  ccg ccg ctg atg gtg aaa acc gag cag aat ccg ggc ggt acg ccg 990
127 Pro Pro Leu Met Val Lys Thr Glu GIn Asn Pro Gly Gly Thr Pro 141

991 atc gag gtg ttt gat ggt ttc cgc aaa geg ctg geg geg aac cge 1035
142 Ile Glu Val Phe Asp Gly Phe Arg Lys Ala Leu Ala Ala Asn Arg 156

1036 gcc cag ttc tat ctc gac gtc gec tct ggc ccg ttc tat gac ttc 1080
157 Ala GIn Phe Tyr Leu Asp Val Ala Ser Gly Pro Phe Tyr Gly Phe 171

1081 aat cgt gac ggg gca gaa gtg tcg cag ggg acg atc cag aac tgg 1125
172 Asn Arg Asp Gly Ala Glu Val Ser GIn Gly Thr Ile GIn Asn Trp 186

1126 tgg cga cag gga atg atc ggc agc gcc aag gec cat tat gaa ggt
187  Trp Arg GIn Gly Met Ile Gly Ser Ala Lys Ala His Tyr Glu Gly 201

1171 atc aag gcg ttt tca gag act gac cag acg gaa gac ctt aag tcg 1215
202 Ile Lys Ala Phe Ser Glu Thr Asp GIn Thr Glu Asp Leu Lys Ser 216

1216 atc acc ttg ccg gtg ctg gtg atg cag gogg gat gac gat cag gtg
217 Ile Thr Leu Pro Val Leu Val Met GIn Gly Asp Asp Asp Gln Val 231

1261 gtt ccc tat aaa aat gca gec att ctg cag gac aaa ctg ctg ccg
232  Val Pro Tyr Lys Asn Ala Ala Ile Leu GIn Asp Lys Leu Leu Pro 246

1306 aac agc cag cta atc att tat cct ggc ttc ccg cac ggg atg cac
247  Asn Ser GIn Leu Ile Ile Tyr Pro Gly Phe Pro His Gly Met His 261

1351 acc tcc cac gec gat acc atc aac gec gat ctg ctg geg ttt atc 1395
262  Thr Ser His Ala Asp Thr |le Asn Ala Asp Leu Leu Ala Phe Ile 276

1396 cgc gee tga tet tec coc ttt gec ggg cag agt gec gtt aat ggc 1440
277  Arg Ala **x

1441 att ccg cca geg ccc tgg teg cca gtc geec ggg geg cge tgg ttg 1485
1486 acg agc agg gga aat ctg ctt aac tca tgg gat acc tga cga cta 1530
1631 ttt tcc ccc tgg cag gat aaa acg ccg ggt ttc tct gtg gaa acc 1575
1576 cgg cag aat tc

Fig. 2. Nucleotide sequence encoding the esterase and the deduced amino acid sequence. The underlined sequence preceding the ATG start codon of the K.
pneumoniae CJ-317 esterase gene is a putative ribosome binding site (SD). The TGA stop codon is indicated with asterisks below the sequences. The deduced
amino acid sequence from open reading frame is shown with the three-letter code below the nucleotide sequence. The sequence data have been summited to
the GenBank nucleotide sequence database under accession number MW295354.

ESEK. pneumoniae CJ-3172] esterase 222 7] A <E
& B9517] 93] Sanger 5(1977)2] W ol what A2l 1.6
kb EcoRI-BamHI ©+H 2] DNA 7] A ¥& 24135t A7, Fig.
20)| A K= ule} Zho] start codon?l ATG .2 A]2}5}o] stop
codon®] TGAZ Eif+= 837 bp= 0] % open reading
frame (ORF, estK G- A} o] £A)5}% AL start codon &Fofl+=
ribosome binding site (SD) 2 74 &= AGAGGAG A go| &
A=}k ©] ORF A €2 £413}7] 9|3l NCBI (The National
Center for Biotechnology Information)2] BLAST (The Basic
Local Alignment Search Tool) & £-41-2- 3§31 © 1 278 o}u]
IeARO 2 S Tl R(EstK A4 Tl E) S PSSk A
© 2 =A x| 9lt}. E3FNCBI database S £-3]] ofu| Ak A
2 B35 A1}, o/f hydrolase superfamily of] <5
A= AN o] Ado] Soke GENS! Ferilel

=

b BN A e |
esterase §2A12] 671422 o]n] EH 1 1 v} 9oy o]

2 7F S MG BLAST 442 aj5teich. o]u] it P
putida MR-2068 (Ozaki et al., 1995) 2] esterase (AAB35246.1)

=32l Al As7d A%

O} EstK O] o4t A 7H & AR A P =
71%2] A4S RO QI AL P. putida IFO12996 (Shaw et al.,
2006)2] esterase (ABA39859.1)2} 4. calcoaceticus F46 (Honda
et al., 2002)7} AJAFsl= dihydrocoumarin hydrolase (BAC
55927.1)2) 22 k7 EstK o] At 1] Bt Ak 7}
Z170%2}68%2) & AMEAS HolE0 R W SARHAE
o] g4 RS & 4= Atk SFA|EE P. fluorescens SIK
WI (Choi et al., 1990) 7} A AF5}= arylesterase (BAA02052.1)
O B2 30%9] 2 5/de otk o] 59 ofn|ie
AF A Fof tf 3t th5 A F 54 (multiple alignment analysis)-2
£]8lf MUSCLE program- A8-3}0] 2443t Ai}% Fig. 39|
A 1= e} o] T bl o )a) vl F-e- 2367 of
U= AR 712 P. fluorescens 2] arylesterase & A 2|5}l HL5F
A BERAY $ARE A WL Rolglrh

EFHAE 2 A 250 esterase DS AFHOR S
Aslo] vjnslr] $Jsll K. pneumoniae CJ-317+= NB | A, E.
coli DH50+= LB v} #], Z} R 255250 ug/ml ampicillin®|

681 100 ml LB wz|o 4] 37°Cefl 4 a2k wjoyst 3, 242}
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Fig. 3. Comparison of amino acid sequences of esterases by multiple alignment. The aligned sequences are the representative esterases: EstK, esterase from
K. pneumoniae CJ-317 (278 AAs) in this study; accession number AAB35246.1, esterase from P. putida MR-2068 (276 AAs); ABA39859.1, esterase from
P. putida TFO12996 (276 AAs); BAA02052.1, arylesterase from P. fluorescens SIK WI (236 AAs); BAC55927.1, dihydrocoumarin hydrolase from A.
calcoaceticus F46 (276 AAs). The alignment was performed using the MUSCLE program. Identical amino acids are shown in the box, where a gray
background indicates identical or equivalent amino acids.

Table 1. Esterase activity of strains

Strain used

Klebsiella pneumoniae CJ-317

E. coli DH 5¢°

E. coli DH 50/pBE101°
E. coli DH 50/pBE103"
E. coli DH 50/pBE104°

Esterase activity (U)*
300
0
260,000
240,000
260,000

“ Esterase activities (units/g dry cell) were measured as described previously.

® Strains in this study.

o A& YA E215H] 5 g DL-ester2}95 ml w4 F=H4(0.05

M phosphate buffer; pH 7.0). 0.2 A |- g&-2H0] 100 ml7} E =5

3t & 30°Cof| A 1A 7F =<t §H-3-5}37 0.1 N-NaOH & pH 7.0

FABHESE As 2 Aol A W & 45 H 0.1 N-NaOH

= ST =H oju] HirE 244 (Chung, 2019)
A s |

F

filo

of.

=74
whz} & A8H(Unit) 2 2A8Hch
179} A 23t Z42ho] 2 Z3135-0] esterase THA]-S = H)
2, Table 1o] bl ule} 2o] 2k2k9] 223 plasmid
-5t At A 2TTE-2 K. preumoniae CJ-3170]] B3]

=

A521 K. pneumoniae

@
—

3
o

TR

o &l
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8001} o)/2] /o] F7HE Yl om o= A 2ol oJsliA] T
o Holl A esterase &] A7 F L H AR SE| Qo) =
6.5 kb2} 4.5 kbe} 1.6 kb7} 2FHzF AFQI = Al 2 815=0] 4] o]
Z+7} 240,000~260,000 U (U/g dry cell) Afo]o| 4] & 2}fo]& H
0] R oF= A o 7 3Fo1H O 2K 1.6 kb BamHI-EcoR1 THH 2]
9] AFQ](upstream) 2} 3}-9](downstream) 4] &2 esterase -3-H A}
oo FokS PR A] b= Ao ' TetEleh

ESFK. pneumoniae CJ-317 W 1 ¥ 2| ZT=5(E. coli
DH50/pBE104) Z}2}+2] esterase 2] A4 T U 24z} A 2%l
25 41E<) DATS] BeH 4 £ARE vl el7) 919 &
of Th4balE 58 AT A% 2 9 BAS o
X 3% B9(Chung, 2019)9] whet &Ysteich 1 A3} 7z}
K. pneumoniae CJ-3172} A 2375 0]-8-510] DAT A| & A],
esterase 2] 7HEollE-2 22t 50%0] 1o DATE] B]Ad3
= [a]p®E 27} -56.58 (¢ = 2.1578, CHCl;)2} -59.68 (c =
2.0259, CHCly) 2 B4 ] Q131 Z17}9] <= =99.1%%} 98.3%
o]l om o DATS] 482 77} 91.2%2490.3% 2 vlj-$- 1
ARREEAS A et 7k sto] A E S gl e,

3 o=
AU H A HS eSS HET 2= F
Ut S et 2N SAT a4 B4 o Ao = Bl
= ek

AR S 7 K. pneumoniae CJ-317 32| ] esterase A}
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