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A newly isolated Klebsiella pneumoniae producing a thermostable
stereo-selective esterase for production of D-f-acetylthioisobutyric acid
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The synthesis of captopril as an important chiral drug in commerce
needs expensive resolution process of racemic mixture. Micro-
organisms, producing a thermostable esterase that catalyzes the
stereo-selective hydrolysis of methyl DL-B-acetylthioisobutyrate
(DL-ester) to D-B-acetylthioisobutyric acid (DAT) were screened
from soils. Among the strains tested, strain No CJ-317 and strain
No CJ-187 with highest activity were selected as the best DAT
producer. The newly isolated microorganisms were identified
respectively, as Klebsiella pneumoniae and Pseudomonas putida.
The cell activity of esterase from K. pneumoniae CJ-317 and P.
putida CJ-187 were showed an optimal reaction activity at 75°C
and 60°C, respectively. Also the cell activity of K. pneumoniae
CJ-317 was stable up to 80°C for 1 h, while that of P. putida
CJ-187 was not over 60°C. By varying the concentration of
DAT in the reaction mixture, the cell activity of P. putida
CJ-187 showed about 55% and 80% of product inhibition in the
presence of 2.5% (w/v) and 5.0% of DAT respectively. K.
pneumoniae CJ-317 had less product inhibition than P. putida
CJ-187 by about 35% and 44% at the same concentrations
respectively. The esterase of newly isolated K. pneumoniae
CJ-317 could be useful for the stereo-selective hydrolysis of
DL-ester to DAT.
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stekA] 7R XHoptically active a-alkylcarboxylic acids)©] TF
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SR ENA © 2 B-hydroxylation}o] A% 427} ltk(Hasegawa
et al., 1981; Sakimae ef al., 1993a). DATA| ZHH © 2= A#),
o]l )8} racemic mixture Q] methyl DL-B-acetylthioisobutyrate
(DL-ester) & |23 5 AsHRalA| S ALalo] Ratol
¥l3h £, o] ofa) A2 D-HIBAS = sokeha
Y02 DATE A8k W, 223 414, 2h4jiA] 2l DL-
esterE U E2] E<4~Slesterase 2 3 SHAIEN A O 7 Ehof| AE]
Sl A|Zsh=1 5o] Itk Hasegawa ef al., 1981; Sakimae
etal., 1993a, 1993b; Romano et al., 2015). A& W& 117}19]
oA} ke 2 @ E)0] -8 0] wrot u]H Aol 3 5
4 D-HIBAOI A SH5t g4lsHe w7 2 e d e
Surels 171e) 47t 4@ o] uE A ole, mebA 3
of| 9J2l| DL-esterE Th= F 1]AY=2] esterase 2 3FSH €4
S 2 D-g 9] esterihS 7FE3||5to] DATE W& 1R
=] L-ester= 3}8+4 © 2 racemizationd}o] TFA] DL-ester = Tt
= T DATO A= Y72 ARgshe AR o] A& o)t
(Fig. 1). ©]9} 2+ DL-ester @] 3F3HAIEH A esterase o124

& 7R = u|E2 = £ 2 Pseudomonas putida, P. fluorescens,

ox Ml
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P. aeruginosa 52| Pseudomonas <33} Acinetobacter calcoaceticus
So] AA7IA] B a1E %) 2 w(Sakimae et al., 1992a, 1992b;
Gokul et al., 2000; Honda et al., 2002; Shaw et al., 2006) o}
71 0])] th 4] vy Ro A wLE w7} gl gt
o] & & 2 esterase -7 A= cloning = o] 7] A Go] vts
% 31(Ozaki ef al., 1994, 1995; Lee et al., 2000; Shaw ef al.,
2006) 53] m]2AH|A] o] &AL] Sakimae 50| H-2|3HP. putida
MR-20682] 7%, esterase Z-4J 0] Escherichia coilol| 4] 112
A Ax=FA ] Az oju] AJF3E vl ATHOzaki et al.,
1994, 1995). Ab1 )9l Z o)A Mk 0 2 F40] o
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Fig. 1. Enzymatic resolution of D-f-acetylthioisobutyric acid (DAT) from
DL-f-acetylthioisobutyrate (DL-ester) for synthesis of captopril.
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Table 1. Morphological and physiological characteristics of isolates 3|98 395 ml2] 0.05 M QAN (pH 7.0)o] AEFSIL5 ¢
Characteristics Strain CJ-317 Strain CJ-187 DL-ester& 7}5ko] Z4-8-2 ] 100 mI7} = =5 gk 5, 30°C
Morphological character 1A 7Hg?F 9881 0.1 N NaOHE pH 7.0& A3t 5 2
Shape straight rod coccobacilli = A5} WS- & 425 0.1 N-NaOH S =4 514t o]
Gram stain - - o E4T4 wnit (1U)= 45 DATE 3s17] Sfelo]
Motility - * 30°C, pH 7.09]1 4 1A]17} S<¢Fo]] 1/162.21 mmol 2] NaOH 7}
Physiological character AL tho] 2 & 0519l THSakimae er al., 1993b). £-2] 3
B-Galactosidase + -

7} A Aksl= 338 A B A esterase o] WAAJS 4317 9

Arginine dihydrolase - + . B - - _ -
. 3 41=0.05 M Q1AkekS-ol o] oAl 5 F kAL 7 2ol A] |
Lysine decarboxylase + - _ _ _
7RG A7) 5 R B4 & 25 9rh. HE4HE Q] DAT

Ornithine decarboxylase - -

Citrate utilization + + O] A& 2713} DL-ester 0] 7FE-all &2 A Es}H7] 913l 100
H2S production - - ml B S Al Eajdto] FAE A& 3]4=5 5 190 ml 9]
Urease + - 0.05 M 21AFFZ=H(pH 7.0)°f] EEFSE & 10 g©] DL-esterS
Tryptophan deaminase - - 7151 %200 ml 2 TH= & 30°Cof| A 24 A)7FHH3-S- #1383}
Indole production - - otk o]w 0.511 N NaOH®] H7}2 pH 7.0 §-x|aH=1] £
Acetoin production : ' 5251 0.511 N NaOH§91e] @& Zg5te] 7h4-2a &8 4
Gelatinase - : Astelrt, wkeolo. 5ko]od 74| (Amicon TCF-10, YM-10

Cytochrome-oxidase - + - _ -
Fermentation/oxidation membrane) & A|-§-0Fo] hejof kS Aokl o0 1 A
S~ . . o121 ©10}% G}l ethyl acetate T 3}e] 1] ykSF DL-
Mannitol + . esterS ATH F= =SS ION O Z pH2.002 24
Inositol - - ko] ThA] ethyl acetate 2 =53 5 1] &0 Hof AF 2Hg-
Sorbitol + - O 2 A= DATE ¢ Itk Ethyl acetate =52 F-=3F4
Rhamnose : - UEgOR DxT ¥ £ulE 1F sloA FR7 Astel
Sucrose ’ ) DAT % L-ester 27} Al z31g.0m o] 712382 50%
Meliblose * * 0]913L DATS} Leester®] HJALE [a]p>= ZHF -56.58 (¢ =
igiﬁ;ﬂ : 2.1578, CHCL;)9} +55.26 (c = 2.0628, CHCly) & 23124 7}
Ab 8 T A 24 o] 4R ol A8 27} B S Shalskslc,

54 Klebsiella variicola NR025635
51 Klebsiella pneumoniae subsp. pneumoniae HQ012018
o8 Klebsiella pneumoniae CJ317
100

Klebsiella pneumoniae CP015134

Klebsiella pneumoniae subsp. ozaenae Y17654

Klebsiella pneumoniae subsp. rhinoscleromatis AF130983

Klebsiella aerogenes NR024643

08 Klebsiella oxytoca NR041749
69

Citrobacter freundii NR028894

A
0.002

Fig. 2. Phylogenic tree based on 16S rRNA sequence of Klebsiella pneumoniae CJ317. The tree was constructed using the neighbor-joining analysis of a
distance matrix obtained from a multiple-sequence alignment. Bootstrap values (expressed as percentages of the value for 1,000 replications) are shown at
branch points.

Korean Journal of Microbiology, Vol. 55, No. 2



146 - Yong-Joon Chung

2] w57 YA esterase ©] & QY432 Fig. 33} 20| P.
putida CJ-187+=70°C71X] B/3& F-A81= W1, K. pneumoniae
CJ-3178] ol 2~H]| = 22 80°Cof| 4] &= 90% o] /o] =2
A& FAITHE WA A Y-S I = AT B3 HRE-
o] HA =5 FA4sl| Qo 2=E gYst A7tE 374
3t A3}, P. putida CJ-187= 60°Col| A 2|2 A& Ho
K. pneumoniae CJ-317-& 70~80°Col| A} H1-$-2] 22| S 1}
EFJ A tH(Fig. 4). ©]u] Sakimae 5(1993b)©] B 113} P. putida
MR-20689] 72 70°Cofl 4 WFS- 2 2843} 60°C7}14] ¥ i
2 Sp3 Y EB /S HofF=3laL Gokul 5(2000)0] H I P.
aeruginosa®] 73-%-, 70°C7HA] AP /d& A gtetal Hily]
Q= olof usle] K. pneumoniae CJ-3172] esterase= P.
putida MR-2068] H] 8} Ert W] B/ o] -5} A3 whebA o
b o) ek A1 e ol 28| = SujukSol A3a A
aaz JUEY 23t F d57F 42 KlebsiellaZ3}

120

80 |

60 |

Relative Activity (%)

20 |

0 L L 1 L L 1
30 40 50 60 70 80 90

Temperature (°C)

Fig. 3. Residual esterase activity of the K. pneumoniae CJF317 (O) and P.
putida CF187 (®). The reactions were pre-incubated at the indicated
temperature for 1 h and then carried out at 30°C under the standard assay
condition.

Table 2. Thermostability of esterases by various strains

Pseudomonas<;0|| &38l= A0 2 FAE 0] FU & Sol=
theFgh F-o] 59 esterase ST | EAJS vl el Kt
t}. Klebsiellaz: 2. 2 X| K. oxytoca ATCC8724 2} K. planticola
ATCC150509] HE% XF 59} Pseudomonas<: 2.2 A4
Sakimae 5(1992b)o]] &J3}] o|u| 1% P. fluorescens IFO3081
9} B Aol A B3t K. pneumoniae CI-3173} P. putida
CJ-1879] esterase JEA-E 22k vl A3y 1 Ak
Table 29} 0| Pseudomonas<;o)) &3t v|EES A4
9 2 Klebsiella&R T} Y g Al o] It E3] P. fluorescens
IFO3081-2 -9~ & QHg/do] Wetar & Aol A el P,
putida CJ-187% 60°C7HA] A28 S B 9 O UK. planticola
ATCCI15050& A3t th-2 KliebsiellaZs w1-550]) B] S| A= AF
Ao g2 Wttt 5 Ust Kiebsiella:ol| 43= K. oxytoca
ATCC8724 9] 7%, B2] 5= K. pneumoniae CJ-3179] v]3}|
DAT Az &/4& dfd o m wyton; 7o) #529F 849

d
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Fig. 4. Effects of reaction temperature on the esterase activity of K.

pneumoniae CJ317 (O) and P. putida CJ-187 (®). The reactions were

carried out at the indicated temperature for 1 h under the standard assay
condition.

Residual esterase activity (%)

Temperature
o) Klebsiella pnez:moniae Pseudomonasaputida Klebsiella oxytboca Klebsiella plantibcola Pseudomonas ﬂucorescens
CJ-317 CJ-187 ATCC8724 ATCC15050 IFO3081

30 100 100 100 100 100

40 100 100 100 100 100

50 100 100 100 82 90

60 100 100 100 55 47

70 100 23 100 5 10

80 90 5 89 0 0

Sourced by “this study, °American Type Culture Collection and ‘Institute for Fermentation (Sakimae ef al., 1992b).
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714 DL-ester g 5%%] 7| 7}t & 71 9h-g-olof] S=7}= X%
AHEQI DATE 0014 5%7H4] 55 M= H71sto] 242te] &
48 2T 2 Ak ot EANS ] Ao HES 574
3ttt L A3} Fig. 504 B uke} Zho| K. pneumoniae
Cl-3179] A4:0] A9, a0 &/o] 2F4iHa?l DAT 5=
o] S7tol w2t A A 3] Aol = 3121 2.5%] DAT s =0l A
35% AL O] AF AL AT 5%2] DAT EE ol A= 44%
o] AoHEAL B ek o]o] sl P. putida CI-1879] 7
© DAT 59| Z7}o] uhe} FAG B 2] A4S Bl
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250%2] A EARS ¥ 2] Sakimae S(1993b)2] o]n] 1 1F
P. putida MR-2068 esterase 2] A1} v SASE A}o)
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Fig. 5. Effects of the concentration of D-f-acetylthioisobutyric acid (DAT)
on the esterase activity of K. pneumoniae CJF317 (O) and P. putida
CJF187 (®). The reactions were carried out at 30°C for 1 h under the
standard assay condition by varying the concentration of DAT in the
reaction mixture.
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