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Abstract

As for the purpose, we first introduce an random mutation into wild-type gene to expand
a mutation space, and then further recombine the mutant genes by staggered extension
process PCR. As a result, we obtained the best clones 6-52 that showed a high activity and
stability, from a round of error prone and staggered extension process PCR. The purified
enzyme showed a similar pH stability to the wild-type enzyme and reveal a slightly high
optimum pH at 12. In the optimum temperature, an identical dependency was also showed
and a quite high stability in the thermal stability was obtained. Along with this, the enzyme
was also stable at a reaction that supplement with a 15 % of ethanol as an additive. The
addition of other solvents and surfactants did not improve the reaction and thus resulted in
a similar profile to those of wild-type enzyme. The specific activity on the target compound
rac-ketoprofen ethyl ester was calculated to be about 85, 000 unit, and the kinetic constants
Km and Vmax were determined to be 0.2 mM and 90 mM/mg-protein/min, respectively.
The deduced amino acid alignment with the wild type enzyme revealed five mutations at
L120P, 1208V, T249A, D287H and T357A. Based on these observations, the site directed

mutagenesis to delineate the mutagenic effect is under progress.

A&
Chiral drugs oA Frlel2A #EE 2 559 AEAR 240|E ketoprofen (rac-2-
[3-Benzoylphenyl]propionic ~ acid)2 H|AH| 20|24 AHZFA]  (Non-steroidal  Anti
-inflammatory Drugs, NSAIDs) ZA} 2-aryl-substituted propionic acidE FFHo=Z 714
3 QE profene] ¥ =FEZH AW prostaglandin T4 S0 A< cyclooxygenase 2]
B4 FANOZH AT prostaglndn AAZ L&) T2 SN
Esterase?t 712884 Fol| d2H2AFE 7HrEdliste 840 FHo2A, 9
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A esterases T2 O|SHA A ester 2G-S THrRelstA HeH, pH 5~8 B 3
0C~37Ce) LE Ze 1 948 BHE BT,

Directed evolution techniqueol|= Y¥F2 © 2 DNA shuffling, Error prone PCR(ep PCR),
Staggered extension process(StEP)E o]-8-% 11 1o, H Zaho= directed evolution&-
o] R3]  Bascillus subtilis subtilisin EE Thermiactinomyces vulgaris®] thermophilic
enzyme?| thermitase®] EAL L2 e ATE S35 Subtlisin EE ep
PCRo| ¢]3}o] random mutagenesisE <=3§3}a1, ©]& StEPo] 25t in  vitro
recombinationdt ¥ B subtilisol| transformationd}a] 96well plates WHE 53
screening 3FTE o] A3} 83To|A enzymeo half life’} 2008] o4 F7hE S
optimum temperature’} 76 C74x] F7HES RAT o] APE Fohe directed
evolution® enzyme2] thermostability &2 &-&4Q wWHAS AFsHTh Stemmer”
£ Wild typeo] GFPE 39 DNA shuffling®}4 & 53l fluorescence”} 45u) Z71g+
mutantES HE2 0 Z screening 3+ A7 AHE B P, A WHol|l AZ shuffling®
& hydrophilicity7} Z7}8}= WS 2 mutation®] dolF o2 M soluble formo| F7}sk
11 aggregationd T2 4 A7) wlFolgtn ¥FRSIH T Bomnscheuer UT?= esterase
geneS 7}A) 1 ep PCRS 43)5}]  enantioselectivity s ¥4 A7l A+ Z2FHE Hist
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Random mutagenesisl] 2|84 T2 E emmord fE3dte] Ho| wilAS Ax3 F

olu] At residue®] Wale] ©WE EAS dAFstua FHT WHolEsd A BAS
=2 oo 2= S

= —w= T = HE}

Eez QA B Fo LA PE 54 AW E
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1. (S)-ketoprofen ethyl estere] tHdt =& FE&AJo] A= TFQU  Pseudomonas
flurescens KCTC 1767 (Korea Collection for type Culture)®] esterase coding -F%AE
pQE309] cloning&}il ©lesterase gene-S- template® AFE-3t4 ep PCRS A3t 1 2
7} gened 2~371¢] baser} WEHH FAAE templaeZ dtod SEPS HAFHATH
Esterase +AAE AAES}7] Y3 host strain® E. coli XL1- blueE AH&3t{th

2. primary screening2 S0°Co|A 2A174HHS- % q-napthyl acetateE ©]-8-3+ Urakami®}
Komagata 2] BN 0] 83} activity staining 2.2 SFAE TFFS screeningdl 0™, ©]
TFE & $438 EAo] Bo 2 FFEY esteraseS JASH T, activity®} 50T o]

X 9] thermostabilityS HPLC %8f Bl £24] 3fe] Wild typeH.t} activity9} stability7}
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SArE F2E 23} screeningdFATH

3. Ni-NTA resing A}&&}od affinity chromatographyZ  <~3§ 8} 67)2] histidine©]
N-terminal 2-¢]o] Z2&H esteraseS A 3T protein EAE 3)g 3 & 3srE
A7 50TAMY RS dolr it

4. FAo] 28 ketoprofen ethyl ester®] resolution> Chirex phase 3005(phenomenex
Co. USA)S Al&3le] UV detector2 254 nmojA BAslgTh o]ZAte] £
methanol (9% ©h)el HEF%7} 0.03 Mo HEE ammonium acetate H7F5 Ab
g3k

Az 9@ %
1. Error prone PCR¥} StEPE A
8-37, 9-26, 10-115 A83}ch

3 3 1x9} 24} screeningS 3341 mutant6-52,

Table 1. (R)- or (S)-ketoprofen formation from Ketoprofen ethyl ester by mutant strain selected.

" 50T, 2h
Strain CO}I;’:I‘;IOH EEp(%)* conversion EEp(%)*
yield(%) yield(%)
wild type 289 100 02 100
6-52 43.4 94.1 12.8 100
8-37 422 95.7 427 100
9-26 43.6 953 38 75.0
10-11 36.2 100 2.8 100
* (8§)-ee value of predominat product
Number H 2 3 4 5
Strain number wild type 6-52 8-37 9-26 10-11
IS 00
N ; ;:'g " bl )
160
Py ]

Conversion(%)

Figure 1. Enantioselective hydrolysis of

the mutants in various temperature range and

reaction time. the mutanis in 15% Ethanol.

Relative activity(%)
g

mutants
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2. HF MEE T5Y esterasew T2 ME QHHEHS BT 15% ethanolof A -
pattern BTh o FoIM TN 12 AT muan625 HE Ashe] Yu
Q) E4S olugich ofmit BAZI 59 ofvlicabe] LI20P, 1208V, T249A,
D287H, T357A2 g Atk FAolm vHlA38IS] 249 A< Threonineo] H]=AJo]1t
a5 OPPAtOR WE SUT Ui gaie 2o 44z We Fod

3 4AE EAY pHOl B SR E pH 80 ool S, pH 60 o]}
AME Bo) FA3 paste] AZANNE BAYTS BAY + AT Wild
tpe 2Tk H2 pH7 oA GAAE vI2d 20E w A Figre 3. HAY Bh
o & ¥hE2T e 35T, & AL 30, 35ToME Bz Hstd 9%

o] A4+9] residual activityS VFERN QIA|TH S0TME 50% 4302 3243 7rAstgo
B, 55Col ol Me AAhe B4& ZF AUtk Wid typedt HHLrE FYsigo
U ol g Pl M wild typeo] 45ToM BAHS T3] 4 Ao HlEHd
T d LS B ATHFigure 4).

4. B89 7129 &3xE =71A17]7] 48| nonionic surfactant$] Triton X-13,
Triton X-45, Triton X-100, Triton X-165, Triton X-305¢F Tween 20, Tween 40, Tween
60, Tween 802 1% (wiv)A7tete] E48AS #Has A3 2 AWM &
axhgo] F7HstH o™ Triton % 257} Tween 79} Hluwsle] G4Aukg &7t Ax)
£ yehioh

TritonfF o] M & EAo] F7F &5 AAWgo] F718led Triton X-100 ©]4fol A
© °F 108 o]’Fe] &ARkgo] F7} S TtH(Table 2).

i

Table 2. Effect of various surfactants on the activity of a mutated esterase

Relative activity
(%)
Control 100
Tween 20 600
Tween 40 800
Tween 60 624
Tween 80 1000
Triton X-15 612
Triton X-45 1012
Triton X-100 1200
Triton X-165 950
Triton X-305 1120
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Figure 3. The pH stability of a directed Figure 4. The temperature stability of a
evolved (S)-ketoprofen ethyl ester hydrolase. directed evolved (S)-ketoprofen ethyl ester
hydrolase.
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