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Characterization of a Psychrophilic M etagenome Esterase EM 2L 8 and Production of a Chiral I nterme-
diate for Hyperlipemia Drug. Jung, Ji-Hye, Yun-Hee Choi?, Jung-Hyun L ee, and Hyung Kwoun Kim*.
Division of Biotechnology, The Catholic University of Korea, Bucheon 420-743, Korea, "Marine Biotechnology
Research Centre, KORDI, Ansan 425-600, Korea — Esterase EM2L.8 gene isolated from deep sea sediment was
expressed in Escherichia coli BL21 (DE3) and the esterase activity of the cell-free extract was assayed using
p-nitrophenyl butyrate-spectrophotometric method. Its optimum temperature was 40-45°C and 45% activity of
the maximum activity was retained at 15°C. The activation energy at 15-45°C was calculated to be 4.9 kcal/
mol showing that esterase EM2L.8 was atypical cold-adapted enzyme. Enzyme activity was maintained for 6
h and 4 weeks at 30°C and 4°C, respectively. When each ethanol, methanol, and acetone was added to the
reaction mixture to 15% concentration, enzyme activity was maintained. In the case of DM SO, enzyme activ-
ity was kept up to 40% concentration. (S)-4-Chloro-3-hydroxy butyric acid isachiral intermediate for the syn-
thesis of Atorvastatin, a hyperlipemia drug. When esterase EM2L 8 (40 U) was added to buffer solution (1.2
mL, pH 9.0) containing ethyl-(R,S)-4-chloro-3-hydroxybutyrate (38 mM), it was hydrolyzed into 4-chloro-3-
hydroxy butyric acid with arate of 6.8 umole/h. The enzyme hydrolyzed (S)-substrate more rapidly than (R)-
substrate. When conversion yield was 80%, e.e.s value was 40%. When DM SO was added, hydrolysis rate
increased to 10.4 umole/h. The plots of conversion yield vs e.e.s in the presence or absence of DM SO were
almost same, implying that the reaction enantioselectivity was not changed by the addition of DM SO. Taken
together, esterase EM2L.8 had high activity and stability at low temperatures as well asin various organic sol-
vents/agueous solutions. These properties suggested that it could be used as a biocatalyst in the synthesis of
useful pharmaceuticals.

Key words: Esterase EM2L 8, metagenome, cold-adapted enzyme, chiral drug, organic solvent
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Atorvastatin 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase #sl|A] Ao IA|&8F x| 84 o]
o] 245 A3 HEME 71EaA < (S)-4-chloro-3-
hydroxybutyric acid ((S)-CHBacid)7} & 8.3}cH1, 14]. ©]
E2 -2 ehyl-(R,S)-4-chloro-3-hydroxybutyrate (rac-ECHB)
AL ol 2leh] 528 ol 4stel Al AddH o S
gz A 4= Uoh(Fig. 4A).

£ AT = (9-CHBacidE A7) flsiA 22w
el A5 Sl dE ol 2EeA EM2L8S AHE-SI
om[13], EaMEES HX B fJ3iA vESell 7718w
=E g5l S vk

W2 2wy

INEE -]

p-Nitrophenyl butyrate(pNPB)£} p-nitrophenyl caprate
(pNPC)= Sigmarlell A < 5193w}, rac-Ethyl-4-chloro-3-
hydroxybutyrate(rac-ECHB):= (7)ol A 339k
o 3k, #Zel] sFohirluie] Alshulet sebAro 2y
B uzEl ol 2E2A] EM2L8 52K GenBank DQ846908)
2 AMESIEH13]. 2wk Aok b AlekFo R FUs)
o] Ahg-3tget.

2%, BaA0ls, Yz

Escherichia coli BL21(DE3)S A3 thizle] Whed <
F2 A3l E. coli XL1-BlueE A &3 Zakan| =9

B3t s52 ARSI}, ClaEEA] EM2L8 A AF
o] gl pET28 ¥E] (Novagen, Madison, WI)S &A1
< A3 Az Etav| =R ARElsYh A E
coli BL21(DE3)T-& 7htato] Al (50 ugmL o] 7kl Luria
Bertani "% (10gL™ E3]E 5gLt w53 591 g3}
YEF )l HE(1%, viv) 1AL 20°CHA wieksisiet. vk
°] ODgoon’F 0.52 F31& |, IPTGE 1mM Fx2 7}
3laL 20|78t 20°CHIM AL viekslde. mioF 1218
£ AEEEl FAIE B2 F, S5 25 mbol] dgE

CET I er dAE SE F, dAREE SEl
edE Al
Ol AE{2HH| EM2L82| pNPB Eafigte =X

3A7)12 pNPBE ARgsle] o AEj2ld] EM2L8] 78
3 XS SAsct. 71Z (10mM 52 o EYEY &
o] o} 9)L), olekE TrisHCI £ (50 mM, pH 8.0y
10:40:9500] H]&E & 1mLE AZ3}3c}. o] £kl &
2 10 ulg WAl 35°CellA 3-587F HESAIZ] -, 405 nm
o] FEEE A3 Eakge® A ponitro-
phenol(pNP) oFS A=Fsisich. 434 1U= 18 59 1
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umole2] pNPE AAd3l7] 918 D83k §40] ofo= Ao
3ot

OHlAE2IN EM2L82] 2= ¥ pH §4 =A}

4o ukgE71E ERIsH] $lsiA pNPB 713 AHE-
dle] 29} pHO| oIS FARIGH. WA HH w2 =
= 2As) Sl 15°ColM 60°C7HA] 55 5°CH F7)
Al7IEA Baxe] B3-S SA3IE ofdf ukEAIZRS 158
L2 Akl FAaNkeS st X S T
915+ AFell A= 30°C, 35°C, 40°C, 50°C AN EA4AS
BAIZFERE WAIsPEA Kz A oR 40| A S 5
Aetolet. sk, A7 H3 A2 FAREAE s 9§
Al BAE 4°Ce} A2 (25°C)llA 45 E1t BateliA 17
ALz 840 A=A S SAsH

pHell w2 E4e] S48 A= AfelAl= pNPC 7]
AL AH8-3L9] 2 KH.PO,-K,HPO, £ (50 mM, pH 6-
7.5), TrisHCl £9(50mM, pH 7.5-9), glycine-KCI-KOH
£-91 (50 mM, pH 9-11)o| 4] pNPB 7] 3} § U3 spectro-
photometric assayE 53§31t} pHell o T4 QA
2 ZAFsL7] $J8iA] TrisHCI €< (100 mM, pH 8.0, pH
9.0) 2 glycineKCI-KOH £- (100 mM, pH 10.0)3} &4
AE 112 A2 F, 30°CelA 6x1zFest WhA|shdA] 1x)7E
7HAo 2§40 pNPB 23 S A3

77180 ¥ FHo[=e| HE =At

dnbd o2 Je] AMEE f7]4ulel vekg, deke,
DMSO, oI EYEH, o &S s =HE uk-g-oo 275t
5, pNPB 7|&ef] gt a4 S S48 w3t wol
AMEEE F450]29l Mg, Cat, K, Lit, Cu?'S o8] 7}
2] %%(0-100 mM)Z uk-gallol] 713 F, pNPB 7]&e|| b
3 43S S

M

WX 3|ZE

SDS, Sarcosyl, Tween 40, Tween 80, Triton X-100<
AHg-ste] inclusion body?] 21E7S S3315ie}. Inclusion
body &=t} 9O uLel 7] Fx=e] AHDAA £ 10l
S Arlsle] gbA3E] 412 Foll 900 uLe] TrisHCI £ (50
mM, pH 8.0y ¥ 3Xgke 2y eE7AS 3sialc).

(R,S)-ECHB 7}+==38ll S

ol~EfelA] EM2L8E o]83led (R,S)-ECHB 714l w3t
7l WS ket el FaEATh 7 EAaNES A,
A pNPB EFSAWS st 1 Aol w=hr 40 U
o HPE= HEFZAS B o= AMEIH. TrisHCI
41 (100 mM, pH 9.0 (R,S)-ECHB 7]2-& 0.5%(viv) 3
7F8t ¥, 40 U] EANS Yy 30°Cel| A uRSAIFH . vk
Ao Ful= 12mLe|w WzF ZHH o2 100 uly A&
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3lod o AolME|e] E 400 uL, E3} shAbF S 50 uLe}
7 kA3] AolFsich. WAl E Ba oAt E o] E
o F3 Az ES72 A E] A3 A3
A= 8mL decane 10uL £ & A3}l o] Foll A
400 uLs Feol AF-f3k ¥, g 20uLe}t 3t
10 uLE H7ksto] ARolA A7 Bt WHAshEA (RS-
ECHB 7129 oped3ibe5 aisisict. A8l (1M)&
200 puL ¥l 98] A2 F 3 200 uLE Fskaz, 3}
FEMREF 200 uLE 932 A2 F 3159 100uLE
sldet. 1 FellA 2uLE AMEsle] T 2 2nfE ] &
A& 3kt

7|A Z2atE 9] EA A (R)-ECHBS} (S)-ECHB
2 BM3 4 9l Chirasil-dex 30| A2 GCHAIS A
8319131 70°CelIA 180°C7HA] 7 5°CH Eoi § 180°C
oA 227} §A|AF T} A&7 2 frame ionization detector
(FID)E AH&-stadet.

718l e} Fdro] 28 E4 uRSdel Hrkekal &
I F, TS} YA WIE S5
oh. ARl f7] 8 2 wghg, ogkE, DMSO, ob &Y

EZ, oAl Eoln 10% (vIv) 557} HEF Hrlsle] Al
st ol e Mg¥, Cat, K, Li*, Cu**S A3l
I 10mM =7} HEE Hrlste] AREsld.

F

P< L = |

[

OIAEZI EM2L82] 2= % pH SM

o7 AlslubetelA == weH s dlaEEt
Al EM2L8 4#}H13}Z E. coli BL21(DE3) wellA ¥als}t
3 FAE 23R sl MEFEHS Al x3)
Atk NEFZHE] o 2EEiA] TS pNPB +A o= &
Qo 2N o AElEiA] BAC] WS Flg F, o] BA
o] FH HFEEE SA3II. dl2EeH] EM2L8e] A
7172 pNPBel| tigt Ball& s 155 53t 282 A5t
A}, FHEREEE 40-45°Ce] 2 o= w3t (Fig. 1A).
FAMRE-2 57} o|Hof] Harsl 2% (50-55°C)[13] X} v
o= pNPB &3l ZAJ oA 9] uEg-A|7be] 15807 Zlof
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Fig. 1. Effects of temperature and pH on estease EM2L 8. (A) pNPB hydrolysis was done with esterase EM2L 8 at various temperatures.
(B) Temperature-activity polt was transformed into 1/T-logV plot to calculate activation energy. (C) Residual activities of esterase EM2L8
were assayed pNPB method at various incubation temperatures for 6 h. O, 30°C; [, 35°C; @, 40°C; M, 50°C. (D) Residual activities of
esterase EM2L.8 were assayed after long-term storage at 4°C (O) and room temperature (@). (E) pNPC hydrolysis was done at various
pHSs. (F) Residua activities of esterase EM2L8 were assayed pNPB method at various incubation pHsfor 6 h. O, pH 9; [J, pH 8; @, pH
10.



oA 49kcad/mole] v A SlAIE 2 Aoz ALt
Holeh(Fig. 1B). Yutde = A 3lelv=]7} 10 keal/mol ©)
shel EAE Ao 4 = AL HLHAR FRdi
wEpA] o] A Al A H-gEAG AR iy
sAcH12, 16).

25 A Aljde] A3, 40°C o)ie] 2xellME Kzt
el EAgAe] skd3] FoEsl ot 30°CHME 6477
2| FAFA o] A3 Fol5A] WslHh(Fig. 1C). B4E ]
Zb B3l AgoM e E40] =& S Fd 5 9l
SAch(Fig. 1D). A2(25°CpllA B3sl= 73-Fell= 457 Tl
70% A= B RS Al o® wEF AL 4°Cel|A B
Fal= Ao 45 Fol|® T o] AF Zo]TA] ¢
et whEbA] o] Ay 25°Co| sl A-2ellA] wi-¢- A S}
w2 A4S Kol AloE wEze.

o] A0 vk A pHE 9959 ALE velton
(Fig. 1E), pH 8-1031 71X 6X77HA] sk Aoz &
Q= ACH(Fig. 1F). Webr 8528 AAks= kol o]
A5 SR o83t 30°Ce} pH 8-100] 714 ut
S islof & 7oz ®eln

OlAE 2 EM2L82| /7|80 ¥ FHol2 §4
e AeA] FAhE f7]80el it s el 2
Ao BuEgu6, 10, 15]. <8 714 740 =
o w2 o ~EEA EM2L8] st S FAFsg HH(Fig.
2A). M EUEZ gule] 79, 5%(vIv) ©]e] FEelA
FA8A o] ZHAslglont, oM E, ollgke, wEkS Sulo] 7
-, 0%l AFE] 10-15%2] =Sl B o] 23]
2] S7LE AL 1 o] 48] FellM EAgA o] hAEH
DMSO 4] -9, 0-40%°] &L FEH$lelA BAEA
o] F7FHAAL 1 o] AFe] FiollM g o] FHadhe A
2 9Ech Aol FUHEE AR 714w Holel
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oJsk pNPB 7|Al9] &8l = F7} = E4o FATEHst
w el 2tal A, o AEEA] EM2L8] o7 F7]-8w)
off Hall As] =2 FE7HA sk A= wE Rl ot
A o] EAE F7IFANRSCIAM EaFmiE AR 4 9l
< ZLeR Holdh

7HE wdrol20] FXof nhE ol 2EH] EM2L89]
A B A8 2AleltHFig. 2B). Aldel AH&3F Mg?,
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Ax0] o] FUSH VeI o] o5 F&ol o]
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HejFEoh

o]} Zro] o] FAt A 2oAM 7|7 Hs = A5
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Qle}. o] BAE E. coliolM Hash= 74, sAdhiala}
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o] ofu] HEGIeH13]. & ATolME o] HE A3 =
AR7] $EiA] A e o] ol mE BEY s 5
A3l (Fig. 3A, 3B). 3H|EAI= Fig. 3Bl vehd 7z
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Fig. 2. Effects of organic solvents and metal ions on esterase EM2L 8. (A) pNPB hydrolysis was done with esterase EM2L8 in the

presence of various concentration of organic solvents. A, acetonitrile; M, acetone; @, methanol; O, ethanol; 1, DMSO. (B) pNPB

hy(%rolysis was done with esterase EM2L 8 in the presence of various concentration of metal ions. O, Mg?*; O, C&*; A, K*; @, Li*; W,
+

Cu-.
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Fig. 3. Refolding of inclusion body. (A) Cell-free extract and
inclusion body suspension were shown. Refolded enzyme was
obtained from inclusion body by SDS treatment and dilution
process. (B) Esterase activity were measured after refolding
process with various detergents. @, SDS; O, Sarcosyl; l, Tween
40; A, Tween 80; [, Triton X-100.
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o ~EEtA] EM2L8e] W oM E H2 ritsl| &
< 23 9lem oY 7] f7)8Hlel He =2 A
ZE31 9l o= e lel] whebA] ojekEe] {7 |gAdut
of A4S ARE F oS AoE AAkEAH.
IAEF X 8A 0 7|FFAZ AHEEE (9-ECHB:
HAE A o 2B S o] 8-3lA] rac-ECHB7 1S 715
Hajate] wH= = Qduk(Fig. 4A). B ATF9lAE= EM2L8 &
25 o83l vt 2] (RS)-ECHB| 715 473}
3t o). Tris-HC 4‘1"“(100 mM, pH 9.0)l 7]%(0.5%, 38
mM)Z+ E42(40 U)S 93 30°CollM 627 B<F 71553
& Ak 712ER S AR 7A 22 e E e )
= o]&3lo] ukg o) Fo} 3l (R)-ECHBS} (S)-ECHBS]
& At (Fig. 4B). ol ~E=hAl EM2L8e] ﬂlf‘ﬂw
(RS)-ECHB 7|2 o] I3l dS e 4 e, &
&2 6.8 umoleh= A ALE ¢l o}H(Fig. 4C). (R)-ECHB
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Fig. 4. Hydrolysis of rac-ECHB with esterase EM2L8. A. rac-
ECHB was hydrolyzed by esterase into (R)- and (S)-CHBacid. B.
(R)- and (S)-ECHB were andlyzed by a gas chromatography
equipped with a chiral column. C. The amount of rac-ECHB (@)
and e.e:s vaues (O) were measured with time course for 6 h.
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Fig. 5. Effects of organic solvents and metal ions on Hydrolysis of rac-ECHB with esterase EM2L 8. (A) Conversion yields (closed
bars) and e.e.s values (open bars) were measured after 6 h-reaction in the presence of various organic solvents. * The values were measured
after 4-h reaction. (B) Conversion yields (closed bars) and e.e.s values (open bars) were measured after 6 h-reaction in the presence of

various metal ions.
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Fig. 6. Hydrolysis of rac-ECHB with esterase EM2L8 in the

presence of DMSO. A. The amount of rac-ECHB (@) and e.es
values (O) were measured with time course for 6 h-reaction in the
presence of DMSO. B. Conversion yield and e.e.s value plot was

drawn on the basis of the results of Fig. 4C (@) and Fig. 6A (O).
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