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SUMMARY

I. Title

Development of Stereo- or Regiospecific Fatty Acids Ester Compound

Using Lipases

II. Specific Aims and Significances

Lipases are recognized as an important industrial biomaterials for their
modification of fats which includes the hydrolysis of lipids, esterification, and
especially ester synthesis. World market for industrial lipases has followed
that of protease and carbohydrase. Lipases have a wide substrate specificity,
enantiomeric specificty and their application in the market has been
considered for the past decades. They have been used for cheese maturation,
medium chain synthesis and synthesis of modified triglycerides. In addition,
lipase has a high stereospecificity of which the property is utilized for
making highly valued products such as apple flavor or enantiomer of fatty
acid esters. In order to make new functional lipid foods, research on lipases
has been concentrated on a wide substrate specificity, in particular, on a
modification of the length and the extent of unsaturation of fatty acids. In
coming new millenium, new value added products will be produced with the
development of biotechnology to cope with' the international open rﬁarket
such as WTO and New Round. The high value added product like as
(S)-2-methylbutanoic acid .ethylester was produced. using lipases in organic

solvent system using high enantiomeric selectivity of lipases.
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III. Research Range and Scope

1. Screeing of enantioselective lipase and analysis of enantiomeric selectivity
Screening of enantiomeric selective lipase
Screening of stereospecific lipase genes
Cloning of cDNA lipase
Development of assay methods for enantiomeric selectivity
Screening of reaction system of synthesis of fatty acid ester

Database search and modeling of specific enzyme structure

2. Structural analysis of lipase and bioreaction system
Conformatipn change for improve enantiomeric selectivity
Characteristics of lipase for synthesis
Development of overexpression systems for the lipases.
Reactor design

Screening of crystallization conditions of PFL

3. Optimization for production and lipase production
Selection of amino acid residues for their site-directed mutagenesis
Production conditions for lipase production

Synthesis of value additive fatty acid ester

Optimization for lipase reaction

Structural work of PFL

I1V. Results and Opinions

Lipase screening, lipase purification and production of enantiomeric
esters

Enantiomeric selective (S)-2-methylbutanoic acid ester was screened as a
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high value added fatty acid ester, which was apple and strawberry flavor.
Only (S)-form has a flavor characteristics, the natural flavors are produced
limitedly because of high cost for production as well as the difficulty in
separating the active form from the enatiomeric mixture. Therefore, most of
commercialized flavors are artificial 'products. Thus the development of these
high value added flavors with highly enantiomeric purity has been
spot-lighted as a new research field in food technology.

Using the commercial enzymes, enantiomeric selective synthesis of
(S)-2-methylbutanoic acid methylester, which is known as major apple and
strawberry flavor, was performed from the racemic
mixture-2-methylbutanoic acid using lipases in organic solvent. Among
twenty lipases, Lipase IM 20 (immobilized lipase of Rhizomucor miehei),
Lipase AP (Aspergillus niger) and Lipase FAP-15 (Aspergilius javanicus)
exhibited higher enzymatic activities and enantioselectivities and were
selected for the synthesis of (S)-2-methylbutanoic acid methylester. Using
these enzymes, the reaction conditions such as temperature, lyophilizing pH
were optimized and kinetic parameters were determined. All the reactions
were performed in isooctane, which was identified as the best reaction
media for non-aqueous system. At 20C maximum enantiomeric excess was
observed, while synthetic activity increased as the temperature increased.
Lipases only lyophilized at pH 55, 6.0, 65 and 7.0 showed the synthetic
activity. At this pH range, enantioselectivities were not influenced by the
lyophilizing pH. The Km,s and Kwm,r values for ester synthetic activity of
lipase were 1120 mM and 1240 mM, respectively. Enzyme activity was
inhibited by (S)-2~methylbutanoic amide and its Ki was calculated as 84
mM. (S)-2-Methylbutanoic amide acted as a competitive inhibitor. Using

this enantiomeric competitive inhibitor, enantiomeric selectivity was
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increased with 40% by molecular imprinting of lipase by lyophilization of
lipase with the this ligand.

Lipase was purified with ion exchange chromatography, gel filtration and
HPLC. The molecular weight of lipase was 66,000 daltons, their structural
conformation determined by circular dichroism (CD) was 33.8 % of « -helix,
0.1 % of B-sheet, 34.8% of B-turn and 344 % of random coil. The
modified conformation of lipase by ligand was not detected by CD. Using
this reactor system, lipase reactor for the synthesis od (S)-2-methylbutanoic
acid ethylester was designed and optimized the reactor system. In addition,
distillation system for purifying the products was developed to remove the
by products. However, (R)-form of products was not separated by molecular
distillation, although, residual substrate (2-methylbutanoic acids) was
removed. The produced was identified as a high value added products and
favorite natural flavors which was detected by organoleptic panel test. With
this development of technology for enantiomeric selective products, lipase
producing microorganism was screened for our own organism in next

section.

Screening of stereospecific lipase genes and development of
overexpression systems for the lipases.

To synthesize the stereospecific compounds enzymatically, it is necessary
to obtain the lipases, which show stereospecificity in the esterification
reaction. Phagemids containing lipase genes could be screened from cDNA
libraries using chromogenic lipid substrates in the agar plate instead of
using PCR method. In order to clone lipases, we have tried to screen genes
for hpolytic enzymes from rice cDNA library and two Aspergillus ¢cDNA

libraries, i.e. the libraries for Aspergillus nidulans and Aspergillus fumigatus.
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Only three colonies named A-22, N-53 and N-30B from Aspergilius
nidulans c¢cDNA library showed tributyrin-hydrolyzing activities and orange
fluorescent halos under the 366 nm UV light after 48 hr of incubation on
the agar plate containing olive oil and rhodaminé B.

Both the extracts and pellets of the above three cells could hydrolyze
tributyrin in the agar plate. In the case of the olive oil agar plate, the cell
extracts showed more intense fluorescent halos than the cell pellets.
Extracts from N-53, N-30B, and A-22 cells were electrophoresed in 7.5%
native polyacrylamide gel. Gels were run at 4 °C and overlaid overnight at
37 °C on the tributyrin agar plate and the agar plate containing olive oil and
rhodamine B for the lipolytic enzyme activity print. Bands showing clear
zones and fluorescent zones were observed. These results clearly indicate
that the fluorescence in the agar plate was caused by the enzymés separated
in the polyacrylamide gel. So three candidate lipolytic enzyme genes were
obtained from Aspergillus nidulans cDNA library.

DNA sequencing for the three genes was carried out to subclone each
lipase gene into a pPET vector to over-express them in E. coli. It was
found that A-22 gene is part of N-30, which is lipolytic enzyme, and N-53
is different from A-22 and N-30B genes. The N-30B c¢DNA is 1016 bp in
length without poly A tail and has an open reading frame encoding cutinase
of 212 amino acids. The lipolytic enzyme contains a putative signal
sequence of 28 amino acid residues at N-terminus. It is interesting that
this lipolytic enzyme, which has been reported to be a stereospecific lipolytic
enzyme in the case of Fusarium solani, has the Gleryr—Ser—Glanly motif
between 124 and 128 amino acid residues, which matches the consensus
sequence (Gly-His/Tyr-Ser-X~Gly) commonly present in lipases.

Because the reduction of the disulfide bridge of the Fusarium solani
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lipase results in the complete inactivation of the enzyme and cytoplasm of
E. coli is in more reduced state than periplasm. PCR was carried out using
B2 primer and S2 primer, which covers the whole lipase coding sequences
including the signal peptide. The PCR product was subcloned into pET 28a
over-expression vector. BL2lpLysS was transformed with the pET28a
containing the whole lipase coding region and grown for over-productin of
the N-30 B lipolytic enzyme. For the purification of the expressed lipase, the
cell extract was chromatographed on the His-affinity column.
Approximately 23 kDa protein was over-expressed and purified. Fifty mg
of 80% pure Aspergillus nidulans lipase could b.e obtained from 1 ! culture
of E. coli after one-step purification.

N-30 B lipolytic cutinase could hydrolyze the tributyrin, olive oil,
p-nitrophenyl butyrate, p-nitrophenyl laurate, and p-nitrophenyl palmitate to
different degrees, whereas it did not show esterification activity for
(S)-2-methylbutanoic iacid methyl ester in some organic solvents tested.
Optimum pH and temperature of the lipase for p-nitrophenyl butyrate were
pH 9 and 50 “C, respectively. N-53 B lipolytic enzyme, which has no amino
acid sequence homology with any lipase reported, also could hydrolyze olive
oil as well as tributyrin. The over-expression of the N-30B and N-53
lipolytic enzyme may provide a means to characterization of the substrate

stereospecificity of these two enzymes in the future.

Structural analysis and engineering of lipases for a new function
including interfacial activation
Here we have worked on structural aspects of triglyceride-hydrolyzing

lipase for optimization of its substrate specificity as well as stereospecificity,
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resulting in making possible the protein engineering of the enzyme for a
new enzyme design. First, we built a three-dimensional structure model of
lipase from a known lipase database and selected plausible amino acid
residues for their site-directed mutagenesis. Next, we acquired Pseudomonas
fluorescens lipase(PFL) cloned in Escherichia coli, which is over-expressed
in high amounts but as an inclusion body in the cell. In order to purify and
obtain a high concentration of PFL, we tried to solubilize and refold the
inclusion body form of PFL. SEPROS(size exclusion protein chromatography
refolding system) was finally found to obtain at best high concentration of
PFL. From the purified PFL, we obtained structural results of the enzyme.
Particularly, the secondary structure of PFL was analyzed and the structural
stability was enhanced in the presence of calcium ions, which is essential

for the enzyme activity.

In conclusion, using the development technology, high value added
enantiomeric fatty acid ester as a natural flavor can be produced as a
commercial products, for this further efforts will be concentrated to

disseminate the technology into the industry. Major market of this products

should be a USA and Japan.
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& ZAstth wetA ol 8 FAHoZ 2igtald @ FAWHE AFsnz
ot

ol} ol glztAlel % HLEFPr)Eo] MLEnd i P29 &
2 2 ZA A Feng 94 o] 7lesded FHE Fux @

A3% oA TavreA A4

og] 7kA ®tg Al2" F AFAA ATFAT wWE M BFAST
|ojAl~"  (non-aqueous organic sol-vent system)®} O] F A 9F2-A| A€l

(micro-aqueous system)< 2z} A st g Ao 2§ 22332 &
A deA A5 E 48390 vFAe F7180y B3NN B A A
&7 #3 molecular sieved ol &3t frIRule] B8 AP, gt
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of ejsted EMEFozA YA Eolde] ZF3t enAE AAAt AHLE 2
A= Amano3] AHNagoya, Japan)l X 79 & Rhizomucor miehei, Geotrichum
candidum, Aspergillus niger, Pseudominas aeroginosa, Candida lipolytica,
Rhizopus javanicus, Penicilium roueforti, Rhizopus delemar, Humicola
lanuginosa, Penicilium cyclopium, Pseudomoﬁas, sp. Candida rugosa©]™
Sigma (St. Louis, MO, USA)lA4 F#98 Candida cylindracea, pancreatic
lipase, Toyo JozoollAl FU$ Chromobacterium viscosum, Meito Sankyo©l A
7Y Lipase MY, Candida rugosa 18X Novoold FY& Lipozyme
(immobilized lipase from Rhizopus miehei)°]t}.

A5% A At 2H 2 A

|

o4 EAW A

1 Aol g A 2R Ee

d4xoz Y4 st Ul w2 247 Eelgdol o o
ZIMe ANAEE o 2EHHHE F YAME)HA isomer (£ A en)E
GCE ol &3ty Eelsldet (Figure 1). HP5890 series [19] GCE o] &3t o
AL&3%F Z+El & superchiral capillary column (0.125 id. (mm), 30 m length,
Alltech, USA) o|" FID detector (220TC)& o] &3t 2B 3FES HE3Y
o 2EE 40CAAMEE gradient® Zol 23t} Flow rates Ilmlo] 2 split

ratioe 50 : 12 ZHEs At (Table 1).

2. 239 AAFolYg e

AgatolsEle] FR Wool mak ATl A4S A & sle wye

ox

T EHuy s
W skt B Ao e gladae] JAEeld HEE 9A AF3 ut
gt gol YASoH #FHYHNH F uehde 2 2-methylbutanocic
ethylester®| sterecisomer® %A 7|23 U Eo|A = ubAte] AE|3HE K

el chiral GC columng o] &3 B9 o2 (Figure 1) &zt st}



8.78 9.40

N N ——

Figure 1. GC chromatogram of enantionmers of 2-methyl butanoic acid

methylester. 8.78 (R)-2-MBE, 9.40 (S)-2-MBE



Table 1. Analytical

-butanoic acid methylester using gas chromatography

conditions

for separation

of (S)-and (R)-2-methyl

GC model Hewlett Packard 5830 Series 1
Column Alitech Chiraldex G-TA Capillary Column
: 30m x 0.25mm id. x 0.125 u film
Detector FID
Temperature Injector 1 200C
Detector 1 220T
Column temperature Initial 1 40C for 4 min

Carrier gas

Inject sample

Chart speed

Final temp.(I)
Rate(I)

Final temp.(II)
Rate(ID)
Helium

Split ratio

0.4 ul

0.2 cm/min

: 53T for 0.1 min

: 2C/min

: 140C for 4 min

: 30C/min

: 50m]_/min with split
5011
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F Ude
G E g AF
Al gt

3. A BT 2Huy 9
ol TR oo wet YHSojy EAL A

Aae oA YA 5ol

% UYElUE stereoisomer&

2] Ak ofl 2
Rk A Stdof st B A
BAEold FEHHY F
2 (Figure 1) 442t A3
L 3]—4*“4 HSEAEE HHY-E oEHY, cupric acetate o] &%, pH
o2 7k we] 9o, 97l & HPLC
st et (Figure 2). o] wol Aye Eazy
FHE £ Qe FHol

(]
6‘"5

& ue} ol
a]l:l

stod ZAlMbstAoh A

GCE o] &3 2
stat o] &% reverse micelle ¥
£ ol&3loq RAEHEE &7
% FHAEQ diglyceride, monoglyceride] A A 7} %
UofA B Ao &85ttt HPLC 24 %A £ detectors RIY UVE F 4
of o]&3te] ZA3tA 2 HPLC system2 JASCO HPLC systemo]th. o] mj
AHER 718 A trioleino] B 2] tAle] Arte Eajute Fo vpElue
AEHE (B44 diolein, monoolein R olecic acid® )& £xdoz &7
3lAch (Figure 2)
Ao BHEE EYste HE2AL ogH Zrh A 45 =
AL dAdE 5o BAsdct 20mM phosphate buffer(pH 7.0)0] 48
0] 1, triolein A 33tz Lo wgsinz Ay AL 7t22 249
Alg B3 bufferg ALE3I=E 3o}t Triolein® T2 58 24% gorAL
S0mM phosphate buffer(pH 5.8)°ll %<Ith. 37T circulatorel sampleg ¥ 1 1
A 308 T 93 AZY g F12000mpmel A 1087 DA Re) s
triolein M oF S5u1¥ B8 195412 acetoned) = Vydac Cisx columne
. &2 acetonitrile : acetone = 1 : 1 (v/v)olH
2344 ZHEYE lunite £3ME 1xmol oleic acid/min/miZ A o3 o}
¥ d3l= oleic
. dag wegxrd
1 oleic acid &< 206

Q
=

o] &3] HPLCEZ ®Al&grh
2l A A Fo 2FdA Y specific activitys= 23tz £ Imlo] A&
micromole T2 Z435to] AAslATE 9o A
oleic acid& % . A4

acid Ag Al dh

shol M 434
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2045

2e+5

8e+d
6e+S
4e+5
2e+d

Oe+0

oleic acid

monoolein

diolein

nv

triolein

5 10 15 20

Retention time(min)

Figure 2. The HPLC chromatogram of oleic acid, diolein, trioein.
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nmol A ¢ &35 E HPLC 49 detector ¢ electron densityE &Adldd EF
A oA §aksted AAbstA T

4. 2loAe AVEY FF ALY

2l 9tA o] v 5L interfacedl Al HHWEA (interfacial activation)o] & o]
okt non-polardt A& #3AJFAY thE WL = Aot o] ukg
interfacial activationg ¥o7]%] &nx &7t 7bsd 2B 2kA] (esterase)
o) vrg-7 ZAA thEr} FAle] gl 9A T interfacial activation® Yo% ¢z
E A Hdez € (tributyrin)g E#I}rIT ok a8y o 2HEAE
tributyrin® 237} 73t E ) Hae 2 @ e 2 = o

A7t ARBY FFE SA87] A5t ARGl F dojuhA gro}
E Eaage]l dojus ponitrophenylbutyrateE A3 7)1 A2 st Eatgs

ZASH 1, interfacial activation®] dojrjorut dE= AF7)|AZE resorufin

rlo

(1,2-0-dilauryl-rac-glycero-3-glutaric acid-resorufin ester)& T8t A}&3}t
Fck ol ~8etAv 2l# A7 ponitrophenylbutyrated 3 & 7 - nitrophenyl
7 butyric acid®] 28 ZA{E BolFo] p-nitrophenyl (Amx = 405nm)7) &
A2 405nmAld  FAEAHEEE FHIY 0B A4tsdd
p-nitrophenylbutyrateZ acetonitriled] =(10mM) & ©] 7]1& 10u41& 990 ¢

o] RARB(ALE 50mM potassium phosphate buffer (pH 7.0, 6% ethanol))
=

=
= 3

r=

th. =3 interfacial activation©] ¥dojvb= 39T resorufin

£ AF7IAR 3o R E Al Resorufine oS3 2L F2E 1

PO WIS
o/\/\/\/\/\/\
i P N g N
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oA Al AREAYo] dojutolrt 4@s HF4YA 7jde] EaH WA
glutaric acid-resorufin ol 287F A€ ©F ol ©A resorufin (Amax =
572nm) 522 spectrophotometerof A vl 2 F3A% 4 o} w2 AL o] 7]
A& dioxane-Thesit (Boehringer Manheim) &< 1: 19 ¢ t©& pH 68
(0.1 M phosphate buffer) fAo A 2FAE WHEAIA WS Z7]E T (initial
velocity)E Aol &As Pl @ AA9 | unite 1 gmol®l p-mitrophenyl®
resorufing A4 e FLBHEE Lot}

A6 aAe 2

Loguy 2

YA Eoldo] 7HE 'L Aspergillus niger HRA(AT A F8)E
ol g3std FEYE AEsAT WA ZYPE Z7) Mol FAE YHoz oy
A& FHA77] A8t e X HHE A Estd Hstgcth § 2-propanol
(alcohol), ammonium sulfate, acid treatment (Aspergillus niger 2 5|7} Aol
Aoz gezienzg) T2 Astd 9IS FAAMNA 134 FFoy
Frk whg X EE A8 Ach Ammonium sulfate® 10%A FEH 60%7k4]
A3 P3P o1, isopropanol FEE 10%A A 60%7+%] F7HA)71AA €
Ao v BHEE FH5AUT

AF A A3 2-propanole] AY ®e]F&o] FolA Aspergillus niger &
HFAE Tris-HCL (pH 75) &F & Ao} &8A1A 10,000mpme2 307 A4E
P& AANE 4TANM 66% 2-propanolE & -S4 Wojrmy A Ao
ThAl AR E](lOOOOrpm 1023t pelletE LATE ZUz A A
2-propanolS AAE F oA Tris-HCL (pH 7.0)9) i)zt A<A"< 25

Ol

2]

r

o]

it

H el #2)F ion exchange columno]il gel filtrati on column & vo}zbA

HPLC column (reversed phaset} ion exchange columng ©]8)& o] &3 %
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2]

e

Al 239l (Figure 3)

o

A
T

o

2. Bio-Gel P-100 column

2-Propanol 2] 2|32 & gel permeation chromatographyQl Bio-Gel
P-100 column2 & #A3t%th (5x50cm, flow rate @ 0.5ml/lmin). 254nmoll A
FRAEE SH3 dolA 7479 fractionEe FABAHES ZAH&BD a4 8
4E B 4 E A (active fraction)E desalting 3t %@ ZA Atk Bio-gel
P-100 (18 x 60 cm)@ AF$3%o® elution buffer= 20 mM phosphate
buffer (pH 7.5)°]9 flow rate= 0.4 ml/min°} 2 detector= uv detector (280
nm)E AE3Fem fraction size® SmlolYct 2E AP FAo gL v
2 8t7] 9lgte] 4Col M S35t

3. Ion exchange HPLC column

Al M @ol elFdAE oA Tris-HCl (pH 75)e) 39 filtering® %
Protein Wax column (1x5cm, p-Bondapak)g ©) &8t &428 59 45
Boeze A&HYoR 25mM Tris-HCl buffer®, B €402 05M NaCl in
Tris-HCI bufferg Al&3l9om g 1083 Agdurs Ze3a 30587 B
o] 100%7F S =2 flow gradient® A28t (flow rate : 25ml/min) 2
272 UV detector® Arg3tdch 22lgl ¥ 749 fractionS 27 gdstd
T2z M Ion exchange column fraction® B2 HPLCdp T2l E A=
H 2 &5 &2 10CE column ovend A&t =AY,

o
3R
o

4. Reverse phase HPLC column

Sl M 2" Zzte fractionE S protein Cq column (Vydac, preparative,
10 micrometer, 10 mm x 25 cm)€ ©| &3t £ 3Act FEHeZ AgHL
0.11% TFA in water&, B £94& 009% TFA in ACNZ flow gradientE A}
&3t A Hflow rate : 25ml/min). M 1087S A€4S EeF 1 tha 408
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Crude lipase in Tris—HCI buffer(pH 7.5)

l
Treat supernatant with 66% 2-propanol
l
Dissolve pellet in Tris-HCI buffer
!
Dialysis
l
Stirring and centrifuge
l
Bio-Gel P-100 column
l
Concentration with centriprep (MWCO 10000)
l
lon exchange HPLC column (Protein wax)
l
Reverse phase HPLC column (Vydac Protein C4 column)
!

SDS-PAGE (sodium dodecy! sulfate polyacrylamide gel
electrophoresis)
!

CD spectrum (spectropolarimeter, Jasco J~710)

Figure 3. Purification step of lipase from Aspegillus niger
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5 BEAdo] 100%7F FI=EE FHE F A ASAE 108 E3FAG. &
Z}9] fraction® € Quick-vac concentrator® R7]&vl& A F F ZL
G458 £Ast SDS-PAGEE Zo £ 7 FZUZAA 2B HPLC
systeme 9Al AFsulel o] Jasco systemOlRoW  columnd semi-
preparative Vydac Cs column (10 z#m, 10 mm x 25 cm)& A48 o
flow rate® lml/min®]™ injection volume< 301 ©]t}. Detector semi-prep
cell uv detector (280nm)°]™ eluent2 AE 0.11 % TFA(triflouro acetic acid)
in H:0°l9, B 0.09% TFA in acetonitrile &%ojt}. AJzto] = wig}
100% A &vulollA 100% &ol B2 1%/min® 2 gradient® ZolFHAM Ez &
Al =8kt

BAAA F9 2H3A9 specific activitys 2 3A] £ Imlo] BAste=
oleic acid A %<& micromole @92 &Rdte] AAEITH YollA AF3

SxAsA AAE oleic acidg &8t A4eA . AAE oleic acid F

ofz
e

ki

= 206 nmolA el FZEE HPLC 42 detector 9 electron density® & A3}

o EFFA (Figure 4)ol A @43t Al4dat v

Al
3 3% 2

o
as)
B3

oXl
ot

-]
11 el¥ o8 SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel

h

electrophoresis)& 2ol €% & #91% 7] PVDF membranedl electroblotting 3}
o ZFAdGon FAF: HFGUAE maker2 AHEEA FA3S

SDS-PAGE+ Phast system (Pharmacia, Sweden)& AF838929 destaning
AEs A2dE AMRsld AFEHo=R
destaining stQt. PAGE gel€ W2 PVDF membrane (Sigma, MO)d

€ Phast systemo] ®2&Eo] <)

rlr

electroblotting &tod vl2 B #38AHL sequencingoll AM&3FScTh

Micro BCA protein assay kit(Pierce co.)& o] &3l ©mia g A ek},
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4e+7

3e+7 91 r=0.989

2e+7 -

Area

1e+7 -

Y = 340174X + 553409

0 20 40

60 80

T

100 120

Oleic acid conc. (umol/ml)

Figure 4. HPLC electron density in various oleic acid concentration.
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=3
olo
©2
2
)
J!I
(8
tlo

P31 60CoA 3087F 3 AA 582mmollAM EREE 274

. BSAE A43}lo] Standard calibration curve® ¢E9ith

ot
b4te
v

A78 2 FA 9 conformation 33} conformation M & u}

A A 7}

Jim

o]

rlu
ofN

1. 2lsA e} 22 F29} conformation & A
ggtal 22 FZ ZFAo|Y  conformation ®HEE AR
(spectropolarimeter, Jasco J710)e 23t CD(circular dichroism)& Z#3lo %
Atstith. 2=¢k pHell @& FzW3E 2487 YA FA" oA
HPLC& waterd] %o 10mM AE9 TE7 HEE 84X F AFL3
TEHES ] dE 2o JFL Lolr 7] YA spectropolarimeterE &
EZzadHE 4 - 100C7HA 22 & ®#MEAA FHEAM (Jasco temperature

controller, Peltier P1TC-343) 190 - 250nmelA circular dichroism spectrum<

—

SA43AT (cell length @ 0.Imm, sensitivity : 100mdeg, band width : 1.0nm,
response : 1 sec). TAlY pHO| F&FE Lot 7] &M pH 2 - 6712 = 0.IN
HCIE, pH 8 - 147h21& 0.0IM NaOHE AH&3ted pHel WalE £33 4ToA
CDE #7438t

2. g3l 9] conformation ¥ 3

elaAle Myge 2 iAol conformation HME-L £39 enantiomeric
specificityE F7FA 7] Hez 2 aAE 7129 stereoisomersd H) £33 )7t
g Ao 24AA AAHAY FAAZ7IZ incubation A7 Thg ol 2)3}hA)
o A%3 2U=g FHUZ F acetonitrile 522 washing 3t | A% =

ol YAMFoIYE A AFT GCE 2HsA $4 FH AFY 1

1
N
)

7k A o] AAME 2-methylbutanoic ethylester2 AA 3 Qo oz o] we

o] 7]A<Ql 2-methylbutanoic acid® W42 3lo] o]E o~ AFTL FA
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&= ZANAM 712 2-(S)-methylbutanoic acid®t 2-(R)-methylbutanoic acid®)
FAAIR]D 2-(S)-methylbutyric amine 3 2-(R)-methylbutyric amine® 2-(S)-
methylbutanoic amide®t 2-(R)-methylbutanoic amideE @ zZt=7} 743 M g3
g2 AZEHY amide® commercialdtAl FFER %om® M amine
(Sigma)& 7FA 2 2 atA e ¥MPF & AlE8A} 2-(S)-Methylbutanoic amide:
2-(S)-methylbutancic acid2 #¥ Zt7} st5gt4dste) $4 242t} amide® A
23 Fo £ 22 Aoz Ao WYL F5to stereospecificityE Z7}HA|
Ak

3. 7] A F A Al (amide) 4 2 recrystallization

2 Ad79 £ vz Aol conformationd WAL = U 2
g ligandel &7k B2ttt o ligande F8A4 AolA 2lstAo] st 1
conformation& WH3IA 71 o] RE FAAZE £ ligandE A A FH 1z}
Ryge dIAME 242 4+ A 2 ligand2H  HGE Ho]  ($)-2-
methylbutanoic amide?! d} ©] amide€ AstE B¥H L e 72},

Round bottom flaskell (S)-2-methylbutanoic acid® Y3 <¢7ke] DMFE
A7HY. B3RP G Ad o] flaskE AZAs 2 YA #L EA SOCL 3-4miE
H7tst & 15-208 &< steam bath9jollA ZA A L3 o] LAS AL
o2 4% ¥ acid chlorideg& #7F3lA A ice-cold concentrated NHOH 10mldi
HAHE FolFAt o)FA s F4¥ crude amideE E2 F alcohol, water
ZRE recrystallization AlZ Tt Recrystallization® ZA & ZojAY £3A#
4

d72E 4938 BN F oAl 2YS FHSA Fo=H BeEBo) &9

Ir

&ol doldA st £EE Eolnx sl FHoz AN gy gL 3
e YotAoh &4 % amideE bufferd] %9 & amided] BEHANA L8417
1 52 e 2% AARY] H8 =ALE &AL filtrationdt Pt o] &%
£ $3dM AL A B8 Ho2e S MASGY. BAAe =

g AAs7] s ol W MojFa AzAZCH

rlo
op
.



4. A€ amide® identification

A9 2o wygor FAE (S)-2-methylbutanoic amide HPLC, Mass
spectromertyell 93} A H AT Mass spectrometryE Platform 0 Mass
spectrometry(Micromass, Manchester, UK)E& A}43l%932 Electrospray’
ionization 2 APcI” (atmosphere pressure chemical ionization’) MS7}
(S)-2-methylbutanocic amide® #4371 Yl 24z AF&EHATE Mass range:s
0~ 500 a.m.u.(,dalton/e)ﬂ]*‘l AA&Ht. HPLC system< Jasco PU-980
pumps, rheodyne injector, UV-975 detector, CO-965 column oven S22
dso] YAt A= columne reverse phase Cis column2 24 Kromasil

(25mm x 4mm, AKZO NOBEL Co.)E A}&3l9t}.

A8 Auegal 54 R AENST] A 2 HH3

1. Lipasedl &gt 7 7t7bA] Xkl 262 g8 &4

AFANRA ABAAA 22 SFEY (S)-methylbutanoic  acid
methylesterE methybutanoic acid2% 8 #Ast= gyds F714 wdo] gl
= sy 33 Rigoln tE e TAHA S FaAMot 3EA
© 2 methylbutanoic acid methylesterS A4t 39 tiiE enantioselection©)
Jovz Esssith weld  Aldrich Chemical Co. (USA)IlA  FL3
(S)-2-methylbutanoic acidg& 7t1X32 &&8H o2 (S)-2-methylbutanocic acid
methyl esterg A4 A At

BAAHQA e B AT 2HE FHEA vFA 7180 A" o
21 22 BAHE APstg el Molecular sieve2 ul2] B8 AAF iscoctanedl]
71& (%)-2- methylbutanocic acid® 700mM @3 o] £9% Imldl lipase 50mg
3} silica gel S0mg-& F7H8td 10&2 &< sonicationAl 71 2] LT olA gk

A WEAATE o] WFEAE ®EFATeitt GC syringeZ U] FH 3o
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GCE B3I E A5t (Figure 5)

2. YA Eo]A Q] stereoselectivity 2 enantiomeric excess (EE)9] &3

Lipase®] YA Eo]AH L BE stereoselectivity®} enantiomeric activity2 &
o He d, A" 9EAEU (S)- & (R)-methylbutanoic acid methylester
o] S GCE ol gstd B W stereoselectivity T (Keat'Km)o/ (Kea/'Km)r £
EANHZ (J71M (kea/Km)sHF Keat/ K2 (5)-9F (R)-F 8] Wr3FHE Aol
t}), enantioselectivity® WEMHE (S)-3 enantiomeric excess(EEs)E &3

o] Fteeh

o [S—MBE(%)— R—MBE(%)]
EEs (%) = ST MBE(%) TR—MBE(%)] X 190

7} A Kato ~H 2 SEE S {7l & vl A (S)-methylbutanoic
&

1=}
B
acidll et REEFHE 4T (ke, KmE FA37] S8t 7129 =& 30,
50, 80, 150, 300, 700, 1000, 1200, 1700 mM= uHF-of 7hEA Z7] W&

=
Aagrt. £8 o7l Michaelis-Menten =4& AT o] JAoA

‘l

double reciprocal plot (Liweaver-Burk plot)olA] 7] &ujolAe] wrg =& s}t
A (keat, Km) & FH 3

4 Wg7e HHg a7

Lipase®) 527 % pHYl W& 1771742 A%t o 2ge 484
JAEoldel wWHE  2ASZ] A3l Aspergillus  niger  2|HA| 9
stereospecifity®] ®3Z pH 3, 4, 5 55, 65 7, 8 99 dFsls g4
0.06M)2 A=3sdct. pH 3, 4, 5 citrate buffer, pH 4,5, 555 succinate
buffer, pH 6, 6.5, 7, 8& phosphate buffer, pH 8, 9% tris bufferg A&3hic},

- 57 -



[ o,
2 °
& 3 E
F 2 2 R
6 P 8
£ 3 2
T ® 2
e g.g £
= g 5 g
X 4 _ g 3 &
£ = +
£ 8 2
>
= £l 8
© QfF T
o El
&, e
&
\
0
T | T
0 5 10 15 20

Retention time (min)

Figure 5. GC Chromatogram of stereoisomers of (R),(S)-2-methylbutanoic acid
methylester produced by lipase from (Z)-2-methylbutanoic acid. Reaction conditions;
substrate concentration 700mM; lipase loading 50mg/Iml solvent; silica gel 50mg;
shaking speed 200rpm; reaction temperature 25°C.
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T3 2o g JFES 2AEI] Hste 15, 20, 25, 30, 40, 50, 60 Tl <]
Ztzt gz oA B RAe A X enantiomeric excess (%)9 stereospecific
activity & ZARIAT & XA HEHE AL 947 A3t isococtane s
AbgEtlen FAs FEIAC HEAA F ALY FEE F57] dstdo
silica gel®l ol met Ao 9= Hste zAsHCh

A9F T dAEolH AL ddze 2 A4

1) Racemic X 94tol 2| 23322 F7)E4
Ea 9g F AY AP dl2H E3Ee &7 EHL #Ud7] 95y

g g oste FA4 & FFAA ‘i’}t racemic AWt 282 33 Eo] I
3

2) LEAAZEA (S)-A LA 2H 2 sgES &7 4 .
RE7MER] Aupat 282 3389 (S)-methylbutanoic acid ethylester&
284 F FREA oA O 48 F genz Y BEHANE B 5
U metd g AFFE WHAE ghulgd 71-A (S)-methylbutanoic acid
25EH gEPgAstd 2% AL Fo BFHAE AAEGC o] o I

Folgor & ge AL st

A TesE S Jl A Bel % GEARUE (S)-9% Q-39 A
Fiel2Eie Eelg BAFHANZEE o143 EYE A=Y ExzxE
Al £8 2 Kontes. (Kimble Kotes, Vineland, NJ, USA)& A83t% 20, bhoiling
2% heating mantle (4 x 33, HMI-F500, N &)& ol€34 100CE &R
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HgEA (LE $)& U2 ASsAT o 94 AL EAFFA2H

g A=dad. #E F wHd

wlo

reactore] vlZ R Asle HIEEL BYSF

2
wlo

A(10pmol)E AF sl v E A4S
A10% AsAS] 44 AT

1. #8571 e

A FSAAM NEE Aspergillus nidulansE ©) 8389 o1 nj k)2
ZE minimal broth davis without dextrose (Difco, Detroit, MI, USA)ol| &2
oz A HH3I butyric acidE H 7t AL &Rl wkA7HL 364 7Ho ]
oo, wiFEPL pH 65 2% 37Ceols 2HdAl A EE  p-nitrophenyl
butyrateE 7122 & ZAAct pAEFEe HIAuY F P49 yL
A&t

2. 834 AN 71E

TFEREH dUARAE FET F Eh AU VELS UM B dT7oAM AL
B

Aspergillus niger 2]3tA] 22l A $HE& 2d = wsko

- 60 -



A2 A AR &g B A TR LY TN

Al oA 73

N
_2_4_‘
T
z

1. Lambda ZAP ¢DNA library2 58 =3o] 2|74 Az &M

Rhodamine B+ lipase’t 7123 ®Eg3tdd @ &= free fatty acid®t ¥$
st UVatdlA  F3g vebded, oeld deled 9% lipase gened
selectiond} = RS o] &3tk WA Aspergillus lipaseE 229 & % ]
PO 2 lipase gened Qs A Aspergillus fumigatus$t  Aspergillus
nidulans lambda Uni-ZAP cDNA library2% 8 Chung 5 (1991)3% Kouker
and Jaeger (1987)¢] A= ¢d W& $83 lipase FHAE. screemngOI'
ek

XL1-Bluest SOLR cell& LB W4 30 “C2 a2 719tk 22
o€ AR} 10 mM MgSOs &4 600 nmol A2 Absorbance 1002
Heratgdo. 50 ml conical tubedl Z}z} Aspergillus nidulans <} Aspergillus
fumigatus lambda Uni-ZAP c¢DNA library$} XL1-Blue cell& 1:10 (bhaigeicell)
v &2 &8t o7)o) amber mutant helper phage?) ExassistE 10:1 (helper
phage:cell) ¥]-&2 AH7Istx 37 "ColA 1587 phage’t F&3IEE 90t o
719l 20 mie] LB W& F74sta 2-3 A1k Tt ABsEA wFd F 70 °C
2 15 #3 €Ak ol AR F TN 1 plel SORL cell 200 n
g Hubsta 37 "C2 15 £ AAsEch o] &4 100 ulE 0.01% rhodamine
B, 0.1% olive oil, 0.01% TX-100°] =3t¥ LB/ampicillin plated] T=&3to &

SR ke T UVelM F3g vehlls F2UE Addstgc ojd 2y

—_—

Z thA]l  0.001% rhodamine B, 0.5% olive oil, 0.1% gum arabic, 150 ug/ml
ampicillin®] &€ LB plated] =23l stE9 wjgs & UvelA 33g o
Ble F2YE Midsd.
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2. pBluescriptell A 9) 294 insert &)

Rescue® pBluescript pasmidoll E38t5 ]9l DNA insertE &2l37]
Aste Zzhe] F22UE LB/anpicillin XA &5 7| T F& 15 ml
tubedll X A4 E2lst] €& F STE buffer 300 ploil HAealn ul lysozyme
(10 mg/mDE F7lstn B &0 1 £ Mgt o9 AR 45 H4
1/2 volume®] 10 M ammonium acetate®t 2 volume?] o|&&& A7tz -70
CAA 10 B BXg & ADAAC 70% o&e A¥ F 20 ul 1X TEY =
o]i RNaseZ A 23ttt Lambda Uni-ZAP vectordl A library A 2ZHA] o] &
¢ AT LEQA EcoRIF Xhole FAo AL&3te 2e pBluscript® dgsln
1% agérose gel electrophoresis® €23 ¥ DNA insert?] 271 S &Qstgr},

A2 ata) fxe 2o 2
1. Y1089 straing o] &3 rice lipase & Agtll 2

Y1089 cell& 37 ‘ColA & A AE 71¢ F 1 mlY celldl rice Agtll
cDNA library 1 ¢1Z infection A|ZTh o] 42THA < 1587 Lxd & o

71 IPTGE HFT¥E7F 10 mMeo] H=% A7sta 37CAA 247 widat g

o

otk olZ& LB/MgSOs/maltose/rhodamine assay®l=l (10 mM MgSOs 0.2%
maltose, 0.01% rhodamine B, 0.1% olive oil, 0.01% TX-100)d] =231 33

ol 37 °CAA MY F FHE dehi: 2y dvach

-‘?‘l°ﬂ-*1 Agd F21E LB/MgSOs/maltose/tributyrin®f 2 (10 mM MgSOq,
0.2% maltose, 0.01% rhodamine B, 0.1% tributyrin, 0.01% TX-100)o] =23
T 37 "CoAlA wigde e halo7} UElUE AL BaRE )
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3. PCR(polymerase chain reaction)e] ¢]3t insert &<l

Agtlltie] DNA insert& &3t7] 9159 PCRE 38 At PCRS 2
Fol 100 pl ==% &% 10 mM Tris-HCI (pH 83), 50 mM KCl 15 mM
MgCl;, 200 uM dNTPs, 0.002% gelatin, forward primer2A] NEB#1218
lambda gtll primer (GGTGGCGACGACTCCTGGAGCCCG)$} reverse primer
24 NEB#1222 primer (TTGACACCAGACCAACTGGTAATG) 80 pmol&
L5 ml tubedll 92 o, insertE 7}A #F9 224 ¥ loops Y3 mineral
oile T3¢ tF 108 Y F dLdA 2-387 Wzatgeh d7)9 Tag
DNA polymerase 2.5 unit& 7} g thermal cyclerdl A target gene® %
2 AMxaeh o)d denaturation 94ColA 1, primer annealinge 54°C
oA 12, extension> 72TColAM 183t AAE 30 cycleS Al@ss 31U
cycledl = 72CAAM 387 extensione AAIsc. ZZEH PCRAMFES 1%
agarose geldl A 7] gFstd zASA

A3 2atAe] F2Y
1. PCR subcloning

ateelole lipaseE: 2497 YA Pseudomonas  cepacia DNAS
template© 2 PCR-E 3te Invitrogen TA vectord] subcloning3t}. PCRE 3
%ol 100 ul 1% 39 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM
MgCl;, 200 uM dNTPs, 0.002% gelatin, forward primer (AACATGCATG-
GCCAGGACG) ¥ reverse primer (GAGCGTTACCGCGCGCTG) SOpmdl—% 5
ml tubell W2 vhg, Pseudomonas cepacia Z2Y 3 loopSs: W3 o7
Tag DNA polymerase 2.5 unitE F7Fg thg thermal cyclero) A target gene
9 FE& ANEsgth olu denaturatione 94°C A 1%, primer annealing &
4T 12, extension® 720N 127 4A3hal 30 cycle Al 30

A cycledl e 72CAA 327 extensiond HAIEtGom oS 1% agarose
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geldl A &elstgct, PCRAEE AAS7] #4389 mineral oll €38 LR
Wold g ZFHFE Jeld 300 pt AEE ¥ T FFH9  phenol/
chloroform/isoamyl alcohol (25 : 24 : D2 Hd oL, HFSAE FTF9
chloroform/isoamyl alcohol (24 : N2 Hgsldct 454 Fue 0.lujo] s
3l 3 M sodium acetate (DH 5.0)9F 28 €] ethanol& 7}t -70 TolA 1
Azt o1 AHAE £ 12000 X golA 208 d4AEe sy PCR AEE 2™
t}. o] PCR 288 70% alcohol® Al H3tL vacuum drierd)A Az & T/
2 20 plo) @€stAch Cloninge TA cloning system (Invitrogen Co.)& o] &
3t A Asgot. PCR I vector® 25 ng/l7l HEZE 38 vector®d PCR
insert®) ¥} nj&o] 1 : 27} =& st 10X ligation buffer 1 ul, pCR 1I
vector 2 Hl, PCR product 1 ul (10.0 ng), T4 DNA ligase 1 pl, /< 6 us
W3 16CANA SEY ligation ¥FSAJFTE 05 M B-mercaptoethanol 2 wE
competent cell (DH5a) 50 ul, TA cloning ligation reaction 1 plo] ¥2 & 7FH A
HolF3a dE YolA 0¥ HAS T 27CAA AES) 46x7 ¥wSA7n

CThAl 48 oA 283 AASHAT. o7jd LB medium 450 nE YoAFa 3
7CAA 1A 5 2AEgujgste widd oo 50 uE X-gal (20 mg/ml in
dimethylformamide) 50 pl, IPTG (200 mg/ml in D.W.) 50 plo] &#¥ LB agar
(ampicillin 100 pg/mbe] B c}g 37T oA &3 vhgst gt F4e F2

Aesled Y3tE insert’t =X E mini-prep method2 #2138k

G

2. oz 2y o &
Lipolytic d(,thlty--v A @A g BRI 7] Yt A7 #FE 2X
%] 50 miolA 30 "CE absorbance’t 06 2 wW7% 7193 IPTGE 2
mM, CaClkE 02 mMSA FA7Fst & 2412 308§ wigetgct. A& o
AEEZ & o]E 25 mlY lysis buffer (50 mM HEPES, pH 7.0, 1% CHAPS,
10 mM CaClyoll #E3sn lysozymes HFFE 01 mg/misA H7Hedch
ATHEAG AL FolN 0FEL BAHFR 20 CAN FANY F wheS



& £ ¥Yu x¢ch XL2020 sonicator (Misonix, USA)S o] &3l g RS
240 Wl 3 24z 20 24 39 2&oE43t 12000 x gl A 152 94

2estn 45 AR pelletd] lipase 84 =F platedl X FA st Ach

3. Polyacrylamide gel “golA ¢ €71 &9l

Laemmlie (1970) ®HolA SDSE& #A7I8t«] @3 stacking gelS A A3d
7.5% acrylamide gel& AF&3ld 50 V 2A L2 16A17HESH 4 "CollA A7|H9F
& #8339t Lipase 84 %7} print technique (Hofelmann et al., 1983)d] ¢
Asled H719%53F acrylamide geld 2% tributyring #R3tE agar plates}
0.5% olive oil ¥ 0.001% rhodamineS ¥&3 agar vi%] o &8 ¥ & 37
‘CalA & WAt @A LS Coomassie Brilliant Blue R-2502.2 g4

shaict.

4. DNA 4712 2%

A-22 ¥ N-30BZHE 92 pBluescript SK@ EcoRI# Xhol zteloll Eof7}
Ay g H}A FHAE T7 promoter primer?t T3 promoter primersS z+zt
primer2 ©]&3tad AccuPowerTM DNA Sequencing Kit (BIONEER)E A}&3t
o PCR sequencingS F#3tAct 18] AZE 6% 9 4% polyacrylamide
geldlA #2719 %F 3 F SilverstarTM staining system (BIONEER)S.Z 43}

o 471 EE ZASATH

A|4% 2 oA Y o) LA
1. pET32 vector®l] subcloning

Sl Ag dFLAAT7] HE A-22, N-30B, N-53 Z2}20)=9] insertd
pET 32 vectore] subcloning 3t} InsertE 7FA pBluscript® EcoRIF Xhol

o Ao & HHEL 1% agarose geldlA £8)dn A BYs F AT s
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2 Adst pET32b L9 E 9 ligationdtH ol 0.5 M B-mercaptoethanol 2 W&
competent cell (DH5a) 50 Wi, ligation reaction @ 1 plol] W& £ 7t A &ofF
3 A4S folA 08T AT F 2T 4627 Helshn thr] 48 oA
2% AAsYTh o7]o] LB medium 450 pE BoF3 37ColA 1 A&t
g gstd] wigd T 50 uE ampicillinol g9 LB agar (ampicillin 100
Hg/mbell = g 37CAM st widstalh. Adts insert7t AEAE
ZAG Eo}2u= g EcoRlY Xhole 2 Aosiy &3t

2. pET 28 vectordl subcloning

Thioredoxin fu%ion protein© & A2ks = pET32 vector th2ld fusion §1°]
el A8 wHA Y 7 4 A pET28 vectordl cutinase 3242 A &4 cloning
3t7] sl 2709 oligonucleotideE & %2R 3 primer 4R E AR
PCR ZFZ3l9th Primer® AFE3 2709) oligonucleotide & cutinase & 2 2} 9)
5 %o A primers BamHl AdErL: BY YIS =
5-ACGGATCCGAGAGGCAGGTCTACCCTCG-3 (28 mers, CutBaml -D),
5-ACGGATCCAAGCTCCAGCTCCACCTCGC-3' (28 mers, CutBam2 -@),
3'-GTGGATCCAATCCAATCCGTCTC-3" (23 mers, CutBam3 -@) & A&
st 3 ZFo AT primers Sdl AdZ A Yy s st
5 -GTGTCGACTTCCCAACAAGAAAGTCA-3" (26 mers, CutSall -@)
9" -GTGTCGACCTTCCCAACAAGAAAGTC-3 (26 mers, CutSalz -®) &
AHgstaTh (Figure 5). &332 PCR 149 olel&g w37 95t Vent
polymerase (New England Biolab) & 49 25 cycle®] #4-& AX ZFZ3Yxn
&9 Ztzto] DNA =7} phenol/chloroform % %, BamHI# Sullo2
glsted W71 d 582 agarose gel A Gene clean kit (BIO 101)& AF&3}e]
welatdnt el A DNA 222 vlgl BamHIA Salez Az, 229

pPET-28 vector (Novagen)®l ligation A]# subcloning s+l
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cujgel gaud L B

oV

4719 lipolytic enzyme activityE e FH2E EEs= pET28 WEHERZ
3 BL21 EE BL21pLysSS A M#A & 100 ug/mle] ampicilline] ¥
e LBul %l A absorbance (600 nm) 0.6°1 € wj7bx] wigFsdch 7]
IPTG (isopropyl thiogalactosylpyranoside)2 HZF£% | mMYAA #rtetn
719 wjor wuAg LHAFAC TA 100 mE 4R F o] 4 ml
9] binding buffer (5 mM imidazole, 500 mM sodium chloride,” 20 mM
Tris-HCl, pH 7.9 &3tz X1.2020 sonicator (Misonix, USA)Z o} &34
et g 240 WollA 39 Zb2h 20 24 3 29 45t 12000 x golA
1587 A4l st 15 mi9) charge buffer (50 mM nickel sulfate)®} 9 ml
9] binding buffer2 & 3}% 3 mlel His-Bind metal chelation columnel ¢F 4
mle 47 &AL loadingd F 30 ml® binding buffer®t 18 mlel wash
buffer (60 mM 1midazole, 500 mM sodium chloride, 20 mM Tris-HCI, pH
THE AHS = 18 ml9 elute buffer (I M imidazole, 250 mM sodium
chloride, 20 mM Tris-HCl, pH 79% £2]3l9c}h ©o]& Laemmlie (1970) 49
d oA H7FFE FHT

A58 ZupAe AA 2 Ak
L 2lgA 9 cellt) BH =9 A=

Lypolytic 848 2t #F3xk

et
i)
oX
Hi
2
ol

i
L

et l= BL2lpLysS @ F9] 27|

g S 24357] Y& 2% tributyrin® 83 % LB/kanamycine plateo] Al
F oY 5 wE n2A EXF F BN 37CAAN dFAL 7l F BHAEE
wAstAh HA A F AL gad gude FHT E4L M 2%

tributyrin® R8s agar plated] 20 plE nEA X3 L glalxge AL
& st Spectrophotometerdl]l 213§ lipolytic enzyme®] TR E ZH o &=

UM AE$ p-nitrophenyl butyrateZ of 832k 9900 of assay buffer (100
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mM Tris-HCl. pH 75 buffer$} ethanol® 9542 &3)ol 2o Agg H
7b & % 10 p¢ 71 @£ (10 mM p-nitrophenyl butyrate in acetonitrile)& ¥
Ack 20 ‘ColA 58 ¥kg & gspectrophotometer® 400 nmolA EFFEE &4

At 1 unite £9 44 == p-nitrophenol®] umol® A o] &rt.

2. In vitro mutagenesisol 23 2|3 e ¥

N-30B/pET28a2] 784,785,786% nucleotide CTC (leu)& AAC (asm)Z A &
371 98l 470 primerE o] &3t PCR& Tt $4 N-30BE template o 2 3}
primer CutBam2 (5'-ACGGATCCAAGCTCCAGCTCCACCTCGC-3")/ CutM1
(5'- CAGTAATGACGTTCGTGCCCTCGCAAA-3')/ CutSal2 (5'-GTGTC-
GACCTTCCCAACAAGAAAGTC-3")/ CutM2 (5'"-TTTGCGAGGGCA-
CGAACGTCATTACTG-3)Z Z7 1A PCRE A A8t 7+ 580bps}t 95bp 2
71e] PCR A& & 91, o]AE PCR purification kit (QIAGEN)Z & A) st}
HA 3 F productE template2Z o] primer CutBam29t CutSal2g& ©) &3}
o 23} PCRE 4Alstgch PCR ¥ Ad7]9% 22 PCR AHE 9 2L7] (656bp)S
glslal, 2 band9l geld #elo] Geneclean (Bio 101)22 AAF % A
&4 BamHIZ Salle2 A Eld o} Digestion & vl BamHIZ Sall 2 A}
& pET28a°l ligationdt3, XL1-Blueo] #AM& st Zalrv= =3 %

insert& ZAsn 9714 EE& AA3Y mutations &35k
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A34 2949 refolding ¥ AHEAL T+ 4

A1% @A Data Base B4 2 A5 F3

L oAl 49 ofnxit J7ME B 33472 HEY A+

@47 Data Base 94¢ Protein Data Bank® o] 83212, @4 2549
A9 o 5749 M2 g AR 33 TFEREIE 23 A 2 FTFEA
A %) 5)o] 2 graphics workstationd] ©]E¢] 32 FZAHRE downloaddt

A2g LA YA B2 L FA ZE refolding IT

1. welgol# A4k 2 inclusion body ¥

pTTY2 plasmidE &HstE E coli BL212 LB mediumolA IPTG
induction®. 2 Pseudomonas fluorescens 2 3A& dlFAAeA iPTG*E
ImMe S E2 absorbance 05°9%A 713t AlE+= Ultrasonic processor
VCX-4008 o84 A8tk Cell debris® Triton X-100& e shel A7
& % inclusion bodyE 6M urea® E&3le Tris gF&Hoz L3)stHt
Induction®] 29 R wHWAEe RAYES £5F Laemmli ¥ wdd
SDS-PAGEE %38 ZAHsgen  (Laemmli, 1971), 10% Z& 12%
polyacrylamide gel& A2olA 33193, staining2 Coomassie brilliant blue

R-250% o] &3t}
2. Inclusion body el 2latalel & 2 £

1) Denatured 4 ejo] #¢

Inclusion body®| denatured ®© A&z B AA3t7] Y38l 6M urea &
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Hdog TE EANPE AANEE =Ha Gl Inclusion bodyS LalA]Z o
o]&3t= 6M ureaf¥O T jon exchange L gel filtration column
chromatography & 4839 th 6M ureadl resistantd DEAE sepharose® o] &
g+ ion exchange chromatography& 433801, tAl Sephacryl S-200& o] &
3] sized 2 dWAS FESAT o] uf FEEHE £TE peristaltic pumpE
o] 83 50 ml/hrZ 3t B EE HEF 280nmE EF58t
%3ttt DEAEE 6M urea 99 0-3 M9 guanidine HClg] &
712 #es

rr
4r
M

e o}

~
off
H
e
o

2) Native eje| el
Denature® “eje] A& chA] nativest FEejz2 uvlitr] ¢

dilution® dialysis® F 7}x] @& eisled AFE Fastgt.

S
s
lo
fu

3. 2lgAl e F7

Pseudomonas fluovescens® 213a §HAAE (vector pTTY2)-L &tzbst

Ay

71eQolA ol E  coli BL219l transformation 3] LB mediumol A
pre-culture 20 ml, main culture 1¢ 2 100 wg/mle ampicillin stressatol] A
IPTGE =3 % T} (absorbance 560 = 06). YA EE 7] (Beckman)Z 10,000
mpm, 5 minol A cell& FA8 50 ml buffer A (50mM Tris-HCI (pH 8.5),
ImM EDTA)Z &3 ¥ lysozyme2 & 308 F<F 37 ColA A, 28 Z9k
sonication 3dtF . THA] 15000 rpmeZ 208 E<Q centrifugation & ¥

supernatant® 47 & o},

4. Soluble &l z}Al2o] 2
Ion-exchange chromatography (DEAE-Sepharose CL-6B, 26x50 mm)&
o] &3t Tl A L HME buffer AZ HE33 columnol 5 mlE applyd T 150

ml buffer AZ washing 39t} NaCl 0~1 M linear gradiénti 24 E elution
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AlZl & activity® check 3ted 2] 3Al fractiond F7139 ). lon-exchange®
AR sample2 amicon (MW cutoff 10.000)2.2 %3t buffer AR H 833
superdex 75 FPLC columnell apply® # 0.5 ml/min® flow rateZ elution &

et

5. 2} g & ¢ refolding 2 &¢
1) Guanidine HCIel €] 2] 34 refolding

71E& 9} inclusion body #21%¥ & 4t ¥W33ste), inclusion body?l 2|
dRrdog ALY & UsA o ARE dolH7] e oIy 2 HHS
A3l a et Inclusion bodyE® 6 M urea &% HARES =20 F  jon

exchange columng& T #3tAth o] W urea 6-0 M2 9 gradient® A}-&3to

g o) refoldinge f =383, refoldingel
(pH 80) ¢F &Aoo

A8 3to] binding 1ol Y= wRP FEL FEAGAT

il
of
Ar
ol
o3
L
N
2
il
£
2 Jo
2
rr
Zz
ja]
L
=<
OS
o
2
0]
&
e

2) SEPROS (size exclusion chromatography)g& o] &3 2 544 2} refolding
Qo] W 2 woz gHE A & 2IAl9 refolding® £
£ FAlol 3887 98t 50 mM Tris buffer (pH 8.), 05% Triton X-1000}
=<l ¥ centrifugation 3}3 ¢ t}S cell debris& 11]713}‘3;\‘;11}. 2H whE S o o
#, 8M urea® E 3T Tris bufferol &818t1, 1417 424 incubationd}
Ak ol & 15000g° A YA Eels ohd supernatantE filtering 3t 7y 30,000g
ol A4 E2ste] supernatant®E #HF A o2 AArt SEPROS (size exclusion
protein chromatography refolding system) T8 -2 Sephacryl $-200 (2.5x75¢m)

columng ©ol &3, 02 mi/min®| flow rateZ Tris buffer® f&3h%ich

3) Purification of Lipase

SEPROS®lAl & g4 #%2 ion-exchange chromatography

- 71 -



(DEAE-Sepharose CL-6B, 26x50 mm)ell 7}8tth gl & A8 buffer AR
#8353t columnol 5 mlg applydt ¥ 150 ml buffer AZ washing R h
NaCl 0~0.6 M linear gradientZ & A& elution A7) ¥ activityE check 3l4
2l A fraction® FA3FT  Ilon-exchange® A3 sampled " Amicon
centricon (MW cutoff 10,000)2.Z %%3t9 buffer AZ H&83}8 Superdex
200 FPLC columne®ll apply® % 05 mi/min® flow rate£ elution 3ttt} o] &
t}A] Mono-Q 0-06M gradient2 ®&3t8ct. &A= wel Mono-Q
chromatography £ Superdex 200 FPLC column2.2 t}A] 3HH B E A =3
At

)
w
o
l;o{t
b>
lo
iIh
oX
Yo

Z71 screening

1. 2lgtAl o] A48 =7 screening

cld AAsE st <A & CaCl, MgCl, NaCl, LiCl,
(NHs),S04 59 g3} dcetate, citrate, cacodylate, imidazole, TRIS, HEPES &
o] ¢+FH za2lm A AA (precipitating agents) & H7ldtezn 2o W
312 Haygn, FHA2E H71EE 2-propanol, 2-methyl-2,4-pentanediol,
dioxaned polymerZ polyethyleneglycol (PEG)-400, PEG-1500, PEG-4000,
PEG-8000 & ol&&lith dutzxogz chuld AAse= oA ¥ 3iAbel
(supersaturation)ol A ©]F01%]7] W&o 1 ZAA3} 2UL WY 438 F o
1 9o A o, ¢Fd, 282 AAA T A 2H o dald U
o] tJ&3sl= =, factorial matric search® o] &8ttt wefr] W& ko] iy
Hol sy, H3 &3 duigol 7 EHUL A AMNLER ZAA 3
%o] o] &% 1 UE Sparse Matrix Sampling Technique2 2% 8} Screening &

A =3t
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A 43 oA Y A+

1. P. fluorescens lipase®l calcium ionol 2§ F22 <3}

orA refoldingst®M  Ee& P fluorescens lipase®l 72X SA43%
calcium ion#e TAE Loldr] 3| circular dichroism spectroscopy,
fluorescence spectroscopy L2 activity assay® Tdstdct. zZz FuH
protein sample2 10 mM CaCl; £+ 10 mM EDTA7F &% ¥ bufferdlA 4
‘C, overnight incubation & ol 20 mM Tris (pH8.0) buffer2 dialysis®& *

SERERE

2. Guanidium hydrochloride®] ]38t denaturation -t

z4) " sample® 0-4 M7+A ¢ guanidium hydrochloride ¥ = uwhet 2zHz}
Bx3o oA 1 h $¢ W% £ fluorescence®t activity assayE 338}
H A denaturation @TF+E FPstAch wAe 3xFx WEE H7| ¢8td
fluorescence emission spectrum@ T+ FH3AL  (Schimadzu RF-5301PC
spectrofluorophotometer, Chiyoda-ku, Kyoto, Japan) (TB-85 thermo bathZ 15
TE A, B4 FNE WstE F437] Azt 28712 Y p-nitrophenyl
butyrate® o] &8t  7]2&  acetonitriled] 10 mME  &3HAIZ
p-nitrophenylbutyrate &% 10x1% 20 mM Tris (pH8.0), 4 % ethanol & A&

ol (990 u )E oA W2 Al A 405 nmel absorptione 2 ZA &)
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A3z Zad i

A1 oA 22 R FERTES AZAFAA 24 A

A 7le

Al Aedne £3 2 AT B9

FSTA, Chemical Abstract 5 FHAHBAMAI 26 o] &35l 2|9 &
$ATVY £E (3 1462)F YASR $42 AR (3 122)8 Fusol
& ATl &85t A2z gEy o]4E ¥ BHFAE B3
g 9 AFAA AFZAAE HES A B A7) FEIS5E 2o

Al o2 vaA 7] &ell¥E (nonaqueous organic solvent system)

st

24

2 reverse micelle A12=®-& A 2|& w54 (microaqueous system)7} & A &s}
o ksl

oA el Aol ¥rgo &t vl KlibanoviAl, @2 Vulfson, 3 9]
€ 7"l e F2 d7Z2%E 2xstn Utk (Kwon, 1992; Kwon et al,
1996, Kwon et al, 1997) &3 9= D

systeme H= A|Fste] F712 sgon 714 YL won H2 A

r. VulfsonZ 2] 3 A mutant expression

F3te]l dobllth. £3] o] F butyric acid $3 Zol utitd] ¥ Fo| daEE
ATE oo A A EolH o)A wal AFoey S8 ity Ao

FIIEELE EBIHA L Ael7t UM RILZEAIE A 2o]E MFm )
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202 A9A butyric acid® methanol ol B35S o] Yol Ad A Ao uf
2 712 xlol= 1008014 #ol7h itk & D-do) L-dxth A2 100u)o) 4
7} A z}o) 7} o},

CH, CH,
Y
CH,CH,— C— COOCH, CH,CH, — C —COOCH,
H H
(D) L)

1. gt

—

olo

NS

4

e

A7) FAM ot Zol wFA $718vIA2Y  (nonaqueous

organic solvent system)ol A2 A ~HZ3EES 48 & Ao o FAu

€Al 2" (microaqueous system)olA e &4 wrgo] 7bFEtR] skt uwglA

gdoze HFARGAI A S AHESIAT o] AEFT YR E AW ZYME

2B E PAHse WHs SN2 AUt 2y FENEHR AEGE A
1

R

ol ~E] 9| stereospecificity® ZXste Wyo] FYEA o} g Tale

PHFoldL By Fu AR XA

2
o
o
Jm
o
oX,
o

SEER-T
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1 oG ug Hol4d 5 A &4

A 4 T vYPdEeR FE F Av 204FFY A FolA
At YA Sol A Ayt ~HZ SHFES AUE F AT FGAd Qg =
A8t A3} (Table 2), Aspergillus niger oA 23 A7t YA S|4
o] 7k Edth o] FF7F D-8 (S-8)F L-¥ (F R-F)9 dASolF d=
Hz3ge FAREEE L 31 AX HAY. 3 9$ 22 Rhizopus javanicus,
Rhizomucor miehei, Candida rugosadlXd &3 27t dozez & ¢
ANE)HE BgFa UN

gt o] Sigma Al2l Candida cylindraceaYy Chromobacterium viscosum &
e At 2HEZ FH4EAHEE A JdetlA & AU EF pancreatic
lipase, Geotricum candidum, Pseudomonas aeruginosa, Candida lypolytica,
Penicillium roqueforti, Humicola lanuginosa, Penicilium cyclopium &9 o3
M &3 e FPLHAL Y2t b YA EolAol AU & AT
At vl FANA 2laAe 71ded g Fol4d 2 7o we My gES
BoFa gtk & ol oAl 5 ¢E2#9 o2z A¥AES F IA
AL 2 dEole WY ester BFES FAPA XHE RAFEE A

S AHoZ AYE sjHolol 1 AHRE ¢ F USFS BAF T QU

—

A58 At ol A2 JAFold B4 N

[—

YA AA 23 gE Fe

FEAA wet ztz Feie] b2 A AL Eojof F& oA & H &
datAt A7l ARALFALEHEATE F AAECAQ isomer (T
G eo)E GCE o] &3t EelaAtt (Figure 1). #8247 enantiomer7} GC
oA Aol 1% 743 resolution® T EHHUDG 2 A7AI}E SAA )

By 7]Ee 2dlel GCE FAEse o2  enantiomerE ®Eds Uy
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Table 2. Enantioselectivities for various lipases in synthesizing the (S)-MBE in

organic solvent.

2-Methylbutanoicacid methylester’

Enzyme Enl;:antiome:‘ic

xcesso) (R)-MBE ($)-MBE
Rhizomucor miehei 33.3 33,091 66,578
Candida cylindracea 23.0 869 1,478
Pancreatic lipase 0.0 17,865 17,617
Geotrichum candidum (GC) 0.0 37,203 36,481
Aspergillus niger (AP) 495 23,028 68,371
Pseudomonas aeruginosa (PS) 0.0 38,872 42,494
Chromobacterium viscosum (CV) 0.0 - -
Candida lipolytica(L) 0.0 34,259 33,725
Aspergillus javanicus (F-AP 15) 498 20,641 61,429
Penicilium roqueforti(R) ) 0.0 25,630 25,673
Humicola lanuginosa(CE) 9.0 22,520 26,517
Penicilium cyclopium(G) 9.0 21,608 25,054
Candida rugosal(OF-360) 259 34,586 59,914
Lipase CES(Pseudomonas sp) 0.0 32,151 31,655
Lipase AY(Candida rugosa) 74 37,019 42,987
Lipase AP-10(Aspergillus niger) 20.0 39,645 59,457
Penicilium cyclopium(GT-20) 0.0 41,819 42,452
Lipozyme(immobilized R. miehei) 33.3 26,795 49,610

L Integral area by integrator of GC.
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AgstA 2218 + Ay 22t of

HAANE Bste dol Wzt WYo] 2 7Y ol

=]
==
o

5o]# mono- & diglyceride® #2¥ ZF$E GC 5 th¥d WHE ANET
ool vt o H7tx] SdE FAWYL MLER G%7] WEo] B
wel AEEojol & Aoz 2o B AT WRoz M AN Eyoz

g3 4= (R)-2-methylbutanoic acid methylester®] %ol <¥zF o] o] A}

by

JE19 T (Figure 2), Zaw$e Fd 448 B 23s5AQ

(S)-2-methylbutanoic acid methylestere] %¥o] ©] @o] A3ttt (Figure 5).

2. 2HAe FAHAE 2Py 2 4

Ao SAE ZHUE ol ¢ OhYste ¢ AFH vie} go] ojBHL
WEo] pH statoll 4 ZHatE B oA B F Sr)8oz 253 27
st WY 5 die oddith d7)Me A RAE4E AW 22z

enantiomeric selectivity (Y@ o] EC|A) &2 5 IAA F 712 UE +

ox
of\

T} Enantiomeric selectivity= %A 7l2s uvie}l Zo] YxEo)A Az
YELE stereoisomerE @Al R d GCE o] €3 Ealw (Figure 1)o] &

gtk 2ev B Aol wiiW 1dad ool g YHSoH 4

glatAle] ol Z4d== HPLCE |83 elzxle] 2ejgyFo Yehye

glatale] HYE FYYL ¢ A&stn H e Yoz Jeltes (Figure

JINv

m°“

2), =% Tl Zo 47]= diolein, monoolein, oleic acid® A Z=d 4
A FHol Yo i) HHS FHE £ Qo)

1% Yoz 2aae

JE71d, & p-nitrophenylbutyrate®  resorufing = ©] &8t}

10

2] 34| 9| interfacial activationg 32 Z7%3}7)

I}

p-nitrophenylbutyrate= 2l 3+A7} interfacial activationo] dojubz] oty &
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N £ Qdovg o ~ef2Al(esterase) B L 3= HolT, resorufine VAl
A AL ol ~El2 (long chain fatty acids ester)o]|22 & 47} interfacial
activation glol= 2go] Brlgdlct. & 23 A inactive & closed fromol Al

active 8 open form2 2 interfacial activation ¥ojilof ¥t-&-8& 3ir},

A6 A 22

1. ©Fud &zl x

LS

Aspergillus niger Sl3 A& ol&std FFEYUE 7] Aso, WA ZY
S #7l Mo @A S HHAT7] Aste A2t Y S A xsd st
t}. & isopropanol kalcohol), ammonium sulfate, acid treatment (Aspergillus
niger 2 3A7} Aol 73 Aeoz2 deiong) 58 A st dwAL A
NA 13 sf&uwdzgy wedss 25t 1 23 (Figure 6) 4@
isopropanol 2|7} 714 & #Heo)d e thdo] ammonium sulfate A, 2
1 Al ol ®£3 UF (ultra filtration) & ol &3t Hijgste Rl g
T2 ot HEBAY FE&I GAHAAN MY FL AHRE BY A
A o GFAAYHE ARt 1x¥ oz FE AlEdATh Figure 700
el vlel Zo] 2-propancl FEE F7MAIFIH FFE&L FdoL) activitys
¥ ZFol =2ttt 2-Propanol 5% 30%9A 348 14.26%0l1 iz 25
A 4% Uk 28y A% e A FES G FUrsHo Y 4RI A
23] "olAthrt 50%ol e oAl B EEvtn I+ S 30%0l A EATh
ol& 2| T}A| isopropanol 50%°lA 43l AHEAeH FHAEE FAEE B
AF 0 Uk EF 2Ee FrolM F4E7 Foit oAl "ojAle R 2l THAl

2

o[o
mlm

rlo

o

12

7} monomer® £ 5}x %3 polymer2 E2AY 71eAHE ULSE BHAF Y
t} o222 2-propanol? FHE sl Med A 66%Z A g Aol
7+ % A28HEE BUn FE€5 FAH el gElM gaAdE 66%
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Figure 6. The comparison activity of crude lipase and fipases which were treated with
alcohol and acid. First chromatogram : Crude lipase, second : 2-Propanol treatment,

third : HCl treatment (pH 3.3).
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2-propanol2 # 2] & F gel filtration (Bio-Gel P-100, 5x50cm)dts 254nmoil A
T4=E Aol (UV spectrophotometer, Jasco V-550) fractiond & &ch
(Figure 8). 7 & Z2¥4S5 Uellle fractiong Eob FZARAIN F oA
Tris-HCI buffer (pH 7.5)9] 5o obg 4SS AEsAct (Figure 9). 28 AlA
€ uhet 2ol o= HE Y7 teskden 4o ¥ AL ©Y fraction

oz Basgch

2. Chromatographyel 2%t glax &g

12228 ©& SDS-PAGE (sodium dodecy! sulfate polyacrylamide gel
electrophoresis)& 4ol #E& #308}7] electroblottingdtd £52 2W% 2
#H ZeFsiAe FA Fee Hdeny EAHE 66,000 dalton A= Gk 2
vt 2eld 2aAe ¢d Heol=d shsAdel %A 22 Aoz ey
(Figure 6). @WelA A&EHOZ o] fractiong o} HPLCOlA ion excﬁange
column (Protein Wax)& ©]&3%t] 2 &+E8E IAHAELEY : 25mM
Tris-HCl buffer, B & : 05M NaCl in tris-HCl buffer, flow rate
25ml/min). L A3 ¢9 AL peakel HO & peakZ F /MY peakz E iy
A= (Figure 10), ]9 23 ZAHATE AT 23 ¥9 FL peak?l 4
ez gxrgAol U (Figure 11). ©] ion-exchange columne. 2 £z
2latA 7t 9 EFY sisAdol Rl AAZ SDS-PAGEE £3 Ad:

oY 283 Zol BT LC-MSE2 HEsHA oY EAAR ofdAE B3
Az td E-o] obdo] @ AT (mass spectrum ) wely B$ g0 &

FE AJA ofY ™A polymer® 2lFA AR #<2l3l7] 98t reverse phase
HPLCel A} Vydac Ca columnd o]&3dto] 2&F8eE A=sdnt (A
0.11% TFA in water, B &4 : 0.09% TFA in ACN, flow rate : 2.5ml/min).
2 d3e 219 o Fo] o} fraction 1 (peak 1 in Figure 11)& Hol& 47)
o] peak@ UFEFE R (Figure 13), fraction 2 (peak 2 in Figure 11)% 9] # o]

= 50 o1del peakZ E2lEIAcTh aElLt o] E&E peakE Wolr 2|34
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Figure 8. Gel filtration of lipase from Aspergillus niger with Bio-Gel P-100

- 84 -



nv

:
o

iR,

oleic acid
diolein
triolein

cetone
monolein

iR,

:
Q.

_,/\J\U\
o -

d—[\M
o -

R N

5 10 15 20
Time (min)

Figure 9. Lipase activity of each lipase fractions which were purified with Bio—-Gel

P-100 column. a, fraction #20; b, #24; c, #27, d, #30; e, #32; f, #34; g, #36.
- 85 -



2
6 |
£
Cc
<
n
N
W el
g
O
0
[
3 1
a ?2r
<
0
1 I I} ] 1 | S
0 10 20 30 40 50 60 70
Retention time(min)
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ALBHEE S ZH EE fractiondl M 2847 Jehbx gt &
A 3| reverse phase A &2 23| fractione #7)&vhol unfolding 97 =
ol @FdAggol vElA ¢e ez E £ o X% olg Zze
fraction® Ztzt @2 wol {FIIEulE AAHIT F refoldingE AHA wrg
activity® A3 AE WE 842 JENA] &Fodrh

ol EFHA7E dels/le] monomer’t AEst FAE YAtz Y
g0l @Y Hetel=2 FYEHAE de e 4o YeElx Fon olE
o] Z&3t] polymerg FAaAUE W 2lgtAe] FAo] JEIGE BolF
123

ol 2 RS AR A EBo#Hged wE B4z 58§
Table 39 vebA ot & Al HF reverse phase HPLC2 29+ © < bandZ Y

E}5t 3L jon-exchange column® %%+ 37HH X9 band® ‘hebytot.

ki
2

422

2

m\o

7. N-terminal sequence %

& A . otuAt wlEEM(sequence)E &7 Ydte] oA
N-terminalol A 107§¢] o}m| it widEME 293 A3 Figure 139
chromatogram< @2 DHGNSTQTHG (Asp-His-Gly-Asn-Ser-Thr-Gin-
Thr-His-Gly)?l olm|4t Mg 7 & Ao velwtoh

A7 8 #A conformation® ¥

2 g4l o] conformation

coelst7l el glThAlel conformation® 1xHdEo A oju] &Hgkup 9}
o 2dEdME #5488 FAFA VeldE @ 5a 9 conformation 35S
B 1dE 23 52 del @RAY folding FEE d¥ RAF

A oFskel, 2# A% jon exchange columnollA #2]¥ F fraction (Fraction 1,
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Figure 12. HPLC purification of lipase which was purified with reverse phase column
(Vydac C4 column)
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Table 3. Purification steps of lipase and their characteristics of each step purified
lipase

Protein Total protein Specific activity . . Yield
. ] Punfication

(mg/mL)  (mg) (unit/mg protein) (%)

Crude 2230 6690 0.75 1 100.0

2-Propanol treatment 1723 4308 193 257 64.4

Bio-Gel P-100 8.6 1284 701 9.35 19.2
Ion-exchange column
(Vydac protein wax)

peak 1 14 7 18.50 2467 0.1

peak 2 63.6 636 0.16 0.21 95

Reverse phase column 04 04 28.30 3773 0004

(Vydac Protein Cs)
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2 in Figure 10) o ths] Zl=tAlel CD spectrume ZAFsle conformation ¥
folding 72 & ZAIsFY=dl (Spectropolarimeter, Jasco J-710) 2} 3zie] &4
o] & AL A% folding +Z2& 77X AL (Figure 14A) Aol wte AL
°k3t folding T+ZE YeElW T AUt (Figure 14B). £3] fraction 1 (Figure
15)& 738 @ -helix conformation® 2z A= folding 7ZYE BAF 9
o 28y e 4& Boln U+ fraction 2= e-helix7t obd S -sheet 9
BojFn ok ol 2o Aol wuAe Fx 9
A3 DAHS Aol AFE BAFrh 23S reverse phase2] vl T
ol A Bald 2luA 2 1-49 fraction] F CD spectrumS ZFAFS ZA3 HA)

A% folding 72E& HAFA & AR ok folding +2E FATS

i)

2 unfolding +%

BoF 3 9ltd (Figure 15). ©] reverse phase column& 2 £33 a4
Yang 59 reference spectra® 7}An 2xFZE 2R AF o -helixE
30.8%, B-sheete 0.1%, B-turnt 34.8%, random coile 34.3%Z L ielywtrc}
(Table 4). o] A#}E Fste] E of 2japxe] 42 d¥d Lz ¢H
I= ool g 2 BALE o2 AYPHA AAE o] AFAHAN BAF
2 ot

38 jon-exchange colume 2 F2|3 gaAAE o|fsled 2x¢ pHol
€ conformationg B7] ¢sted 2latAle] CD spectrum$ ZAHG Z 3, 203 nm
2 dEEE mean residue ellipticity® &% w2 ®W3E w9 (Figure 16,
17), €=7} 70C A =72 E conformation change?l 719 dojux ¢¢gg »
qF32 ok FelA 2FAs {7180 WM wHFZAGET 60Tl 7HA #
2@k A3E AdJAE=d(Figure 18) purified lipases & B A o)A Abet3)
LM% conformation W37t Al 1SS BHodFm Qo F tlA wiA
o TxHozE o BHAI FEAGANAN 70Tl Gl MME stk A
€ BAFa o iR e welde] 1294 unfolding Sl A#gE iz
ojc}, o2 o] £l aHAAE pH 6-107tA A9 conformationg o=

A= 7#AES ¢ 5 AUt (Figure 19, 20).

=

K
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Table 4. The results of secondary structure estimation of purified lipase with circular

dichroism.

Ratio (%)

a ~Helix 30.8

B ~Sheet 0.1
B -Tum 348
Random coil 34.3
Total 100
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Figure 14. Circular dichroism spectrum of lipase which was purified with
ion-exchange HPLC column. A : CD spectrum of small peak of figure 9 (peak 1), B
: CD spectrum of large peak of figure 9 (peak 2).

- 95 -



6e+5

detS ¢

2e+5

Oe+0

Mol.Eliip.

2e+5 |

-4e+5

-Be+5 . — : :
190 200 210 220 230 240 250

Wavelength(nm)

Figure 15. Circular dichroism spectrum of lipase which was purified with reverse
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oA e ANZ FPstd BE o FI4A|E polymer2 FAHEHANAM

2. 2134l 2] conformation ¥ &) 93 YA ol F3

FFRe 87 dQadE 23R Bio-Geld 3t 1a #21& A2
AEE)E ol 23 latale WYL F2 WA conformation HE L F3lo
enantiomeric specificity® Z7HA171€ AS o2 g WA 7[H# dx

3t amine FEAE o] &3l conformatione B & A AH KU

CH, C_H3
CH,CH,— c‘:— NH, CH,CH, —C —NH,

H H
2f(S)-methylbutanoic amine 2-(R)-methylbutanoic amine

Table 50 ‘tERH vhe} 2o amine FEMZE ZA YA Eo|ldo] F7ts
2 @t o] AL A& 2 Ea 2-methylbutyryl amineol 2ol
7‘}3]—71]‘ AgslA 7] W& conformation ®M o] dojux e A ok &
Alel CDell 9§ conformation® %A g A amineo] ©$ conformation ¥ &}

£ Ut @skth ol crude® YHAE ASHY] WEoR mTh

RN R

F—.\~

= A1 identification
upeglA] HPLCZ £ gl il t& 488 & Yart oy,
& YA Eol3 glzt=9 2] #(2-methylbutanoic acid)®l competitive inhibitor

91 2-methylbutanoic amide® YA ol AME o) §std HEstia gtrt
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Figure 19. The change of conformational structure of lipase on pH.
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Table. 5 The change of enantiomeric specificity of lipase treated by amine.

2-methtlbutanonic methtlester ratio

Lipase
(S)-form (R)-form
Crude lipase
Non treatment
Amine treatment 36 1
(S)-f
orm 37 |
(R)-form 3.6 1
Gel filtrated lipase _
35 1
Non treatment
Amine treatment 35 1

(S)-form 36 1
(R)-form '
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CH, CH,

CH;CH,— C— CONH, CH,CH, — C — CONH,
H H

(S-3& methylbutanoic amide) (R-¥ methylbutanoic amide)

t}ok 2-(S)-methylbutanoic amide®t 2-(R)-methylbutanoic amide< 7}%

Has GPsz AZEY 44 7 £ o4 dagdstd Assg s
E

8o £4Eed 2HdAE 712z 219t 9 conformation changeE Al

g4 & HPLC 4 A3 §4F amide

25 Q3 (S)-2-methylbutanoic acid¢} ©h& £33 2 FAH A (Figure 21). &

e
ox
of
_(1»
i
4
e

ot peakZ ¥

L 1011909 mass spectroscopy s E8 &3 A3} (S)-methylbutanoic
amided o] #lE ATt (Figure 22). o] &4 HHL FAF racemizationo] &
oluzr] ¢eom ®Biryol ot =3 polarimeter{Jasco, Japan)el 2]3ld

optical rotationg ZAbste] 2 A 4424 Fof racemizationS doJibA @

4. 2 7+=ol 2|3 conformation HE I YA Fol4d F3

olg@A L& amideE o8& 2T AdAd ZIFAZE W
conformation ¢ ¥3E CDE %3to BHton, 1 & HAAE ol E inhibitor
2 Ao AFAA conformation F YAECIHE FEAA LASo|AHS
23 t}& jnhibitorE A 73 F o] conformationo] W& EH e HAE o] &sto
Aste AW A 2HE AT 9 enantiomeric excessE FAATH Sholl Al
AFs vt 2 stereospecificitys A4 9HSEHT 4FE FFsA FHE F

glolA 7= AR & T
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Figure 21. HPLC Chromatogram of (S)-2-methylbutanoic amide after synthesis from

methylbutanoic acid.
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Figure 22. Mass spectrum of synthesized (S)-2-methylbutanoic amide
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M A ijon-exchangeo| ¢34 purified® 213 #)2] inhibitor 2l7t=9 AF
of 2]%t conformation changes YHEFLFR] ¢83tth (data not shown). ol& 27t
= Ao 2 AAHQ conformation W= Aol ZHsx %ee & £ )
amine®] A3 &2 317149 conformation H37t gl Zeo] duiAo] Ry
HA &%l WEor FHAUoW 238 2= AR Asy = 2
#5909 active site RS REHQ configuration WiE UEldxgE
(induced fit) WA AN conformation Wdt= HolF2 Fetn A&AL &
o}

ob#& conformation ®3tE BEHA Fodriste A Se|H Y=g
3t active siteg YAEIH2Z induction A7 A E o conform-ation
o] IRI7LA YA FolA At 2HEAFES FAHE B YA SolA
o] aA F71g& BolFnm At} (Table 6). o] KlibanovZ7t F#8tE enzyme

A Ak 2A pH memoryel o]

i
BHE AU A4 g Aol oldAE & AdFAME 23 FRFHY

234 o} interfaceloll A gl 7+=d 2§t conformation W& E thulA o] 3x}7 =
HQl HZolA utsle ZHol ul$ F23% project7t € ZHolth E3] nmrol 2%

2 3} A 9] interfaceo] A dynamic behaviorg & #AstE AL ¢ Toz & 7o

o

2
co
ot
r>~
L
G
o
Ry

29

o
[¢)

Jim

42 gengr] 44 2 H43

—

L BhEgAIZhol| mE YA Sol nEIF7EA] R wpadel el o] FAwW3}

AAT WERS7]I(Figure 23)W ol A Aspergillus niger 233 & o] &3}
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Table 6. Improvement of enantiomeric excess by lipase whose conformation was
changed competitive inhibitor in organic solvent.

Lipase (Aspergillus niger) EE for (S)-2-methylbutanoic methylester(%)

Ion-exchanged lipase
Non treatment 59
Amide treatment 75
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ne
=
a
lo

2 RESAIZE 4, 8 15, 241kl WG AEERQl R ZFIEA] At ol 2H

Y

2l (S)-2-methylbutanoic acid®} total methylbutanoic acid &4 %<&
o}, A ARl whEl (S)-A WA ol 28 B HA ester o YH4FL FE
3] Z7F5 o, enantio-selectivity (EEs)& AlZbell whel 2] WelzA< G
o} (figure 24). o] 49l A3e 2ldA wrgBYE (Table 2)9 stereoselectivity
o= SEg fo] es B F1 U,

oX

o
% o
38 o

[+

2 £E % pHl o@ A%

d5H SAAZ pHol wWeh Zie BHES 2A A% 22 pH (H 3
4, 5% % pH (H 8 9, 10014E ¥ 3ol Yojux Lkowl, pH 55,
6. 65 70914 @4E UEdt dixoz S8dadd 2nAle] H3 pHe
6-7 A =0t (Kwon et al, 1986). 2eivt & AgoA= pH 55 - 7.041A pH

of wat activityol 2o]7b Qg AolgtE dATE @ YE5Hoz ﬂs}xl %
Azz

skeh. ol obvh $2dx AW 9 eEgelel go| £1 ol glolA
27 Sk Aoz 47En A @ A7ss ol FPEojol s
o ¥ NEH metor dolEh A5H A gob AT A%

sttt Klibanove® ©]&(Zaks & K]lbanov 1986)9) <13 71 SRl wg
AN7)7l Astel SAAZANE HA pHE FEA4eM oA HH pHe
AN ETD FAHAG. & o= pHAM FAVZT A$ $2Uz v Ao
727 BAAZ F $7180jolME 2002 §XHrtE ol &o]THpH 7120 &),
ol TL ol% wWEol B ATolMe} Zo| FL pHu ¥L pHIN 524z
@ 29, 54l 34 PR} Waso] 10z 2028 ¥ £71 8N B
Sl E Fz7 Wa wWakx 7] WBol EABAEI Ve ¥ Hez
Bl

25 APol thstel 2=l tid Q¢ ZALG A (Figure 18), L7}
BOCHAE A&aln NeBYEs} RES Z7tagch 22y 2 dgdMe

SRV S FE 24P BAY, F /71807 A FEEHA FHFHAU
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Figure 23. The optimized system for ester wynthesis reaction.



1.6e+7

1.4e+7 —&— (R)-enantiomer
—8— (S)-enantiomer

1.2e+7 4

1.0e+7 4

8.0e+6

Integrated area

6.0e+6 -
4.0e+6 -

2.0e+6

0.0e+0

Time( hr)

Figure 24. Time course of stereoisomers of fatty acid ester synthesis of lipase in

isooctane from the 2~(i-)~methylbutanoic acid.
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exzde A W&ol 60T7AL Adadrt gl dFdutet 2o] &
ol gle A4E FrI&ulolME ol ¢ rigiddted Tz QA WA gEde
oj2 & A o2 F URAT 60C7A E7o] F713tAt}. Aspergillus
niger 2l@Ale] A WE&EE 40, 60TAAME 27| &5 57 22 F718)
o 60C AFole d2odMEt wEExrl T4 v 718 HoFm glon,
23} T4 FPol FAsATh olvt: 1A AL oL X FAHA
S o2 Az dwtd oz 3AHFAI)H activation energys Z7}E 7)
PHEAE IM 202 ©HE AR RALG AA FohebA ¥%km 28 vlxddl
th ole F7I Bl E AFELY DHEEL 2F steric hinderanceE £
Zo] w7] wio) zol7t Qe AR Btk ko old dig A At
ol ggs3irt.
BE YAz 50T EE 60TCoA 1412 ool &4do] Aol o} daigle

A& Azstd 718 ulelA elatalel e of$- Frrech dAz g
A7t A4dE | EEAZ ZA A RS WA H-bond7t Bolx WA zix g
o 2y E2E27E A9 e F7l1 & E gutAlzt dell o §- Ao
60-70CoAM = 2 WFBAHAEE vebich ze EAWE AT 6-TAI7

Auvd ddE 8 § oE Add odstd 54V MM BAHdES HAFT QY
o B8 Eo] gle dEdA fIAAE 120C §F 22 HAY A4S A #
A e et

] # & o] d(enantioselectivity)oll blxl= 2% ZTIE RAME A ol F
2% HEE & F UMk REE F/AAE o HA HEFAHARE F7}
3wkl (S)-MBEE A4t enantioselectivitys &7 271842 748
€ HoFm ot 713 78 enantioselectivity® UEN FE &£xE 0C2
Al g mA kel vl %A Y ole 257 SHAFE flexibilitys® Z7Fsle] A A

FH B4 =< F7H5HAIRE enantioselectivity® LHERUE  specificity s 724 &

,_
o

BoFn ok Aspergillus niger?l 7$E 20Co)A (S)-2-methylbutanoic
acid® 614% X9 EE 742 HEAZ F AU &xe g Eo)4de 1z

—
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o] Ef Mo 7]2l&t7] wEo] el# A2l conformationgl flexibilityZ} %7}31H

29| rigiditye #AdH ExEol4do]l Holxles Ao Azt wepM ¢
o225 AL circular dichroism (CD) 5& &3ld %7t $71¢ o F718&
ool A 2lubale] PR 2x9e BAE FHEGE R oS FUEE AT

7t & Aoz Azhgdri(Kwon, 1994).

rir

3. WgEHE

F71 g ool A insolubled 2] FAE o] &3k soluble7} o] Wt FHEE
RB7} 98t 2-MBE ¢ ¥ Z ©l¥7}H A Michaelis-Menten 54& 288 ¢

ot

t} (Figure 25). 4l 7}x &4 2% ¢} 7|29 Fx 70mM ”}Zlv‘i—'alﬂ*ﬂ o xut
S84l A9 AUk 71F FE 80mM ool EolAo} 23 A3
Michaelis-Menten 40] ¥§8& 2ol 73 Ik a2y 4 & 2F o F
A3 LU dehFA Zehn ok olv & WAL AT £
fofoll =% gxn 71Agr {7l &olol 3= B]A YA heterocatalytic system
olojA 71E FXE7} o= FE o)stell A& diffusion limit 5 E2HYA AT o
Fo A8 Wgol Hx @ Yohrk ot FE olgol F o oY APes
7b 2EF7) wEo (AR&ZA, interfacial activation) ©] FE o]4olA
Michaelis-Menten F4o] H&xl& Roz Erf wepx 713 70mMe] y¥hg9
A5 S(activation concentration)2 FA At T3 o] heterocatalytic
reactionol A& &A% 9 ¥ parameter® +& 5 Qok U ZRB7] g
S 2P E QY iwKn, anVmaxE ©1E 9 Michaelis-Menten Z4ollA4 A5 Eo
Aol %o ¥ double reciprocal plot (Linweaver-Burk plot)ol] ¢}3te] #3}
#3 NSt 22U heterocatalytic ©10141912] double reciprocal plotoll A
g g F49& TE £ Ak wEbd B8 g nKe, an Vs
T8 F AAot el FavkS olo]HE 3k tHdata not shown).
7129l sxo wel stereospecific selectivitydl]l 2pe]7b =3 7|29 =&

W2 A G 27t ¥ wek EEE R Fdou vE7F 1500mM
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Figure 25. (S)-methylbutanoic acid methyl ester produced during the inhibition
reaction of lipase by methylbutanoic amide. Methylbutanoic amide contents were (0O)
OmM, (@) 20mM. The reaction was performed by the same method as the ester

synthesis reaction
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o4 wol= stereo-selectivityZ7t A St ol ATy 7Aoo Y& %
£ o8 71A B2 A barrier 5 W&ol stereo-selectivity7b FolmE Ho
2 &l

ol 4tz Zro] | Ayr& A28l (Non-aqueous organic solvent system)ol] A
Eo)7] #Asted f7l gl Ao E& AASZ 8 molecular
sieved ol &3l E& AAsE Aol FAREZ E&E Y F AULH, o}
< Ao 2Ao] FHEE silica gele H7MAS W FANLELE ¥

Azt Silica gel2 o2 2lgdae Eojuy FHARFFT A7l 88 FF

ru’.
olo
1o
ko‘l
mlo

gozH elstAlel HEBHES £Y + ANUTH WA BRI A 2
YA Asde 98 o= AL ARE O Y0 B goz AE 4au

rllﬂ

Aol M scale &4 & sl Fste 7ol Fasirtn &t
4. 2@ 5ol tha inhibitor®] inhibition kinetics
1) Inhibitor &4
glatAlel Myge A saiEarst A HAUAZ Wi o F A1 g
Al 2] conformation change® AIEdFAth WA glgAe YAEo]H activity
£ conformation Mo 2 wol7] 913l o] 2|2 7] (2-methyl butanoic

acid)®l inhibitor® The 3 o] AZUT 05 gol Z-méthylbutanoic acid7}

o7l S3upet Z et~ A0] DMF(N,N- dimethylformamide) & 1%¢ 713t & 4
bk g A At o3 7|o] 3-4mle] SOCLE 41 steam bath A 15-208 7+ xt

sAZich wrgde 427z A F 10 mlel ice-cold NHOH &Holl 24~
Wil @ueu Rojzkw Yok of wWolth amide B4 WEE checkstrl 9%
o] ¥b§ 4 -Bondapak Cix columng ol 838t amideE ®#A&An (Fig. 21)
mass spectroscopy & °]&3ste] Ex#FE At (Fig. 22). €53 amided
Ad7] fsted 7|4 22 crude amide—-é recrystallization3l 9 th. crude amide
Fo) o] B F =3 ¥ & '—3: WA Yot =AY &l

2
2
Ae ¥ exE 93 A

mlo

wlo
>

A A7 Eﬂdou WoaEs Dolo g g @zg%
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e F 22 48 AlAE7 Hstd FFRF

il
=
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_O‘L
]
ny,
oX
tlo
o)
e

o
v

CH, CH,
CH,CH,— (I:— COOH CH,CH, —c — COOH
H fl
competitive inhibitor?) 712 amide 7%
CH, CH,
CH;CH,— (':—‘ CONH, CH;CH, —(=: — CONH,
H e
(D-8 amide) (L-% amide)

OlgA #4498 2lgtAe 7] (2-methyl butanoic acid)@l inhibitor& 7}x 1
234l 9] conformation®l flexible3 phosphate buffer solution(pH 7)ol )3} #)
ot &4 9ol conformation® W& S Fraidch Wy T2E /287 sl
2 21zx8 ¥ 2lgd A9 conformationg FA &AM zHESE inhibitorg A A
371 98] acetonitrileZ washingdl 20t} AcetonitrileZ washingd £
dol AL 7HAZ 2xhdEelA HYHE HH MFA Y o &5y
2-methylbutanoic acid methyl ester@Adurg& APsIPct 22} o] A
A washing® 2 7 xste] Aozl 2latdle wEF71&el Well M dispersion
ol Z A got 7|FHe] HE 4T EAEE BAFAL 2 2 FEE
‘&%"]ﬁq At Fol & esterd] Aol A9 o]FojxA gt olE 2lutA
of th§ inhibitor®] affinityFHellA ILes] Bolof & Algto|r},
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2) Inhibition kinetics

wr2bA, 2l gl ™l inhibitorel inhibition kineticsol g ATE LA
At WA initial velocitys #& Aol wWE ester@Ad FE GCAAME (R,
(S)-enantiomer z}7Ze] inicgrated area®M &4 8% thH(Figure 5) L 23 244
7R lineardtAl Z7tsbe A 2 5 U (Figure 24) @ebA 1641% F

product®] A4 @O Z M initial velocityE Tttt vhiItA] WYoR g

o

28 A 715 inhibitor 20mME &

olo

A reaction vialdl ¥ o

off
.

o

(£)-2-methylbutanoic acidel €48 ¥ Ee methanolg 7]ZE o] ¥g

tlo

AP 7 T esterd A activitys ER AT Activity® GCE °l &8t &2
g (S), (R)-methylbutanoic acid methyl ester®l integrated area®*| 2338
o 1647 WA F 72FEZV G2 ester§HHEE THAZ
Michaelis-Menten curve® Z2l® ZA3 Ay A xxHg I2e o=
Lelst o (Figure 25)

glatd 7 Bodsts iR Ee| heterocatalytic reactiondlMe 2 AAE W&
o] doju}7|o] H&3 Fx2Z 57| 98 interfacial activatione] B2 d o
interfacial  activationg 9% A% FEE  interfacial activation
concentration®] gt dtch 71A el ¥ =7} 80mMolstoll A ester@ Aol o] Fo13
A 9= Aoz Hol o] BEE interfacial activations EZ B3kth. 100mMol
HEE dadoez 71de $EE F/AA g o 71F 9 FE7F 750mME
Yol A @ product inhibition®] ZZ ester@4 HFol FAHoR Fol=E AL
2 uebhgtl. Reaction kinetics parameters® “#3t71 $13 double reciprocal
plot(Linweaver-Burk plot)g 28z ydAzo2M  ,Kv awVmx KiZ 3t
At} (Figure 26) 2 A3 2]5Ao] thd inhibitor,Z 2-methylbutanoic amide?|
inhibition® competitive inhibitiondZAe] 7™ ,,Ku & 112i.36mM, Ki&
84.175mMY L 78 # AUk 1/2 Vmaxel E23st7] 98] 22 7129 &

= ZC‘)‘ 9’] E' T‘:_ ;||)nl{l\'l g}\. 0] 1 121 .36mM ?_] E“ t\l_} SH Ei 9]' inhibitol'{i‘f 63' JE“ g]
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dissociationg 2olulst= A<l Kigkol 84.17dmM o &, . Kmoll 818 10wl ol 4
#adte RS & 4 o] inhibitore 2l 3hAlel i3 affinity7} ol$ Fol Uk
EZAE Y4 Folz sy od¥s e o F UAATH P ol AH A
g3 inhibitorg ©°] &% elatA Fx WFHHAHA inhibitor7t &9
=3
Inhibitor& 2] I}t Alo ZFAI7] 1 conformation & enantioselectivity S 2 2)
3 o] conformatione] W&tEl 2|t & o] &t A3t ester® FAstma 3t
= Aol & A7 FHoUY ¢F 4 A sl reversibledt A 2 &3}
o A 77t £o]d inhibitorE ZEoZN EA Aol NAE &£ Jedld B 9

g 22 482 Tl 239 kineticsol #& A5E ATE + A

irreversiblest Al 2@ & ozm AAs] F7]7F oYY RAE & F AU

32

1 714 & &4

Racemic A|4htoll 2623180 #7542 ke Algdo] Wiz 3%
Ak FE(19%/20%)0] 72 ZHUAME Bmzhl WdAQsF don sk
o 717 Fon BAIANFS gl R0 G 79), 49 (0% 13%)
oAt oo ghulg 7]E (S)-methylbutanoic acid® %€ 88348ty 2
f AL Fo] AFHAE AR A BEF (10%) S 712 For Az

Al
=
F(7), B71¥GEH)er AL, 9Fe] vl Foxm AHICHGH; 13,

]

o2

o

43)3tQ . o= o TEIIIFR] Aatdl~H 2 3882 (S)-methylbutanoic

acid methylesterg #AA AT A dEAHo] o$ & ZHoz HAL F

O

X
2 294 butyric acid®] methanol ol 2E] 81229 AA oA M wE 7}

}

Juass

al
Azkel= 1008) o4 #ol7h vk % D-ao] L-Fuch Az 100 ol 4
A apol 7} e},

N

oz BAF} 4THoz F AAHW DA Aol e 238 &
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Figure 26. The Lineweaver-Burk plot of lipase inhibition by (S)-methyl-butanoic
amide. Inhibitor contents were (0O) 0mM, (®) 20mM.
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o gl 4AE & ok T obd Aol WEel 3d AFEE AXE
S 44 ATE F23 Y £ UL obdA 4z

2. B4 At o z=el2e A
B Agoa g aale] odte] AAE nRIZEA AdAddzHZ AESES

obM el By A7t A vl FL AUE IRz A HHFE AXNA B

u

At 2 2A1E g Aoz Alrf a2y ZjA(acid)ol o F okt
o] A7 EA7t 4 £ A& A2 ALREH Figure 273 22 EAFFA
2® (molecular distillation system)& ©}&3}} rac-2-methylbutanoic acid€
AASNEE stk 23 2§ ¥ 7ldo) w2 RYEE GC 24ZEAS 2T
LB 7t2 gatdnt 2 EAZHFE wSAES GC #4423 E¥E
£ BAZEAz"gozE RIIMA A5l A d2HESRE] o
Aol AAANE AY BT & Adet F EAFFEE (S)-2-methylbutanoic
acid ethylester®} (R)-2-methylbutanoic acid ethylesterg& #2&# F£& AU

Geby o] Ba FHACHE #S7)d AAs] on-line BeHA 2L )

w3tk (Figure 23).

yEgrgr|el #2s)

b4 AFF uiel 2ol fH7I&ulE  isooctaned °l83F:n 2 IA=
Aspergillus A%2 238 £ AAF B5AF7180A1=" (non-aqueous
organic solvent system)olldl ZE7E7FER Aol GAA A A LEHEZ
((S)-2-methylbutanoic acid ethylester)®& 4 @A &Rt w& 21 UnAE
pH6-791 A lyophylizationdted E& AAstHz, o] #F T FBHANAL
Aol A  amide ((S)-methylbutanocic amide)& ©] &3  molecular
imprinting& £3to 2lgtA e JAEYS F/HAE F AN =F wE =

AL AL ZF/HA7]7] Astdde ¥ 25 (100)7 A #AstAem acid

A ester2 o MFJE =L 2% (40-50T)7F FelstArh vH&F Figure 233
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Figure 27. The molecular distillation kit
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2ol YASo Ay ol xH2ZE Bx

ml

M

FHALHE HAA" & YA
e ABEEA ALY 5 AojM M2 714 e FF5A AR £ Yt 2
28 BFAR7|Eed s g49 A (operation stability)= v]$ =r}
Baoslo] don A & Adge AT o9 Hrl.

U

—

3

A10F 2 atAe A AT

1

z

1. wasis 7N

k=1

il
I

Ho EoAE ANY BE
(Aspergillus niger)®] 735 QoA AJatAdo] x4 AL Qoo d=o
A 2E 2aA g o)gstd ZFAse e Ao "Wold AOT Hol X o
7o dF ATFZAMFTLU) YHSolHel 43 Rew B Aspergillus
ninulans AE 2l dIME PAeE7] @i zd P YA AL ARG
(Figure 28). & 2L di57l(log phase) FatelA glatAle] @40 713 &
ez eHBAE Aspegillus nidulans FFE 18A17F vk & Hlg e Zx) 3l
% vtz gma A4t o] &8 YTk o] 23R carbon source Rk Hll 2]
A ElatAl Zgo] wkow pH 650A 7t 4 Al SH4EE BoFEa
AT oz v LwF A eA 2] M4 2AL AFE B Ao 9
S Ao Aztet FAMZME Aspergillus nidulans) X AR g ahx o]

27597 E &9 TFET enanatiomeric selectivity7} ¥x ol (%)

=
A7t glemz e A7 Beyde =aA Rech gad doz B
AR A0 $aslolol & How Brh Aol ARG o UolrtMs

Soha) 44 FF GAREY Agsiedol & How R

2. R4 AY 7le Ay

elatal A FF=RE elgae fel A AL 71Ee I ATs 2

Mz
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Figure 28. Changes in cell population (CFU/mI) and p-nitrophenyl production activity
of Aspergillus niger during aerobic incubation at 37°C for 36 h.
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A2 YA Eo|AH Ao A A st
A 138 A Iz g

1. Lambda ZAP ¢DNA library 258 #3%o] lipase gene screening

Lipase A2} speciesZtol homology7F #l$- & Aoz Ade4 et o
ghal o] fFAXE sy YA PCReJY FAE o] &3 9y Hgax
%& Aoz AZtdrth Rhodamine B lipaseZt 7123 ¥E&3le] o fg

Ak vEEstel UVstel A FEE yetdied, oled e 9§ lipase
e 9Hg oj&sdct B AFdME 1ahd x| Aspergillus

Ho
e
N
2
it
rx
=3

=0

=

lipase, rice lipase @ Pseudomonas lipaseZ 24 3 T o|Z Fostuxt 3}
Aok FHAF7|He] AFAtel 9std Aspergillus® 9 lipase’t QA Eo)A
£ A YEllo] Aspergillus 5& WA o] &9 o HT 2 rice ¥ HHE g
ob  Pseudomonas 45 2ZREH  lipase® AEstuzat stgnh. Aspergillus
fumigatus®t Aspergillus nidulans lambda ZAP ¢cDNA library2% 8 Chung %
(1991) ¢} drtetd WY E 83t lipase T+ HAAE screeningdt vl Figure
292 lambda ZAPS 25 ¥ Zel2~ul= pBluescripte 29 rescue FAE BAE
c},

XL1-Blue9} SOLR cell& LB #ixlo]M 30 "C2 &&% 715ich zzte] &
2 YAEE s 10 mM MgSOs £ 600 nmoll A1 e absorbance 1.022 &
5t Rt 50 ml conical tube®| lambda ZAP ¢cDNA library 2t XL1-Blue cell&
1:10 (phage:cell) B &2 &3 £ amber mutant helper phage?! Exassist®
10:1 (helper phage:cell) B &E A7}slxz 37 "CAlA 157 phage’t &3 %
% stk 97l 20 ml9) LB i & Hristxm 2-3 A 5ok WesHA by
FE F 70 CE 15 2L AUt ols dARed F 45A 1 plol

SORL cell 200 ul & #H7lstm 37 "CE 15 £ ARstQch o] £ 100 ps
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Figure 29. A, Mass excision using ExAssistTM helper phage selection; B, ZAP
Express function: regions.
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0.001% rhodamine B, 0.5% tributyrin, 0.1% gum arabice] ¥RE
LB/ampicillin plated] =@t wj¥d F clear zoned UHEME ST2YE A
w3t g ot
Aspergillus nidulans 2 Aspergillus fumigatus2%€ 9& NL, FL Ag9
o] At T A9 71AEA tributyrin ©)&)9) olive oil & ARE3 A3
Ad7k7k A9 vrERUA] ot olive oildME HUHE ZE 28S €7] 98 oA
screeningS 33t ch. Screening A WA tributyrin®f X A FItE JHA =
22& Hesn gA olive oil 7o) E2dte ds1E st
Aatg 22YE 05% olive 0il/0.001% rhodamine B} %ol =23t 366 nm
F4g JeEllE 224YE MAEsdch Figure 308 ¥3%$ o]t SOLR
cell ¢} 2zUsS Bdzt 74 Aspergillus nidulans® lambda ZAP
cDNA library2 78 9] recue® F2UYE Fo lipase 32 H71& veof
UV 4old 838 Hol: AL st4E7 BAZTh Rhodamine WX oA &%

2 UBEE B ZehxnsolA lpase #AAF YHAE A ousmz

fy
m.n

2
iy

de] FRY AL de FY2n=g 22E T nsertE A¢rir= A
el AR L A FAE A A FEHE AL AYsta Aspergillus
nidulansoll A S 3 o] lipolytic activityE 2ol A-22, N-53, N-30B & 3749
ZES 98 4 AUtk Figure 31% tributyrin®] &3 dd) W& clear zoned
Bolx A-22, N-30B, N-53 £&29 ¥ 29&tl Insert’7} $1< pBluescriptE
7k = SOLR cell (A)olM = W37 Loy A-22, N-30B, N-53 plasmidE X
83le SOLR cell2 ZHZ} (B), (O), (D) oA B FKo] clear zoned el
th. o]# & 72 Rhodamine WX A &4& vells EJog HdS 3 A
o1}, t}A] rhodamine® olive oil& X &3 uwxlo] 3 #-& =Ll activity S
#elgt AL Figwe 327} 2o &t} Figure 3134 (A)“ 2ol (B), (C),
D)= Z+zk A-22, N-53, N-30B& ‘ietdc) 7)o A A-22, N-30B9} N-53

25 348 vehAct. o]9} o] tributyrin Wl XA clear zoned YER T

I‘.Q,
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Figure 30. The screeningof E. cofi for lipase activity. Arrows indicate the

colonies containing the ise-inserted pBluescript.
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Figure 31. Clear zone formatiion on the agar plate containing tributyrin by SOLR cells harboring
lipolytic enzyme genes. A; SOLR harboring the pBluescript plasmid, B; SOLR harboring the A-22
plasmid, C; SOLR harboring the N-30B plasmid, D; SOLR harboring the N-53 plasmid.
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Figure 32. Fluorescence photograph of SOLR cells harboring the pBluescript plasmid.

A, SOLR harboring the pBluescript plasmid; B, SOLR harboring the A-22 plasmid; C, SOLR
harboring the N-30B plasmid; D, SOLR harboring the N-53 plasmid. Cells were grown on the
agar plate containing olive oil and rhodamine B.
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Figure 33. Fluorescence photograph of RL, which is Y1089 cell harboring A gt11 containing a rice

lipase gene.
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Figure 34. Formation of a clear halo on tributyrin LB agar media by RL strain. Dotted

line show
the clear halo.
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Figure 36. PCR amplification of the rice lipase inserted into a 4 gt11 in Y1089. Lane T,
Stratagene’s 1 kb DNA ladder; lanes 2-4, amplified DNA fragments. Arrow indicates the putative
amplified DNA fragment based on the lipase molecular weight shown in the lane 4 of Fig. 7.
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Figure 36. PCR amplification of the rice lipase inserted into a 4 gt11 in Y1089. Lane T,
Stratagene’s 1 kb DNA ladder; lanes 2-4, amplified DNA fragments. Arrow indicates the putative
amplified DNA fragment based on the lipase molecular weight shown in the lane 4 of Fig. 7.
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Figure 37. Fluorescence photograph of NL1, NL2, Pseudomonas cepacia 2475, and Pseudomonas
fragi 2345 on the rhodamine assay agar plate.
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Figure 38. Digestion of A-22 plasmid containing a lipolytic enzyme gene with FcoRl and Xhol
Lane 1, uncut A-22 plasmid; lane 2, digested A-22 with EcoRl; lane 3, digested A-22 with Xhol
lane 4, digested A-22 with EcoRl and Xhol; lane 5, Stratagene’s 1 kb DNA ladder.
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Figure 39. Digestion of N-30B plasmid containing a lipolytic enzyme gene with £coR/ and Xhol.
lane 1, uncut N-30B plasmid; lane 2, digested N-30B with £coRl; lane 3, digested N-30B with

Xhol; lane 4, digested N-30B with FcoRl and Xhol; lane 5. Stratagene’s 1 kb DNA ladder.
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Figure 40. Digestion of N-53 plasmid containing a lipolytic enzyme gene with FcoRl and Xhol.
Lane 1, uncut N-53 plasmid; lane 2, digested N-53 with FcoRl; lane 3, digested N-53 with Xhol;
lane 4, digested N-53 with EcoRl and Xhol; lane 5, Stratagene’s 1 kb DNA ladder.
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Figure 41. Clear zone formation on the agar plate containing tributyrin by the extracts and the
pellets of the SOLR cells harboring lipolytic enzyme genes.
A, cell extracts: B, Cell pellets; lane 1, SOLR harboring the pBluescript plasmid; lane 2, SOLR

harboring the N-53 plasmid; lane 3, SOLR harboring the N-30B plasmid; lane 4, SOLR harboring
the A-22 plasmid.
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Figure 42. Fluorescent zone formation under UV light on the agar plate containing olive oil and
rhodamine B by the extracts and the pellets of the SOLR cells harboring lipolytic enzyme -genes.
A, cell extracts; B, cell pellets; lane 1, SOLR harboring the pBluescript plasmid; lane 2, SOLR

harboring the N-53 plasmid; lane 3, SOLR harboring the N-30B plasmid; lane 4, SOLR harboring
the A-22 plasmid.
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Figure 43. Lipolytic enzyme activity print on the agar plate containing tributyrin.

Cell extracts were electrophoresed in 7.5% native polyacrylamide gel, which was put later on the
agar plate containing tributyrin.  Lane 1, extract of the SOLR cell harboring the pBluescript
plasmid; lane 2, extract of the SOLR cell harboring the N-53 plasmid; lane 3, extract of the

SOLR cell .harboring the N-30B plasmid; lane 4, extract of the SOLR cell harboring the A-22
plasmid.
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Figure 44. Lipolytic enzyme activity print on the agar plate containing olive oil and rhodamine B.
Cell extracts were electrophoresed in native polyacrylamide ge!, which was put later in the agar
plate containing olive oil and rhodamine B. Lane 1, extract of the SOLR cell harboring the
pBluescript plasmid; lane 2, extract of the SOLR cell harboring the N-53 plasmid; lane 3, extract
of the SOLR cell harboring the N-30B plasmid; lane 4, extract of the SOLR cell harboring the
A-22 plasmid.
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1 ACCGCGGTGG CGGCCGCTCT AGAACTAGTG GATCCCCGGG CTGCAGGAAT
51 TCGGCACGAG AGAACAGCCG GCCTCATCAA GGATATTCAC ATCCAACGCT
101 CCCCTCAATC ATACAAGCAA AATGAAGCTC CAGCTCCACC TCGCCCTTTC
151 CCTCCTTGCC GCTATTGTGG CAGCGAATCC AATCCGTCTC GATCAACGSC
201 AGATCACGGG AAACGAGCTC CGCGACGGTT CCTGCCACGA TGTCACCTTT
251 ATCTTCGCTC GTGGCTCTAC TGAGCTTGGG TACCTGGGCA GCACCGTCGG
301 GCCCBCTACC TGCAATGTCC TGAAACTCAG GAAGCCCSSC CAAGTCGCAT
351 GCCAGGGCGT TGCGCCGGCG TATATCGCCg MCCTGGBTTC TAACTTTCTG
401 CCACAAGG |

Figure 45. DNA sequence of A-22 inserted in pBluescript.
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51
101
151
201
251
301
351
401
451
501
991

GCGCCGCTCT AGAACTAGTG GATCCCCGGG CTGCAGGAAT TCGGCACGAG
GAGAGACCCT TGCAATKGGg TAGTATCCAT CAAGTGCCGA CACCATCAAA
GCGTTGACAT TGCCGGGTGT CGTAGTAAAC AGACCCTTAG GATGAGGTTA
TAAAGAGAGG CAGGTCTACC CTCGAAGAAC AAGCACATTA TCACAGCAGA
ACAGCCGGCC TCATCAAGGA TATTCACATC CAACGCTCCC CTCAATCATA
CAAGCAAAAT GAAGCTCCAG CTCCACCTCG CCCTTTCCCT CCTTGCCGCT
ATTGTGGCAG CGAATCCAAT CCGTCTCGAT CAACGCCAGA TCACGGGAAA
CGRGCTCCGC GACGGTTCCT GCCACGATGT CACCTTTATC TTCGCTCGKG
GCTCTACTGA GCTTGGGTAC CTGGGCAGCA CCGTCGGGCC CBCTACCTRC
AATGTCCTGA AACTCAGGAA GCCCGSGCcA AGTCGCATGC CAGGGCGTTG
CGCCGGCGTA TATCGCCMCC TGGSTTCTAA CTTTCTGCCA CAAGGRACGA
ACCAAATTKC TATTAACGAG gCAAATCT

Figure 46. DNA sequence of N-30B inserted in pBluescript.
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1 GCTCTAGACT AGTGGATCCC CGGGCTGCAG GAATTCGGCA CGAGTTCACG
51 TCTCGCTTNA CCCNGCGTCC TGAGCAACTT CGACAAGAAA ACTGGTGCCA
101 GCGAGCGCGC CAAGGGTCTT GATGAGAGCT ATAAGATCAG CGACAAGGCC
151 GCCAACAGCT GGCGCGGCTT GCACAGCTAC TTTGAGAAGG CTATCAACAC
201 CCCCTCGGGC CGGAAGCTGC GTGACTTTTA CTCTCAGACC GATAAGCAAG
251 TTCGCGATAT TCACGCTGAG GCTCGAAGAC TGGCGGATCT GAAGGCTGGA
301 AAGACTGAGG AGAAGAAAGC TGAGGGTGAA AGCAGCTCTC CTGCGACGGA
351 GTCTAACCCT GCCCCTGCCC CTGCTCCTGG TGTTGAGCCC GAGGCTGCCC
401 AGGCCGCTCC TGCTACGACC GAGAAGGCGT AGTGGAGTCA CCCTTTGTCA
451 ATTATTGTAT TCGACGATGA CTTTTAACGT CCTAATGACT TTCGCGGATG
501 TGTTTTAGCA TGACATCCTT CAATTTCTCA CGTCATACCT ATCCCCNTGT
951 ATGCTCAAAN ACTTCAATTA CCTATGNACA GNAAAAAAAA AACC

Figure 47. DNA sequence of N-53 inserted in pBluescript.
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Figure 48. Subcloning of N-53, N-30B, A-22 inserted in pBluescript into pET32b. A, N-53; B,
N-30B; C, A-22; lane 1, molecular weight markers; lane 2, subcloned pET32b plasmids digested
with EcoRl and Xhol.
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Figure 49. Fluorescence photograph of plLysS cell harboring pET32b plasmid containing

insert. Cells were grown on the agar plate containing rhodamine B and olive oil.
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Figure 50. SDS-polyacrylamide gel electro- phoresis of the polypeptide expressed in the plysS
cells harboring pET32b plasmid containing A-22 lipolytic enzyme gene. Lane 1, M\W. markers;
lane 2, cells harboring A-22 with IPTG induction; lane 3, cells harboring pET32b with IPTG

induction lane 4, cells harboring A-22 without IPTG induction. Arrow indicates the expressed
polypeptide.
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Figure 51. Clear zone formation on the agar plate containing tributyrin by the samples during
purification of the lipolytic enzyme expressed in the BL21 cell harboring pET32b containing A-22
insert. 1, cell extracts; 2, flow-through; 3, wash; 4, eluate. '
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Figure 52. Fluorescent zone formation under UV light on the agar plate containing rhodamin
and olive oil by the samples during purification of the lipolytic enzyme expressed in the BL2
cell harboring pET32b containing A-22 insert. 1, cell extract; 2, flow-through; 3, wash; 4, eluate.
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Figure 53. SDS-polyacrylamide gel electrophoresis of the samples during purification of the
lipolytic enzyme expressed in the BL21 cell harboring pET32b containing A-22 insert. Aliquots of
samples were electrophoresed in a 122 polyacrylamide-SDS gel. The gel was stained with
Coomassie Blue. Lane 1, MW. markers; lanes 2-6, flow-through; lanes 7 and 8, column wash;
lanes 9 and 10, fractions eluted by the elute buffer. Arrow indicates the expressed polypeptide.
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Figure 54. Clear zone formation on the agar plate containing tributyrin by the samples during
purification of the lipolytic enzyme expressed in the BL21 cell harboring pET32b containing N-30B
insert. 1, cell extract; 2, flow-through; 3, wash; 4, eluate.
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Figure 55. Fluorescent zone formation under UV light on the agar plate containing rhodamine
and olive oil by the samples during purification of the lipolytic enzyme expressed in the BL21
cell harboring pET32b containing A-22 insert. 1, cell extracts; 2, flow-through; 3, wash; 4, eluate.

- 161 -



12 3 45 6 7 8 9 10 11

KDa

04
67

30

20

14.4

Figure 56. . SDS-polyacrylamide gel electrophoresis of the samples during purification of the
lipolytic enzyme expressed in the BL21 cell harboring pET32b containing N-30B insert. Aliquots
of samples were electrophoresed in a 12% polyacrylamide-SDS gel. The gel was stained with
Coomassie Blue. Lane 1, MW. markers; lanes 2-6, flow-through; lanes 7 and 8, column wash;
lanes 9-11, fractions eluted by the elute buffer. Arrow indicates the expressed polypeptide.
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3. Aspergillus nidulans® lipolytic enzyme gene N-30B (lipase cDNA)2] 47|
g 2AH

Aspergillus nudulans® lipolytic enzyme & N-30B fdztet A-22 §H=xt
A71MEg wTe B3} A-22% N-30BY HEolw 2% lipolytic enzyme
A ZFQ cutinase TAAYe] MM} ok 2 F9 cutinasesto] FAME R4}
st N-30B cutinase®] 2} #7128 #A4&9ct 1 23 Figure
57014 Hiupeh o] polyA A HE ZEAM o Llkbel A7|YE ¢ + AN
. &7] ¢DNA library AZA] o] &8 A A elQd 5% EcoRl# 3% 9
Xholx gl & sty 2eln o455 start codon® stop codond XA
=3

o] M7} 7€ &% 9] cutinase2e] FAIA 0] o= HEAX full clone

o 1

i

A% FE clone# & 2Ae7] Y38t NCBI Blast search ZT218-2 o]
23l FAM HAE dA8E Y Figure 589 ol EAIE query: A3 A}
&€ N-30BZ el ofef veby s AR A FAEES el E
A atel JAR-AE Eae ZF AR W] £aE 1 F99 N-30B9e)
AR AEE FAIG Aojvh 12y Figure 58914 BoF5o] g7]ME B
e FAKEE I3 F& oy FAE £ Yol WTE fAEE A
& F UNUTE ol F TA opmxto R wgEe] HALE AN Fook B4
FAEE HAE o dWEES #E F7 Aok Figure 5994 B %o

N-30B% The @ 23e) FAX R oF 250 basei-E 850 basertold] ZHH A
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1 GGAATTCGGC ACGAGGAGAG ACCCTTGCAA TGGGTAGTAT CCATCAAGTG CCGACACCAT

61 CAAAGCGTTG ACATTGCCGG GTGTCGTAGT AAACAGACCC TTAGGATGAG GTTATAAAGA (D
121 GAGGCAGGTC TACCCTCGAA GAACAAGCAC ATTATCACAG CAGAACAGCC GGCCTCATCA
181 AGGATATTCA CATCCAACGC TCCCCTCAAT CATACAAGCA AAATGAAGCT CCAGCTCCAC @
241 CTCGCCCTTT CCCTCCTTGC CGCTATTGTG GCAGCGAATC CAATCCGTCT CGATCAACGC
301 CAGATCACGG GAAACGAGCT CCGCGACGGT TCCTGCCACG ATGTCACCTT TATCTTCGCT
361 CGTGGCTCTA CTGAGCTTGG GTACCTGGGC AGCACCGTCG GGCCCGCTAC CTGCAATGTC
421 CTGAAACTCA GGAAGCCCGG CCAAGTCGCA TGCCAGGCGT TGCGCCGCGT ATATCGCCGA
481 CCTGGCTTCG AACTTTCTGC CACAAGGAAC GAACCAAATT GCTATATACG AAGCCAAATC
541 TCTTTTGAAA CTCGCGGCGC CAAGTGCCCC AACACCAAGA TCGTCGCGGG TGGATACAGC
601 CAGGGAGCGG CAGTCATGCA TGCTGCCATC TCGACGCTCT CGAGTACTGT TCAGGACCAG
661 ATCAAGGGGG TTGTTCTCTT TGGCGACACG CGCAATAAAC AGGATGGCGG ACGTATTCCG
721 AACTTTCCCA CTGATAAGAC AAAGATCATT TGTGCATTTG GTGATCTGGT TTGCGAGGGC
781 ACGCTCGTCA TTACTGCGGC TCATCTTAGT TACATTGATG ATGTTCCGGA TGCTGCTGAC @®
841 TTTCTTGTTG GGAAGCTTTA AGTAGCTCAC CTTCAAGTTT CTGCATCTGG GGTGAGCCTG
901 GTTTCCAGAC CTTGGGGATT TTTTGCTGGA ATTCGAGATG TTTGTTCTTT ATTGGCGAGG
961 CCGCCGACAA TAGTCCTGTA TGGATATTGA CGCAGAATGA ATATGGATAT TTTTTTCATA
1021 AAAAAAAAAA AA - - - CTCGAG

Figure 57. Nucleotide sequence of an Aspergillus nidulans cutinase gene.

Underlined sequences indicate the synthesized primers. Predicted sequence of start-codon and
stop-codon are indicated by shaded boxes.
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Figure 58. Similar regions of the N-30B nucleotide sequence to others.
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Color Keu for Alignnent Scores

o| ml zsoo| 750' 1000'
[ >=200 ]-Ao
[ 80 - 200 ] -Ab
[ 80 - 200 ]-Fs
[ B0 - 200 ]

Figure 39. Similar regions of the N-30B amino acid sequence to others.

Comparison of cutinase sequences from Aspergillus oryzae cutianse (A o),

brassicicola cutinase (A b),

and

Fusarium solani cutinase (F s).
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ZWA el FALE FA 4EE 2 £HE EQT FARESE B A F
A YR REL FHo] cutinase®]Q1, FAMA AAIE E3) oL @_.,}
E 7/Ixz 33 43 alignment A N-30B= Aspergillus oryzae} @ cutinase

= 67%, Alternaria brassicicola °) cutinase®te 59%, Fusarium solani ©]
cutinase®t = 63%9 FE olvjnAt YXAE K E A2 yelytct Figure
60 4% alignmentE FEAIS ZQAd o]E9 43 £FE 9 IYL -2 ¥
Attt N-30BSF M2 dA e ofp|kild Ao ded 4xz ZAY

2 FAREE obmetd ASd M) 4RE deEbdith dAZ leucinedt

do

alanineo] o] X3 5'% BrlE 130 bp oIFHEH 423 FAE aLYE
B N-30B9) 5'Z& oF 220 bpH E7} olA7kx W o' TAS%E
AtAdol A9 gllen ol 5 leader sequenceZ FEFHUATH 51t 3ZE A
2 709 stop codonel HAE AL °]EE coding regiond] M A e T T
start codong! methionine® %3 %tk Start codon & ¢ 28 aaRE7} O
Ao vl FAEF @A) o= oz Hol 7|E =N Ba HY
d signal sequencet= FH& & £ AT WA AEFT 5L FAEE
Ueltl e FRAAE cutinase S serine esterase?| consensus seqguenced
Gly-His/Tyr-Ser-X-Gly motif (W. Kugimiya l986)E &< & £ AAdct
(Figure 61). N-30BF oA tte F9 adA% =2 FAIE Hols XdL

% 600 bp BEXRI ol & Higez 4¥E AdsArh

4. CutBaml® CutSall primer& ©]&3% PCR (B151-N30B)

CutBaml® CutSall primerg A& £33 PCR A8 737 bpe 2
718 7t3ew ol& pET28c #WEd A% (BISI-N30Bzt HH)ste 2Hdge
T de) 2lHA BYEE FASAC o] cloned Figure 62049} o] E.coli
7t A% FHE tributyring 0] esterase(2] ¥4l 7} interficial activationtah
RE RBasts F2)84HL YErUTh 7)ol M IPTG induction W2 ®ARQ

A% FA B (/b #FAM 25 2L dshit A%z wol
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n30b 55

A o 54

A Db 46

F s 64

n30b : 115
A © : 115

A b 108

F s 125

n30b 1 180

A o A : 180

A b Y i : 173

F s & It 190

yT4N Q

n30b 1 212

Ao @ 213

A b ! : 209

Fs AP : 230

DLVC G3L66

Figure 60. Alignment of cutianse amino acid sequences.

Comparison of cutinase sequences from N-30B, Aspergillus oryzae (A o), Alternaria
brassicicola (A b), and Ffusarium solani (F s). Amino acids identical to N-30B are
indicated by black boxes. Amino acids almost identical to N-30B are indicated by
shaded boxes. Gaps introduced for optimal alignment are indicated by a dash.
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GIRHEERPLQ WVVSIKCRHH QSVDIAGCRS KQTLRMRL#R
EAGLPSKNKH IITAEQPASS RIFTSNAPLN HTSKMKLQLH
LALSLLAATV AANPIRLDQR QITGNELRDG SCHDVTFIFA
RGSTELGYLG STVGPATCNV LKLRKPGQVA CQALRRVYRR
PGFELSATRN EPNCYIRSQI SFETRGAKCP NTKIVAGGYS
OGAAVMHAAI STLSSTVQDQ IKGVVLFGDT RNKQDGGRIP
NFPTDKTKII CAFGDLVCEG TLVITAAHLS YIDDVPDAAD
FLVGKL%#VAH LQVSASGVSL VSRPWGFFAG IRDVCSLLAR
PPTIVLYGY* RRMNMDIFFI KK

Figure 61. Amino acid sequence of the N-30B.
Amino acids corresponding to signal peptide are underlined. Shaded box indicates consensus

sequence of serine esterases.
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Figure 62. Clear zone formation on the agar plate containing tributyrin by the pLysS cells
harboring B1S1-N30B gene. (A), uninduced; B), (C) induced with IPTG.
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BIS1-N30B= pET ®E o] A Aj2eld J&s wx ¢u 44d DNAY

zpA 2E 7] Ze oa wEHo] 2AHEE AOR FEYT) ZH A BE oy

A ANYEE 8 v AT oA bandoll QAA FEE Ro|E Ho)
=

A gkt (A71ds A3 v A,

5. CutBam2¢} CutSall primer& ] 8% PCR (B2S1-N30B)

Cutinase T2 & pET #WE 9] Y@ A 2go] o) 23] AN 7] 9
ate]  subcloning o] & N30B #Azke] 5 & £ o AAsGC
CutBam2# CutSall primerg AMg3te] 8% PCR 2HE2 630bpe] 27| & 7}
X o] & frame°o] TEEF A4F® pET28a vectordl ligation (B2S1-N30Be} =
B) Al718 pLysS @5 FAASAZ T 2H A7 E3 IPTG induction 3t

x| gkgkol IPTG induction 3+ 39}

—_—

A e celllM = cutinase 7S Ho
cellZ F99 tributyring Folx 7[E et (Figure 63). °o]& %3l
N-30B clonedA] 5203 2 220 bp AES AAS AP A Fez L=
T2 ddsn pET 9He @A 28 zAd o#iA cutinase?] ZEo|
ARGEE AL A F = AAUTE o] cloned HHF LHIY AFE Ladg |
A W3 columndl FHAAAM HAEZE AZSFH o | M imidazoled EEstE
elution buffer F&olM Yste Ar)e] WAL HIHGF S Sy AT &
ANt (Figure 64). ZFzbel  fraction®] cutinase H7HE 49 87] 931,
tributyrin agar plated] A|55 20 pf 4 H71g T WA wbgA 7 A iR
o] &77} flow-through fraction® wash fraction®lX WeElstth (Figure 65).
N-30B cloned| X 5% o2 <F 220 bp AEE #1A3F B2S1-N30B £8L &4
7HAE cutinaseE 2 &Y Ni-affinity columndl ZE38H%] o} o] column

ez A ¥+ AAch

oL

6. CutBam3®} CutSall primerE ©] &3 PCR (B3S1-N30B) ‘
N30B9t 63%AE9] olu) =i FAMYE 7V Fusarium solani®) 7 $-o) A
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Figure 63. Clear zone formation on the agar plate containing tributyrin by the pLysS cells
harboring B2S1-N30B gene. (A), uninduced; (B), induced with IPTG.
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Figure 64. SDS—polyacrylamide gel electrophoresis of cutinase (B2S1-N30B) at various stages of
purification procedure.

Lane 1, molecular weight markers; lane 2, E.coli total proteins, lane 3, flow through fraction;
lanes 4 and 5, wash fractions; lanes 6 and 7, elution fractions.
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Figure 65. Clear zone formation on the agar plate containing tributyrin by cutinase (B2S1-N30i
at various stages of purification procedure.

1, input; 2 and 3, flow-through fractions; 4, 5, and 6, wash fractions; 7 and 8, elution fractions
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cutinase®] N-Zorx] 4ol 3170 aaZ FAE signal sequenceZt Jdohe B3
(Soliday et al, 1984)¢} N-30B¢] start codono 2% 8 ¢ 28 aart thE F%ol
cutinase®} SAIEZF Aojd oz uvrieE A ZASHA, o] N-30B9 signal
sequenceS B2S1-N30BZ %8 AAs2gtch.  B3S1-N30BE B2S1-N30BE o
T ZOoZ 54 bhp W HE FEOZ N-30B9 signal sequence T 45 1874
o) ofm:atg AT X Fe sequenceR TAHO] Jth o]Z2RE Lo
PCR A2 & pET28a9] ligation (B3S1-N30B2} ®™) A|7]3 th3d pLysS Al

To HANET Fo| 47lo)N FAE YPEL WRHA

(o1}

glulal BAE AAES 9t 2% tributyrin LB plateol A cell S WA 71&
A7 o4 28 IPTG Heg AF ZF cutinase €4& veEbHA o
(Figure 66). ©] AT FZ 4L Ni-affinity columnd FIHANA BAT 23
oMol Holx @gtd 23 kDa =719 ¥ Ho] wash®} elution TA MM o F
2315tk (Figure 67). ©] @¥de) 27|7t 7]€d BnH oA cutinaset
Mg AR Hol cutinasert diEFTEE Ao Holxw YL XX

th olyd AAES T EW N-30B FHae] N-2dAgel= oF 28 aa

2

2 F49 signal sequence’t £AstEd ©] sequence’t EEA ¥ Al
o] cutinase BA-L 7FA9 signal sequence® AA ¥ A f-olE cutinase

47ty Aebdths AE ¢ 4 AT

7. CutBam?2, CutSal?2 primerZ o] £33 PCR (B252-N30B)

B3S1-N30BE o] &3 488 %3 N-30B9 signal sequence—g: AARE
o BAL NKE=E GFAE 9] FE 2 signal sequences | IkA] 2d A
Zo] N-ZotZo] gl pET28 vector®] His-tag®t &4 Ze4d uies Aoz
ZAe], AAZE Yste His-tagE C-Zoo] 2Yd 5+ AEE primerE A 23t
o} (Figure 68).

CutBam29 CutSal2 primerS Ab43ted PCR 3 F AHE<Q 630 bpRE
o] DNAE pET28a9t 2 (B252-N30BeF ) AlA gl#tAe] 2dE A xd}

o
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Figure 66. Clear zone formation on the agar plate containing tributyrin by the plLysS celis
harboring B3S1-N30B gene. (A), uninduced; (B), (C) induced with IPTG.
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Figure 67. SDS—polyacrylamide gel electrophoresis of the cutinase (B3S1-N30B) at various stages
of purification procedure.
Lane 1, molecular weight markers; lane 2, E.coli total proteins; lane 3, induced E.coli total

proteins; lane 4, flow through fraction; lanes 5, 6, and 7, wash fractions; lanes 8, 9, and 10,
elution fractions.
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His-tag

PET28a + N30B

-

pET28a + N30B

His-tag

Figure 68. Schematic representation of the plasmid pET28a-N30B.
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Atk N-2hZd AF" His-tage ZERYFT AA"C sidets C-2¢
%o Z2¥E His-tag2 doldomz AAAAFTH eldAE &484 &g A
oltl. Figure 69914 Hi= ule} Zo] Ad HHFo A2 ZF BAQ Al A
8 20 @& tributyrin agar plated] ILF XS FAHEE A& 2 A
flow - through®t wash QAHAME 48 Holx o} elution BAANNE
FH9 tributyring %ol A 848 el o] ANEE A7FGF
& 2% flow-through®} wash QA A= Bolx ¢ A band7} elution
A A oF 23 kDaREel A7|Z el ojRe] EuAdol FAHUYT
(Figure 70). ol cidTolr el dizdds AP S o] f3tad, 1 [ v
X9 e o2 HE 80% purityS 7FAE 50 mg9 cutinase® d& %
AT, & dPoz V&Y F%o] WFRo2RE HASE Ao vls) A

H) &0 2 lipolytic enzyme& AL 4 A= system FEo 7|2E v}
do &+ Ak

B3S1-N30B¢] 7 9-& oA wrEolx} 2|#A7} lipase activity® U
ERf %] x| gk B2S2-N30B9] A $-= gz oA o] lipase activityS e}
Wadtl ol& olvlE signal sequence’t $1-& -9 (B3S1-N30B)ol cutinase’}
cytoplasmell HHEH® Fd Esln U FH9  disulfide bond7b

f

cytoplasmoll A L&EAA Fof s Yo FRE FAGX Eio A
HA7LE XA BE7) gEY Aojth €Wk signal sequence’t Y& AL
(B252-N30B)oll &= 2l3A19 2d T Ag =i de tl3d 9 periplasm x| g2
2 olFdtd AZE 327E FPE ojFfo] 2oBYS UElUE e F

FHth o] AN AAA signal sequence® FFE QEy] YAM=
B252-N30Be] digddoz de guAe N-2¢t ofnjit F7j449 8 9o
Fogd FHY F AL AHoltl I signal sequenceE A AZ AL AT
g Hol¥ & A T[aAME cytoplasmo] AUl oz Ast® 4

AD494 cell& AF&3] B2 ZM periplasmol] A sokx vt ANZH disulfide
bondE FAdstd BHES Holglgte d4& s 2 & AT o w
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Figure 69. Clear zone formation on the agar plate containing tributyrin by the cutinase

(B252-N30B) at various stages of purification procedure.
1, input; 2 and 3, flow-through fractions; 4, 5, and 6, wash fractions; 7 and 8, elution fractions.
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Figure 70. SDS-polyacrylamide gel electrophoresis of the cutinase (B2S2-N30B) at various stages

of purification procedure.
Lane 1, molecular weight markers; lane 2, induced E.coli total proteins; lane 3, flow- through
fraction; lanes 4 and 5, wash fractions; lanes 6, 7, and 8, elution fractions.
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Aoz P 2 HAE o83 7]A thF stereo-speciticity 5 ZA}HH

-directde mutagenesis& F3 °]& A He AFE Y & S

e
¥ 8
’_L/z
8
D_

A 4% g gAY BeEA

1. Lipolytic enzyme N-30B 2] solventol) 4] 2] ®FS-Ad

12

il

4 =4 A )

%9} lipaseolt}). Cutinaset™ activie site’7} ¥g 3o woz wEy=

N-30B lipolytic enzyme< esterasett olive oil& ¥3lsl=

interfacial activation @7¢& 7tA & lipase®ts @] o] g#AE active site?}
ojml ¥to 2 xFHo| glrpe Ho] EAoltt (Martinez, et al., 1994). o]k
cutinase’}t chiral preferance® 7t2ths 23 (Mannesse, et al, 1997)9}
Fusarium cutinase®| solventol] A ¢] wkge] oldt 53] (De Geus, 1990)9] 9
Asted F2FHA AYARJA FFAFALATA) AdG 2} "®I FFoz
solventol| A & Wkg& ZAMSHATE FE&A AE7L ofd FAugd Wad A

FE BojE 2HET] At A woz AHAY IALAS FAAZ
st T2AZE eHdAE o] &3t ol solvent, S % pyridine,

isooctane, dimethyl sulfoxide $& AF&3t4d (S)-2-mehylbutanoic acid methyl
ester?] A& GCE T3t £MF Bat 583 whgo] dojuyx &gtk o}
tE o] HYE FAHAE N-30B Tash Hgex gL A 2o 7E9
lipase = Bk&=o] FTHo w2} wkgdo] th2rte Aldo) g4 glon Es
oM AR o] Fusarium cutinase?t solvent AollA 4x EojHQ 23 A
Akl o] &% 4 AvkE Bk JoeEz goz g FFEY YASe|H

Aol N-30B lipolytic enzyme (cutinase)e] ©¢}&% 4 2t} 3z}
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2. In vitro mutagenesisdl 9% lipolytic enzyme® €71 ¥3

N-30B/pET28a9] 784,785,786¥ nucleotide CTC (Leu) X ¥€& 71de] AZH=
ANgoz g4 Ark. webA o] A F el hydrophobic amino acid?) leucined
F4 ot asparagine22 A &dE 4¥L A site  directed
mutagenesisoll 2}3 N-30B9} g7} #8e A=3dgct. CTC (LewE AAC
(AsmE &% 3¢ AL A EHAX Y, lipolytic enzyme F7HE Vel

X go} o] Xdo] o

O]

Fostthe= A€ 2 F AU Lipolytic enzymed]
oA a A v WEke] ¢o 2 o]2]d mutagenesis Mol o€ E = U

2 Aol

3. Lipolytic enzyme N-30B9] EA zA}

Tributyrin® olive oil& %o} N-30B lipolytic enzyme?] 7] A4 ths =
o]d-& ZAletH . 7| AEE p-nitrophenyl butyrate, p-nitrophenyl laurate, =1
2|31 p-nitrophenyl palmitate® AF231Ec Figure 7194 EoF%o]
p-nitrophenyl butyratel A 73 73g |71E B F 3 aliphatic chaino] 2
o & e 9718 ¥ ponitrophenyl palmitate® 7] 2Z ALR3lQ9e A
Sol= Ao} waLste] o 10% AES H7+E JerTh

S pHol et & 3E Figure 727F RoiFErh dubd oz dvle] X
A g 52 Y971E R9Fen 33 pHE p-nitrophenyl butyrateE 7|2 =
ALEE RS Sl 0oz ZASAT

250 W& H7lE p-nitrophenyl butyrateE 7122 AR5t 2AE F 3
£ Figure 737} BoFEoh, 40614 50 "C #2dA IAHLEE JMK= AL &
F Aok ol dF HYE 2ASY) Y5t N-30B E4E 7479 XA
587F Aestz 20 ‘CAA p- nltrophenyl butyrateZ 7] 22 A}&3te] 8L AR
th. Figure 740] EolF%0] 90 °C 74w FHT ¥ L Bolx &%tz 100
CollM 57 AR AFo oF 10%9 €7 2422 vehd B2 do
i o) At doR olfxrt Er} sl

- 183 -



Abs at 400 nr

Palnjitate Laurate Butyrate

Substrate

Figure 71. Lipolytic activities of N-30B cutinase depending on substrates.
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Figure 72. Effect of pH on the lipolytic activity of N-30B cutinase.
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Abs at 400 nn
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Figure 73. Effect of temperature on the lipolytic activity of N-30B cutinase.
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Figure 74. Temperature stability of N-30B cutinase.
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4. MZL lipase # A2 N-53¢] d71Md 2 54

Figure 7501 N-53¢] DNA @714 g% otulxeit ME & 2oaET. HL 4
o2 FAFT XA Gly-X-Ser-X-X-X-X-Ser# 2 lipolytic enzyme9)
consensus®t FAHeH motif7b VeI o9 glive oil & FolE HME Hol:
Ao Hol 22 {39 lipasezt 474dErh N-53 €82 full clone°] o}y
o N-Zeho] dF Zdd Aoz FAHEYG WA tributyrind olive oilg =
olx lipase activityol ¢}A3td screening G X T TA e tAA o] Wolx=
e 2Ack Y22 full cloneg o] §¥thd N-53& A2 lipase HAA
A o]&7bsAdel Eoh ATk 1Y} o] BRE FF9 AL resorufing

7142 ¥ interfacial activation® & o}i}x] k).

- 188 -



GAATTCGGCACGAGTTCACGTCTCGCTTCACCAGCGTCCTGAGCAACTTCGACAAGAAA
I RHETFTS SR RTFTS SV VYULILGSNTFDEKIK

ACTGGTGCCAGCGAGCGCGCCAAGGGTCTTGATGAGAGCTATAAGATCAGCGACAAGGC
T G A S ERAZKGLILDETSTYI KTIZSTUDIKA

CGCCAACAGCTGGCGCGGCTTGCACAGCTACTTTGAGAAGGCTATCAACACCCCCTCGG
A NS P¥VRGLHSY YT FEZ KU ATIUNTUPSSG

GCCGGAAGCTGCGTGACTTTTACTCTCAGACCGATAAGCAAGTTCGCGATATTCACGCT
RXKLRDTFYSQTDI KOQV¥RUDTIIHA

GAGGCTCGAAGACTGGCGGATCTGAAGGCTGGAAAGACTGAGGAGAAGAAAGCTGAGGG
E ARRIUILADTILIEKAGI KTETET KT KA AESEG

TGAAAGCAGCTCTCCTGCGACGGAGTCTAACCCTGCCCCTGCCCCTGCTCCTGGTGTTG
ESSSPATESNZPAPAPA APGTVE

AGCCCGAGGCTGCCCAGGCGGCTCCTGCTACGACCGAGAAGGCGTAGTGGAGTCACCCT
P E A A QA APATTET KA AMS=UUWSHP

TTGTCAATTATTGTATTCGACGATGACTTTTAACGTCCTAATGACTTTCGCGGATGTGT
1 S1 1 VY FDDUDTF =+ RPUNDTFRSGT CYV

TTTTAGCATGACATCCTTTCAATTTTCTCCACGTTCATACTCTATTCCCCTTTGTTTAT
F S ¥ TSFOQFSPRSYSTIUPILTCTILIL

TGTCTGGAAAAGAAGCTTTCAAATTGAGCCTAATGGCACAGTCAAAAAAAAAAAAAAAA
S GKEAFI KTILISLUHAQSIKI KTIKIK KK

Figure 75. N-53 DNA and amino acid sequences.
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A3-d FFA Y refolding A7+ AWREA FZ AT
ALY vy usy

ata Base B4 % A3 43

Al o ~ej 2 3gEd gk 7]A Eo|A 3} interfacial activationdl] -t ¥
Tz ENS 58 e 2e 2RE ¢ 5 AU 98 sourceZ FH Do
Ax GohAE obulieat 271Dl homology7t Yo E Wtk YA E B
78 19009000 Bojohd WX Ae Bae 3 A2RTFE ATARE
(Table 7) 257} o/p hydrolase fold® 23 2005, Ser-Asp-Hise 2 ¥l

—
)
=
X
j»}

|

5= 3 4719 catalytic triad 84747 A9 fFAMg FEE ZFA ASE B

£

F3 At B3] 2FA obu]n b GXSXGE ¥ = consensus sequence
2 2te 9/ olmxat @rlE s1Ed 2wl mammalian 223 microbial
lipasedl A F5H o2 wAH T ATt Candida, Humicola, RhizomucorA &
oR AT F 74X conformationsE Mol web Hi BHEAES stz
1 g 29 Clid" &2 “flap” FE°| interfacial activation® A#éo] ALE
a7 fArk & lid7 72232 E conformation® “closed form”, 7183 &
HEY7 w250 Q= conformation® "open form”S 2 TFA33, interfacial
activation® Hole 2lFA = dgle] lidel ¥3YLeR Ae conformation?]
HEE 28 gh84ol Fhste Ao F3HR Qrh 53] Table 74 e

W oupe} o} lide]l F+EE one-turnd B33 L2 helixlA F 702 7 helix,

o

282 helixE TE3E 2 loopE o) FAH A ¢ 5 Ax, YA 2
F 27) 40,000 olstel 1E T 40,000 o4l F 1FLE vve] T AL
w, 40,000 ol&tol AT &S helix® 1evh 40,000 °]de] A% A 2)
helix9 loop2 BAFHE 3 AT ¢ F Aok 2 lidd 8L 7

Y motife TASHA €31 dew BAHA Ve A4 wetN gFsi.

i
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Table 7. Three dimentional structure of lipases.

Lipase Abbre- MW PDB Lid

viation (kDa) files®

Candida antarctica CALB 33 ltca, libs stereospecificity
Candida rugosa(open) CRL 60 lcrl, llps 3 loops
Candida rugosa(closed) CRL 60 1trh, 3 loops
Geotrichum candidum GCL 60 1lthg 2 helices
Horse pancreas HPL 50 1hpl

Human pancreas HPL 37 1llpa short helix
Humicola lanuginosav HLL 30 1tib short helix

Penicillium camembertii PCL 30

Pseudomonas glumae PGL 33 1tah

Rhizomucor miehei RML 205 1tgl, 5tgl short helix
Rhizopus delmar RDL 295 ltic short helix

Brookhaven protein databank0f S2& coordinates EY (19964 102 S1A).
PEAS RMGHE WA U HYUY.
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Guinea pig®} coypu pancreatic lipase™ interfacial activation® EB.o]# &3 U

ooty SRS 93 JE lidE ERsta A= A phospholipase 4
H 7L 71%9 zel& Bolx vl Human pancreatic lipase®) 7%, =717}
2 p252E WFel EAFAEA ST serl52e) B2 folM T,

phe773} packing® ol ASS ¢ F Atk

2. AFEH 1HF2E o] &8 2dY AA =Y

£ A7 Adusjo] 9l Graphics Workstation®] Dial box& #H|go2
A 2938 ¥ hardware FHE FB3HoY, software T Z2Y O
version 5.10& 2499 DatOno AB 42522 5o & Dr. Alwyn Jones®
28 download®ol 2% @zstrt.
AAEolY =

L

20)AA9Y 712AF7F HE site-directed mutagenesisE, 2}
o Eolg@ARY oln il W79 A4FE AESATE F YA
ojd 2 J|AEo)A W3 FFE dA AT FH FA HHAA 2= ZdE

MATeRA BF WY HFUA 23 YL U@ 712 Rd2AY AAE

A28} Inclusion body @ 3tA] #2)

1. grefjglol# AB4F ¥ inclusion body # 2]

WX oF 1LelA deeleld & 4g& AT AEWe dA QAL
inclusion body ¥ EZ o] Foj &l Induction®] &¢1& SDS-PAGEE °©) 434
31, 48k 2ol 7} major band T A JE EQFHTE Triton X-1002) A g
% 8M urea HAF g fAMAIIE GAGNA 6M urea £Ho2E st E
Abd ol urea Al FAHA 9] purity7t %ot HPLC € membrane filterE ©]-83}
At Purity ¢o] el A & bl g d modificationd] 1A
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urea B.tHe guanidine HCI9) AMEE AP oz F338A

2. Lipase®] &2 2 AA

Lipase7} inclusion body ¥H2 F8H1 £ 135 Ee &

B BAYE ddsy) dstd F kX By or HIHUh 53 nFE(F

25 mg/mDe] ©¥A SAEL nativedt FEZ AT Aol o]H7] WEY I

denatured® FEZ ¥e& TPt YA refolding A1 AN € Fdste

e Wasigot F /¢ WY 25 column chromatography & o} &3t o},
1) Denatured e 9] &

7)1&) o]FojA wWyo] native & FEHE £ F AAE = AU
Hhd B A3 doA = denatured HElE £ E AZddAT. WA DEAE
sepharose® ©]%3 ion exchange  chromatographyE F83 0-3 M
guanidine HCl ZAXFE7]|&712 glgolale] o EHAHo|AULEE Ion
exchange elution profile ¥ SDS-PAGEZ #<13l ). Major g 2L
pooling3te] 6M urea® E#3= dzgole EANW e gel filtration
comne @ 27 & P8 dct E3) 6M urea £9l resistant 3 Sephacryl
$-200€ o)Ll ¥ e, 2aHE HA elution profile € SDS-PAGEEZ &<13}
At

2) Native 4¥42) 2]

8M urea £9o]u} 6M guanidium HCl £9& o] &3 Tl el {af=
MY &47 olFo] 2 W, oF th natived YA wHRE BAZ
olz1 ¢t} Inclusion body® #2]5 & A9 refolding®] reduction potential
o F8A4E oldldt TP AstAle] H]EE ZFFoIN dHA
refolding & F4A 71 BT, A &53A £ H o]F refolding XA
FExe vz fde drEdE »¥E 3ttt Reduction potentialg %3t
7] Ydte] Ata £ SA¥ 9 glutathiones oF 11109 M &E o2 XA A

2et AR, 7B WS % pH, €5 2 Ca 5% 59 ¥ge 02 AxE 2A3
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Hrh  Refolding® &4E ZA] DEAE 2 Sephacryl® o]£% column
chromatography S T8 & o24 22 =& Ah HA7A refolding 3+7) ¢
¢ ZXHUOSEMN reducing agent®t reducing potentialE o] &£3tE= Wy og
guanidine HCIZ 9] A @A S }_/\}ﬂﬁi‘:}(’rable 8). & 1.IM9 guanidine HCI
R oF Smg/mle) NFEEZ refolding Y ATsP o ol o3
IFHA dAeta ArgEch oo W& activityd] e S ME reducing
potential & o] &% HRo] /1Y L EAHE BAFQT}

33 g gAel BEgAA 2 Refolding 9+

1. Lipase®] #2] % A

2FE (25 mg/mDe ¢ &AL denatureddt el S} nativedt AHE)
g3t WE WP A denaturedd Heje) Rt vjeA FHL #a gl
o BE AT S nativedt FEIE 7] AF refolding A o] ol Yx
De=e] A A refolding 482 o ) stgch BL 9 lipase
7} aggregation® o] fFASUT. wWelM denatured® A EHZ 0] %A protocol
< ¥¥so E5 FYPsAh 4 inclusion body®l denatured ® AH

8 FAs7) Adtd 6 M urea £H22 jon exchange (Figure 76) 2 gel

fu
e

filtration column chromatography S 838t}

A&l 0-3 M guanidine HCl gradient® o] &3l9 Ealagov 4%
2% gradient EHE YU, @A Sepharose CL-6Bl 21 gel filtration
chromatography®] &E#E& dUttn AGHATY}  Inclusion bodys  TthA)
superdex 75 FPLCE ¥ 33t o]& SDS-PAGEZ 3% A} 95% o)y &
ToA RelHe Aoz dudch 28y native form2 2 refolding A7) = 3
Holut 15 =R F53tc AAHAM A aggregationHE AL =x £39X

& AA7X 5 mg/mle] FEAAE b A& wAsSE,
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Figure 76. The elution profile of lipase using DEAE-Sepharose CL-6B. Elution buffer
20 mM Tris (pH 8.0), 6M urea, 20mM B -mercaptoethanol.
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Table 8. Optimal conditions for lipase refolding at high concentration

Conditions GuHCI concnetration (M)

GSH pH GuHCIM) 30 15 1.3 11 09 0.7
0.1 - - - - + +

T 1 - - - + ++ +++
10 - + + ++ ++++ ++++

01 - - - - * *

5mM 75 1 - - - - ++ et
‘ 10 - - + ++ ++++ ++++

0.1 - - - - + A

8 1 - - - - * A
10 - - + + +++ ++++

A:aggregation, +:~10U, ++: 740U, +++:7100U, ++++:7200U (1U=1uM/min/mg)
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2. Ton exchange chromatographyE o] &3 ©hsiz el FAA gy
Inclusion body ¥ BA #H4& ANDH, 482 Wl 38 71&H 3
o] YukEQ) inclusion body G HE& sbsd Ao dF dF& FPst
qr} 7|Ee] BEeluge okzt W3, inclusion bodyE 6 M urea €94 H4
2y)e] =9 & jon exchange columnE urea 6-0 M2 gradient® AH&3te] &
31 o) refolding® FE8%L, refoldinge] FEHATHR AAdsHE dude ¢
zgdoz %35 ANo|Frh opHdE NaCl 0-1 M gradientE AM&3to]
binding §1¢] A& oA HE& A=A eH dFAWAA inclusion body
2 AAEE g g 4¥S 353 k. SAM-DC (S-adenosyl
methionine decarboxylase)ol] ©d Z 37} Figure 779 WHeRY ATt
Elution 23 5 79 peake FAE F AAUT, SDS-PAGEE F3FH4A
& ), Z peake @A} DNAZ BA0l £ & 38 e 2AE B
%9t} (data not shown). Lipase® 7%, DNAZ} 94 EHo {FEH2
lipase’t #r&HE Z2FAE R Ut Yo TE F X g
elution A%E £HE the e HsAS BAY 4ot |

3. Soluble lipase T o] &2

Pseudomonas  fluorescens lipase® g43t= plasmid(pTTY2)E E. coli
BL219| transformation 3te] Thliag 23 Ay, olA7tX AUD inclusion
body9= thE Al soluble formo 2 AAH At o}&74X inclusion body® &
W geneol soluble forme 2 LHHAL Avte] tidtd AW ol{E & 7
gk 2@} lipaser 843 EAe AT A 7€ lipasedo] BB H
i, webd @A soluble formel it EAAE HF w3 Yok A

==

ion-exchange chromatography (DEAE-Sepharose CL-6B,- 26x50 mm)& ©°]&
3led NaCl 0~1 M linear gradient® &A% elution A7l F activityd check
3t lipase fraction® FAIAT (Figure 78).
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Figure 77. The elution profile of SAM-DC
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Figure 78. The elution profile of lipase purified by DEAE-Sepharose CL-6B
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Figure 79. The elution profile of lipase purified by Superdex
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45 k

30 k

Figure 80. SDS-PAGE of Soluble lipase at various stages of purification procedure.
Lane M : Molecular weight markers, lane 1. crude extract, flane 2 after
DEAE-Sepharose, CL-6B, lane 3: after superdex 75 FPLC.
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4, Dilutionell 2] refolding

FE4 A€ lon-exchange column chromatography ¢t gel filtration©. 2 A A
€ denaturated lipase§ pH, 2%, HA7bAlo] 9d #o] wel 2T ZAA
9] optimal refolding condition screening® stepwise dilution®] <3 t}zke)
refolded lipase 85& 334t

Eo M9 refolding2 folding intermediate S 7F] interaction®] 2] &)

it

AE A7) A Eell, ¥rAQ direct dilution method B thHE denaturant 5 50) w
2} dialysis®} step-dilution® F8 &S24 aggregation® WX 31 ¥ ns
59 active proteing 5 F A pHE F4Ho) 7/M7E5E 5= 4T

7h 18] 10mM CaCl:®t 5mM glutathione®l #7b7F 743 Ao 219 A
o2 gE ek (Table 9). E3 direct dilution methodZ 7§43t & batchol

F7}4 Q) dilution refoldingg 33t stepwise dilution method® A E5Q =
g o] A% 2tk §&, 1559 refolded lipaseZ 2€ 5 At olu Al ®

renaturation condition 9A] $19] A 9o F35tod pH 7.5 4CAA 35 o) A},

5. Size—exclusion chromatography £ ©]-€% inclusion body®} refolding
HElE dalysis® step dilutiong ©] 838 refoldingg HE3tgon,
vield (activity, quantity)7} wj$- o} dxHoz oggo] wRoY gel
chromatography & ©}83t SEPROSE 493 48 refolding yieldE #1338
At (Figure 81). £ AFoAME= Sephacryl $-200 (Amersham-Pharmacia
Biotech) & gel mediaZ, ImM EDTA9 10mM CaCl;E €83 50mM Tris
buffer (pH 8.0)F refolding buffer2 A}£39ct Columne econo column
(Bio-Rad)ell gel 400mlg & 235l 10 9 refolding buffer® B3 3 & o)
o] 2ml9} %% inclusion body sample solution loadingﬁ}‘ﬂﬂk &5 20md

/hE, 005 AUFelde 28 108 ©HE o F 200m2 skt Table 9

r

71& 9} step dilution®} SEPROSE £ 2 AAY lipase? TA 7 %<& 1)
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; ‘—Lipase (48kD)

Figure 81. SDS-PAGE analysis of lipase fractions from SEPROS.

- 203 -



Table 9. Comparison between the yields from the dilution and SEPROS.

100 fold dilution SEPROS

50mM Trs (pH 80), 0.7M 50mM Tris (pH 8.0),
Refolding condition  urea, ImM EDTA, 10mM 1mM EDTA, i0mM

CaCly, at 4TC CaCly, at 4T
Total time Overnight 3 days
Recovered protein yield
(quantity 10-16%/250-450 unit 20-30%96/1200-4000 unit

/specific activity)
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ats} ¥ ZFolch Dilution®] 725 Alzte] wrEcthe el At SEPROS
vlate] yield WA B W  Ao]E Holn Urt wEM AFFHFL ofF
SEPROSZ ©] %0}l lipaseE 7H{ 1 3P ATh

SEPROSEZ %8 9L sample® DEAE-Sepharose CL-6B (from pharmacia,
26 X 5 ¢m) open columnel 05 m¢/min® ®&% 22 loading, Biologic LP
(Bio-Rad) system& ©] &3l 0 - 06 M NaCl gradient® elutiondt & 1 M
NaClZ 2 column volume& washing 39t} Gradient o] 59 2 m4 ¥ 83}
Jck (Figure 82) ©¥A 2L ¢ko] 270 peakdlld TAHUoH, npxe}
peake DNA E3oz2 dAgdtl Lipases F WA peakollA el ow
(Figure 83) o|& 28§ o} th5 488 FYsurh

6. SDS-PAGE of fractions from DEAE

DEAEZ % ¥ <& lipase active fractionE& pooling ¥ % centriprep 30
(Millipore co) o2 ¥% 3% % gel filtration chromatographyE <3 3tHcl.
Superdex 200 HR 10/30 (pharmacia)& FPLC (pharmacia) systemo}* 50mM
Tris (pH 8.0) buffer, 0.5m/min®] F& 22 Hd3l ¢ T 0.1me] sampled F
9l&t 9 th Lipase 82 injection ©]& 15 - 17méAlolollA &9 ov (Figure
84), 9] 52 tA] Mono Q column® 2 ion-exchange chromatography® < 33}
At Morio Q 94 FPLC system& ©]&3Hen {42 4nd/minE 0 - 06
M NaCl elutiong 32t (Figure 85). Active fractione #F 32 Superdex

200 HR& o] &3t gel-filtrationS 334} (Figure 86).

7. B RA F

SEPROSZ%H ¢& sample® DEAE, gel filtration, Mono-Q Z18|3 T}A|
gel filtration FPLCE %83 ZA 7} Figure 870 delvlch ZF £ 34 &
Ao dold  &re &FEE  E3  SEPROS®  ion  exchange
chromatography 7t ol§- &3 30| & B AqF3 9t} Superdex 200 FPLCE
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Figure. 82. lon-exchange chromatography elution profile using DEAE-Sepharose CL-6B.
chart speed : lcm/h, Absorbance at 280nm by 0.5 AUF; blue line is O.D. at 280. red

line is conductivity. The first and second peaks were protein fractions and the third
was DNA fraction.
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Figure 83. SDS-PACE analysis of fractions after DEAE chromatography. Fractions of
the first and second peak are shown. 12% of SDS separating gel was used.
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Figure 84. The first gel filtration FPLC. Sample was applied with 0.1ml of lipase from
DEAE using buffers of 50 mM Tris (pH 8.0). Superdex 200 HR 10/30 prepacked
column was used and flow rate was 0.5 ml/min.
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Figure 85. Anion-exchange FPLC elution profile using Mono-Q. Sample was applied
with 2 ml of lipase from Superdex 200 HR. 0-0.6 M NaCl gradient was used with a
flow rate of 4 ml/min. Peaks around 100ml was the most active.
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Figure 86. Final Gel filtration FPLC using Superdex 200. Sample was applied with
0.1ml of lipase from Mono Q and all conditions were equal to the conditions of the
first Superdex 200 run.
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(a) (b)

Figure 87. SDS-PACE analysis of each purification step. 129 of separating gel was
used and molecular weight markers used were 94, 67, 43, 30 kD, respectively. (a)
lane 1, crude inclusion bodies in urea buffer; lane 2, from SEPROS; lane 3, from
DEAE; lane 4, from Superdex FPLC; lane 5 @ from Mono ‘Q; lane 6, from Superdex
FPLC. (b) activity staining of lipase.
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FP8n ¢ AFdE 5% ol &SFEE 2= lipaseE: Utz #g P =
3 activity staininge 3t4E& W lipase® band®t XL ¢ F AAL
Table 10€ purification stepell W& @A HA &g BAF ok Table
oA Holx ute} o] SEPROS ion exchange’l specific activity HollA4 A
HHeoz FeAAd & 54 HAFU

A4 YA a4 243 =2d # F2AAS AT

1. 849 243 =3 screening

X-A  crystal data collection®] 7} A3 single crystale 449 +33}
32, 983 24L& 74Tt Inclusion body2 ABAFEE lipased] thdt ohuia 2
A5 g st 9 gAo FAMTEA AFste] Bo] o]&H = sparse
matrix sampling technique® 2 Z 33 screening® A|E3lgch 2335 249
screening A3 A9 RE 9 ZAAA aggregation®] Wi, solubility?}t 7}
T8 EHAA ol g AAE =dE& L7 YA AL, FFEA

23Tl ol inclusion body2 2dEHT= @l de) o]#HES s F= A

olgl & % U} th¥ inclusion bodyoll 3k Aol A uf$ £1L Ao
o inclusion bodyE FE3st7] 9 wo] A& AWl know-how’t Zdtin
gergc

2. CDol} 93t 2l 9] 22172 A

A A" refolded lipaseE 02 mg/mlE A A3 far UV CD spectra (190 -
240 nm)E 2] mean residual molar ellipticity 2, 9 3 HT olv|xAl B3}
F 11022 Aabstdch JASCO J-715 spectropolarimeter (Hachijochi, Tokyo,
Japan)®} peltier temperature controller® 15 ColA £33 439 FdxA

spectrume HTE oW 23 FIZE Yang et al (1986)9 reference
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Table 10. Summary of the purification of refolded lipases

purification step

total protein protein yield total activity

specific activity

(mg) (%) (unit) (unit/mg protein) activity yield
cell lysate 387 100 440 12
inclusion body 175 4$H 0 0 |
SEPROS 49 12.67 178850 3650 100
DEAEC' f_eé’;a"’se 38 113 154614 3530 80.45
Superdex 200 HR 16.2 29 124189 7666 69.44
Mono Q HR 44 1.14 35724 8931 199
Superdex 200 HR 27 0.69 25450 9426 14.23
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spectra®  7FA A F A A cHFigure 88). Calciumo] AAY 2<% helix
content’t £1E9 ¥ 22 random regiond TFo] FNIL L 4 AY
THTable 11). Calcium iono] £ o} PFLY 23 F2¥F a-helix® turn®] 7
T 10%AE, B-strand®) S & ™% HE/F FHeA 2L BEE 5 UAYx
ot AR 3372 FL uwHe conformation®] <A W& A Fte A

z 2HS BA} QTS ¢ 4 A

3. GuHCl 9% g3A| Unfolding

Lipasex guanidium® FE3F7t%} 389 denaturation H& AL AE 4
AN Calcium ion°] & 4§ denaturation transition 05M FZFolAM o}
Bl 2 10 mM calcium ion®) Za) stoll A= oM F7HelA vebytc) o) & &

AIE activity assay$} fluorescence spectrumo] 5 38t8ch(Figure 89).

4. Cosolvents®| 2JoA] Fxo X Fg

Calcium ionell 2|3 lipase® stabilizing effect® cosolvent, £ TFE
(trifluoroethanol ; 0-24%)2 DMSO (dimethy! sulfuoxide ; 0-24 %)& o] &3}
o} inactivating transition plote 2 2% ARZ AU} (Figure 90), FA] z+
Z+e] sample> 2t cosolvent®] EAtNA A2 1 h ¥He ¥ activityE &R}
BTk ©<ed) calcium  iond] 9% conformational change % chemical
denaturation°ll  219JA  circular dichroism  spectrum, fluorescence, 181
activity assayE ¥ € Z 3 calcium ion renaturated P. fluorescens lipase

o & conformational stabilizer2A Z&dcis AL AA FHAULh
A58 Az 42 =9

1. Inclusion body ¥ ele] @A aggregate? refolding

- 214 -



D profile of PAL in the presence and absence of calciumior

_.

molar ellipticity

~8000000 --— - - - -

wavelength

Figure 88. Molar ellipticity of renatured lipase on circular dichroism.
© 10 mM calcium ion addition, ----- ! no addition
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Table 11. The results of secondary structure estimation of lipase with circular

dichroism in the presence and absence of calcium ions

In the presence of calcium In the absence of calcium

fraction ratio fraction ratio
Helix 13779 20.2 22838 6
Beta 238195 349 10168.3 26.6
Turmn 84293 124 2473 06
Random 22166 325 25508.6 66.8
Total 68193.8 100 38212.2 100
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(a)

0.014 o =+ = e mmeme e e
0.012 | * !
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0.008 ¢

0.006

relative activity (mM/min)

0.004

0.002

(] 0.5 1 1.5 2 2.5 3 3.5 4
Guanidium Concentration (M

®in the presence of calcium @in the absence of calcium .

(b)

220
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-
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[=]

Intensity

] 0.5 1 1.5 2 2.5 3 3.5 4
Guanidium Concentration (M

¢ in the presence of calcium 2in the absence of calcium

Figure 89. Denaturation plots of PFL in the presence and absence of calcium ions
(a) fluorescence emission intensity at 336 nm (b) lipase activit
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(a) (b)
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Figure 90. The effect of calcium ions on PFL when (a) DMSO and (b) trifluoroethano
were used as cosolvents with increasing concentrations.
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EAHEA PFLE E. coli W recombinant S8 2 LHAL A HE= Hol
FAA WA, E colidl A inclusion body 2 H3 S o492 inclusion body
refolding®] o @7] W& & A7 F3o st} 2 EAHez AAHH ¢
ot &719 P. fluorescens lipase #8341 inclusion body2tn &= ww=
aggregation®] ¥ HEPo] K=t Ao g wEF AT Inclusion body
dehel FdE 2] A5t PFLO] denature® eidlAd 2 FAsd 4
T ideat FRAY, BHAH o2 HFHo|x £aH. o= PFLY refolding
o] IrtE oj¥nE AMYE UWEAFE AHIX, IO native & FEHES
A4 271%H 2 FAde] A oA ojfolrlx stk
A771Ed @ d EHAFE F8 PFL inclusion body®] solubilization

§t 27 & optimization 3t ¢, soluble B AL ojF 43}

FHor AFE Y8 AA, ¥ refoldinge YA step dilution,

i
1
ok
iy
i
O
)
kN
N,

r

dialysis, glutathiones ©]8% reducing potential &2 2 refolding screening
kitg o] &3t7| % 3t¥ 3, & E coli MF2EE FFEAY sucrosett glycerol
I 2 I E stabilizer® AMEIIVE Ao yield7t WS- Wk Ao] 4l
AAHA gt AIZE ¥ FolM gel filtration chromatography & o] &
& SEPROST 433] 2% refolding yieldg A T3l tHFigure 84). & b
<& 9 208"  Thomas Creightonol 93ted 728 jon  exchange
chromatogfaphy%_ o] &3 denaturation ¥ renaturation2 FA ATdE A
T AR WRjoln) X gel filtration chromatographyol A 2 2ol Al4 5=
gel matrix®] size exclusion® ©] &80 24 refoldings &= thel A3} chual 7o)
FEHES DSt wlA Y agpregations WX E AEen ¥ 4 o}
< 479 PFLAl 383 A, Sephacryl 5-2008 o] &89S w7 &9 step
dilutiono]\} T2 refolding %ol ¥]ate] yield WelA 2 Ao]l2 BAFYr}
(Table 9). wWelA refolding® 9§ SEPROS e Al2x &3 ciwa
refoldingell 20olA ¢ F 23 know-howE o) &5 glg Bordch
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2. PFL9] #29 AA

'SEPROSEZ %R E 9 lipase ¥ 82 DEAE-Sepharose CL-6BE ©]-&% ion
exchange chromatography® Superdex 200 HR FPLCE ©]8% gel filtration
chromatography & F3d 9k #Ad¥ PFL 82 Mono Q ion-exchange
FPLC2 #FH 22 A Superdex 200 gel filtration FPLCS Fsract &
2 AAE ¢33 AA7} Figure 879 Ueldth 2k £ A DA M 2o
§29 £45% E3 SEPROS% ion exchange chromatography’} of$ &}
HolA&E BF I Ut} Superdex 200 FPLCE Fstn ¢ A= 95% )
Aol &4 EE ZE lipaseE L3tiz #GHUR, 4 L wigGdez iy i
1-3mge] wwAg FEd ¢ AU} TF activity stainingS FRAE W
lipase® band®} AT & 4 AUtk Table 102 purification stepdl] wE
chilad AA E€E E4FD Attt SEPROSS gel filtration FPLC7F specific
activity BolA Zoidoez FEeAAd 2 F&E 2A9FATh Inclusion
body2 AJAHE & lipaseol tidh odd AAsS 5t gy G4 Yxn
Rzl AR Zo] o853 Y¥ sparse matrix sampling techniqueo 2 B3
3} screening e AT P o A diFE EHAAM aggregationo] “gkn
solubility 7} 7458 Rl A o] & g AAs 21& A7 A& =H3AA
2k A3 E3Qoh 53] FPLY A9, 25T % Smg/mle] Fxolde =
A E 4'CAME aggregatione] 5 Aol dojd =2 WA stability
b wgkeh ey 2AE 249 kity @A) refolding 21L& A=Y
gujgle AEege HAAM dA F8F know-how2 #&¥ Aoz 7jdidrh

3. Circular dichroism& ©]-&3% 23+ Z(secondary structure) ¥4

AAE refolded lipaseE far UV CD spectra (190 - 240 nm)elA molar
ellipticityES #43% A3 a-helix, B-strand 18|32 turn°] PFLAl+= Z+2Z}
20%, 35%, 12% €A4E-E &Astgch. YA < 33%E random coilz B2 S
At
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20%, 35%, 12% ZA%& Fastgcot vzl & 33%+ random coilZ2 R E
Atk

PFLAl calcium ionol &A% weo}l £Asx] ¥8 WHE vusAE o &L
o] 2aFZE a-helix® turnd A$ 10%AHX, B-strand® 7

+ % 7% B
7b F71ekA 2& BRE £ AR, ol ZF TR Fe duz

conformation®] Ao W &4 Frtet 45 LT VAN USE € F 3
2t} random region® F¥o] Z71%E ¢ F AATH EHA stability ATE
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Abstract The 2-methylbutanoic acid methylester is
known to be a major flavor of apple or strawberry.
Among the two enantiomers of 2-methylbutanoic acid
methylester, only (S)-methylbutanoic acid methylester
has a flavor characteristic. Enantiomers of (S)-2- and (R)-
2-methylbutanoic acid methylester were separated using
the chiral capillary column by gas chromatography. This
method is simpler and more rapid than other reported
methods.

Keywords: Enantiomers, 2-methylbutanoic acid methyl-
ester, gas chromatography

Introduction

The 2-methylbutanoic acid methylester, which is known
as one of the main flavor components of apple (1, 2), is
an enantiomer of which only the (S)-form has a flavor
characteristic (2-4). (S)-enantiomer has a natural potent
flavor. However, it is not commercialized because of the
high cost for its enantioselective separation. Successful
analysis or separation of (S)-2-methylbutanoic methyl-
ester from the (R)-form should be the first gateway to the
production of this flavor. Nowadays, many attempts for
the production of enantiomeric selective value-added
materials such as flavors, food ingredients, and phar-
maceutical components were done.

For analyzing the enantiomer of aliphatic acid like 2-
methylbutanoic acid or its ester, the multidimensional
gas chromatography (MDGC) using two gas chromato-
graphs (GC) with 2 or 3 different columns connected in
series was reported (5). However, this method is very
complex and complicated. GC-mass spectrometry or GC-
NMR spectroscopy were used for analyzing (S)- or (R)-2-
methylaliphatic acid using heptakis (2,3,6-tri-o-methyl-
B-cyclodextrin) column or others (2, 6). Other methods
(7,8) for analyzing (S)- or (R)-2-methylaliphatic acid
were also complicated because it is necessary to make 2-
methylbutanoic acid lactone derivatives for a good reso-
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lution by diastereomeric esterification with (R)-pan-
tolactone. At the present time, the separation of enan-
tiomers of methylaliphatic acids or their ester derivatives
are complicated and cumbersome in that more than one
analytical instrument must be connected in series for suc-
cessful separation.

Here, a rapid, simple and direct method for analyzing
the enantiomer of (5)- or (R)-2-methylbutanoic acid
methylester was studied.

Materials and Methods

Materials As a precursor of 2-methylbutanoic acid
methylester, racemic and pure (§)-2-methylbutanoic acid
were purchased from Aldrich Chemical Co. (Milwaukee,
WI, USA).

Synthesis of (S)-2-methylbutanoic acid methylester
(5)-2-methylbutanoic acid methylester for using the
authentic sample for identification was synthesized
chemically from (§)-methylbutanoic acid by the AOAC
method (9). Racemization was not observed during the
methylation of 2-methylbutanoic acid, which is the same
as previously reported (10).

Identification of (S)-2-methylbutanoic acid methy-
lester The structure of synthesized (S)-methylbutanoic
acid methylester was identified using GC-mass spec-
trometry (Concept [I, Kratos Analytical, Manchester,
UK), and the optical rotation, [a)7, of (S)-methyl-
butanoic acid methylester was determined by polari-
metry (Jasco, P-1020, Hachioji, Japan) at 589 nm
(sodium D line) at 20°C using a standard cell with 10-cm
light path.

Separation of enantiomers of (R)- and (S)- 2-methyl-
butanoic acid methylester For the racemic 2-methyt-
butanoic acid methylester, which was produced from
racemic methylbutanoic acid by the process mentioned
above, each enantiomeric isomer in hexane was separat-
ed by gas chromatography (Hewlett-Packard 5890 Series
I, Avondale, PA, USA). The column used for GC
analysis was the Chiraldex GTA capillary column (30 m
X 0.25 mm i.d.x<0.125 pm film thickness; Alltech Inc,
Deerfield, IL, USA). In GC analysis, (5)-2-methyl-
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butanoic acid methylester was identified using syn-
thesized (S)-2-methylbutanoic acid methylester from (S)-
2-methylbutanoic acid.

Results and Discussion

The optical rotations, [at]3 (in substance), for (§)-2-
methylbutanoic acid methylester and (R)-2-methyi-
butanoic acid were 16.8 and 18.4, respectively. There
has been no previous report for [a];’ of (S)-2-methyl-
butanoic acid methylester, and our data confirms well
with the known value for [a]3’ of (S)-2-methylbutanoic
acid (reported value is 19.0 in substance) (11). Generally,
a large-size molecule like methoxyl group (-OCH,) at-
tached to an asymmetric carbon in an acid methylester
has a higher value of [0t))’ than small-size molecules
such as the hydroxyt group (-OH). This should account
for the higher value of [a]3 for (S)-2-methylbutanoic
acid methylester (18.4) than that of (S)-2-methylbutanoic
acid (16.8).

Figure 1 shows the GC chromatogram of two enan-
tiomers of (S)- and (R)-2-methylbutanoic acid methyl-
ester. The later peak (designated by S in the chro-
matogram) was identified as a peak of (S)-2-methyl-
butanoic acid methylester using synthesized (§)-2-
methylbutanoic acid methylester. Thus the former peak
(peak R) which had about 1 min faster retention time
was estimated as an (R)-2-methylbutanoic acid methyl-
ester. In separation of enantiomers between (S)- and (R)-

2-methylbutanoic acid<(R)-pantolactone derivatives, the

(R)-cnantiomer also appeared earlier than the (S)-form
(7). At the present time, it is not clear why (R)-enan-
tiomer eluted earlier than (S)-enantiomer. Optimum
separation conditions for two enantiomers of (S)- and

:

8.78 9.40

—

Fig. 1. GC chromatogram of enantiomers of 2-methylbu-
tanoic acid methylester.

R, S the designate the (R)- and (S)-2-methylbutanoic acid
methylester and numbers besides the peaks, 8.78 and 9.40 min,
represent the retention time of (R)-2- and (S)-2-methybutanoic
acid methylester, respectively.

D.Y. Kwon et al.

Table 1. Analytical conditions for separation of (5)-and
(R)-2-methylbutanoic acid methylester using gas chro-
matography

GC model Hewlett Packard 5890 Series I
Column Alltech Chiraldex G-TA Capillary Column
1 30 mx0.25 mm id.x0.125 film
Detector FID
Temperature Injector :1200°C
Detector 1 220°C
Column temperature Initial : 40°C for 4 min
Rate () : 2°C/min
Final temp.(I) : $3°C for 0.1 min
Rate (II) : 30°C/min

Final temp.(Il) : 140°C for 4 min

Carrier gas Helium : 50 mi/min with split
Injection volume 0.4 pl
Chant speed 0.2 cm/min

(R)-2-methylbutanoic acid were summarized in Table 1.

Multi-dimensional gas chromatography (MDGC)
methods proposed by Mosandle's group (5, 6) for analy-
zing enantiomers of 2-methylaliphatic acid like 2-methy!-
butanoic acids have the advantage of a good resolution.
However, these methods are complex because they use
two identical GC and two or three different columns con-
nected in series. Moreover, the heptakis (2,3,6-tri-o-
methyl)-B-cyclodextrin column, a major chiral column,
is not available commercially and it is not easy to pack.
Other method for analyzing (§)- and/or (R)-2-methyl-
aliphatic acid reported by Barbeni et al. (7) was also
very complicated because it required the production of
2-methylbutanoic acid lactone derivatives for a good
resolution by diastereomeric esterification with (R)-pan-
tolactone. However, this indirect method is not applicable
to the synthesis of apple flavor such as (§)-2-methyl-
butanoic acid methylester, because 2-methylbutanoic
acid-lactone derivatives are insoluble in organic solvents.
Also, it involves time-consuming steps for preparing the
derivatives of flavor.

The method developed here is a simpler, more rapid,
and direct method compared to other reported methods
mentioned above (5-7). Figure 1 shows that the separa-
tion resolution between enantiomers of (S)- and (R)-2-
methylbutanoic acid methylester is good (retention time
difference, 0.6 min) and correlates with reported data (5,
7) and also has a very good reproducibility (data not
shown). The method can be directly applied to analyzing
the (S)-2-methylbutanoic acid methylester in the pro-
duction of flavors such as apple and strawberry in the
food industry or enantiomeric synthesis of flavors by
enzymes (12).
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Abstract

Using lipases of varying hydrolytic specificities, the enzy-
matic hydrolysis and/or reverse synthesis (esterification) of tri-
caprin to dicaprin, monocaprin, and fatty acid and the reaction
of vice versa in organic solvent were studied. Three lipases
were used based on their specificities for both hydrolysis in
aqueous system and synthesis in organic solvent : Lipase MY
(from Candida rugosa), Lipase PS (Pseudomonas aeruginosa)
and Lipase F-AP15 (Rhizopus javanicus). Lipase MY and
Lipase PS easily catalyzed the tricaprin/dicaprin hydrolysis and
reverse synthesis. But it was preferred synthetic reaction to
hydrolysis for Lipase PS. Lipase F-AP15 synthesized tricaprin
from dicaprin steadily up to 24 hr, but it catalyzed hydrolysis
reaction from tricaprin to dicaprin at a slow rate but it was sub-
stantial. Conversion rate from dicaprin to monocaprin is negli-
gible for all lipases after reacting for 2 days. The esterifying
patterns of Lipase PS and F-AP15 which represents the same
hydrolytic 1,3-positional specificities in aqueous phase were
slightly different in organic solvent.

Key Words: hydrolysis, esterification, tricaprin, dicaprin, lipase
specificity

Introduction

Enzymatic reaction in organic solvent was advantages
in esterifying the water insoluble compounds (1, 2), con-
trolling the water content during the reaction (3), con-
trolling the equilibrium between hydrolysis and its re-
verse synthesis (4, 5), and synthesizing enantiomerically
pure compounds (6, 7).

So far, it was already reported the synthesis of medi-
um chain glycerides from glycerol and capric acid using
lipases in organic solvent (4), and also reported that
there were two different classes of lipases within 1,3-
specific lipases in aqueous phase which have different
pattern in esterification of tricaprin in organic solvent
for the synthesis of triglyceride (8). Currently, among
the published reports on the reaction properties or per-
formances of lipases in organic solvents (1,2, 7), only a
few studied hydrolysis of triglyceride in organic solvent.
In addition, the hydrolysis paitern of triglyceride in
aqueous or emulsion system (9, 10), two phase system
(11) and reversed micelles (12, 13) were investigated as
well. However, there is no published paper yet which
analyzed the refiction pattern or kinetics in esterification

*Cormresponding author

or hydrolysis pattern of triglyceride in organic solvent
by lipases. Therefore, it is necessary to study the
enzyme catalyzed hydrolysis of tricaprin with various
lipases in organic solvent. Here, dicaprin, the main
intermediate of hydrolysis or synthesis in the reaction
chain, was used to understand reaction mechanisms and
reaction patterns of hydrolysis and/or esterification.

In this study, three lipases were used namely: Lipase
MY (obtained from Candida rugosa), Lipase PS
(Pseudomonas aeruginosa) and Lipase F-AP15
(Rhizopus javanicus) (4, 8). Lipase MY was known to
be the best in Group I-(Candida cylindracea and Can-
dida rugosa). Lipase PS and Lipase F-AP15 were also
known as the best lipases among Group II
(Pseudomonas aeruginosa, Rhizomucor miehei and
Chromobacterium viscosum) and Group OI (Aspergillus
niger, Rhizopus javanicus and Rhizopus delemar),
respectively (8). Group I lipase (Lipase MY) represents
non-specific lipase during triglyceride hydrolysis in
aqueous system (9, 14), which produced dicaprin max-
imally in organic solvent from glycerol and capric acid
(4). Group II lipase (Lipase PS) which has 1,3-spec-
ificity in the hydrolysis of triglyceride (7) showed good
activities for tricaprin production in organic solvent.
Group I lipase (Lipase F-AP15), which were also
known as 1,3-specific in hydrolysis reaction (9,14), pro-
duced dicaprin maximally in synthetic reaction in
organic solvent (4, 8).

In this paper, the enzymatic hydrolysis of tricaprin us-
ing three lipases with different specificities in organic
solvent was investigated to elucidate hydrolytic patterns
of tricaprin and to compare the esterification reaction of
dicaprin in terms of lipase specificities.

Materials and Methods

Enzymes and Chemicals

Lipase PS (Pseudomonas aeruginosa) and Lipase
F-AP 15 (Rhizopus javanicus) supplied by Amano En-
zyme Co. (Nagoya, Japan), and Lipase MY (Candida
rugosa) from Meito Sankyo (Osaka, Japan) were used.
Lipid standards such as capric acid, monocaprin,
dicaprin and tricaprin were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Isooctane (2,2,4-
trimethylpentane) was purchased from Aldrich Chemical
Co. (Milwaukee, WI, USA). Acetonitrile and isopro-
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pylalcohol (2-propanol) were of HPLC grade.

Enzyme Reaction

For the hydrolysis enzyme reaction, 50 mg of dried
lipases were added in 5 mL of iscoctane containing 500
UM of tricaprin and/or dicaprin. Water in isooctane, deter-
mined by Karl Fisher's method using Dosimat 665
(Metrohm, Zurich, Switzerland), was 0.02% (w/w).
After 10 sec sonication, the reactions were performed at
25°C in reciprocal shaking incubator (200 rpm).
Enzymatic synthesis of tricaprin from dicaprin was per-
formed at 25°C as previously described (Waters Milford,
MA, USA) (Waters, Milford, MA, USA) (4, 8) except
that no glycerol. and capric acid were added. The water
in isooctane was removed by adding molecular sieve
(Wako Chemical Co., Osaka, Japan) prior to the use for
esterification of dicaprin (2, 6). Aliquots were with-
drawn at specific time intervals up to the 48 hr and
assayed for capric acid, mono-, di- and tricaprin using
HPLC (4,8). To avoid the water limitation during the
hydrolysis reaction of tricaprin, 0.2 pL of water was
added very carefully to the reaction media at a given
time with a microsyringe (5, 16,17). From preliminary
works, it was found that addition of water over >0.5 L
resulted in the aggregation of the dried enzyme powder,
adhesion to the wall of reaction vessel and also a negli-
gible reaction (18).

Assay of lipase activity

Lipase activity profiles were assayed by determining
the amount of mono-, di- and tricaprin produced in the
reaction using Waters analytical HPLC (Milford, MA,
USA). The HPLC column used was a reversed phase
Novapak C;s column (8 mm DX 10 cm, 4 m), using
acetonitrile:2-propanol:acetic acid=15:15:1 (v/v) (19) as
the mobile phase at isocratic flow of 0.5 mL/min. The
peaks were detected by RI detector (Model 410
Differential Refractometer, Waters, Milford, MA, USA),
and the amount of each product synthesized/hydrolyzed
were calculated from the previously prepared standard
curves (4). Molar percentage of each product was
obtained by dividing the molar concentration of tri-
caprin, dicaprin, monocaprin and capric acid from the
total concentration (4) assuming that the total amount of
glycerides and fatty acid was 100%.

Results and Discussion

Hydrolysis of tricaprin by three kinds of lipases were
performed and the hydrolytic patterns of each product
(dicaprin, monocaprin and capric acid) for up to 72 hr
were constructed. The hydrolysis profiles for Lipase
MY, Lipase PS and Lipase MY, Lipase PS and Lipase
F-AP15 are shown in Figures 1, 2 and 3, respectively.
Lipase PS and Lipase F-AP15 hydrolyzed tricaprin with
the the similar reaction patterns, i.e. increasing pro-
portionately for 24 hr and then slowly levelling off as

D.Y. Kwon et al

Concentration (molar %)

Reaction Time (hr)

Fig. 1. Hydrolysis of tricaprin by Lipase MY (lipase from
Candida rugosa) in isooctane. The arrows above tricaprin
curve designate the time at which the small amount of wat-
er was added for more hydrolysis, @, tricaprin; O, dica-
prin; O, monocaprin; A, capric acid. All points in the fig-
ures represent the mean value of three determinations.

shown in Fig. 2 and 3. In general, reaction rates of first
hydrolysis is assumed to be faster, because reaction
sites in substrate (ester bond in tricaprin) are two or
three for 1,3-specific and nonspecific lipases, respec-
tively, but the remaining reaction sites of next reaction
step are only one (1,3-specific) or two (nonspecific) (8).
This is one of the reasons why most of hydrolytic reac-
tion of triglycerides took place rapidly within 2 hr. On
the other hand, Lipase MY hydrolyzed tricaprin very
rapidly up to 2 hr and thereafter tricaprin was not
hydrolyzed. Without adding a small amount of water,
further hydrolysis rarely took place (Fig. 1) (15, 16).

1

6o

Concentration (molar %)

mn..DD-Q—:—O—-O’."’“U
20 40 0 80
Reaction Time (hr)

Fig. 2. Hydrolysis of tricaprin by Lipase PS (from Pseu-
domonas aeruginosa) in isooctane. No addition of water to
isooctane, @, tricaprin; O, dicaprin; O, monocaprin; A,
capric acid.
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Fig. 3. Hydrolysis of tricaprin by Lipase F-AP15 (from
Rhizopus javanicus) in isooctane, @, tricaprin; O, dicaprin;
O, monocaprin; A, capric acid.

Capric acid, the final product, was produced in a
relatively small amount (20%). Monocaprin was pro-
duced negligibly (less than 5%) throughout the hy-
drolysis of tricaprin for all lipases (Fig. 1, 2 and 3).
These résults showed that two lipases which have the
same 1,3-hydrolytic specificities in aqueous solvent
showed the same pattern of hydrolysis of tricaprin in or-
ganic solvent. On the other hand, the lipase which has
different hydrolytic specificity in aqueous solvent show-
ed the different hydrolytic specificity in organic solvent.

To obtain more information about the reaction
mechanisms of hydrolysis by lipases in organic solvent,
dicaprin was used instead of tricaprin as the initial sub-
strate because dicaprin is the first product of the chain
of reactions in tricaprin hydrolysis without adding any

100
80
sof
40 k

20

Concentration (molar %)

10 20 30 40
Reaction Time (hr)

Fig. 4. Esterification and hydrolysis pattern of dicaprin by
Lipase MY in microaqueous isooctane. No addition of gly-

cerol and water in the solvent, C, dicaprin; ®, tricaprin;
O, monocaprin; A, capric acid.

8o

60 H

20 o N

10 20 30 0
Reaction Time (hr)

Fig. 5. Esterification and hydrolysis pattern of dicaprin by
Lipase PS in microaqueous isooctane, O, dicaprin; @, tri-
caprin; O, monocaprin; A, capric acid.

Concentration (molar %)

glycerol and capric acid. In contrast to tricaprin hy-
drolysis, dicaprin was hydrolyzed to monocaprin only
within 8 hr of the reaction. After 8 hr of the reaction,
either of them must be easily hydrolyzed to capric acid
or synthesized to dicaprin and tricaprin, again.

Lipase MY catalyzed dicaprin hydrolysis to mono-
caprin, but faster synthetic reaction was taken place
(Fig. 4). Lipase PS esterified dicaprin to tricaprin more
rapidly than Lipase MY and Lipase F-AP1S, attaining
steady state in less than 10 hr. (Fig. 5 and 6). Dicaprin
was also easily hydrolyzed to the unstable monocaprin
which appears only at the first 3 hr of the reaction. Este-
rification of tricaprin from dicaprin was comparatively
not easy in Lipase F-AP15 than that of Lipase PS in or-
ganic solvent (Fig. 6), even though both lipases have
the same 1,3-positional hydrolytic specificities in aque-

8o

(14

40

20+

Concentration (molar %)

—. 2

° ) 20 2 «
Reaction Time (hr)
Fig. 6. Esterification and hydrolysis pattern of dicaprin by

Lipase F-AP15 in isooctane, C, dicaprin; ®, tricaprin; O,
monocaprin; A, capric acid.
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ous system (8, 14). Esterification occurred hardly and
dicaprin was slowly hydrolyzed to monocaprin and
capric acid at the first 10 hr reaction. Between 10 to 20
hr of the reaction, Lipase F-AP15 catalyzed the reaction
of hydrolysis and synthesis easily, and then equilibrated
at over 25 hr (Fig. 6).

Although the reaction mechanism of esterification
may be different from that of the hydrolysis of tri-
glyceride, the usual pattems of tricaprin hydrolysis by li-
pases, .having the same hydrolytic specificity, are the
same and esterification patterns in organic solvent must
also be the same. It was already reported that the este-
rification pattern from capric acid to tricaprin was not
the same even for 1,3-specific lipases (14) in the or-
ganic solvent (8). The present results also showed that
there were two different patterns of esterification of
dicaprin to tricaprin, at least, in organic solvent for the
lipases having the same 1,3-hydrolytic specificities.

For Lipase MY, the non-specificity in hydrolysis of
the tricaprin, caused further hydrolysis of monocaprin
to fatty acid instead of the monocaprin accumulation
during the tricaprin hydrolysis (Fig. 1). Also, the syn-
thesis of tricaprin from dicaprin was favored (Fig. 4).
Although the hydrolysis of dicaprin to monocaprin was
not small, monocaprin was not accumulated because the
hydrolysis of monocaprin to capric acid was con-
siderably fast. Therefore, the hydrolysis of dicaprin to
monocaprin was slower than that of tricaprin and mono-
caprin. Without adding water, further hydrolysis reac-
tion from tricaprin to dicaprin hardly took place in or-
ganic solvent (Fig. 1), because hydrolysis of glyceride
in organic solvent is a water requiring reaction. When a
small amount of water was added, tricaprin was con-
verted into dicaprin fast (see the arrows in Fig. 1). Fig.
1 and Fig. 4 showed that at limited the concentration of
water such as in organic solvent system, esterification
took place faster than hydrolysis. However, in aqueous
system, hydrolysis reaction overwhelmed the synthetic
reaction.

Lipase PS and Lipase F-AP15, both having 1,3-po-
sitional hydrolytic specificities in aqueous system, hy-
drolyzed the tricaprin to dicaprin readily and no mono-
caprin accumulated (Fig. 2 and 3). For both lipases, the
hydrolysis of dicaprin to monocaprin are slower than
other hydrolysis reaction such as tricaprin and mono-
caprin hydrolysis in organic solvent. However, without
the addition of glycerol, the two lipases showed
different patterns of esterification of dicaprin to tricaprin
in isooctane (Fig. 5 and 6), although they have the
same hydrolytic specificity in aqueous solvent and even
in non-aqueous solvent. Clearly, synthesis of tricaprin is
greater than hydrolysis at a limited concentration of wat-
er and glycerol for Lipase PS, while Lipase F-AP15
hydolysis is faster than synthesis in organic solvent sys-
tem (Fig. 6). This result suggests that the synthetic path-
ways from dicaprin to tricaprin in organic solvent must
be slightly different between the two lipases (Lipase PS
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and Lipase F-AP15), although they have the same hy-
drolytic specificities in aqueous solvent (or organic sol-
vent).

The present results are the second evidence of our
previous conclusion (8) that Group 11 (Lipase PS) and
Group III (Lipase F-AP15) showed different pattern in
esterification of medium chain glycerides in organic sol-
vent even though these two lipases have the same 1,3-
specificities in hydrolyzing the triglyceride in aqueous
solvent.
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Abstract

Phagemids containing genes coding for lipolytic enzymes
were screened from an Aspergillus nidulans ¢cDNA library,
The Aspergillus nidulans Uni-ZAP cDNA library was con-
verted into a phagemid library using the ExAssist/SOLR sys-
tem, which allowed efficient excision of the pBluescript
phagemid from the Uni-ZAP vector. SOLR celis harboring
pBluescript phagemids with Aspergillus nidulans cDNA in-
serts were plated on the media containing tributyrin and
olive oil with a fluorescent dye, rhodamine B, respectively.
Three different cells with lipolytic enzyme activity were
isolated based on the formation of both a clear zone and a
fluorescent zone. Sizes of the cDNA inserts in three different
pBluescript phagemids were found to be 1.3 kb, 1.1 kb, and
0.6 kb, respectively.

Key words: molecular cloning, Aspergillus nidulans, lipolytic
enzyme genes

Introduction

Lipase (EC 3.1.1.3) catalyzes the hydrolysis of fats
and oils to form free fatty acid, partial glycerides and
glycerol, and in the reverse reaction the formation of
glycerides from glycerol and free fatty acid under cer-
tain conditions (1). The use of organic solvent in
lipase reactions has advantages in esterifying the water
insoluble compounds (2), controlling the equilibrium
between hydrolysis and its reverse synthesis, and
synthesizing enantiomerically pure compounds (3).
Lipases are commonly found in many species of
animals, plants, and microorganisms. In spite of
ubiquity of lipases, their specificities are very broad.
Kwon et al. (4) have tested 21 commercial lipases to
study their syntheses of medium-chain glycerides in
organic solvents and reported the different reaction
properties among lipases from various sources. In
their recent studies 2 lipases from Rizopus javanicus
and Pseudomonas aeruginosa showed different pat-
tens in esterification of medium-chain glycerides in
organic solvents even though those 2 lipases have the
same 1,3-specificities in hydrolyzing triglycerides in
aqueous solvents (5). Even within the fungi, lipases
have very different specificities depending on the
genus and species. It has been reported that
regioselectivity of the lipase from Aspergillus niger

*Corresponding author

was enhanced by the partial purification of the
enzyme (6). :

To synthesize the regiospecific and/or enantiomeric
compounds enzymatically, it is necessary to obtain
the lipases, which show chemo-, regio-, and stereo-
specificity in the esterification reaction. It would be
better, instead of directly purifying the lipase from the
species, to overexpress a fungal recombinant lipase in
E. coli and purify it to a homogeneity for the character-
ization of the reaction properties. However, it is
relatively difficult to clone the lipase using the current
molecular biology technique like polymerase chain
reaction (PCR) due to low degrees of similarities
between the different lipase groups (7). Phagemids con-
taining lipase genes could be screened from the fungal
c¢DNA library using chromogenic lipid substrates in
the agar plate instead of using PCR method (8,9). In
order to clone the lipase from Aspergillus species, we
have tried to screen genes for lipolytic enzymes from 2
Aspergillus ¢cDNA libraries, i.e. the libraries for
Aspergillus nidulans and Aspergillus fumigatus. Here
the molecular cloning of three lipase genes from
Aspergillus nidulans is described.

Materials and Methods

Materials

Aspergillus nidulans Uni-ZAP c¢DNA library was
obtained from the Fungal Genetics Stock Center
(Department of Microbiology, University of Kansas
Medical Center, Kansas City, KS, USA). Yeast
extract and tryptone were purchased from Difco
Laboratory (Detroit, MI, USA). Tris, IPTG (isopropyl
thiogalactopyranoside), HEPES (N-[2-hydroxyethyl)
piperazine-N'-[2-ethanesulfonic acid]), CHAPS (3-{(3-
cholamidopropyl) dimethylammonio]-1-propanesul-
fonate), ampicillin, olive oil, tributyrin, rhodamine B
and other chemicals were purchased from Sigma
Chemical Co. (St. Louis, MO, USA).

E. coli strains and plasmids

XL1-Blue MRF and SOLR strains (Stratagene, La
Jolla, CA, USA) were used for in vivo excision.
E. coli strains were grown in a Luria-Bertani (LB)
medium (1% tryptone, 0.5% yeast extract, 1% NaCl)
and in a 2x YT medium (1.6% tryptone, 1% yeast
extract, 0.5% NaCl).
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In vivo excision of pBluescript phagemid from
Aspergillus nidulans Uni-ZAP ¢DNA library

The ExAssist/SOLR system allowing efficient
excision of the pBluescript phagemid from Uni-ZAP
c¢DNA library for Aspergillus nidulans was used
according to Stratagene's manual for the agar plate
assay in screening fungal lipase genes. Both 200 pL
of SOLR cells (Auw of 1) and 1 pL of excised
phagemid pBluscript packaged as filamentous phage
particles were added to a 1.5 mL microtube. After
incubating the tube at 37°C for 15 min, 40 pL of
above mixture was plated on the assay plate described
as follows.

Screening of phagemids containing lipolytic enzyme
genes from the excised pBluescript library

Both the tributyrin agar plate and the olive oil agar
plate containing fluorescent dye, rhodamine B, were
prepared to screen the lipase genes with a minor modi-
fication (8-11). The tributyrin diffusion agar method
was used to find colonies with activities of a car-
boxylic ester-hydrolyzing enzyme. Tributyrin was add-
ed to a final concentration of 2% to 25 mL of LB
agar containing gum arabic (0.1%2) and ampicillin (150
ug/mL). After vigorous mixing, the solution was
immediately poured into a petri dish. SOLR celis har-
boring the pBluescript plasmids excised from
Aspergillus nidulans ¢cDNA library were grown on
tributyrin agar plates at 37°C for 48 hr, and colonies
forming a clear zone were isolated. The colonies
showing clear zones on the tributyrin agar plate were
transferred onto the LB agar plate containing olive oil
(0.5%), thodamine B (0.001%), gum arabic (0.1%),
and ampicillin (150 pug/mL). Lipase activity was mon-
itored by irradiating the plates with UV light of 366
nm. After 48 hr of incubation the bacteria showing a
fluorescent zone around colonies were selected as
lipase producers.

Extraction of lipolytic enzymes produced in E. coli
Each cell showing a lipolytic enzyme activity was
grown in a 2x YT medium containing 150 pg/mL of
ampicillin until the absorbance at 600 nm reached 0.6,
and then IPTG and CaCl, were added to a final con-
centration of 2 mM and 0.2 mM, respectively. The
culture was continued for 3 hr further. Cells from the
50 mL culture were harvested and resuspended in 2.5
mL of lysis buffer (50 mM HEPES, pH 7.0. 1%
CHAPS, 10 mM CaCly). Lysozyme was added to a
final concentration of 100 pg/mL. The cells were
incubated for 30 min on ice. frozen at —20°C, and
then thawed by immersing the tube in water. The
thawed cells were sonicated by ten 20 sec bursts at
240 W with a XL2020 sonicator (Misonix Inc.. Farm-
ingdale, NY, USA), allowing 1 min for cooling
between each cycle. The lysate was centrifuged at
12,000 g for 15 min at 4°C, and the supernatant and

the pellet were saved for the lipolytic enzyme assay.

Native polyacrylamide gel electrophoresis for lipoly-
tic enzyme activity print

Native polyacrylamide gel electrophoresis was car-
ried out according to the method of Laemmlie (12)
without SDS and stacking gel. The resolving gel was
7.5% acrylamide. Gels were run at 4°C and overlaid
ovemight at 37°C on the tributyrin agar plate and the
olive oil agar plate with rhodamine B, respectively,
for the lipolytic enzyme activity print as described by
Hofelmann er al. (13).

Results and Discussion

Screening of phagemids containing lipolytic enzyme
genes from Aspergillus nidulans Uni-ZAP cDNA
library

The Uni-ZAP vector has been designed to allow
simple in vivo excision and recircularization of any
cloned insent contained within the lambda vector to
form a pBluescript phagemid with the cloned insert.
SOLR cells harboring the pBluescript phagemid from
the Uni-ZAP ¢DNA library for Aspergillus nidulans
were spread on the tributyrin agar plate for screening
fungal lipases. Many colonies showing clear zones on
the tributyrin agar plate were selected. However, only
three colonies named A-22, N-53 and N-30B showed
orange fluorescent halos under the 366 nm UV light
after 48 hr of incubation on the agar plate containing
olive oil and rhodamine B. Fig. 1 shows the clear
zone formation on the agar plate containing tributyrin
by the 3 cells. As expected, SOLR cell harboring
only the pBluescript plasmid (Fig. 1A) did not show
any clear zone. A-22 and N-30B cells clearly showed
clear zones on the tributyrin agar plate. N-53 cell
could also hydrolyze tributyrin, though they showed

Fig. 1. Clear zone formation on the agar plate containing
tributyrin by SOLR cells harboring lipolytic enzyme genes.
A. SOLR harboring the pBluescript plasmid; B, SOLR har-
boring the A-22 plasmid: C. SOLR harboring the N-30B
plasmid: D. SOLR harboring the N-53 plasmid
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Fig. 2. Fluorescence photograph of SOLR cells harboring
the pBluescript plasmid.

A, SOLR harboring the A-22 plasmid; B, SOLR harboring
the N-30B plasmid; C, SOLR harboring the N-53 plasmid; D,
Cells were grown on the agar plate containing olive oil and
rhodamine B.

weaker activity compared to the other 2 cells. Except
for the cell harboring the pBluescript plasmid (A) the
3 cells could also hydrolyze olive oil. A-22 and
N-30B showed the fluorescent halos on the olive oil
agar plate containing rhodamine B as shown in B and
C of Fig. 2. The fluorescence of N-53 cell was less
intense compared to the other two cells indicating a
weaker lipolytic enzyme activity of N-53.

Size determination of the cloned lipase genes in
pBluescript plasmids

In order to determine the size of the DNA insert in
the rescued pBluescript plasmids, plasmids were pre-
pared from A-22, N-53, and N-30B cells, respectively
and digested with EcoRI and Xhol, which had been
used for the construction for Uni-ZAP cDNA library
for Aspergillus nidulans. In Fig. 3, lanes 2 and 3 in-
dicate the A-22 plasmid digested with EcoRI and
Xhol, respectively. The presence of about 950 bp frag-
ment (lane 2) and about 450 bp (lane 3) indicates that
intemal EcoRI and Xhol sites are located in A-22.
Double digestion with both restriction enzymes gener-
ated three DNA fragments of approximately 650 bp,
300 bp, and 150 bp, respectively (lane 4). Therefore,
the size of the lipase gene inserted in the A-22
plasmid was calculated to be about 1.1 kb. In the
case of the N-30B plasmid, double digestion with
both restriction enzymes generated three DNA frag-
ments of about 850 bp, 300 bp, and 150 bp, respec-
tively (lane 8). The entire size of the insert is presumed
to be 1.3 kb. Based on the digestion with EcoRI (lane
6) and Xhol (lane 7), there is one internal site for
EcoRl and Xhol, respectively, in this plasmid. Diges-
tion of the N-53 plasmid with the single restriction
enzyme produces only a linear DNA fragment (see
lanes 10 and 11). This indicates that there is no

J.-G. Lee et al.
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Fig. 3. Digestion of the three pBluescript plasmids con-
taining a lipolytic enzyme gene with EcoRI and Xhol.

Lane 1, uncut A-22 plasmid; lane 2, A-22 digested with
EcoRl; lane 3, A-22 digested with Xhol; lane 4, A-22 dig-
ested with EcoRl and Xhol; lane 5, uncut N-30B plasmid;
lane 6, N-30B digested with EcoRI; lanc 7, N-30B digested
with Xhol; lane 8, N-30B.digested with EcoRI and Xhol; lane
9, uncut N-53 plasmid; lane 10, N-53 digested with EcoRI;
lane 11, N-53 digested with Xhol; lane 12, N-53 digested
with EcoRI and Xhol; lane 13, Stratagene's 1 kb DNA ladder

internal EcoRI and Xhol site in the N-53 plasmid.
The size of the gene inserted in the N-53 plasmid
was found to be about 600 bp according to the
double digestion result shown in lane 12.

Expression of each Aspergillus nidulans lipase gene
in E. coli

Cell extracts and pellets of N-53, N-30B, A-22
cells were prepared as described in “Materials and
Methods”. Same amounts of the cell extracts and the
cell pellets were loaded on the holes of the agar plate
for lipolytic enzyme assay. Both the extracts and
pellets of the 3 cells could hydrolyze tributyrin in the
agar plate (Fig. 4). This implies that the fungal lipo-
lytic enzyme genes were expressed in E. coli both as
soluble and insoluble forms. In the case of the olive
oil agar plate, the cell extracts showed more
intense fluorescent halos than the cell pellets. A-22
and N-30B cell extracts showed stronger lipofytic
enzyme activities than N-53 extract (Fig. 5).

Extracts from N-53, N-30B, and A-22 cells were
electrophoresed in 7.5% native polyacrylamide gel.
Gels were run at 4°C and overlaid ovemight at 37°C
on the tributyrin agar plate (Fig. 6) and the agar plate
containing olive oil and rhodamine B (Fig. 7) for the
lipolytic enzyme activity print. Bands showing clear
zones and fluorescent zones were observed in the gels
of Fig. 6 and 7, respectively. These results clearly
indicate that the fluorescence in the agar plate was
caused by the enzymes separated in the polyacrylamide
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Fig. 4. Clear zone formation on the agar plate containing
tributyrin by the extracts and the pellets of the SOLR
cells harboring lipolytic enzyme genes.

A, cell extracts; B, cell pellets; lane 1, SOLR harboring the
pBluescript plasmid; lane 2, SOLR harboring the N-53
plasmid; lane 3, SOLR harboring the N-30B plasmid; lane 4,
SOLR harboring the A-22 plasmid

Fig. 5. Fluorescent zone formation under UV light on the
agar plate containing olive oil and rhodamine B by the
extracts and the pellets of the SOLR cells harboring lipo-
lytic enzyme genes.

A, cell extracts; B, cell pellets; lane 1, SOLR harboring the
pBluescript plasmid; lane 2, SOLR harboring the N-53
plasmid; lane 3, SOLR harboring the N-30B plasmid; lane 4,
SOLR harboring the A-22 plasmid

gel. The lipolytic activity of N-53 was again the
lowest among the 3 cells.

There are few reports about purified lipase proteins
and genes from Aspergillus species. An acid-resistant
lipase from Aspergillus niger has been purified from
a crude commercial preparation with several purifica-
tion steps (14). The N-terminal sequence of the electro-
eluted protein was found to be XVSTSTLDELQFALQ.
A mono- and diacylglycerol lipasc from Aspergillus
oryzae has been purified, and the molecular weight

was estimated to be 41,000 by SDS-polyacrylamide
gel electrophoresis (15). The determined N-terminal
sequence of this enzyme is XIPTTQLXXFKFWVQ-
YAAA, which is highly homologous with that of the
mono- and diacylglycerol lipase from Penicillium
camembertii  U-150. It has been reported that
Aspergillus nidulans also produces an extracellular
lipase when grown in solid or liquid cultures con-

12 34

Fig. 6. Lipolytic enzyme activity print on the agar plate
coataining tributyrin.

Cell extracts were electrophoresed in 7.5% native poly-
acrylamide gel, which was put later on the agar plate con-
taining tributyrin.

Lane 1, extract of the SOLR cell harboring the pBluescript
plasmid; lane 2, extract of the SOLR cell harboring the N-53
plasmid; lane 3, extract of the SOLR cell harboring the N-
30B plasmid; lane 4, extract of the SOLR cell harboring the
A-22 plasmid.

12 34

Fig. 7. Lipolytic enzyme activity print on the agar plate
containing olive oil and rhodamine B.

Cell extracts were electrophoresed in native polyacrylamide
gel, which was put later on the agar plate containing olive
oil and rhodamine B.

Lane 1, extract of the SOLR cell harboring the pBluescript
plasmid; lane 2, extract of the SOLR cell harboring the N-53
plasmid; lane 3, extract of the SOLR cell harboring the N-
30B plasmid; lane 4, extract of the SOLR cell harboring the
A-22 plasmid
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taining lipids as carbon source (16, 17). However, no
studies have been done on the amino acid sequence
of the lipase from Aspergillus nidulans, which was
used for cloning lipase genes in this research.

We are currently trying to overexpress the Aspergillus
nidulans lipases in E. coli. Even though each lipase
gene in pBluescript plasmid was expressed showing lipo-
lytic enzyme activity, bands for those proteins were not
clearly observed in SDS-polyacrylamide gels due to the
low expression of the lipase genes in this system (data
not shown). DNA sequencing for the three genes is
being carried out to subclone each lipase gene into a
PET vector to overexpress them in E. coli. The overex-
pression of the lipolytic enzymes may provide a means
to characterization of the substrate stereospecificity of
these three enzymes in the future.
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ABSTRACT

Enantiomeric selective synthesis of (S)-2-methylbutanoic acid methylester, which is known as major
apple and strawberry flavor, was performed from the (S)-2-methylbutanoic acid using lipases in organic
solvent. Among twenty lipases, Lipase IM 20 (immobilized lipase of Rhizomucor miehei), Lipase AP
(Aspergilli:.s- niger) and Lipase FAP-15 (Aspergillus j?vanicus) which exhibited high enzymatic activities
and enantioselectivities were selected for the synthesis of (S)-2-methylbutanoic acid methylester. Using
these enzymes, the reaction conditions such as temperature, lyophilizing pH were optimized and kinetic
parameters were determined. All these reactions were performed in isooctane,' which was screened as
the best reaction media for non-aqueous system. At low temperature, enantiomeric excess for (S)-2-
methylbutanoic acid methylester was rather high, while low synthetic activity was observed.
Enantioselectivities were not influenced by the lyophilizing pH of lipases. The K s and Ky 5 values for
ester synthetic activity of lipase were 1120 mM and 1240 mM, respectively. Enzyme activity was

inhibited by (S)-2-methylbutanoic amide and its K; was calculated as 84 mM. (S)-2-Méthylbutanoic

amide acted as a competitive inhibitor.

Keywords: apple flavor; (S)-2-methylbutanoic acid methylester; enantiomeric synthesis; lipase.
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INTRODUCTION

The 2-methylbutanoic acid methylester (MBE), which is known as the main flavor component of

apple or strawberry, is an enantiomer (Maciel et al., 1986) as follows;

CH, C_I;I,
CH;CH, — C—— COOCH, CH,CH,— (:3 — COOCH;
A
(S)-methylbutanoic acid methylester (R)-methylbutanoic acid methylester

Among these enantiomers, only (S)-form has a flavor characteristic (Maciel et al., 1986;
Macleod and Pieris, 1981). Generally, the natural flavors such as MBE are produced limitedly because
of high cost for production as well as the difficulty in separating the active form from the enantiomeric
mixture. Therefore, most of commercialized flavors are artificial products. Thus, the development of
these high value-added flavors with highly enantiomeric purity has been spotlighted as a new research
field in food technology.

An enzymatic method to produce the (S)-MBE from chief racemic 2-methylbutanoic acid (rac-
MBA) using the enantioselectivity of enzyme can be suggested as a solution to cope with above

problems (Fitzpatrick and Klibanov, 1991; Klibanov, 1995; Kwon, 1992; Russel and Klibanov, 1988).
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Among the esterifying enzymes such as esterases and lipases, lipase was found to be the good enzyme
to synthesize the esters from fatty acids and other acids (Klibanov, 1986; Kwon, 1992; Kwon et al.,
1996).

The enzymatic synthetic reaction from the acid to ester must be quite different from the
hydrolysis reaction, because it is essential to remove the water in the reaction system (Kwon et al,,
1996). Non-aqueous organic solvent system is advantageous for the synthetic reaction of the water
insoluble acids such as MBA, aliphatic fatty acid and other aromatic acid. to their ester (Klibanov,
1986; Zaks and Klibanov, 1984). In addition to these advantages, the structure of enzyme in organic
solvent is so rigid that the conformation induced before lyophilization can not be easily changed
(Kamiya and Goto, 1998; Klibanov, 1995; Kwon et al., 1996; Vulfson et al., 1997; Zaks and Klibanov,
1988). Thus, the enantioselectivity of enzyme is also maintained during the reaction (Russel and
Klibanov, 1988). Usually the conformation of enzyme in aqueous phase is easily induced by substrate
to fit its substrate structure (induced fit: Koshland and Neet, 1968).'Therefore, organic solvent system
is recommended as the best reaction system (Dabulis and Klibanov, 1993; Russel and Klibanov, 1988).

Many lipases showed their enantioselectivity for the hydrolysis of esters or synthesis of esters

from acids and alcohols (Allenmark and Ohlsson, 1992; Russel and Klibanov, 1988; Weissfloch and
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Kazlauskas, 1995; Wen et al., 1996). Our previous paper (Kwon, 1992) showed some lipases had a high
enantioselectivity for synthesis of esters. Klibanov group reported enzyme specificity was influenced
by solvents (Fitzpatrick and Klibanov, 1991; Wescott and Klibanov, 1994) and also temperature
affected the enantiomeric selectivity of lipase in organic solvent (Holmberg and Hult, 1991; Pillips,
1992). In dioxane, nitromethane and acetonitrile, Rhizomucor miehei lipase had higher
enantioselectivity at low temperature than high temperature (Noritomi et al., 1996). Engel (1992)
reported that Candida cylindracea (CCL) lipase hydrolyzed the (S)-2-methyl-alkanoic alkylester in
heptane enantioselectively. Water content also affected the enantioselectivity in organic solvent system
(Bovara et al., 1993; Dudal and Lox;tié, 1995). Holmberg et al. (1991) showed enantiomeric resolution
depended on the structure of alcohol in the esterification of 2-methylalkanoic acid by CCL lipase in
aqueous phase.

The objective of this paper is enantiomeric selective synthesis of (S)-2-methylbutanoic
methylester, major apple flavor cbmponent, from racemic mixture 2-methylbutanoic acid by lipase in

organic solvent and their synthetic characteristics are reported.
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MATERIALS AND METHODS

Materials. Enzymes. Lipases used in this experiment were the same lipases as in previous paper
(Kwon et al, 1996). Namely, Lipase CES, Lipase AY, Lipase AP-10, Lipase GT-20, Lipase GC, Lipase AP,
Lipase PS, Lipase L, Lipase FAP-15, Lipase R, Lipase D, Lipase CE, and Lipase G were supplied ftrom Amano
Pharmaceutical Co. (Nagoya, Japan). Two lipases from Candida cylindracea and Pancreatic lipase were
purchased from Sigma Chemical Co. (St. Louis, MO). Lipase from Rhizomucor miehei and Lipozyme IM-20
(immobilizéd lipase of R miehei) were obtained from Novo Enzyme Co. (Bagsvaerd, Denmark). The last two
lipases, Lipase MY and Lipase OF-360 were from Meito Sankyo (Osaka, Japan) and Lipase CV was from Toyo
Jozo (Shizuoka, Japan).

Chemicals. Racemic-2-methylbutanoic acid (rac-MBA) and (S)-2-methylbutanoic acid ((S)-MBA)
were purchased from Aldrich Chemical Co. (Milwaukee, WI). (S)-2-Methylbutanoic acid methylester
(MBE) as a standard was synthesized from (S)-MBA by AOAC method (1995) (Kwon et al., 1999). The
chiral column, Chiraldex GTA capillary column for GC, was supplied from Alltech Inc. (Deerfield, IL)
(Kwon et al., 1999). Isooctane (2,2,4-trimethylpentane), octane, cyclohexane and heptane were purchased
from Aldrich Chemical Co., and acetonitrile and isoproylaicohol (2-propanol) were of HPLC pure grade
purchased from Burdick & Jackson Co. (Muskegon, MI). All other chemicals were of analytical grade. Water
in solvents was previously removed by 3A molecular sieve (1/16") (Wako Chemical Co., Osaka, Japan) just
before the reaction (Kwon et al, 1996). Silica Gel-60 (particle size 0.063 - 0.2 mm) (Merck, Darmstadt,
Germany) was used to remove water produced during the reaction (Kwon et al., 1996).

Enzyme Reactions for MBE Synthesis. Typical enzymatic synthesis of MBE was performed

according to the method of synthesis of medium chain glycerides (Kwon et al., 1996): Fifty milligrams of
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each lyophilized lipase was added to 1 mL of solvent in the presence of 700 mM of rac-MBA and 700 mM of
methanol. About 50 mg of silica gel was added to the mixture (1 mL of solvent) to remove the water. After
10 s sonication, the reaction vials were placed in a rotary shaker at 200 rpm at 30C. Periodically, aliquots
were withdrawn and the amounts of (S)- and (R)-2-methylbutanoic acid methylester were assayed by GC with
th;a same conditions in previous paper (Kwon et al., 1999).

Assay of Enantioselectivity. Enantiomeric excess (ee,) for (S)-MBE was used as an

enantioselectivity of lipase, which was calculated by following equation (Chen et al., 1982) :

| [(S)-MBE(%)] -[(R)-MBE(%)] |
ee, (%) = X 100
[(S)-MBE(%)] + [(R)-MBE(%)]

For detemﬁning the enantiomeric excess, electron density of integrator (integral area) instead of
molar concentration of each enantiomer was used because authentic standard of each enantiomer was
not available. Fortunately, the ratio of integral area between (S)- and (R)-MBE was exactly 1 : 1 for
chemical synthesized racemic MBE from racemic MBA (1 : 1).

Enzyme Screening and Solvent Screening. For screening the lipases, the ee, and integral area of
each enantiomer for synthesized MBE with 20 lipases in organic solvent were determined at30C for 4
h. With the same methods the best solvent was screened from heptane, octane, cyciohexane, hexane and
isooctane (Kwon et al., 1996).

Effects of pH and Temperature on Synthetic Activigies. Screened lipases were lyophilized at
different pHs. Buffers used in lyophilization of lipases were citrate buffer for pH 3, 4, and 5; succinate
buffer for pH 4, 5, and 5.5, phosphate buffer for pH 6, 6.5;' 7 and 8; and Tris-HCI buffer for pH 9. After
lyophilization, enzymes were washed with acetonitrile to remove the salt on the glass filter (Kwon,

1992). The amount of enzyme loaded was adjusted to 30mg of protein concentration determined by
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Lowry method (Lowry et al., 1951). Temperature effect on enantioselectivity of lipase was investigated
by determining the enantiomeric excess (%) of MBE in various temperatures (15, 20, 25, 30, 40, 50 and
607C).

(S)-2-Methylbutanoic Amide Syunthesis and Identification. The st;reoisomer of each
m;thylbutanoic amide that acts as an inhibitor on lipase was synthesized aS follows (Audrieth and
Kleinberg, 1938): one hundred milligrams of (S)-2-methylbutanoic acid was sampled into the round-
bottom flask and 1 drop of dimethylformamide was added. The flask was attached to a reflux condenser
and 3 to 4 mL of thionylchloride (SOCl,) was added through the condenser. Reactant was refluxed for
about 20 min on a steam bath carefully and 10 mL ice-cold concentrated ammonium hydroxide (NH,OH)
;vas added. The precipitated amide was collected by vacuum filtration and recrystallized from water and
aqueous alcohol. The synthesized amide was identified by HPLC (Jasco, Tokyo, Japan) and mass
spectrometer (Platform II Mass Spectrometry; Micromass, Manchester, U.K.).

Kinetic Studies. Reaction kinetic study was performed for lipase FAP-15 which was good in
enantioselectivity, with various concentrations rac-MBA (100, 150, 200, 250, 300, 350, 400, 450, 500,
550, 600, 650, 700 and 750 mM) and various reaction times (4, 6, 16 and 24 h). Synthetic reaction was
performed in the same way as described above. Michaelis constant (,, K,/ value and ,,;V,,,, value for
each enantiomeric product were calculated from Lineweaver-Burk double reciprocal plots obtained by
plotting 1/ v versus 1/[S] (Lineweaver and Burk, 1934). For the inhibition studies, K; measurement was
carried out without and with 20 mM of (S)-2-methylbutanoic amide. All kinetic parameters were the

means of at least two determinations and were reproducible.
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RESULTS AND DISCUSSION

Screening of Lipase and Solvent for Enantioselectivity. Table 1 shows the results of screening
gf .lipases for (S}Z-methylbutanoic acid methylester ((S)-MBE) synthesis using 20 lipases in isooctane.
The enzymes good for enantioselective (S)-MBE synthesis were Lipase IM 20 (immobilized lipase of
Rhizomucor r)n‘ehei), Lipase AP (Aspergillus niger) and Lipase FAP-15 (Aspergillus javanicus). The ee,
.\;alues of the latter two enzymes were about 50%, which means production ratio of (S)-MBE to (R)-
MBE is about 3 : 1. This ee, was not so high compared to hydrolysis reaction (Engel, 1992). In
hydrolysis reaction, (S)-aliphatic acid was produced from rac-aliphatic ester by CCL lipase (Candida
Cylindracea) in solvent with 70 % enantioselectivity (Engel, 1992). However, Lipase OF-360, GC, M-
AP10, GT-20, PS and G showed low enantioselectivity (ee,), although they had high synthetic activity of
rac-MBE in isooctane (Table 1). Remaining lipases had poor activities for both synthesis and
enantioselectivity. The lipases which were selected as good for enantioselectivity of (S;-MBE or total
MBE synthesis were different from the lipases which were good for synthesis of medium chain
glycerides (Kwon et al., 1996) and methylesterification of trifluoromandelic acid (Kwon, 1992). These
results mean that selecting the best lipase for hydrolysis, synthesis or interesterification depends on the nature
of substrate compounds (alcohols as acyl acceptors and acids as acyl donors) and their reaction mechanisms

(Holmberg et al.,, 1991; Kwon et al., 1996). Table 1 also shows that enantioselectivity of lipases was not
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affected by the lipase specificity (Kwon et al., 1997; Macrae, 1984).

Synthetic activities and enantiomeric selectivities of (S)-MBE were determined for various solvents
to select the solvent which was good for our reaction using screened three lipases, Lipase IM 20,
Libase AP and Lipase FAP-15. In a non-aqueous organic solvent system for synihesizing MBE, hexane
and isooctane were the best solvent. This result is consistent with our previous data (Kim et al., 1984,
Kwon et al, 1996). The total synthetic activity was the highest in hexane, but the solvent was very
volatile. On the contrary, the isooctane showed a little lower activity than hexane but it was not
evaporated during the reaction. Therefore, isooctane was selected as the optimum solvent in this
research to avoid concentration of products during the reaction. The enantioselectivity for (S)-MBE
was not affected by the kinds of solvents (data not shown), while Klibanov group reported enzyme
specificity was affected by the solvents (Fitzpatrick and Klibanov, 1991; Wescott and Klibanov, 1994).

Time Course of Lipase Synthetic Reaction. To check how long the reaction rate maintained

linearity as the increase of the reaction time and substrate concentration, time course of the synthesis of

C-

(S)-MBE in isooctane using Lipase FAP-15 was investigated for the various reaction times (4, 6, 16, 24
and 30 h) with different substrate concentration (Figure 1). The initial velocity (v,) for each substrate
concentration maintained their linearity over 24 h even at low concentration of substrate. Here initial
velocity was obtained by determining the production amount of (S)}-MBE up to 12 h for each lipase.

Enantioselectivity (ee,) of Lipase FAP-15 by reaction time was not changed (data not shown), while
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total synthetic amount of (S)-MBE was increased gradually. This was the same for Lipase AP and
Lipase IM 20.

Effects of pH and Temperature on Synthetic Activity and Enantiomeric Selectivity. By
chécking the linearity of the reaction, synthetic reaction conditions were optimized in terms of
lyophilization pH and reaction temperature. The overall synthetic rate of product was increased in
proportion to reaction temperature as expected (Kwon et al., 1996). As increase of temperature up to
60T, synthetic activity was increased, which means lipase was stable over 60T due to the rigidity of
enzyme structure in organic solvent (Klibanov, 1986; Kwon et al., 1996; Ottolina et al., 1992) (Figure 2).
The ee, was increased firstly up to 15-20°C, however, it.was decreased with the increase of temperature
over 20C (Figure 2). Thus, the ee, was the highest around 20°C as 60 %. This was the same as in both
Lipase AP and Lipase IM 20 (Figure 3), which were also highly active and stable over 60C.

Enzymatic enantioselectivity usually decreases with temperature (Holmberg and Hult, 1991;
Noritomi, 1996; Phillips, 1992). Some enzymes became more enantioselective at high t;.zmperature in
both organic media and aqueous media (Noritomi et al., 1996). Generally, enantiomeric- or stereo-
specificity of enzyme was dependent on the structure or conformation of active site of enzyme. Thus, if
the conformation of enzyme is easily induced by substrate or changed by circumstance, enzyme easily
lost its specificity. In organic media, the conformation of enzyme is so rigid that the enzyme retains its

stereo- or enantiomeric specificity (Kwon et al., 1996; Russel and Klibanov, 1988). However, at high
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temperature this rigid structure of enzyme will be a little bit more flexible compared to low temperature.
Therefore, lipase probably loose the enantiomeric specificity at high temperature due to the increased
flexibility. Our data were consistent with the data of Noritomi et al. (1996) who reported that
Rhizomucor miel_tei lipase showed higher enantioselectivity at lower temperature rather than higher
temperature (45C) in dioxane, nitromethane and acetonitrile. However, subtilisin Carlsberg did not
show enantioselectivity difference between low-and high temperature. Further study is necessary to
confirm the conformational change of enzymes in organic solvent by temperature increase.’

The lipases lyophilized at pH 3, 4, 5 8, 9, and 10 showed very poor (S)-MBE synthetic activity
in organic solvent. Only lipases prepared with pH 5.5, 6.0, 6.5 and 7.0 showed the synthetic activity
(data not shown). The optimum pH (pH 6.5) in synthesis in organic media also corresponds the
optimum pH of hydrolytic reaction of lipases in aqueous phase (Kwon et al., 1987) and medium chain
triglyceride synthesis in organic solvent (Kwon et al., 1996). Also they did not show any different
enantioselectivity between pHs. This datum also supports the pH memory theory .lsuggested by
Klibanov group (Klibanov, 1995; Kwon et al., 1996; Zaks and Klibanov, 1988). This result supports
that imprinting of enzyme by ligand is still the best way to improve the enantiomeric selectivity
(Kamiya and Goto, 1998; Kwon 1992; Vulifson et al., 1997).

Reaction Kinetics of Lipase in Organic Solvent System. In organic solvent system, enzyme

reaction kinetics for enantiomeric synthesis of (S)-MBE were investigated by determining the synthetic
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activity and enantioselectivity of lipases with the various concentrations of substrate (rac-MBA).
Firstly, Michaelis-Menten curves of the lipase reaction in organic solvent with the different substrate
concentration was constructed (Figure 4), which did not show typical saturation curve (Figure 4).
Bélow 80 mM of rac-MBA, lipase did not show any catalytic activity in organic solvent, which means
minimum -substrate concentration is required for the activation of lipase at the interface. At high
concentration of substrate (over 700mM), synthetic reactivity was decreased with increase of substrate
concentration.

Lipase is well known for its interfacial activation because all the lipase catalyzed reactions can
take place at the interface between enzyme and substrate in the heterocatalytic reaction system
(Brockerhoff, 1973; Derewenda et al., 1993): 1) water soluble enzyme with water insoluble substrate in
aqueous or emulsion system (Benzonana and Desnuelle, 1965); 2) solvent soluble substrate with
solvent insoluble enzyme in organic solvent system (Klibanov, 1986; Kwon et al., 1996). For this
reason, usually interfacial activation takes place to activate the lipase structure for the rt;action (Sarda
and Desnuelle, 1958). Here minimum substrate concentration for interfacial activation called as
interfacial activation concentration (S, is required. So in our reaction, 80 mM of substrate (racemic
form) should be the apparent interfacial concentration for synthesis of (S)-MBE in organic solvent.
This value is higher than those reported in aqueous or emulsion phase (Kwon and Rhee, 1983). Usually

in organic solvent system, interfacial activation concentration of lipases was bigger than in aqueous or
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emulsion system and also hydrophobic substrate had higher values (Martinelle and Hult, 1994). In
heterocatalytic reaction like lipases especially in organic solvent system, diffusion limitation of
substrate to the interface in addition to the active site is a main obstacle of reaction, because every
he;erocatalytic reaction including organic solvent system has the diffusion barrier in transporting the
substrate to interface in low concentration (Ssq). Thus lipase reaction in organic solvent system -may
have higher interfacial activation concentration (S, + Sug) apparently than those of aqueous or
emulsion solvent system (S.). However, detailed study to discriminate S, from Sy is necessary.
Benzonana and Desnuelle (1965) also could not discriminate S, from Sy in emulsion system.
Moreover, interfacial activation in organic solvent is more obscure than in aqueous phase and emulsion
system, since the S, and Sy should depend on the reaction system. For this interfacial activation and
diffusion limitation, synthetic reaction of lipase in organic solvent might require more than 80 mM
concentration of rac-MBA (Kwon and Rhee, 1983). While synthetic activity of lipase was increased
with the increase of substrate in organic solvent up to 700 mM, enantioselectivity was not changed with
increase of substrate concentration (Figure 4). The enantiomeric excess (ee) for (S)-enantiomers were
about 50-60 for the substrate concentration ranged from 100 mM to 600 mM. And above 700 mM
(racemic form), synthetic activity of lipase in organic solvent was decreased. The same phenomenon
was observed in lipase reaction in emulsion system (Kwon and Rhee, 1983). It might be due to physical

barrier for the substrate transportation into the interfacial area in case of excess of substrate or
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substrate inhibition. However, it is still unclear the reason why the enzyme activity is decreased at high
substrate concentration.

From these heterocatalytic reactions, reaction kinetic parameters such as K,,, and V,,},,x were
obiained by drawing a double reciprocal plot (Lineweaver-Burk plot) from Michaelis-Menten curve as
an apparent value (Figure 5). The apparent Michaelis-Menten constants for (S)-MBE production such
as ,;;Kns and .V, s were evaluated to be 1,120 mM and 2.24 X 107area/h from the intersection points.
For the (R)-enantiomers, ,, Ky, and ., V., x were 1,240 mM and 7.09 X 10%area/h, respectively. The
Ky, values in organic solvent system were higher than in aqueous and emulsion system probably due to
the rigidity of enzyme in organic solvent. In fact, in aqueous and micelle system, Ky values of lipases
for the hydrolysis of esters were about 10-50 mM, and in organic solvent system K, values were
around 500 mM (Kikkawa et al., 1989; Martinelle and Hult, 1994).

The data that there is a little difference in ,,, Ky but substantial difference in wp Yuux between (R)-
and (S)-MBA show that enzyme could not discriminate (S)- from (R)-MBA, which can bind at the
active site with the same binding affinity. However, the enzyme catalyzed synthesis of MBE with the
different rates between (S)- and (R)-MBA. This result means that the enantioselectivity was not
originated from the substrate binding affinity but from the catalytic activity of lipase in organic solvent.
The (Vaux K s)/(Vanx/Kuz) for MBE production was 3.48 which corresponded to above 50-60 % of

enantiomeric excess. In esterification of n-dodecanoic acid with secondary alcohols in organic solvent
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using Pseudomonas fragi lipase, (Vo oK)/ (Vi s/Kis) Was varied from 0.96 to 15, depending on
the secondary alcohols (Kikkawa et al., 1989).

(S)-2-Methylbutanoic Amide Identification and Inhibition Study. In the first place, (S)-2-
méthylbutanoic gmide as competitive inhibitor on lipase was synthesized. This inhibitor was identified
by HPLC and mass spectrometer as (S)-2-methylbutanoic amide that is structurally analogous to (S)-2-
methylbutanoic acid (Figure 6).

Inhibitors are substances which tend to decrease the rate of an enzyme-catalyzed reaction by
prohibiting the substrate binding (competitive inhibition) or changing the conformation of enzyme or
active site (uncompetitive inhibition or noncompetitive inhibition). The presence of (S)-2-
methylbutanoic amide (20 mM) in the reaction mixture reduced the lipase activity. Lineweaver-Burk
plot (Figure 7) confirmed that (S)-2-methylbutanoic amide acted as a competitive inhibitor of a lipase
because it changed ,,,K,, s value and did not change ,,, V... s. The apparent dissociation constant (K;) for
enzyme-inhibitor (EI) complex was 84 mM which was much smaller than that of enzyme-substrate
complex (,,,Ky). This means that binding affinity of inhibitor ((S)-2-methylbutanoic amide) is highly
stronger than substrate ((S)-2-methylbutanoic acid) and inhibition of (S)-2-methylbutanoic amide

occurs by prohibiting the substrate from binding.
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Figure Legends

Figure 1, Time course of the synthesis of (S)-MBE (2-methylbutanoic acid methylester) (O) and (R)}-MBE (@)

by Lipase FAP-15 in isooctane from the 2-(+ )-methylbutanoic acid (rac-MBA).

Figure 2. Temperature profile of lipase activity (O) and enantioselectivity (@) for (S)-MBE synthesis by Lipase

FAP-15 in isooctane. Error bars indicate the standard deviation at each point for 3 determinations.

Figure 3, Effect of temperature on enantioselectivity of Lipase FAP-15 (@), Lipase AP (), Lipase IM 20 (A)

in synthesizing the (S)-MBE in isooctane. Error bars indicate the mean = SD for 3 determinations.
Figure 4. Michaelis-Menten curves for synthesis of (S)-MBE (O), (R)}-MBE (@) with Lipase FAP-15.

Figure 5. Lineweaver-Burk plot of lipase activity from Figure 4 for (S)}-MBE (Q), (R)-MBE (@) synthesis in

organic solvent.

Figure 6. HPLC chromatogram of (S)-2-methylbutanoic amide (peak A) after synthesis from (S)-2-
methylbutanoic acid. HPLC solvent condition was 7 : 3 = water : acetonitrile in isocratic system. Electrospray
mass spectrum of synthesized (S)-2-methylbutanoic amide (peak A in HPLC chromatogram) is shown on right
top in the chromatogram. The number on the peak (101.1) indicates the mass for single charge of (S)-2-

methylbutanoic amide.

Figure 7. The Lineweaver-Burk plot of lipase synthetic activity for (S)-MBE without () and with (S)-2-

methylbutanoic amide (@). The Michaelis-Menten curve for each plot is shown inside the graph.
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Abstract

Thermostable Pseudomonas fluorescens SIK W1 lipase (PFL) believed to be responsible for the spoilage
of milk was overexpressed in Escherichia coli as inclusion bodies. Renaturation efforts using size
exclusion protein refolding system (SEPROS) resulted in;;he increase of protein yields by two times, and
of specific activity by 5 - 10 times higher than that obtained from a conventional dilution method.
Renatured lipase was purified homogeneously through a series of chromatographic purification steps
including ion exchange and gel filtration chromatography. The PFL activity is highly enhanced in the
presence of calcium ion. Secondary structure of the purified PFL was monitored by circular dichroism,
showing that the activity increase of PFL due to the presence of calcium ion coincides with the
significantly raised @ helix content and decreased £ sheet content. Intrinsic fluorescence intensity is
also increased by calcium ion. The PFL protein structure was more resistant to denaturation by guanidine
hydrochloride as well as cosolvents such as DMSO and trifluoroethanol, suggesting that the Ca**-induced

conformational change is important in maintaining the stability of the enzyme structure.

- 279 -



Introduction
Pseudomonas secretes a number of extracellular enzymes, including lipases, in response to fluctuating
external nutrients. The lipase gené from Pseudomonas fluorescens SIK W1 produces an extremely heat
stable enzyme (PFL-SW) which is believed to be responsible for the spoilage of milk in its natural habitat
(1). PFL-SW was subcloned and transformed into E. coli BL21 (2). However, the lipase overexpression
led to its cytoplasmic accumulation as inclusion bodies. Refolding of recombinant plroteins from inclusion
bodies requires solubilizing the insoluble protein in a strong denaturant which is subsequently removed. It
is a Accv>mmon observation that the refolding yield is inversely proportional to the concentration of
denatured protein undergoing buffer exchange (3, 4). The loss of activity at high protein concentrations is
strongly linked to aggregate formation, caused by nonspecific intermolecular interactions due to the
insolubility of the denatured proteins. Aggregation can be greatly suppressed if protein molecules are
scparated from each other during refolding. This enables partially folded molecules with exposed
hydrophobic regions to proceed with intramolecular folding by reducing the probability of intermolecular
interactions. Several methods for separating protein molecules during refolding have been described (5-7).
Recently, size-exclusion chromatography protein refolding system (SEPROS) using crosslinked
structures of gel filtration media was introduced for protein refolding (8), where proteins passing through
the gel beads were dynamically trapped and separated from denaturants as well as from each c;.ther.

Divalent metal cations, particularly Ca®*, play an important role in the structure and function of
proteins. Early study showed that the activity of PFL was significantly enhanced in the presence of
calcium ions (9). Among metal ions tested, calcium ion was specific for the activation of and its presence
made PFL more stab[e at alkaline pH.

In this study, we describes how PFL-SW expressed as inclusion bodies in E. coli was refolded,
resulting in high yields of protein. Refolded PFL-SW was homogeneously purified and catalytically

active with higher specific activity than that previously reported (9). It is also shown the renaturated PFL-
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SW has significant conformational changes in the presence of calcium ions that affect the protein stability.

MATERIALS AND METHODS

Materials

E. coli BL21 transformed with pTTY2 containing PFL-SW gene was a kind gift from Prof. J. S. Lee at
the Korea Advﬁnced Institute of Science and Technology (Dae Jeon, Korea). Calcium chloride, guanidiné
hyd;ochloride (GdnHC), urea, dithiothreitol (DTT), pe-nitrophenyl butyrate were obtained from Sigma
Chemicals Co. (St. Louis, U.S.A.). Isopropyl- #D-galactopyranoside (IPTG) and ampicillinh were
purchased from Roche Ltd. (Basel, Switzerland). Dye reagents for Bradford, econb-co'lumns an(:i Biologic
LP system- were obtained from Bio-Rad Laboratories (Richmond, U.S.A.). Seﬁhacryl $200, DEAE-
Sepharose CL-6B, Superdex 200 HR 10/30 and AKTA FPLC system were obte;ined from Amersham-

Pharmacia Biotech (Uppsala, Sweden).

Preparation of Inclusion Bodies

Cultivation of cells was followed by the method described previously (2). The cultured cells were
harvested and resuspended in the lysis buffer [S0 mM Tris-HCI (pH 8.0), 1 mM EDTA]. After disrupting
the cells with the treatment of lysozyme (0.2 mg/mf) and subsequent sonication for 1 min, inclusion
bodies were separated by centrifugation and the pellet was then washed with 2% of Triton X-100 for
removing the cell debris and other impurities (10)[Titchener-Hooker et al., 1991]. They were resuspended
with the denaturation buffer [SO mM Tris-HCI (pH 8.0), 8M urea, 20 mM S mercaptoethanol] and the
insoluble components were removed by centrifugation at 100,000 g for an hour and filtration using 0.45

mm syringe filter (11)[Meagher er al., 1994).

Refolding of Inclusion Bodies
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Step-dilution was done by the following protocol: 10 m! of solubilized inclusion bodies was dissolved in
I L of the refolding buffer [20 mM Tris-HCI (pH 8.0), 1 mM EDTA] containing [0 mM CaCl,, and
incubated overnight. The stepwise addition of the inclusion bodies was done to the refolding buffer at 4.
SEPROS was carried out at 4 using Sephacryl $-200 on Biologic LP system. The solubilized inclusion

S

bodies in 8 M urea (1.5 mi) were applied onto the column (2.5x75 c¢m) equilibrated with the refolding

buffer and eluted at a flow rate of 15 mI/min.

Purification of Lipase

The ac_tive fractions from SEPROS were pooled and directly applied to a DEAE-Sepharose CL-6B anion-
exchange column (2.6x10 cm) equilibrated with 50 mM Tris-HCI (pH 8.5). The elution was performed
with linear NaCl gradient from 0-0.6 M at 4C. The pooled lipase fractions were then applied to the gel
firation and subsequent ion exchange FPLC using Superdex 200 and Mono Q prepacked columns,
respectively. The fractions with lipase activity were pooled, concentrated and subjected to the second gel

filtration FPLC using Superdex 200.

Gel Electrophoresis and Activity Staining

SDS-PAGE was carried out using 12% gels (12) which were stained with Coomassie Brilliant blue R-250
or silver stain (Bio-Rad). Activity staining was carried out by incubating the gels in the refolding buffer at
4T overnight. Geis were then transferred to a solution of 100 mM Tris-HCI (pH 8.0) containing 4
naphthyl acetate aﬁd Fast Blue RR. After 30 min of agitation, the gels were rinsed with water and stored

in 7% acetic acid (13). The dark yellow color appeared within 20 min.

Protein Estimation

The protein content was measured according to Bradford (14) using bovine serum albumin (BSA) as a
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standard. For the purified lipase, the concentration was estimated based on the calculated value of the

extinction coefTicient of 72063(Mc m)"' (14).

Activity Assay

PFL-SW activity was assayed by a colorimetric method with the substrate of p-nitrophenyl ester and
hydrolysis of l‘,2-dilauryl-rbc-glycero-3-glutaric acid resorufin ester based on the ﬁethod of (15) Nachlas
and Blabkburn (1958) and Lehner and Verger (1997). One unit of activity for onitrophenyl butyrate and

resorufin was defined as 4 mol of p-nitrophenol released per min (16) [Blow et al., 1987].

Spectroscopic Studies

Circular dichroism (CD) spectra were recorded on a JASCO J-715 spectropolarimeter (Tokyo, Japan) in
the structural ‘biology center at the Korea Institute of Science and Technology (Seoul, Korea). Spectra
were averaged from eight data accumulations and base lines corrected. The enzyme concentration was 10
M and molar ellipticity was calculated with 449 amino acid residues.

Steady-state  fluorescence measurements were performed on a Shimadzu RF-5301PC
spectrofluorophotometer (Kyoto, Japan). The intrinsic fluorescence excitations were carried out at 295
nm to eliminate contributions from amino acids other than tryptophan. Emission spectra w.ere recorded
from 300 nm to 400 nm. The enzyme concentration was 5 (M. A transition of unfolding was monitored

at various GdnHCI concentrations.

RESULTS

Refolding and Purification of lipase

The final yield of recovered proteins were almost three times higher than those obtained from step
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dilution. The specific activity increased more than five-times compared with that from step dilution
(Table 1). The only disadvantage of SEPROS was that it took almost 3 days to finish the chromatographic
elution. However, SEPROS were superior to step dilution in the protein yield and the specific activity.
Monomeric lipase (48 kDa) whose molecular weight was approximately estimateci with that of BSA
(67 kDa) was eluted with NaCl gradient at the concentration of about 0.3 M NaCl concentrations. The
final lipase -fractions were concentrated with Centriprep 30 to the final voltllme of 0.5 ml at a
concentration of 2 mg/ml and stored at -70 T. After the final gel filtration FPLC, the lipase was purified
almost homogeneously with more than 95% purity. Activity staining was also carried out to demonstrate
the purified lipase activity (Fig. 2). The data indicates that SEPROS was very effective in protein

refolding and purification.
Structural Studies

Secondary structure estimations with circular dichroism
The purified lipase diluted to a final concentration of 0.2 mg/m| was used for CD. The far UV spectra 190
- 240 nm (Fig. 3) were obtained. The secondary structure was analyzed with reference spectra of three

component model, ahelix, turn, and random coil [Yang ef al., 1986].

Denaturation with guanidium hydrochioride

Lipase become denatured as the concentration of guanidium hydrochloride increased. The mid-point of
denaturation transition of PFL was found to be about 0.5 M. However, when 10 mM calcium ions were
added, the mid-point of transition shified to about 2 M. Activity assay also showed the similar effect of
the ions on lipase activity. These results allow suggesting that calcium ions have a significant stability

effect on lipase structure. Cosolvents such as trifiuoroethanol and DMSO were also used to test the
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stabilization effect of calcium ions.

DISCUSSION

The renaturation of protein from inclusion bodies is a critical step to obtain a high yield of protein with
native conformations. For structural studies, homogeneous and high concentra-tions of protein are
essential for crystallization. Various efforts to solubilize and renature P. fluorescens lipase were
unsuccessful. Since the lipase has 8 cysteine residues, mismatched disulfide bond formation-might be a
major cause of formation of aggregates when the dilution method was used. Protein aggregates were
easily formed in the absence of DTT during refolding. To enhance the purification yield of native lipase,.
SEPROS was introduced to suppress aggregate formation. The porous beads are believed to allow high
yields of native structure, in particular at low temperature compared to the simple dilution method. The
proteins can be recovered by solubilization in cjenamring solvents followed by subsequent refolding under
carefully controlled conditions. Refolding proteins of inclusion bodies is not a simple task. Strong
denaturants such as guanidine hydrochloride (GdnHCI) or urea is believed to disrupt the bonds holding
the protein aggregates together. Removal of the denaturant is therefore necessary to allow the molecule to
fold spontaneously into its native structure, typically by dialysis or dilution. Upon removal of the
denaturing agent, the protein molecule is expected to refold spontaneously because all of the information
réqui;ed for its three-dimensional structure is contained within the amino acid sequence [Anfinsen, 1973].

Purification of refolded lipase was carried out by gel filtration and anion-exchange chromatography.
Use of DEAE anion-exchanger gave two important advantages; one was the concentration effect from
largg volumes (about 100 - 150 ml) of refolded lipase applied and the other was the effective separation of
contaminants, mainly nucleotides, from proteins. The pre-washed solution showed high turbidity and, in

addition, eluents with 1.0 M NaCl concentration mainly contained nucleotides. The subsequent gel
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filration chromatography with Superdex 200 HR 10/30 was a rate-limiting step during the lipase
purification. However, the step rendered lipase of high purity. To obtain high purity lipase, anion-
exchange and size exclusion chromatography steps were essential. |

The secondary structure estimation of purified lipase using CD showed helix dominant conformations
in the presence or absence of calcium ions. Calcium ions are necessary for lipase activity as a cofactor
and also required for refolding of P jfluorescens lipase. Denaturation studies with guanidium
hydrochloride exhibited a transition shift from about 0.5 M to 2.0 M for the enzymes in the absence and
presence of calcium ions, respectively. These results suggest that calcium ions are important in
maintaining the stability of lipase structures. The effects of the additives on protein stability are currently

being screened using fluorescence and circular dichroism.

- 286 -



REFERENCES

15.
16.

Anderson, R. E., Hedlund, C. B., Jonsson, U. (1979) Thermal inactivation of a heat-resistant lipase preduced by
the psychrotrophic bactcriu;n Pseudomonas fluorescens. J. Diary. Sci. 62, 361-367.

Chung, G. H., Lee, Y. P, Yoo, O. J., Rhee, J. S. (1991) Cloning and nucleotide sequence of themosiaﬁle lipase
gene from Pseudomonas fluorescens SIK W1, Appl. Microbiol. Biotechnol. 35, 237-241.

Goldberg, M. E., Rudolph, R. and Jaenicke, R. (1991) A kinetic study of the competition between renaturation
and aggregation during the refolding of denatured-reduced egg white lysozyme. Biochemistry 30, 279@2797.
Matsubara, ‘M., Norhara, D., Kurimoto, E., Kuroda, Y. and Sakai, T. (1993) "Loose folding” and "delayed
oxidation" procedures successfully applied for refolding of fully reduced hen egg white lysozyme. Chem.
Pha}m. Bull. 41, 1207-1210.

Sinha, N. K., Light, A. (1975) Refolding of reduced, denatured trypsinogen and trypsin immobilized on
Agarose beads. J. Biol. Chem. 250, 8624 - 8629.

Creighton, T. E. In : DL Oxender (ed.). UCLA Symposia on Molecular and Cellular biology, new series (1986)
vol. 39, pp. 249 - 257. Alan R. Liss. New York.

Hager, R., Craig, S., Dain, R. H. (1991) Protein folding and its implications for the proauction of recombinant
proteins. Biotechnol. Genet. Eng. Rev. 9, 47-87.

Batas, B and Chaudhuri, J.B. (1996) Protein refolding at high concentration using size-exclusion
chromatography. Biotechnol. and Bioeng. 50, 16-23.

Lee, Y. P, Chung, G. H., and Rhee, J. S. (l9§3) Purification and characterization of Pseudomonas fluorescens

SIK W1 lipase expressed in Escherichia coli. Biochim. Biophys. Acta 1169, 156-164.

Alford. J. A., and D. A. Pierce. 1961 Lipolytic activity of microorganism at low and intermediate temperatures.
M. Activity of microbial lipases at temperatures below 0C. J. Food Sci. 26 : 518 .

Laemmli, UK. (1970) Cleavage of strcutural proteins during the assembly of th;e head of
bacteriophase T4. Nature 227, 680-685. '

Higerd, T. B. and Spizizen, J. 1973 Isolation of two acetyl esterases from extracts of Bacillus subtilis. J,
Bacteriol. 114 : 1184 - 1192 ‘

CRC Handbook of Biochemistry and Molecular Biology (3rd ed) G.P. Fasman, ed. Nucleic Acids, Volume I,
pp.581-599.

Ollis, D. L., Cheah, E., Cygler, M., Dijkstra, B., Frolow, F., Franken, S. M., Harel, M., Remington, S. J., Silman,
1., Schrag, J. D., Sussman, J. L., Verschueren, K. H. G. and Goldman, A. 1992 The alpha/beta hydrolase fold.
Protein Eng. 5 : 197 - 211

Anfinsen, C B. 1973 Principals that govern the folding of protein chain. (Nobel Lecture). Science 181 : 223 -

230
- 287 -



Table 1. The comparison of the yields from dilution and SEPROS

100 fold dilution

SEPROS

Refolding condition

50 mM Tris (8.0), 0.7 M urea, 1
mM EDTA or 10 mM CacCl2 at
4T

50 mM Tris (8.0), 1 mM EDTA or 10
mM CaCi2at4 C

Total time

More 10 hours for each step

3 days (total running time)

Recovered protein
yield (quantity /
specific yield)

8 - 11% / 250 ~ 450 unit

20 - 30% / 1200 - 4000 unit

Table 2. Secondary structure estimation of lipase

Helix:

Beta:

Turn:

Random:

Total:

In the absence of calcium

Fraction

2288

10168.3
247.3
25508.6

38212.2

Ratio Fraction
6 13779
26.6 23819.5
0.6 8429.3
66.8 22166
100 68193.8
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In the presence of calcium

Ratio

20.2

349

12.4

32.5

100
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Figure 1. SEPROS; Elution profile (left) and SDS-PAGE (right) of eluted fractions [lane 7 and 20 are molecular weight

marker, lane 1 — 6 are fractions from first peak, lane 8-10 are second peak, and lane 11 - 19 are third peak).
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Figure 3. SDS-PAGE (left) and Activity staining (right) of lipases along purification steps. From left lane;
molecular weight marker, inclusion body isolates, after SEPRCS, DEAE, Superdex 200 FPLC, Mono Q, final gel

filtration FPLC.
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Molar ellipticity of lipase on circular dichrois:
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Figure 4. Circular dichroism spectra of lipase in the presence (dotted line) and absence (continucus line) of calcium

ions.
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(square). Plots represent the fluorescence emission (left) and activity (right).
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