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SUMMARY

I. Title

Screening  of  multi-functional ~ psychrophilic  lipase  from  polar

microorganisms and synthesis of functional compound

II. Purpose and Necessity of R&D

The purpose is to discover special functional lipases with great industrial
usefulness from microorganisms isolated from polar regions, and to
mass-produce active lipases through gene cloning and expression. The
recombinant lipase produced is intended to be immobilized on beads and
then used to synthesize phenolic lipids with antioxidant and antibacterial

activities and lipid esters, which are functional food materials.

III. Contents and Extent of R&D

Lipase activity was measured by the TCN plate and pNPC method for
polar microorganisms distributed by the Polar Research Institute, and
strains with high activity were selected. Lipase gene was expressed in E.
coli cells by shotgun cloning. Enzyme activity and expression level are
increased through molecular evolution techniques. Recombinant lipase
expressed in Escherichia coli is immobilized on beads and a functional
ester material is synthesized through a transesterification reaction. We
developed a reaction system for synthesizing phenolic lipids using

commercial lipase.

IV. R&D Results

* Gene Discovery and Analysis: Successfully performed shotgun cloning
of a lipase gene derived from a polar microorganism and completed
the sequence analysis of both the gene and its encoded protein.

* Expression System Construction and Production: The lipase gene was
inserted into the pET22 vector via PCR cloning and expressed in E.
coli BL21 (DE3) to achieve mass production of the EstPN8 enzyme.

* Protein Purification: The EstPN8 enzyme was purified to high
homogeneity through Ni-NTA and gel filtration column chromatography.



* Enzymatic Characterization and Structural Study: Investigated the effects
of temperature and pH on EstPNS8, along with its substrate specificity
and kinetic parameters; its structural characteristics were identified
through homology and docking modeling.

e Mutant Library Construction: Developed an EstPN8 mutant library
using error-prone  PCR (epPCR) and produced a diverse range of
mutant enzymes.

* Selection of Superior Mutants: Selected variants with significantly
enhanced enzymatic activity and industrially valuable cold-adapted
mutants using a custom-developed screening system.

* Industrial Application Research: Established a production process for
isoamyl butyrate, a food flavor compound, using immobilized enzymes,
and optimized reaction conditions as well as separation methods.

* Academic Publication: Published the research findings in the Journal of
Microbiology and Biotechnology (2024, Vol. 34, No. 6) under the title
"Synthesis of isoamyl fatty acid ester, a flavor compound, by
immobilized Rhodococcus cutinase."

* Intellectual Property Rights: Completed the domestic patent registration
for the Crocibacter atlanticus-derived lipase and its variants
(Registration No. 1027106940000, Registered on September 23, 2024).

V. Application Plans of R&D Results

Discovery of new lipase gene from polar microorganisms and mass
production of active lipase. After investigating the reaction characteristics
of active lipase, the active lipase is immobilized on beads and used as an
enzyme catalyst for bioconversion reaction. It is planned to be used to
synthesize phenolic lipids and alkyl esters used as materials in the food
and cosmetic industries by non-aqueous reaction because of their

antioxidant activity and antibacterial activity.
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Chem. (2011) 59: 564-569.
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Biotechnol. (2010) 26: 1337-1340.
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HDHJ“‘- nik g, " H'D'ij*\ - Htjr:\/
- ! . o b +
Mad " DM«- Mely MH;
(2)

MEOMNYA\W "L‘- | ;
o
(6) m]‘“x“" ) 1]

g3t =, vanillyl

Rigciaot] 501: dE 75 AdZHEE st AFE T
i ﬁ]r sEol 7P Fom, Axgoly oddS WEAA AMET
g3 2 AL ¥3. J Agric Food

Chem. (2009) 57: 7311-7323.

L

2}. Vanillyl alcohol3} methyl nonanoate 24| capsinoid (vanillyl nonanoate) ¥/d &2
g AastsE A3 F3sH Biosci

Z M capsiate and dihydrocapsiate S
Biotechnol Biochem. (2002) 66: 319-327.

Caffeic acid phenethyl ester (CAPE) 34 <1
ZE Aw9l. CAPE= 49

%
M, T, 2ARE, ¢ 2P Aud
2490, 3 R,

3 ZREY 20N BT

oo
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g YT A A9, A

P 9FE XA Bioorg Med

==

A EZe] F3 I9Al 2F°] . CAPE F %A
2 T4, 3T3-LIA X HWAZ2e] H3lo o
Chem. (2015) 23: 3788-3795.

ok

=]
HO Mf"-m
L=
=

T

. Vancomycin®ll ol Fx ¥ g &S CAPEZF WAt As @3 =, 4%
9] Serum alkaline phosphatase (ALP), amylase, Y-glutamyl transferase (GGT), lipase
B4 AT A3, CAPEZF AR &8s WAste AL ¥, Toxicol Ind

Health. (2016) 32: 306-312.

. CAPEx= FAAIAAE AFs+ Aoz 957, =, amylase, lipase %ol =1 %
AWElstao® AFe FFH @5 Fol%. World J Gastroenterol. (2009) 15:

5181-5185.
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 Aarezyd wRaA

o ) £ Marine-TBN
Hj =] ¢+ LB-TBN HHX] ] ﬂ HEskaL, WY 7He A # halo 455 A+
o #1, #3, #4, #6, #] TF T Marine WA A AJFs3AA, TBN £allss 2L 3
#2, 83, #5, #7 @ LB A IAM AJAsAL, TBN £alse 22 e
Table 1. SAAT &AM L 45 55
# No. ldentification Origin type Media Marin-TBN LB-TBN
#1  Acinetobacter guillouiae — | ¥ A ZESF Marin broth O O
#2  Rhodococcus fascians e Marin broth X/o 0
#3 Pseudomonas sabulinigri &7 =2 Marin broth O O
#4  Pseudoalteromonas arctica 3 %t7} E2] Marin broth o) O/x
#5  Rhodococcus cercidiphylli e R2A X/o o
#6 Psychrobacter nivimaris 71A &k S|4~ Marin broth o X
#7 Psychrobacter 71A] 2k 34 Marin broth 0
cryohalolentis

2. olA FHA BZFS $3 shotgun cloning

o U BEEH 7S BT Wl gL, chromosomal DNAE FZ 315+

e Chromosomal DNAE Hindlll, Pstl, EcoRl, BamHIl, Kpnl, Sacl Algtair=2 At
A3, Hindlll, Pstl &2x0] oJsi A 71 @eol ddse s

= Psil digestion
HindIII digestion 1 2 3 4 B B 7

1 2 3 45 6 7

Fig. 1. Restriction enzyme digestion of chromosomal DNAs. Chromosomal DNAs
were isolated from 7 bacterial strains and digested using HindIIl and Pstl

enzymes.
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DNA #1, #2, #3, #4, #6, #7-> HindllIZ M3, DNA #2, #3, #4, #5& Psil&
2 ddsr2 A4

Table 2. Shotgun cloning

Restriction enzyme bacterial strains
HindIIl digestion #1, #2, #3, #4, #6, #7
Pstl digestion #2, #3, #4, #5

staAs Adst Sof 2 kbFE 7 kb= 7] 3
FZ39 . Hindlli®} Psil A& DNAS oF T8
2 sy, 224 34 JPsAE.

2249 9WE pUCI9E HindllI¢t PsdC® Z+7F Awsli, Aor FZ392.
CIAPS A g|3lal, ol A 13 DNAZ A 4o A ligationS 43 &

Ligation mixtureS E. coli DH50 w°l &2 A3, LB-TBN wjA| o =3} <.
37°Coll A 2€7F w3l A halo 4 F2UE AE3AL.

g5 E DNAZZS AZRY
5

lol Bobd 77 shte] E

Fig. 2. Shotgun cloning results. E. coli DH5a
was transformed with ligation mixture and
incubated on TBN-LB plate. Halo-forming

colonies were screened after 2 day incubation.

ZEUE Pyl 27t 2HE 87, Hindlll 222 2HE 7/ &

an
o
)
|
ofl
oX,
ol
ol
oo rif
il

Table 3. Shotgun cloning results (halo forming colonies)

P1, P3, P4, P5, P6, P7, P8, P9, HI, H2, H6, H7, H9, H8, H10

Zt 22YUEEH plasmidE E2)3}3, insert DNAS] % % A7 2 &23s7] 9
A z+z; Psid, Hindlll E45 HAEe 92
pUC19 ) E1 S} insert DNAS <1390 w, o]FolA H8 22U halo=L7]17} 7}F
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& 2 BR obyel, insert DNA =L71(2 kb)7F #t7] wi&ol H8S €7 ME= +

Pl P3 HI HZ H6 HY H9 Pl P3 P7 PR P9 HX H8 HID

Fig. 3. Restriction enzyme digestion. Recombinant plasmids were purified from

halo-forming E. coli cells and digested with HirdIll and Psfl enzymes.

. Bl gtobAl H8 W B PCR 22
H8 insert DNAE B ORFE Z3%tow, DNASH @ d M IS B4+,
Lipase H8 A= F 672718 Q712 FA AL, 223789 ofmeibE 43t
= AoE IS,
BLAST searche FallA 7] B ® fHdAeF vlwst A3} Psychrobacter sp.
MES7-P7E -+ ©] dienelactone hydrolase family protein 3 U X|sl= Ao = H g

o]
A=,

Psychrobacter dienelactone hydrolase®] © st A7} o}Z] Y =] &h7] wf ol
lipase H8l thall A8t/ = ZA A=

1 ATGAGTAACTATTTAGACGCCGTCGTCGTTGAGCACAATCCCTCTCAAAAAAAGATAGATCGCGCAGTGATTTGGCTACATGGCTTAGGT 90

1 MSNYLDAVVVEHNPSQKZ KTIDRAVIWLHGL®G 30
91 GCTAGCGGTCATGATTTTGAGCCAGTTGTACCGCAGCTTGGCTTGGCTAATGATATGGCAGTACGTTTTATCTTTCCGCATGCGCCCAAG 180
31 ASGHDFEPVVPQLGLANDMAVRFTIFPHAPK 60

181 CGTCCTGTCACGGTCAATGGTGGGATGGTGATGCCGGCTTGGTATGATATCTTGGAGATGAGTCTTGAGCGCAAAGTTGATGTGACACAA 270
61 R P VI VNGGGMVMPAWYDTILEMSLETRIEKVYVDVTAQ 90

271 ATTGAGACATCCTCGCAGCAGATTCGCGATTTGATTGCCCGCGAGATTGAACGCGGCGTCAAACCTGAACATATCGTTATCGCTGGGTTT 360
99 T ETSSQQIRDLIARETIERGYVKPEHTIVIAGTF 120
361 TCOGCAGGGCGGGGCGGTTGCTTATCATGTGGCGCTCAGTCATCCAGAGCGCTTAGCGGGTCTGATGACGCTCTCTACCTACTTAGCAACC 450
121 S QG GAVAYHVALSHPERLAGLMTLSTYTLAT 150
401 AATGACAATATTGAGTATAGTGCTGCCAATAGAGACCTACCGATTTTGATTGAGCATGGTACGCATGATCCAGTCGTACCTGTGATGCTA 540
%1 NDNITEYSAANRDLPTILTIEHGTHDPVVPVMNL 180
491 GGCGAGCAGGOGCAGCAGTTATTGACGAGCAAAGGCTACAACGTTGAATACCATACTTATCCGATGGCACATCAAGTCTGTATGCCGCAG 630
81 GEQAQQLLTSKGYNVEYHTYPMAHQVCMPAQ 210
581 ATTCAAAATATCGGCAGATGGCTAAACACTGTTTTAGCATAG 672

21| T QN T GR WL NT V L A s 223

Fig. 4. Gene and protein sequence of lipase H8. ORF in the recombinant plasmid HS8

was found and the gene was sequenced.
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e Lipase H8 genes pET22 W Eo] A&7l a4 PCR primerS Ul Al S-.
NdelZ} XholAl & A~ E AH8-317] AA 35S AL, C-terminalol His-tags E°]712 &

3 &
o .

Table 4. PCR primers for pET22 vector cloning

F 5' CCC CAT ATG AGT AAC TAT TTA GAC GCC G 3'
R 5' GGG GAG CTC TGC TAA AAC AGT GTT TAG CCA TC 3'

o AZFHE pUCIYHSS templateZ AFE3| 4 PCR= 333, PCR productE
ARZRE FZE A Ndel# Xholo 2 HT3lo] pET22 *iﬂEioﬂ *J?J%}?i%.

* Colony PCRS E3]A] HS8 gene’} pET22 W E o] AAHASS FA&AS.

e E. coli BL21 (DE3)w°l pET22/H8E & 3¥sle] LB- TBNoﬂ L=%gk ¥, halo7t
P ES &8t 5. Lipase H8 27 Ao g dAdES gelstia.

1=

pUCTD
HEE  Colony
PR PCR

Fig. 5. PCR results. PCR was performed with
pUC19/H8 plasmid and E. coli BL21 (DE3)
cells showing halo. Lipase gene was found
with 0.6-0.7 kb DNA band.

—
R —
——
e
—
—
——
| —
e

-ﬁ

\ -

Fig. 6. E. coli BL21 (DE3)
containing lipase H8 gene. E. coli
BL21 (DE3) was transformed with
pET22/H8 and incubated on TBN
LB plate.

4. gl gtota] H8 A4 B &4 e

* E. coli BL21 (DE3)YH8 = LB HiA]ellA ®j<¥etil, IPTG inductions & 3f
lipase H8 W3S FL3tAs. dAE 4T E A 2 FH, 23 49
o% ANEE FHstdls.

* SDS-PAGES F3 3 A3, lipae H87} &4 FE= iz ANHAEFS &8t
oo
A B
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SD5-PAGE

M Sup  Ppt
kDa _— =
75—
-
gg - — — Fig. 7. SDS-PAGE for lipase H8 enzyme. E. coli

BL21 (DE3)/H8 was cultured and the cell-free
extract and precipitate were analyzed using
SDS-PAGE.

e E. coli cell-free extract® Ni-NTA ZA#ol| 7}stal, A3siA] &2 dd s BF
A AR o] %] 500 mM imidazole &N AF&3|A Ao A lipase H8
= §EANH S

o Lipase &< ZAFSH A3}, Fraction #4FE #97FA] lipase Ao 3
SDS-PAGE<S 33 Z 3}, Fraction #45-E] #9714 lipase @92 W7} 325
AL, #6 METE 7P FAL 2] FAHU=.

Ni-NTA column chromatography

= 1000 1 Ni-NTA column chromatography MO W #3 #4 35 4 3 9 o
E

= 500 - kDa

= e 75

£ %0 \ 50

400 1 37

2

& 200 25

it " ,-l—l g e 20

0 2 4 6 8 10 12 14
Fraction menber

Fig. 8. Ni-NTA column chromatography. Cell-free extract of E. coli BL21 (DE3)/HS8
was added to the column. Lipase H8 was eluted using 500 mM imidazole. Each
fraction was analyzed using SDS-PAGE.

e Ni-NTA Z#E %3] 223 Lipase HS ol T Ho] J= Z5 59 imidazoleS

A AsE7] Y180 A gel filtration chromatography S 438 3} 3 =
e PD-10 Aol A Fraction #7FE #9°1A] lipase H87} &= 5 U+
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1000 4 FD0~10.gel column:chromatography Fig. 9. Gel filtration column
] chromatography. Active fraction from
Ni-NTA column was added to the PD-10

Protem (mgfmly
¢
= =

o

400 I \ column and eluted using 50 mM
200 f/ Ig\ potassium phosphate buffer. Each fraction
[ S was analyzed using Bradford protein
0 2 4 6 5 10 12 14 16 1B

Fraction mumsber assay method.

. ElstolAl H8 254 4

=4 E21¥ lipase H8S &44 EAS wHsZ|Z2 AAAS WA %o sk
EAS AL
10°Coll Al 50°C7HA] &4 A4S ZAeE 23 50°CoA aa8Ao] 714 =2

B 2AS AT, 40°CAN B0l £
=102 U2 B4l Ak

14 4 = il =

El'.' 1*'; B = :=_ 1.1- = o o o]

= 1 g =10 4

= 10 4 =

=08 E{J.S - o

Z 06 4 206 -

j 04 4 ECI-I N

£02 502 4

0.0 0.0 ey O
10 20 30 40 50 60 0 10 20 30 40 50 60

Temperature (°C) Temperature (°C)

Fig. 10. Temperature effects on lipase activity. Lipase activity was assayed at
various temperatures and residual activity was analyzed after 30 min incubation at

various temperatures.
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v

3!

= —'—vo—__a &

=L

g D____ﬂ““ﬂ: Fig. 11. Thermo-stability of lipase

Z 0.5 ==40°C . .. .

g ? P HS8E. Residual activity of lipase was

= b \)_ ‘ ——50°C analyzed with time course at 40, 45,
0 5 10 15 20 25 30 and 50°C.

Tame (min)

Lipase H8 th¥t pHO o &Fa A+, pH 67F 117HA] 24084 S AMS
A3k, pH 9914 B4gAdo] 7HE =2 Ae Fdsda.

pHell w2 3/\94 tEdE ZARE A3k pH 678 1174419 |2 WA =&
22dol RARAT, pH 5 olstol AL, 12 o4 AgolE FEahggel F4
5 o< Q"Jé} .

10
"ol
= 1 4
= 8 = e
= = B
- = * ® Tnis HOY
E 4 :E- & 4 8 o a Cphotassium phosphate
2 5 4 4 o L O sodiem cabmate bicarbonate
'_.E; e B ;_,'?' = W sodinm bicarbonate N 20H

|:| nl T T T |J_I 1 ] ,—E 1 ' T T |. 7

6 7 & 5 10 =M Sogdih ST WE G 1001 22
pH P

Fig. 12. pH effects on lipase activity. Lipase activity was assayed at various pHs.

g
£ & "e BB go
= ' o Tris-HEl Fig. 13. pH stability of
=4 B photassian phosphate . . ..
3 : & S P - lipase. Residual activity of
g9 ° © sodinm bicarbonate- N aOH lipase H8E was assayed
B & sodmen citrate .. .
i ” after 30 min incubation at
teed SH ARSS NS various pHs.
P

714 9] chain lengtho] & lipase H8S] A4S ZAFSH A3, C2%H Cl127HA] +
12} e 2

AT & AL Cool B BABHOl g =
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o

=
53
=
E2
ER Fig. 14. substrate specificity of lipase.
a1 1 . .. .
= H H Lipase activity was assayed using
£
— Il = . . .
0 P various chain length of p-nitrophenol
T . ) \ \:_, \:n .“v -\‘?
=ittt esters.
Substrate

g YIS ZAEATTE FE50EE S M TEE A
32 pNPCHI RO E 4 FAS st A3}, CaClhell 9JalA &4 Aol 20%
A& Z7FE ATk Calcium ion®] &4 &4 B FHA ] 7lHst= Zlo] Bo] &
HA ok 3H, KCl, MgS0,, LiCl, ZnSO40l QaiE A e W3l 7o 3%
H 2] ergtth &A% CuSO, NiCLol YajAE Aol AA 7HihslesE Ao E
Bttt 7 AES S 5 FFol2ol dgaiA &Ae] Tt AY A
o] foll thalj A W3]z}t g

120 1~ e
= 100 24P = =
o — s
= 80 -
E>
£ 60 4
9
2 40 1
5 20 A
= 20
I:I T T T T Ir-ll 1 1
N, N
& @ S i @ 3
& T oY .::D DIES

Fig. 16. Metal effects on H8 enzyme. Several metal were treated to H8

enzyme with 5 mM concentration and enzyme activity was assayed.

6. BT oA HE 49 F+2 A

e H8 49 F+XE homology modeling} o-fold modeling ®WHo = 3ttt
Ao 971 9] B-strandE T4 E mixed B-sheetE 2+l U3, U3} Holl zHz} 27 9
470 9] helix® FAE AF A< o/f hydrolase fold +ZE ZH3 IS BT

o FARLY T4l Fu) wkgol A Fdt= PSers I UYL, VF AF R
A7F PLeu, “Thr, "“'Tyr, '"Val, "Val, **HisZ 74 5] 2 @3t
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MR

Fig. 17. Homology model of H8 enzyme and its active site structure.

TFZ7F 9a 2 719 lipaselesterase S A4S @A ME 2 FXE Hws A
I, 27FA &A% FxR7F FANEE WY Pseudomonas  fluorescens lipase
(IAUO), Psueomonas aeruginosa lipase (3CN9)e] F+x7} H8 249} wl-$ fFAFSH
TEZE 2 daS ¢A HAuo e MY FAETE 40% JELAE B
33, catalytic triad 7919} oxyanion hole F9]7F 2 HEH S IA =HAGh
H8, 1AUO, 3CN9¢] sequence alignmentE gt A3, 227271 A gsA dA
TS & F AN, catalytic triadS TFA 3= ?'Ser, PAsp, **His7} B-strand<} o
-helixs AZ 3 loop *+20 X &S W3l
Bl p2 E;::>
] = ]
HE —————- HSHYLDAVYVEHNPSOKKI DRAV IVLHGLGASGHDFEPVVPOLGLANDHAVRFI
JCNS MREGSHHHHHHGSSEPLILDAPHN--ADACI INLHGLGADRTOFEPYAEALOHVY-LPSTRFI

TALKY ——— e e e HTEPLILOPAKP-ADACY INLHGLGADRYDFHPVAEALOES-LLTTREY

D» = = | R

HE FPHAPKRPY TV HNGGHYMPANY DI LEMS LEREVDVTOIETSSQQIRDLIAREIERGYEPEHR

3CNY 1 1LAG
1AUC [FLAG

3CNG |
1AUO |

MY LPOAPSOAYTYNGGWYHPSYYDILAFSPARAIDEDOLNASADOVIALIDEQRAKGIAAER
laue LPOAPTREPYTINGGYEHPSYYDIKAMSPARS ISLEELEVSAKMYTODLIEAQKRTGIDASR

e e L e

HE l?lLGHEEEGA?ATHTALS—HFEELLGLHTLET?LLTH—DH[ETSLLH!DLFILIEHGTH
e
5

GEAYY LHTAFRRY AOPLGGYLALSTYAPTF-DDLALDERHKRIPYLHLAGSQ
GEAVVFHTAFINVOGPLEGYIALSTYAPTFGOELELSASOORIPALCLHGOY

pa
[ ad | i—:) [ o5 |
EP??HHLGEQM OLLTSEGYMVEYHTY PHEI‘ET:H: HPQ RYLHTYLA
| E
E

IONIG
DVYDPALGRAAHDALOAQGYEVGVHDYPHGHEVSLEEIHDIGAVLRERL
DY VONAMGRSAFEHLESRGYTYTVOEYPHGHEVLPOEIHDIGAVLAARLG
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Fig. 18. Sequence alignment of H8 with other enzymes and their

common secondary structure.

e
g

b

H, g o] FAACl AF QAT 3R S FARE AlafeE
esterase &S 22 = Atk Bacillus subtilis esterase (1I1SP)2] 4%, ©9
Aol A717F H8 T4 FAFSHY, 22+ 7F ¢S 93t

2

l'n:} [ ] = —

AEHHPYVHVHGIGGASFNFAGIKSYLYSOGYSRDELYAVDFYDETGTHYN
A

[ 2] IL:>I o3 II_,'>

HEP?LSRP?EEFLBETGAEI?BI?&HSHGEAHTLTTIEFLDGERKF&R?F

B B e e

TLGGANRLTTGEALPGTDPNOEILYTSIYSSADNIVHNYLSRLDGARNYO

o] [ = |

IHGYGRIGLLYSSOVHSLIEKEGLNGGGORTH

47FA] @l ZA(HS, 1AUO, 3CN9, 1ISP)e] A4 A
3 A3, H8S 1AUO % 3CN9 &} 40% A=

A Y HolA Frh @ E Aol M vFdx: Esti, @] 2

Ny
2,
offf
oX
tlo
a
o
a
=N
=
o
g
(o
fr
x,
S

Apz R 3ATEE A fAR Hol WS Erze Holth
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Table 6. Sequence identity of H8 and other

enzymes

Percent identity (%)
Enzyme H8 1AUO 3CN9 11SP
H38 100 40.4 39.9 7.7
1AUO 100 61.0 8.3
3CN9 100 9.4
11SP 100

1AUO, Pseudomonas fluorescens lipase
3CN9, Psueomonas aeruginosa lipase
1ISP, Bacillus subtilis esterase

Fhylogenetic tree

{ LALRD P Ruonersens
ICHE 2 FETLFNTES

1 L k&

— 1ISP-B sirbirabs
P E—— Fig. 20. phylogenetic tree of HS8
520 B 0 20 f
o ’ enzyme and other 3 enzymes.
Nucleatide substitutions (= 100)

4712 el d o] A H 9] (oxyanion hole, catalytic triad)E Y| w e A3}, Tyl
AA AMLEe zpolo = B-F3}AL, oxyanion hole 9|9} serine F917F & HE=

=
U3, aspartic acid 2 histidine #91% o= HE EE HoUdxS & F 3

AT

I Rad @4 AR, L%, pH, A0S NRTORN £ Pxe &
& 549 AolE 2SI, HS 20 B4 2 B4 ARE FAss] A v
T dlolE R Alg e S,
Enzvme Catalvticregion
e - -(NEENN - - EESED -
Ao -~ [NENR-- - - B -
soNe - - [NAGNE- - - B -
1isp -WVERIE- - - eoEE--

] (]
1AUO  --SOMDE-- -~ EGIER--
ICNG -=-0VHol-- --WCHEl- - . . . -
Fot CSAMI-- - VOEIG-- Table 7. Catalytic site alignment within
1AUOQ, P, fluorescens bipase. 3CND, P aeruginosa H8 and 3 other €NZymes.

lipase; 1ISP, B. subniis esterase

H8 & Aol thalA ohFsh doje] 7]de] thalA] docking modeling<= <+3) 3} 3+
AHE-3 7] F o= p-nitophenyl acetate (C,), butyrate (C,), hexanoate (Cs), octanoate
(Cs), decanoate (Cjg), dodecanoate (Cp;) ©1°.™, I ZA3}, p-nitrophenyl caproate®]
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=

thal A1 717 binding energy #k°l
A T 1A 5o LAt

e Docking modelings E3| A 71 &3} A3t

SA ARE[ . o] Adade HAAE JHEe

= T 71 g AgHo] FE Wo]l aLE LS

S/ e Ao ® o

Table 8. Average binding energy with various substrates.

Ligand pN-Acetate pN-Butyrate pN-Hexanoate pN-Octanoate pN-Decanoate pN-Dodecanoate
(Carbon length) ©) (C) (Co) (N (Co) (C)
Average Binding
Energy (kealfmol) O -4.42 -6.09 437 449 424
e
g *"‘Fﬂk’ j'tly.
i ~ o - %
- ‘hydrophoble pocket
T
- I 1’ skl
¢ ,_11 Ii A »
rinf" L] 'nn" ";‘

Fig. 21. Hydrophobic pocket of H8 enzyme and docking model of HS8

enzyme with p-nitrophenyl hexanoate.
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e H8 &9 thafA
7hA ¢ BR8]

e Error-prone PCR7| S ©] €3t random mutagenesis 7|3 &40 339 %

24, EAAEI|HE o] & 3\_} EstPNH8 WHolm 4 7t
M

B 33 5 site-directed mutagenesis 71H S ARSI
o EAR3 WO EAWHo A4E e AL g3 P

Random PCR ntation

cir] FewlR SRR EE2™E™z 8 HEE S
"i:le-chr_ﬁ_l_?d_lmlhgmgu
_F :"1 F'?‘ _..?'.'_.I
|= -
N ol [
= o 2 st Erln-: :r.'I; E:.;.. :..I:,:.? n ;:,I':I
| | QeE
L al | w \ N
Fig. 22. Overview of mutant development
* Random mutagenesisg SallAl /WS EFARol a4 S FAEAT WTH
ek A3}, 73 (M142L) Hola Ao &A4o] 7M1 =& A& gAadt

e Site-directed mutagenesis 7] S A}&3}

et S ASHAIZ AL, Co 71l tial] Ao FFE JNAE AEsv
(A) () 400
£
: 5o
M aal ]
;:“E%"'Ei;iﬁﬁgi xS smEELLOL L

Fig. 23. Comparison of enzyme activities of EstPN8 mutants.
(A) Activities of randomly mutated clones (Wn-Zn) obtained by
error-prone PCR. (B) Activities of site-directed mutants (An-Fn).
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HAEHOo g W50zl EAMolE= Fl1 (D35A, M142L, P174D, Q205F) ©]3, F1<

WTETH ¢ 48] 3AFE activitys R AT WA E ofm=it F 53] D35A,

Q205F7F 71do] AT o 5“*‘:‘% SAAA NAAFEES STHAA B
2

H
F4e FHNE 2

2y ProlTd-—ag

GInZ0% —FPhe b, fw'—"
gné'h
e

Metl4¥ Lo | “\*.""' .
& 4
Aspis —Als
My

H.

°]F S54ATNME Flol WTZh FARE Fd=
C6 71ddl sl 7Hd w2 Seold=s ZHAL lew, HH 2k

pHT 7-9 ©|th

tlo
)
N
R
%0
o
o
(o
Lo
S
v

=
F

- e e
& aDial

ey (L engh

owT
=13

Actery {LiNisg)
=

Ac
=

'R

o
i

2 :
[0 M 3 M W S0 5 T iy o
80 60 0 80 w0 o0 RO 03 CI 08 CE CI6 ©12

Tenyperatwe (°C
enyperatie (°C) pH Substraie

Fig. 25. Comparison of wild-type (EstPN8) and F1 mutant.

(A) Substrate specificity toward p-nitrophenyl esters with different
acyl-chain lengths (C2, C4, C6, C8,C10, C12). (B) Esterase activity
between EstPN8 and F1 at various temperatures (10-60 ‘C). (C) Esterase
activity between EstPN8 and F1 at various pH buffers (pH 5-11).

C6 7189 FXE 10 mM FE 200 mM 7HA] S7HA71HA] &4 48 ot
lipase H89] kinetic parameterE =74 3} U}

WTS] C6 712 thdt Ky @2 144 uM ©] A%, F12 100 pMO. 2 A&k o),
WT9 keu®hS 81.2 min' oA F19 k@t 283 min' 22 7189, &
& (kea/Kn)2 0.562 pM'min” oA 2.825 uM'min" 22 <F su] kA St}

_33_



wT

1]

] [(R]
4 04 s
£ ;
<k 03 : q.u
& ;
‘EE “od e®
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