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ABSTRACT: Recently, Psychrobacter sp. ArcL13 strain showing the extracellular lipase activity was isolated from the Chuckchi
Sea of the Arctic Ocean. However, due to the low expression levels of the enzyme in the natural strain, the production of
recombinant lipase is crucial for various applications. Identification of the gene for the enzyme is prerequisite for the production
of the recombinant protein. Therefore, in the present study, a novel lipase gene (ArcL13-Lip) was isolated from Psychrobacter
sp. ArcL13 strain by gene prospecting using PCR, and its complete nucleotide sequence was determined. Sequence analysis showed that
ArcL13-Lip has high amino acid sequence similarity to lipases from bacteria of some Psychrobacter genus (84-90%) despite low
nucleotide sequence similarity. The lipase gene was cloned into the bacterial expression plasmid and expressed in £ coli. SDS-PAGE
analysis of the cells showed that ArcL13-Lip was expressed as inclusion bodies with a molecular mass of about 35 kDa. Refolding was
achieved by diluting the unfolded protein into refolding buffers containing various additives, and the highest refolding efficiency was seen
in the glucose-containing buffer. Refolded ArcL.13-Lip showed high hydrolytic activity toward p-nitrophenyl caprylate and p-nitrophenyl
decanoate among different p-nitrophenyl esters. Recombinant ArcL13-Lip displayed maximal activity at 40°C and pH 8.0 with
p-nitrophenyl caprylate as a substrate. Activity assays performed at various temperatures showed that ArcL13-Lip is a cold-active lipase
with about 40% and 73% of enzymatic activity at 10°C and 20°C, respectively, compared to its maximal activity at 40°C.
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22 AA R FEAEAYS Hol= Psychrobacter sp.
ArcL13 (KCTC 12498BP)+= 3t== x| A (LA 2 e Algwt

Sk}, vl ok v 2] = Marine broth (BD Biosciences)Z AF8-5}%
a1, 25°Co]| A vljeFsSict. DNA 2242 $l3l DH-5a &, T
) 9hE & 93 BL21 (DE3)E A3 T)

PCR & DNA 24

Psychrobacter sp. ArcL132 48A]7F ulj kst &, 9415 2]5}
o] cell pellet-2 3143} t}. 1 th2 Genomic DNA extraction kit
(Intron Biotechnology)E- ©]-8-3}¢9 cell pellet ©. 2 F-E| genomic
DNAE E&E3lal, PCR o7 ARE-3}STh i-pfu DNA
polymerase (Intron Biotechnology) S AF&-3}o] Alo]E & 95°C
of| 4] 30, 61°Cof| Al 132, 72°Col A 132, F- 254k 29 REg- =
7105 PCRS 58)5}51c}. Signal peptide 912 7] 213t
23hd AR T A(ArcL13-Lipo 2 ) AA| @A
Forward: 5'-GTACATATGGCAGGGCAGTACTATAAT-3'(Y
ZEE Ndel site)?} Reverse: 5'-ATACTCGAGTTAAAGGTT
AGCGTTTTTAAG-3' (BZ5-1; Xhol site 2} stop codon) primer
-8 A1-g-510] genomic DNAZ FLE| PCRZ ZZA| Hit) Lt}
2 PCR AHE-S Ndel/Xhol A3t 4~(New England Biolabs) &2
37°Coj| 4] 2417 A 2]5}aL Gel Extraction kit (Intron Biotechnology)
2 A &, n]g] T2 a2 23 pET-28a (+) vector
(Invitrogen) | & =g 5to] WHAHEE A 2F6} Gl et A2k
AHE kO] ArcL13-Lip A4 |7 A -2 Fiakol A ¢lo]

%35} tH(Cosmogenetech).

CHESZOIM ArcLi3-Lip 25t 3 ERHE soiy
ArcL13-Lip 99 ] 2 BL21 (DE3) cell2 A A 3471
C

2|

HI

= LB Hj#] of| A A600 nm = 0.6 7] vl ¥s}lct. ArcL13-Lip
T F=5 9180 0.2 mM IPTGE A 2|3kl 447t T o=t
Z, U A =S lshy] f18l uljYfols SDS-PAGER Z-4]
SFRT. =3 ArcL13-Lipo] T 504 Fefj=
A= =A] Rk Hell 2utz e i d=t2 Hawe
o5, SN =S 242 SDS-PAGER 245131t o
A FAA S A8l it vl 204 <t 5,000
rpm & & A4 2Rt &, AF NS A A S a2 F5h
ek 25ukE ok g A ate 3042 545,000 rpm o A 9
AR E AT & AU A AL, Al FoE 5=
A A7) Y8l A EL- 1% Triton X-100 2 HEf3H 5 QA2
215 ayskaL, AAET 3skqlh o] S 18] o vhy
s om, npR|eto 2 SR A ES AET & i
slo], Zk23) Q)= Triton X-1005 A A3}t

Korean Journal of Microbiology, Vol. 52, No. 2



CHEX] 2o1x[9| refolding

© Tz Bel o] unfolding 271 B9
urea =2} pH 2715} A unfolding A& 35kt &
)2 50145 20 mM Tris-HCI (pH 8.0, 8.5, 9.0,9.5, 10, 11),
urea (2 M, 4 M, 6 M, 8 M), 10 mM [3-mercaptoethanol -&-2Ho]|

A595 nmo| A FFE S-S S8 EE == sk
RefoldingS 913t & 9] A& 243}7] $)3) refolding &
ol © 2 arginine, Tween 80, glycerol, propylene glycol, glucose,
PEG 6000 53} 10 mM cysteine/l mM cystineS 3715t 20
mM Tris-HCl (pH 8.0)E AF&-5}91t}. Refolding2 913} 104}
2.1) 9] refolding 8942 unfolding A|7] A| 59} HIE 42 3
4°Cof| A 347t HE-g-A| Zi Ttk Refolding =5 <¢15}7] £13]
7|2 & p-nitrophenyl caprylate S AF&-5}0] &4 HH--S A]7]
3, A405 nmoj|A = S HEE S5t A
ghelskich

o

ArcL13-Lipe| E2|- 2lst™ EM HH

A AL TheF3l p-nitrophenyl ester [pNP-butyrate (C4),
PpNP-caprylate (C8), pNP-decanoate (C10), pNP-dodecanoate
(C12), pNP-palmitate (C16)] (]%5%; 0.1 mM)L} 10 ul &4
£ 1 ml9] 50 mM Tris-HCl (pH 8.0)0]] A 7}5}31, 25°Cof| A 28
7 ESAIZ] 5 405 nmol A ST S 2sto] Belatgc.
ArcL13-Lip &A1 9] pH 2J&42 Eelsl7] ¢3), pH 6.0-10.0
H Qo] A p-nitrophenyl caprylateo]] thet & ASA S 2B 7=
AsFA Tt A3 98-8 phosphate-buffered saline (PBS;
pH 6.0-7.5), 50 mM Tris-HCI (pH 7.5-9.0), 50 mM glycine-
NaOH (pH 9.0-10.0)0] QIt}. ArcL13-Lip 24 0] £ 0] 24
2 gels}7] Yall, 5-70°C H 2ol A p-nitrophenyl caprylate©]]
i3k EAEAS 287 S thet 4ol (Ca”,
Mg, Mn™, Cu*’, Co™’, Ni*', Zn™")a} &4 A3 A|(PMSEF,
EDTA)9] ArcL13-Lip 84840 tjx]&= AT A
23), 1 mM 2] Z} A 71HE-0] 3E3}1E 50 mM Tris-HCI (pH 8.0)9|
10 ul®] ArcL13-Lip Al &5 ¢ Ao 4] 1027 RES-AIX]
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Cheollt= 8L ofn|ieqt Al o) v A 2 HEE o] gL
7] W&o, o] HEF olu] Al A HE-S Y 3= degenerate
primer&-2 ©]-83}% tiTable 1). Oxyanion hole 2 5-E active
site AFo] €] 7] A1 D(2F200-250 H7 %)= 371 A8l thefst
A ZFA1Z] primer AE(OXF1 + ACRI, OXF1 + ACR2,
OXF1+ ACR3, OXF1+ ACR4, OXF2 + ACR1, OXF2 + ACR2,
OXF2+ ACR3, OXF2 + ACR4, OXF3 + ACR1, OXF3 + ACR2,
OXF3 + ACR3, OXF3 + ACR4) 3} Psychrobacter sp. ArcL13
T2 E 223t genomic DNAE AR8-510 PCRZ =353
th PCR HF3-9H2 agarose gelofA] EA415F A3}, OXF1 +
ACR2 (lane 2), OXF1 + ACR4 (lane 4), OXF2 + ACR3 (lane
7), OXF3 + ACR3 (lane 11) primer 430} 4] 200 - 250 & 7]%-9]
PCR 4Hz-50] 2RI SUckFig. 1A). 7} PCR 4H259] ¢7]
A& 2435 Ak OXF1 + ACR22} OXF1 + ACR4 primer
O 2 HE 4 PCR A=A 1897]19] T H7| A Eo]
sholw]QltkFig. 1B). 22U, OXF2 + ACR32} OXF3 +
ACR3 primer %2 E3l| @& PCR AFEEof A= 7] A Yo)
913])A] 9kSFt}. Basic Local alignment Search Tool (http:/
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Table 1. Degenerate primers for Fig. 1

Primer Region
OXF1 Lipase-oxyanion hole CCYGTKGTSYTNGTNACATGG
OXF2 Lipase-oxyanion hole CCRATMRTWYTNGTNCAYGG
OXF3 Lipase-oxyanion hole CCKYTWGTKYTNATHCAYGG

Sequence

ACRI1 Lipase-active site AGGCCNCCCAKNGARTGNSC
ACR2 Lipase-active site AGRCCNCCCAKRCTRTGNSC
ACR3 Lipase-active site AGGCCRCCNTGNGATRGNSC
ACR4 Lipase-active site AGGCCNCCNTGRCTRTGNSC

R:A,GY:C,T WA,CS:C,GK:GTN:ACGTHATC
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5’-CGTCATTGATTATTTTAATGGGATTCCTGATGAGTTGATGAA
GGTGGCTCAGAGGTTTATACCACGAAAACATCAGCGGTTAATA
ATAGCGAAGTGCGCGGCGAGCAGCTGCTACAACAGGTAAAAA
CCATCACTGCCATCTCAGGCGATCCTAAAGTCAATTTGTTTGG
ACACAGCCTGGGCGGCCTA-3”

©

RH-LF-WDS--VDEGGSEVYTTKTSAVNNSEVRGEQ
LLOQVKTITAISGDPKVNLFGHSLGGL

(D)

L13 GGSEVYTTKTSAVNNSEVRGEQLLQQVKTITAISGDPKVNLFGHSLGG
‘WP_058024309.1 GGSEVYTTKTSAVNNSEVRGEQLLQQVKTITAISGDPKVNLFGHSQGG
ERL56372.1 GGSEVYTTKTSAVNNSEVRGEQLLQQVKTITAISGKAKVNLFGHSQGG
GAF53800.1 GGSEVYTTKTSAVNNSEVRGEQLLQQVKTIAAISGESKVNLFGHSQGG
WP_057758519.1 GGSEVYTTKTSAVNNSEVRGEQLLQQVKTIAAISGESKVNLFGHSQGG

Fig. 1. PCR using lipase-prospecting primers. (A) PCR was performed
using genomic DNA from Psychrobacter sp. ArcL13 as a template and
various pairs of primers. Lanes: 1, OXF1+ACRI; 2, OXF1+ACR2; 3,
OXF1+ACR3; 4, OXFI+ACR4; 5, OXF2+ACRI; 6, OXF2+ACR2; 7,
OXF2+ACR3; 8, OXF2+ACR4; 9, OXF3+ACR1; 10, OXF3+ACR2; 11,
OXF3+ACR3; 12, OXF3+ACRA4. Arrows indicate predicted PCR products
for lipase gene fragments. (B) Nucleotide sequence for PCR products from
PCR using pairs of primers (OXF1+ACR2 or OXF1+ACR4). (C) Translated
amino acid sequence from the nucleotide sequence in (B). (D) Alignment of
the deduced amino acid sequence with sequences of other lipases: L13,
Psychrobacter sp. ArcL13; WP_058024309.1, Psychrobacter piscatorii,
ERL56372.1, Psychrobacter aquaticus CMS 56; GAF53800.1, Psychrobacter
sp. JCM 18900; WP_057758519.1, Pychrobacter sp. P11G3.

translation program (http://web.expasy.org/translate/)-2 AME-3}
o] ofn| Ak IR WIA)Z] Z(Fig. 1C), thA| Basic Local
alignment Search Tool& ARg-8}0] -F-AFSE ofu| Al A F-S- ZF
© A ES 22 23 A5 Psychrobacter <5 HE| 2]o} -2
AAB arET GAHIS EtkFig. 1C, underlined and

Table 2. PCR primers for Fig. 2

(A) ®)

5’ATGTGGACGCTTTCTTTGTACATTCGCGCCGCGCTCAC
GCCAAGAGCATTTTTACCAATACTGGGTTCTATCAGTACTT
GCGTTTTATTAATGACCATGCAAACCACCTCAGCGCAAGC
GGCAGGGCAGTACTATAATTGTGCCAACGCCAATGGCTA
CACGCTAGTCGACAGCAAATATTTTACCTCTAATTATACCA
AAACTCAGTATCCAGTGGTCATGGCGCATGGACTTTTCGG
CTTTACCAAATTATTTGGCGTCATTGATTATTTTAATGGGA
TTCCTGATGAGTTGATGAAAGGTGGCTCAGAGGTTTATAC
CACGAAAACATCAGCGT-3’

© (D)

5’-CCTAAAGTCAATTTGTTTGGGCACAGTCAAGGCGGTATCGATATTCGT
TATGTCGCTGGTGTCGCGCCAAAATATGTCGCATCAGTCACCGCCGTATC
AAGCCCAGAGCAAGGCTCAAAAACAGCCGATTTTGTCAAAAACGTCCTT
GAACCAAACAATGACACAGGTGAGCCATCAAACGTTACGACACAGCTGG
2 TATCAGGGGTGTTTAATTTGATTGGCGGCTTTACAGATGTGGGATCAGGC
ATCAGTTTTAAAGAGATACAAGAGCAAGATGGCTGGCAAGCACTCATGG
L5 CGCTATCAACCGATGGTGCGGCCAAATTCAATGCCAAATTCCCAGCAGC
1 CATGCCAACAAGTTACTGTGGTCAGCCGACCAGTACTGCTGCCAATGGT
ATCAAATATTATTCATTTAGTGGCGTTGGGCAAGTCACAAGCGTCCTTGA
CCCTAGTGATTATCTGCTTGCAGCAACAAGCGTACCGTTTTTATTTGATG
CCAATGATGGTCTGGTCTCTGCCTACTCAAGCCGACTTGGGTATGTGATT
CGTGACAACTACCTCATGAACCATTTGGATTCAGCAGACCAAGTACTAG
GTCTGACCGCTTGGGGCGAGTCTGAGCCAAAATCTATCTATCGTACTCA
GGTCAATCGTCTTAAAAACGCTAACCTTTAA-3"

Fig. 2. PCR wsing primers encoding N- and G-terminal amino acid sequences of
Psychrobacter genus lipases describedin Fig. 1D and primers for ArcL13-Lip intemal
sequence. (A) PCR was performed using the genomic DN A as atemplate
and various pairs of primers. Lanes: 1, Psychro-1-F+L13-internal-R; 2,
Psychro-2-F+L13-internal-R; 3, Psychro3-F+L13-internal-R. Arrow indicates
predicted PCR product for a lipase gene fragment. (B) Nucleotide sequence for the
PCR product from PCR using a pair of primers (Psychro-2-F+L13-internal-R). (C)
PCR was undertaken using the genomic DNA as a template and a pair of primers
(L13 internal-F+Psychro-R). Arrow indicates predicted PCR product for a lipase
gene fragment. (D) Nucleotide sequence for the PCR product from PCR using a
pair of primers (L13 internal-F+Psychro-R).
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1D). w2bAl, o] Psychrobacter <5 WrE| 2lo} G- 2| A&
ASe] N-weka) C-ukh 12.9]0] ofu] e ALE-S FEg
= degenerate primerE3} ©| 1] 1% ArcL13-Lip &7]
(Fig. 1B, underlined)2 7] 2 & 112}3} primerE(Table 2)2 ¢}
&oHAl £33l genomic DNAE 3 © & PCRS =33t 3,
agarose gel®2 HEASIcE E4 Ax, Psychro-2-F+L13-
internal-R 2} L13 internal-F+Psychro-R primer %0 2 XLE| oF
300 7] 4(Fig. 2A)T} 2} 700 & 7]%(Fig. 2C) 2] PCR AHEE
o] 242} 8hel|girk o] PCR AHEE2] 917] A #4247
3t 2(Fig. 2B and D), &7] A¥&
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Basic Local alignment

Primer Region Sequence
L13-imternal-F ArcL13-Lip internal GAGCAGCTGCTACAACAG
L13-imternal-F ArcL13-Lip internal CTGTTGTAGCAGCTGCTC
Psychro-1-F Psychrobacter piscatorii o/ 3 hydrolase N-terminal ATGACGCTAAAATCTTCCTCT
Psychro-2-F psychrobacter aquaticus CMAS56 lipase precursor N-terminal ATGACGCTTTCTTTGTACAT
Psychro-3-F psychrobacter sp. JICM 18900 lipase precursor N-terminal ATGACKCTAAARWCYTYYYT
Psychro-R Psychrobacter C-terminal TTAWAGGTTRGCGTTTTTMA
R:A,GY:C,T WA,CK:GTN:A,C
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A) B)

5’ATG ACG CTT TCT TTG TAC ATT CGC GCC GCG CTC ACG
CCA AGA GCA TTT TTA CCA CTA CTG GGT TCT ATC AGT

ACT TGC GTT TTA TTA ATG ACC ATG CAA ACC ACC TCA kb
GCG CAA GCG GCA GGG CAG TAC TAT AAT TGT GCC AAC 3
GCC AAT GGC TGC ACG CTA GTC GAC AGC AAA TAT TTT

ACC TCT AAT TAT ACC AAA ACT CAG TAT CCA GTG GTC 2
ATG GCG CAT GGA CTT TTC GGC TTT ACC AAA TTA TTT

GGC GTC ATT GAT TAT TTT AAT GGG ATT CCT GAT GAG L5
TTG ATG AAA GGT GGC TCA GAG GTT TAT ACC ACG AAA 1
ACA TCA GCG GTT AAT AAT AGC GAA GTG CGC GGC GAG

CAG CTG CTA CAA CAG GTA AAA ACC ATC ACT GCC ATC 0.5

TCA GGC GAT CCT AAA GTC AAT TTG TTT GGG CAC AGT
CAA GGC GGT ATC GAT ATT CGT TAT GTC GCT GGT GTC
GCG CCA AAA TAT GTC GCA TCA GTC ACC GCC GTA TCA
AGC CCA GAG CAA GGC TCA AAA ACA GCC GAT TTT GTC
AAA AAC GTC CTT GAA CCA AAC AAT GAC ACA GGT GAG
CCA TCA AAC GTT ACG ACA CAG CTG GTA TCA GGG GTC
TTT AAT TTG ATT GGC GGC TTT ACA GAT GTG GGA TCA
GGC ATC AGT TTT AAA GAG ATA CAA GAG CAA GAT GGC
TGG CAA GCACTC ATG GCG CTA TCA ACC GAT GGT GCG
GCC AAA TTC AAT GCC AAA TTC CCA GCA GCC ATG CCA
ACA AGT TAC TGT GGT CAG CCG ACC AGT ACT GCT GCC
AAT GGT ATC AAA TAT TAT TCA TTT AGT GGC GTT GGG
CAA GTC ACA AGC GTC CTT GAC CCT AGT GAT TAT CTG
CTT GCA GCA ACA AGC GTA CCG TTT TTA TTT GAT GCC
AAT GAT GGT CTG GTC TCT GCC TGC TCA AGC CGA CTT
GGG TAT GTG ATT CGT GAC AAC TAC CTC ATG AAC CAT
TTG GAT TCA GCA GAC CAA GTA CTA GGT CTG ACC GCT
TGG GGC GAG TCT GAG CCA AAA TCT ATC TAT CGT ACT
CAG GTC AAT CGT CTT AAA AAC GCT AAC CTT TAA-3’

©

MTLSLYIRAALTPRAFLPILGSISTCVLLMTMQTTSAQAAGQYYNCA
NANGCTLVDSKYFTSNYTKTQYPVVMAHGLFGFTKLFGVIDYFNGIP
DELMKGGSEVYTTKTSAVNNSEVRGEQLLQQVKTITAISGDPKVNL
FGHSQGGIDIRY VAGVAPKY VASVTAVSSPEQGSKTADFVKNVLEP
NNDTGEPSNVTTQLVSGVFNLIGGFTDVGSGISFKEIQEQDGWQAL
MALSTDGAAKFNAKFPAAMPTSYCGQPTSTAANGIKYYSFSGVGQ
VTSVLDPSDYLLAATSVPFLFDANDGLVSACSSRLGYVIRDNYLMN
HLDSADQVLGLTAWGESEPKSIYRTQVNRLKNANL

Fig. 3. Complete nucleotide sequence and deduced amino acid sequence of
ArcL13-Lip. (A) Complete nucleotide sequence of ArcL.13-Lip. (B) PCR
was performed using the genomic DNA as a template and a pair of primers
designed to amplify the entire gene. (C) Deduced amino acid sequence of
ArcL13-Lip. The putative signal peptide region is underlined.

Search Tool-& Ag-5}o] BLASF Au} SAR-S ]9k Psye-
hrobacter sp. JCM 18903 lipase 2] 7] A 3} vl =] = A}t
Q9ck. o] AHES Hh0 2 N-UTH91S T 5H=337
7Hﬂ 7] A Q(Fig. 2B) 2} C- U915 A 51= 669719 &
7] A A(Fig. 2D)E Qe o= Uk o] = A ] MEES
3sko 27 1,07479] M| ArcL13-Lip &
AL 49 ‘}il‘J{Flg 3A). ArcL13-Lip Z(jX}Oﬂ st 5'-2F
R, A, genomic DNAE- A28} PCRE 43
oF 1 kb&] PCR the2 21918 4= 91 1a1(Fig. 3B), PCR 4t
o] 947] Q4 EA Ay} oju] E<¢1E ArcL13-Lip G4 =} A
%7] A g1} U5}t DNA translation program=- A&}
o] ArcL13-Lip G229 &7] A8 W3t A7}, ArcL13-
Lip tha) a2 35871 €] OPUli"JEE TEEe & 5 AT
(Fig. 3C).

1

3L
i) J:i o

F

w

Fct primer 3

i)
e

ArcL13-Lip2| ofo|:=At ME B

ArcL13-Lip THlE o] AA| opm]ieil AES
alignment Search Tool-& AR&3}0] GARSE o] Al A G5 2T
= O AES SQIgH A3, ArcL13-Lip Y5 Psychrobacter

% vpe|ejo} §2h o) A AR EA ST 84-90%9] FAAS

Basic Local

=32l A Als2d Al2E

L13 MTLSLYIRAALTPRAFLPILGSISTCVLLMTMQTTSAQAAGQYYNCANANGCTLVDSKYF 60
GAF53800.1 MTLSLYIRAALTPKTLLPILGSISAGVLLMTMQTTSAQAAGQY YNCANANGCKLVDSKYF
ERL56372.1 MTIKTYLCTALKPSLFLPSLGAIGAGVLLLTLQTTSAQAAGQY YNCANANGCKLVDSKYF

GAF62973.1 MTLKSSLALAFTPSAFLPSLGVIGAGVLLMALQTTSAQAAGQYYNCANSTGCKLVSNKYW
GAF59766.1 MTLKSSLASAFTPSAFLPSLGVIGAGVLLMALQTTSAQAAGQYYNCANSTGCKLVSNKYW
L13 TSNYTKTQYPVVI\’[AHGLTGFTKLFGVIDYFNGIPDELMKGGSEVY'ITKTSAVNNSEVRGE 120
GAF53800.1 TSSYTKTQYPVVLAHGLGGFTTLFGVIDYFNGIPEDLMKGGSEVYTTKTSAVNNSEVRGE
ERL56372.1 TSSYTKTQYPVVMAHGLGGFTKLFGVIDYFNGIPGELIKGGSEVYTTKTSAVNNSEVRGE
GAF62973.1 TSNHTDTKYPIVMAHGLGGFTNLFGVIDYFNGIPQELMKGGSEVYTTKTSAVNNSEIRGE
GAF59766.1 TSNHTDTKYPIVMAHGLGGFTNLFGIIDYFNGIPQELMKGGSEVYTTKTSAVNNSEIRGE
ve

LI13 QLLQQVKTITAISGDPKVNLFGHSQGGIDIRY VAGVAPKY VASVTAVSSPEQGSKTADFV 180
GAF53800.1 QLLQQVKTIAAISGESKVNLFGHSQGGIDIRY VAGVAPKY VASVTAVSSPEQGSKTADFV
ERL56372.1 QLLQQVKTITAISGKAKVNLFGHSQGGIDIRY VAGVAPKY VASVTAVSSPEQGSKTADFV
GAF62973.1 QLLQQVKTITAISGKPKVNLFGHSQGGIDIRY VAGVAPKY VASVTQSQAQNKGQKRADFV
GAF59766.1 QLLQQVKTITAISGEAKVNLFGHSQGGIDIRY VAGVAPKYTASVRQSQAQNKGQKRADFV
LI13 KNVLEPNNDTGEPSNVTTQLVSGVFNLIGGFTDVGSGISFKEIQEQDGWQALMALSTDGA 240
GAF53800.1 KDVLEPNNTSGQPSNVTTQLVSGVFNLIGGFTDIGSGISFNQIQQQDGWQALVALSTDGA
ERL56372.1 KNTLEPNNTSGSPSNVTTELVSGVFNLIGGFTDVGSGISFNQIQQQDGWQALLALSTSGA
GAF62973.1 KNTLEPNNTTGNPSNVTTQLVSGVFNLIGGF TDVGSGISFKEIQEQDGWQALVALSTDGA
GAF59766.1 KNTLEPNNTTGNPSNVTTQLVSGVFNLIGGFTDVGSGISFKEIQEQDGWQALVLLSTDGA
L13 AKFNAKFPAAMPTSY CGQPTSTAANGIKYYSFSGVGQVTSVLDPSDYLLAATSVPFLEDA 300
GAF53800.1 AKFNAKFPAAMPKNYCGQPTSTAVNGIKY YSFSGVGQITSVLDPSDYLLAATGVPFAGES
ERL56372.1 ANFNAKFPAAMPRAYCGQPTSTNVNGIKYYSFSGVGQLTSVLDPSDYLLAATGVPFAGES
GAF62973.1 AKFNAKFPAAMPKNYCGQPTSTAVNGIKY YSFSGVGQITSALDPSDYLLAATGVPFAGES
GAF59766.1 AKFNAKFPAAMPKNYCGQPTSTAVNGIKY YSFSGVGQITSALDPSDYLLAATSVPFAGDS

v v
LI13 NDGLVSACSSRLGYVIRDNY LMNHLDSADQVLGLTAWGESEPKSIYRTQVNRLKNANL 358
GAF53800.1 NDGLVSACSSRLGYVIRDNYRMNHLDSADQVLGLTAWGESEPKSIYRTQVNRLKNANL
ERL56372.1 NDGLVSACSSRLGYVIRDNYKMNHLDSADQVLGLTAWGESEPKSTYRTQVNRLKNANL
GAF62973.1 NDGLVSACSSRLGYVIRDNYRMNHLDSADQVLGLTAWGDSEPKSIYRTQVNRLKNANL
GAF59766.1 NDGLVSACSSRLGYVIRDNYRMNHLDSADQVLGLTAWGDSEPKSIYRTQVNRLKNANL

Fig. 4. Alignment of ArcL13-Lip amino acid sequence with sequences
of other lipases: L13, Psychrobacter sp. ArcL13; GAF53800.1,
Psychrobacter sp. JCM 18900; ERL56372.1, Psychrobacter aquaticus
CMS 56; GAF62973.1, Psychrobacter sp. JICM 18903; GAF59766.1,
Psychrobacter sp. JCM 18902. Amino acid residues belonging to the
catalytic triad are indicated by ('¥) and to the oxyanion hole are indicated

by (@).

ArkFig 4). b AR ELST] GAHS 7|2,
ArcL13-Lip 9] catalytic triad+= 144 4] serine (Ser144), 3021
A aspartate (Asp302), 324 HA] histidine (His324) = FA4] =™,
oxyanion hole-> 73H#| methionine (Met73)1} 1457
glutamine (GIn145)2 JAHLS 23} tHFig. 4). SignalP
4.1 Server (http://www.cbs.dtu.dk/services/SignalP/)E- ©]-8-3]

o] signal peptide -5 5413 23}, ArcL13-Lip2397 2] of
1]ieikO 2 543 signal peptide S 2831 Qo] SHQlE STt
(Fig. 3C, underlined).

Arcl13-Lip REXt 229 I HETR0AL] T

Signal peptide 5915 4| 2]3+ ArcL13-Lip A -4 2KFig.
3)E genomic DNAZ R E| PCRZ $ZA|7] &, pET-28a (+)
HE o] F2sto] TANEE A 253t o] W E S
BL21 (DE3)of &2&#A g /\] 71 & LB "o A Hjosl

352 O A FHTh v okl g
SDS-PAGE= +# “??l 751’}, S F=AIR A ‘“OﬂfK
35kDa%] B2} 7= ArcL13-Li
CHFig. 5A). ArcL13-Lip2 Ira A 71

0 l‘—E_{

fol
rO
_C|7_‘

H oy 19
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Fig. 5. SDS PAGE analysis showing ArcL13-Lip expression in transformed
BL21(DE3) cells. (A) SDS-PAGE analysis of uninduced and induced cells.
Arrow indicates ArcL13-Lip. (B) SDS-PAGE analysis of supernatant and
precipitate after centrifugation of sonicated cells. Lanes: 1, total cell lysate; 2,
supernatant; 3, precipitate; M, molecular markers (Bio-Rad). Arrow indicates
ArcL13-Lip.
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Fig. 6. Effect of various additives on refolding of ArcL13-Lip. (A) Refolding of
ArcL13-Lip was performed in buffers containing 0.5 M arginine, 0.1% Tween
80, 5% glycerol, 5% propylene glycol, 0.5 M glucose, or 1 mg/ml PEG 6000.
Enzymatic activity of refolded ArcL13-Lip was assessed by measuring
hydrolysis of p-nitrophenyl caprylate at 405 nm. Data represent the mean and
standard deviation of three experiments. *P <0.05 versus control. (B) Refolding
of ArcL13-Lip in buffers containing different concentrations of glucose. Data
represent the mean and standard deviation of three experiments. *P <0.05 versus
control.

Ao 3 YRS 5 dgd
SDS-PAGE = H.45}%r}. _yj, A3t ArcL13- Llpfl] 2152

©2) HABO| AT B 901, 0] 2 ArcLI3-Lip §H4
2 g ol A AN A9 T Bl Ae R A

oJn] gtkFig. SB).

Arcl13-Lip2| refolding

LA T Bl ﬂ 9] ArcL13-Lip& B84 AF
ejo]7] Wi ioll, A E o2 AFA7]7] $lal A= T A 5]
A2} unfolding™} refolding ¥} o] -é_/,:zﬁ‘ olt}. oA thAE

0.1E] Jet20) S U eloi] el sk
o] AHE/JA| 7 223t 9—*%*‘-““9‘& = A4
A28} Tl A 5914 9] unfolding 274 S-S 3l ot
OFgturea =9} pH Z735}0]| 4] unfolding& =345}t A
& A1} 8 M urea, 20 mM Tris-HCI (pH 8.5), 10 mM 3-
mercaptoethanol 8- of| 4] Thall 2] Q14 9] unfolding F-E-9|
714 2291tk Refolding 2719] /2312 913 unfolding 4171
ArcL13-LipZ theFet F7hHeo] 3231 2589 o 3]41 47
51, 4°Co A HES AT ZIEE 39 5 2 kS lol 4] ArcL13-Lip]
refolding A =5 &R1I5H7] 9ol A A B a AT EA4S 4
sl 24 F4] A, glucoseo]| ]38 AW ArcL13-Lip2]
o] AA| %713 tHFig. 6A). Glucose ‘g %=o]|
9.0 skal3l7] 219 0,0.1,02,
ESFel= 580 ArcL13-Lip
S refolding A| 7] &, G ASAS 2431tk =3 21104 M
of| A refolding &-&-0] A& UEFH 1AL, T o]/4d2] F ol A
=715 A] ekt (Fig. 6B).

refolding =&
£ ArcL13-Lip9] refolding $~8-2
0.4,0.6,0.8, 1 Mglucos

+= refolding &-&9]

= ArcL13-Lipe| 22|- 5F5td EN
CHIEE ool 4 o] 285 #fsf, ArcL13-Lip2] 7] £o]
3, pH 2 2= &4, g&0| 25 anA Al 27t 9
% 5 2T 714 Sol4e B4 47} A2 the
p-nitrophenyl estero]] t) 3t & A4S A 5}0] &2l3}¢ T
4 =4 A3} ArcL13-Lip-2 p-nitrophenyl caprylate (C8), ~1
2-© 2 p-nitrophenyl decanoate (ClO)Oﬂ isf Fare) &4
< Ve QI th(Fig. 7A). HHA, Bk 227} 6] 2 AU B Wl )
Aof| thfi A= A e &2 w2 B S H A THC4, 60%; C12,
50%; C16, 45%). 7|2 & p-nitrophenyl caprylate & A8-5}¢]
Hh-5-o1 o] pHof| w2 Fa2AdS AR A3, ArcL13-Lipe-
pH 8.0-8.50] 4 2| 119] &/J& K G tHFig. 7B). A42/d&
thofsl 2ol A] ZA3F A1} ArcL13-Lip& 40°Col| A 11
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Fig. 7. Effects of substrates, pH, and temperature on the lipase activity of
ArcL13-Lip. (A) Substrate specificity of ArcL.13-Lip. Hydrolytic activity
of ArcL13-Lip toward p-nitrophenyl esters with various chain lengths (C4,
C8, C10, C12, and C16) were measured at 405 nm. Activity towards
p-nitrophenyl caprylate was taken as 100%. Data represent the mean and
standard deviation of three experiments. (B) Effect of pH on the
ArcL13-Lip activity. Lipase activity was assayed in different pH buffers
(@, PBS (pH 6.0-7.5); B, 50 mM Tris-HCI (pH 7.5-9.0); A, 50 mM
glycine-NaOH (pH 9.0-10.0)]. Activity obtained at pH8.0 was taken as
100%. Data represent the mean and standard deviation of three
experiments. (C) Effect of temperature on the ArcL13-Lip activity. The
enzyme activity was assayed at different temperatures for 2 min. Activity
obtained at 40°C was taken as 100%. Data represent the mean and standard
deviation of three experiments.

O] & UEF 911, 10°Ce}20°C0)| A Zh2E 251 24 v
°F40%2t 73% 2] A& Ve SIthFig. 7C). o] 2 o]
Ao A0 & AT AP A A2 a0 B
< Ho]3E Ao|th(Joseph er al., 2008). 1 THS F40] 25
T ALA S| AEY] BagHol v|A]= Y-S 2AIITh A

=32l A Als2d Al2E

Table 3. Effect of various metal ions and additives on ArcL13-Lip activity

Reagents (1 mM) Relative activity (%)*

None 100

CaCl, 98 +5
MgCl, 100+ 3
MnCl, 99 +2
CuCl, 53 + 3%
CoCl, 97 +4
NiCl, 96 £ 2
ZnSO, 56+ 1*
EDTA 95+3
PMSF 99 £2

Data are given as means + SD, n = 3. *P < 0.05 versus control.

* ArcL13-Lip was incubated in 50 mM Tris-HCI (pH 8.0) containing each compound
for 10 min. Remaining activity was determined using 0.1 mM p-nitrophenyl
caprylate at 25°C.

¥ A1} ArcL13-Lip 9] & 4-8/d-2 CoCl,, NiCl,, EDTA 50|
ol u|eksA| @A = A9k, CuClLot ZnSOs0]] 23l A= oF
50% A =] 21t}. CaCl, MgClo, MnClo, PMSF= ArcL13-Lip
o] aagof JF2 A QSkth(Table 3).

o 3

2 o o] &2 7Heks] Q okt A A, Psychrobacter sp.
ArcL13 HF2 5 ¥ PCRE ©]-8-3F gene prospecting B 2
2 2o AWEFEL SARI ArcL13-LipS Bl %3
3ttt 4, ArcL13-Lip2 UYL Psychrobacter <5 8Ye| 2] o}
e o] AR a s A7) Ao FAMSS RAIRE, 84~
90%2] ofu] = AF A SAMI-S BTk AlA, ArcL13-Lip &
22 chaggroll A e A, oF 35 kDae] ¥AHbe mgl o
chA FAA el AR ok YA, glucoseo] 2JsfiA]
ArcL13-Lip2] refolding =8&-0] 24| Z7}519c) thal4, of
OF3t Bt ar 4~5 Z1= p-nitrophenyl estero]] T3] & 4242 L}
R plom, A28k & Hlch

L2 AD Y FAAR= Abololl A A o] Ak A F o] A
Jol Rrjeti, 7|golu 2ol S8 3 A TS dh= T ¢19]
A9 Ak obul b M2 Ik e, o] mHelE
of ofu]iAL A%to] 2 B Ex|o] 9lrk ShEjet, o] ofulAL
= 295k 971 A B2 A= o 4= ek weEbA, o] o
LAEE BF AT 4 Qe GV71ER F/E degenerate
primer5-& AR8-510] PCRE =85HA| &1, st= A4S 3¢
2 4= 9= 20| 20l AIL, ]2} 712 M-S gene prospecting
olg} shw, AF7HA] A AE A FARE ZE TRt
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SAREE wradst=g) o] & X o] 2tth(Bell er al., 2002; Sunna
and Bergquist, 2003; Shandilya et al., 2004; Finnegan et al.,
2005). AAY7FA] Psychrobacter sp. ArcL13 9] Al A E-2 gt
A A 7] wixzol, o] T2 RE Ysh= FAAE T=st
7= 4R gt 28, Als A 92 H 2T E gene prospecting
IS AR A, SH BAIR o' doke A EEst
] -&o]3f|xItk. uf2bA, gene prospecting WH-S- TRRE 2HH 0.

e A2y e Sl = ‘IW’Q_:_]_—% re ok
5& AR Al A D] 1 glol= Hoke FAX
==t 1851 224 Zlolzt 7t Ech

ArcL13-Lip©| Psychrobacter sp. ArcL132] X| 2 B3| &
SA(Kim et al., 2015)S ) F3ct= A S o2t 2ok A
A, & o} A4S H gt E4), p-nitrophenyl caprylate 2}
71 th2-© & p-nitrophenyl decanoate ]| T3] 2] 112 ZH42 H
L. AU, wl et 2ol = ZAfEl A, B o pH 8.0-8.59]1A
#)310) S Btk WAL 10-70°C W glel 4 L] w2
sa40] A9 fAstec

Basic Local alignment Search Tool-2 AF8-5}¢] ArcL13-Lip
I A7 Psychrobacter < Bre| 2o} f2f| (AR aL52
ofu At A H FrAp o] BIE AR, o] Psychrobacter
2 b0} o A A el A Sl ek A7} A 4
Olek. mheb, ol fAAHEO] AW B E LR A GBS

SRsteAe] e 3o dyvt Baskt ae,
ArcL13-Lipo] A3 x| ZBa| g4 S H 712 o] G2 A
34 olck 3, A ARe|E s ol et A2 TS

23| Psychrobacter sp. ArcL132 £g] E}(Klm et al.,
2015). &4, A el aa0] 7|2 Eol J<= e S
ok, AU, ofa) A A 2ol H A A AR 0] B4
catalytic triad2} oxyanion hole-2 A 5l= ol = AMHES

31 Qth(Jaeger et al., 1994, 1999). A=21 © & ArcL13-Lip™}
ot XAl A Bol FARRE Psychrobacter < BYE| 2] o} f-2 Zl

S AR ALEA Y] ZHs/dnt AAE
B A AHESaamA] 7l 54 Tt /\%
ArcL13-Lipo] HLo]ch,

A4 R o BB o] A 28HA] |2 Bal| § A= Psychrobacter
2| 2] o}E E3FsT 53y A (psychrophlilic) 2} U W Ad(psych-
rotolerant) B|AY-E-of| A 2] = It Zhang et al., 2007, 2009;
Chenetal.,2011). E3|, A|H|&|o} A& G435 §-2) Psychrobacter
cryohalolentis K5' 2 5] 284 A B FA §AR7}
HyE gl o, 71 EAJo] 144 =9l thBakermans et al., 2006;
Novototskaya-Vlasova et al., 2012, 2013a, 2013b). ArcL13-
LipT} Psychrobacter cryohalolentis K5' X A B3| F = #-&

E‘.
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| Al A Al81= 22 Psychrobacter 43 BYe| 2] ot -2 2224
aA4gts FEZ o] Qo) vbi, 2o A& AR, Psychrobacter
cryohalolentis K5" 2| R 23| & 2= ArcL13-Lipo] H]3] €4
72 718 of tff3f) 2 B 4SS K It Novototskaya-
Vlasova et al., 2013a). =4, ArcL13-Lip2 T2 #2284 X
225 5 49} Hl251A) 40°C Ao 4] H 9] S Bol]
THSuzuki et al., 2002; Park et al., 2009), Psychrobacter
cryohalolentis K5" 2| QB8 & 4=25°Col| 4] 2|310] S4S 1
olth(Novototskaya-Vlasova et al., 2013a). A&, Psychrobacter
cryohalolentis K5 2| A58l & A~ L 3Hs) o 1 2.0] 228
A AR B3] 8 4= EDTA| 93 A2 e X7 Kulakova er
al., 2004; Chen et al., 2011; Novototskaya-Vlasova et al.,
2013a), ArcL13-Lip B3-S EDTA %3-S 7 o] whz] okit}.
o] A2 ArcL13-Lip 9] &/olli= F&0l20] & glAv, of
npe] Aesy A AR iao) B el HE Sl

ol B E ol

oo o] Bl e chgpollA) BEH AlEol T
ol Bz wREc T Bol Yol WA A
o A SRS TP A 4 9L, Al Sk ke
A A FAROR DEE0] AL AL 4 QU]
uj o A 2ol BRF5HH) ek Flolch W, T 3
QA= B3 Arehol] el 24 302 TN 717] $13)

Ae g A7t 8o D @3} In vivool| A Thl A folding
A ofl= chaperone©| Iod3}e], folding intermediate52]
aggregation2- WFA|&F O 2 4] Thill A folding-& & X3 Hartl
et al., 2011). In vitroo)| A= Tl A folding -84 =0]7]
23] folding intermediate 5 2] aggregation-& WA 5}= t}F3t
H7HAE(o; arginine, AHE4F A, glycerol, sucrose, glucose,
polyethylene glycol)©] A&l TH Vallejo and Rinas, 2004). &
3|, glucose+= in vitroo| Al THA AT} 7] Aglr= o
gt H317} 9k 9|2, glucose= -2 2 of| A native AE] S
FAE 7 AT BaES P 7] = A TS Sk Hottiger
et al., 1994). Glucose= A 7}-= A9t HAJH rhodanese 2]
aggregation2 2 A|gtth= B 1= QITtK(Singer and Lindquist,
1998). T35t S450-650 (SARS-coronavirus spike protein 2] 450
~650 polypeptide fragment) t7=tol| WHA|A &2 T2
Holzo refolding A o)) A glucose= aggregation= HA] 3|
refolding §-8-2 =21tk Zhao et al., 2005). Glucose, lactose,
cucrose 53 22§52 53 S Aol 45 R4 X
axsfal T ol sk ok WAE T Abolo] HY 4
oI R 8 SR felohg oA, U
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1981; Arakawa and Timasheff, 1982). w2}4] glucoseo] 23t
ArcL13-Lip @] refolding &-82] %7}= glucose 7} refolding I}
“g ol A aggregation WA 5 53l refolding A&5 S7HA7]=
Ao = s 4= 9k

A2 Ad R aas AA 2
o A7 = ¢ ’3P | AH8-E
I 9tk E ¢ L2 E3) o]Fo] A ArcL13-Lipe] &2 - 3}
A EA Y, ‘?:_?é o+, 239 refoldlng HHHS- ufEl o
ArcL13-Lip9] A4 585 HJ3lliX+= 4 i 4t 7
7ihe] Fasirh 1 o FEofA 9 EIAE%% H ohek
2oFR 0] A8 7Hs/de HE 0t Alo] Fluetop & Alojth

& B w4}

_/’\__
917] whitel 53] 752

=

= Olﬂ

Jshn

rsi'@

ol

+ Psychrobacter sp. ArcL13 —?F—r7} »ﬁa] =]
‘E‘a?ﬂ & i Zoll, o] Ao ekt Eofoll A
& wrolgirt. weba SR} A2 716 o]
BT/ @e] Raski A
S A AR EAE THE] SaA 94 o fRe] £
o] "W Q37| wj&o, sychrobacter sp. ArcL13 #-F25E

PCR-& ©]|-83} gene prospecting ' 0. &2 A28 X2 E3|a

m{m o r]o —
nﬂ:

2 2 A29] ArcL13-Lip2 Ha]alal 1] 97] A DS FH51
t}. 97 A9 2423} ArcL13-Lip-2 Y5 Psychrobacter <5 8}

glejol e o] A dws aasit 7] A E o] AV WAL
84-90%2] o] teAt A A FAMIE ATk ArcL13-Lip A4
ARE o)A tol A WFEA 7)1 A7) G50 2 B35 Ao )
%3}t ArcL13-Lip2 9F35 kDa 2] A2 B Qo w thalz] 5
A Fef = 2 = )Ack Unfolding  ArcL13-Lip2 thf%t 3
7h=o] 23 $hE-8-Yof| A refolding A|71 A1k, glucoseo]] 2
3l A refolding F-8-0] 714 27| 5715133t} Refolding E 2=
3} ArcL13-Lip2 thoFst p-nitrophenyl ester %= p-nitrophenyl
caprylateX} p-nitrophenyl decanoate®]] T3] 7} =2 a 4%
A& Bl &of| mhE A a3AS AR A ArcL13-Lip
Z40°Cofl A 2310 B/dS LrEb QAL 10°C2F20°Cof|A] 2t
ZF 231 2 thH] °F 40%2}F 73% 2] A A2HdS UER ITh
o]} o] ArcL13-Lip> Mg 20l A28 a0 E4&
Hof2=gl

=32l A Als2d Al2E

Ljol 2

p

2 A A A S PM15050)2F S A] R4
(A PE 16350) Aoz e o, A4t 3l &

© 2912 S 74 QA ek AYBketat 71 A A oA %
g Edyc
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