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Development of lipases from polar oceanic microbes
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HAE2R2AA (Summary)

. Title

Development of lipases from polar oceanic microbes

[I . Needs and aims of R&D

1. Needs

Lipases have various practical applications, including the detergent, food,
pharmaceutical, dairy, and cosmetic industries. As cold-active lipases from
cold-adapted microorganisms show higher catalytic activity than those from
mesophilic microorganisms at low temperature, they are expected to be useful
for biotechnological exploitation in various fields.

2. Aims

Our research aim is to isolate and characterize cold-active |lipases from
microbes selected for lipase activity in polar seas and to develop
technologies that enable commercial production of the |ipases.

[ll. Contents and Extent of R&D

1. Isolation of cold-active |ipase genes from cold-adapted microorganisms in
the Arctic ocean

A. Establishment of cultivation conditions for Psychrobacter sp. ArcL13

B. Isolation of cold active |ipases from Psychrobacter sp. ArcL13

C. Determination of the complete nucleotide sequences for the cold active
| ipases

2. Establishment of a bacterial expression system for recombinant |ipase
A. Cloning of the |ipase gene into bacterial expression plasmid

B. Confirmation of |ipase expression in transformed E.coli
C. To verify if the lipase is expressed in the form of inclusion bodies

w

Development of technologies that enable commercial production of the



| ipase.

A. Purification of inclusion bodies from cultured E.coli
B. Establishment of unfolding condition for the |ipase
C. Establishment of refolding condition for the unfolded |ipase

4. Characterization of the recombinant |ipase

A. Characterization of |ipase activity toward various substrates
B. Analysis of lipase activity at different pH
C. Analysis of lipase activity at various temperatures

V. R& Results

1. Isolation of cold-active |ipase genes from cold-adapted microorganisms in
the Arctic ocean

; 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.

2. Establishment of a bacterial expression system for recombinant |ipase

; When the |ipase gene was cloned into the bacterial expression plasmid and
expressed in E.coli, ArcL13-Lip was expressed as inclusion bodies with a
molecular mass of about 35 kDa.

3. Development of technologies that enable commercial production of the
| ipase.

;  Refolding technology was developed to produce catalytically active
recombinant lipase from inactive inclusion bodies through a refolding method.
Unfolding was achieved in unfolding buffer (8M urea, 20mM Tris-HCl| (pH8.5),
10mM 2-mercaptoethanol). Refolding was performed by diluting the unfolded
protein into refolding buffer (20mM Tris-HCI (pH8.0), 10mM cysteine/1mM
cystine, 0.4M glucose) and incubating at 4°C for 3 days.

4. Characterization of the recombinat |ipase

; Recombinant ArcL13-Lip showed high hydrolytic activity toward p-nitrophenyl
caprylate and p-nitrophenyl| decanoate among different p-nitrophenyl esters. It
displayed its maximal activity at pH8.0-8.5 and cold-active lipase activity.
lts activity was approximately 50% inhibited by CuCl, and ZnS0Q4, but not by
other metal ions and inhibitors.



V. Application Plans of R& Results

interest for biotechnology because they
for soil and waste water

lead to the development
| ipases for industrial

Cold-active lipases are of particular
can be used as additives in laundry detergents or
bioremediation. Achievements through this project will
of technologies that enable mass production of the

applications in various fields.
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Al1d AE

R AR5 & 4 (triacylglycerol acylhydrolases, EC 3.1.1.3)% &%, #%o|, HH o} 5
ol M A (triacylglycerols)oll SolH oz g3 “tedalsE st Fu AEs dn
(Cardenas et al.,, 2001; Salameh and Wiegel, 2007, Sarkar et al., 2012). ©o|<% ®re|g|o} -2
A Eas gde A, 71d FolAd, JAAHA & Bolr] el AEAA, A A
PEE ol A F L, oFEE, FAE,

I t}(Jaeger et al, 1994; Jaeger et al., 1999).
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A8 oA vtegol, EH, Xe|FF, #Fo] & s WHow Ao Agsu 4t
ol 2.1 A (Gerday et al, 2000). 53], Aol AE&g MAEES +8&3 AL T4HE9
DHol7] wiLo AgH oz Fast AFPdow FHFE 3 Adth(Jaeger et al., 1999; Zhang et al.,

2007; Joseph et al, 2008). A=A AAFE] g A(cold active lipase)= T4 A&

N
(mesophile)ol A el d X HZ3| @A Hlalste] AL A =& §4E4HL BEAH(Joseph et
al., 2008). 4 — 10T IHolA FaEHo] L 7AS AHEstE g 4ol vla 108704 =
A vebdth ALdd AdEfases 224 Ad2Aase b2 dild Jxof dys
u

BSAl = e FAAS ZFa oy, g49 HEREE

A

AR asret naste] ALdA NAdEHgars A, a8, AAK FAdA 4319
AhgdE&aa Aol F&skA ol8E 5 3

AG7HA GFet Aol A2dd AZdZAass Aitsts MAdeso] sAHU
o, O HAZESE FdH AAdRHEALY 5P ATH =
=l el A el (Chuckehi Sea)= 5B A4 AAELNETLE AAdsts dFE0] £8H30
o1 1 % Psychrobacter sp.(Psychrobacter sp. ArcL13Z *j i
FAHAHKim et al, 2015). 22 A4 o] FFE ARG APt dad 545 A
o7 FALEHT] oHg LAl AT wjiol, o] dFFEY-
g A g8 I SFFdAM giEom Aiss vle Jhge] Hesiu. 59,
Psychrobacter sp. ArcL13¢] genome sequencetr B& %] A @k7] wjiol|, fFdxte] £
AL oy HAHAY. wEtA B AFo| A= genome sequencee e A X7 gl Lol

% PCRE 9] £33 gene prospecting WS &83l9 Psychrobacter sp. ArcLI3ZHEH A&



g AdEHNITA FAHLS Bo|= Psychrobacter sp. ArcL13(KCTC 12498BP)= 3@
o FAATFR g8 H=8e] A8 (Chuckehi Sea)25-H A% ~a#d A4S AA
225 . vl ¥l %]+ Marine broth(BD Biosciences)& AFE8l 1L, 25°Coll A v 23} o}
DNA 2249 23S 918 DH-b5aE A&, @2 23S 93] BL2I(DE3)E AH&3FA
t}.

2. PCR & DNA #24

Psychrobacter sp. ArcL13< 48A17F v FA1Z1 & A28t cell pellets Ekt). 2
} & Genomic DNA extraction kit(GAEZ)E A5l cell pelletS Z5H genomic DNA
2 stz PCR F3o2 A&st9th. PCR primerg @I 2B A FAdshe]a,
i-pfu DNA Polymerase(F1EE)E AFgslo] Ao S o 95°Ceoll A 30%, 61°CAlA] 11, 72°C
o A 18 F 25AFo] 9] kg xH o ® PCRE 438l t). Signal peptide H-91E A9 e A
=24 A H el &4 (ArcL13-Lipe = 34) A i A= Forward:
5 -GTACATATGGCAGGGCAGTACTATAAT 3 (B&EH &, Ndel site) 2} Reverse:
5 -ATACTCGAGTTAAAGGTTAGCGTTTTTAAG-3' (8&E 51+, Xhol site?} stop codon)

primer & AFE3] genomic DNAZHFE PCRE FIZAAY. 21 1S PCR AHES
Ndel/Xhol restriction enzyme(New England Biolabs)2. & 37°CellA] 2A]17F A3t Gel
Extraction Kit((JEZ)Z AAS 5 nlgl 22 enzymeE=Z digestionr 71 pET-28a(+)
vector(Invitrogen)®ll cloningsle] ZdAWME Z A 2tstv)t. A 2bst ddwWE <ol Arcl13-Lip

A 71 AL FLFA ¢ol ATt Anh (@ 2R HE),

3. diZHolA ArcL13 Lip 93 39l

Arcl.13-Lip &9 EHE BL21(DE3) cello]l transformationA]Zl 3, LB #j Ao A
A600nm=0.67FA] vl Fslsitt. ArcL13-Lip &d 55 93 0.2mM IPTGE Agstar 4A 3t
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ArcL13 Lipe] ©¥id F34 ez TS =4 FAdsly] A3 2&9=2 F4 T celle 44
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E FFE LBuiX Ol ZFE 5, 37°Col A 16417 R g ujekslich 588 L& 7)ol 28 H
71 x g g v datek ) it Fars 5% HA HE e FFSAT 35°CelA
22 Fds9 e, pHe ¢ZEsE AHgste] pH68RE LA A Fx ekt W<

=
A pHZE ol o] MEW &) AASHE, J1RuAe Bade] BF Aud How

i)

A3 feeding mediumes pH W7l dofupx] F5s AL 52 FY817] A2kt
Feeding A2t ¢F 3A17F % IPTG7F 02mMeo] HA #H7}slo]  inductions A28} T}
Induction A2+ & ¢F 15417+ Al feedingdlt™ Wl FS x| £38}¢) )

<vjA] FA>

¥ B ERCEL)

Glucose 20g

Yeast extract bg

N WA (NH4)2HPO4 2.5g

A KH>PO, 7.5g

(basal medium)

MgSO4—7H20 1.2g

"] g &g 5ml
Kanamycin 50mg

Glucose 385g

Feeding medium Yeast extract 64g
MgSO4-7H20 20g

« Mg (YY)
Zn250,-7TH204-4g, FeSO4~TH0-6g, MnSO4~H20-2.4g, CuS0O4-5H20-0.9g, Boric acid-0.6g
Molybdenum oxide-0.6g, CoSO4—7H20-0.7g, 35% HCI-10ml

duld BdA HeE 98 dE wlgAs 208 5 5000 mpmeE P4 F AF
NE& AAS AL cellths AT 2532 g cellE 30 &< 5000 rpmell Al A4
g Fd% F FEFAe AASA. Cell debriss S AlAs7] A=) FHAEE 1% Triton
X-100% suspensiond & A& & Fdsta, IAET e o] AAHE 13 o ¥
Hetglon, wixjwog FHFEZ JYHAEEL suspensiondt T YR e e

Triton X-1005 A At T}



6.

gmd BA A refolding

S

A4 '@ d FAdAe] unfolding 27 FHE s Fet ureas =9 pH 8ol A
unfoldingd @& Fdssrt g4z BAAE 20mM Tris HCI (pHB.0, 8.5, 9.0, 9.5, 10, 11),
urea (2M, 4M, 6M, 8M), 10mM B-mercaptoethanol -&<ol] H7}g & Ao A 1A 7F udb

A Ao unfolding AElE= AS9%nmolA 3% S Ed turbidity =& 3<lsksic)
Refoldingg& ¢t HA e =7AS &9Hsl7] $38] refolding buffer® arginine, Tween 80,
glycerol, propylene glycol, glucose, PEG 6000% 3 10mM cysteine/ImM cystine2 % 7}%k
20mM Tris-HCl (pHB.0)E AF&3}3t}h. Refolding=S ¢lal 108] H39] refolding bufferE
unfolding sample¥} ¥}2 42 5 4°ColA 3YU3F ¥F-8-AlZAt} Refolding =5 &A3t7] 9
3] 7] 2 & p-nitrophenyl caprylateE AF&3dle] &4 ¥FSS A7l 3 A405nmeol A S35 =

AR HAse] 14234 Sstgn

S
ol

7. ArcL13 Lip9 =32'3st3 5 4

A8AS kst p onitrophenyl ester (pNP butyrate (C4), pNP caprylate (C8),
pNP-decanoate (C10), pNP-dodecanoate (C12), pNP-palmitate (C16)) (HZF&%; 0.ImM)<}
10 E4E Imle] 50mM Tris-HCl (pH 80)l H7skir, 25°CellA]l 2&3F ¥hgA7l &
405nmell 4] spectrophotometer® 243t th. ArclL13-Lip &AL 93 H A9 pHE &<lsf

71§18 pH 6.0-10.0 WlolA 718 & p nitrophenyl caprylateE AH&3s] 287t €48 A

o

Sl k. AFE-3E buffert phosphate buffered saline (PBS; pH 6.0-7.5), 50mM Tris HCl (pH

7] 98] 5-70°C WelolA 7]E & p nitrophenyl caprylateE A& 28-7F A4S A3
oh bk S0l (Ca”, Mg®, Mn”, Cu”', Co’, Ni*', Zn")3} &4 A3 #I(PMSF, EDTA)
o] ArcL13 Lip E4&A VX & & A8k flal ImMe] 2z H7bEe] £3Hd 50mM
Tris-HCl (pH 8.0)°e] 10119 ArcL13-Lip A1 85& Y3 A=A 1027F 9271 & 7]d =

p-nitrophenyl caprylateE AF&s 24d3S SAH3 A

A= it (mean)?} E A A (standard deviation, SD)E A8 a1, A3 A7 33

WS 29 38ke] unpaired Student's t test® A EFATE 0.05 °ldte] pHte FAHNCE {9

.
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1. ArcL13-Lip +4# & 42 &3

Psychrobacter sp. ArcL13¢] genome sequence’} & # A gkr] Wi, o] HF=

FE AJAZEas FHAAE 28 A3 7] 98 PCRES ©]83t gene prospecting W& &
439 thBell et al, 2002). tiF-E2] vrH o} 2 A Z s &4 E2 oxyanion hole 919}

active site ¥4 A7) Mdo] Mz HFod= =7t oin=it Mgl nlas Z B
5o Q7] ", o] HEH ofvil MEES codingdli degenerate primers & ©| &35}
A tH(Table 1). Oxyanion holeZ+5-E active site AFole] 7] AL (eF 200250 F71*)& 2
71 #lsl  OXF1+ACR1, OXFI1+ACR2, OXF1+ACR3, OXF1+ACR4, OXF2+ACRlI,
OXF2+ACR2, OXF2+ACR3, OXF2+ACR4, OXF3+ACRIl, OXF3+ACR2, OXF3+ACR3,
OXF3+ACR4® %3+ primer 253 Psychrobacter sp. ArcL137F 255 #2]3 genomic
DNAE Apg3le] PCRS 383t PCR HEE AS ggarose geldlAd 43 A
OXF1+ACR2(lane 2), OXF1+ACR4(lane 4), OXF2+ACR3(lane 7), OXF3+ACR3(lane 11)
primer “&oll Al 200-250 A 714¢ PCR At&=&o] &5 A tH(Figure 1A). ZF PCR A= &2
A7) N4 B4 A7, OXF1+ACR2% OXF1+ACR4 primer 422 %8 44L& PCR AHEE
oA 189719 FdI fdV] HEe #¥e F UAJH(Figure 1B). 2, OXF2+ACR3¢}
OXF3+ACR3 primer &< §3 2€& PCR A=5cdAe 97 Adol ¢ &3kt Basic
Local alignment Search Tool(http://blast.ncbi.nlm.nih.gov/Blast.cgi)= AF&3] o] 7] A<
I FAE E e e HAtEe ZaA SRR, FAd o] e FAATE &dE A ek
t} geole 9d7] 4 <9S DNA translation program(http://web.expasy.org/translate/)S A& 3]
oln] =4k A DR translation?] 71 ¥ (Figure 1C), YA| Basic Local alignment Search Tool&
ALEE] FARSE oln]wat IS zhe dHAES e A3l AH Psychrobacter 4 HHH|E| o}
8 ANARHEASEH FAHE S EYHFigure 1C, underlined & Figure 1D). wehA], 9]
Psychrobacter % HhH|glo} F&l] X AEH A5 N Doy} C ok HQo ofn A= S
coding® 4 9+ degenerate primergd o|v] &el® ArcL13-Lip 97| A< (Figure 1B,
underlined)oll gt primers(Table 2)& tshA 23] genomic DNAE 3 0% PCRS
T8t % agarose gel® A48t 4 A3 Psychro-2-F+L13-internal-R¢} L13
internal-F+Psychro-R primer 22 2 5¥ ¢F 300 4 7]%(Figure 2A)3 ¢F 700 <4714 (Figure
2C)2] PCR AHEE0o] Ztzp g1Edu} o] PCR A& S0 s 7] AE £4& +33 F



(Figure 2B & 2D), 971 A ¥< Basic Local alignment Search Tool& Al-&38] 243 A3}
A8 kXt Psychrobacter sp. JCM 18903 lipase® 7] A E3 vluy:= Axs A9

[e]

o

t} o] Ax5S uigo g N-2ok 29 Z codingdtE 337709 97 A4 (Figure 2B)3% C-
o

O

B AE codingdts 669709 947] A<D (Figure 2D)E &elst 4= At o] F 7] Ad=

Asgtsle] 1074709 HA ArcL13-Lip #3x 7] 49L& A vhFigure 3A). UHA

o

ArcL13 Lip FA Aol et 5 D3t 372k primer %, genomic DNAE AL&38] PCRE
gk A3 oF 1Kbe] PCR At&ES &9 = AL (Figure 3B), PCR AF&9] 171 A4 &4
A3 oln &dE ArcL13-Lip A 971 ME3} LAttt DNA translation program-<
AFg3] Arcll13-Lip 3429 947] M 49S translationA] 71 23}, Arcl13-Lip @2 & 3587

o] ofuj=Ato 2 A= A tH(Figure 3C).



Table 1. Degenerate primers for Figure 1.

Primer Region Primer sequence

OXF1 Lipase-oxyanion hole CCYGTKGTSYTNGTNCAYGG
OXF2 Lipase-oxyanion hole CCRATMRTWYTNGTNCAYGG
OXF3 Lipase-oxyanion hole CCKYTWGTKYTNATHCAYGG
ACRI1 Lipase-active site AGGCCNCCCAKNGARTGNSC
ACR2 Lipase-active site AGRCCNCCCAKRCTRTGNSC

ACR3 Lipase-active site AGGCCRCCNTGNGARTGNSC

ACR4 Lipase-active site AGGCCNCCNTGRCTRTGNSC

R:A,G Y:C,T

W:A,T M:A,C

S:C,G K:G,T

N:A,C,G,T H:A,T,C

Table 2. PCR primers used for Figure 2

Primer Primer sequence
L13-internal-F | GAGCAGCTGCTACAACAG
L13-internal-R | CTGTTGTAGCAGCTGCTC
Psychro-1-F ATGACGCTAAAATCTTCTCT
Psychro-2-F ATGACGCTTTCTTTGTACAT
Psychro-3-F ATGACKCTAAARWCYTYYYT
Psychro-R TTAWAGGTTRGCGTTTTTMA

R:A,G Y:C,T
W:AT K:G,T
M:A,C




1 2 3 4 5 6 7 8 9 10 11 12

5-CGTCATTGATTATTTTAATGGGATTCCTGATGAGTTGATGAA
GGTGGCTCAGAGGTTTATACCACGAAAACATCAGCGGTTAATA
ATAGCGAAGTGCGCGGCGAGCAGCTGCTACAACAGGTAAAAA
CCATCACTGCCATCTCAGGCGATCCTAAAGTCAATTTGTTTGG
ACACAGCCTGGGCGGCCTA-¥

C

RH-LF-WDS--VDEGGSEVYTTKTSAVNNSEVRGEQ
LLQQVKTITAISGDPKVNLFGHSLGGL

D
L13 GGSEYYTTKTSAYNNSEYRGEQL LOOVIKT | TA 1 SGDPKYN_FGHSLGG
WP_058024309 .1 GGSBAYTTKTSAYRNIEYRGEQLL OMKT | TA | SGDPKYNLFGHSOGG
ERL56372.1 GGSEY TTKTSAYNNSEYRGEN L OOVKT | TA SGKAKYMLFGHS0GG
GAF33800.1 GGSEYYTTKTSAYNMSEYRGHN L OOVKT | AAI SGESKVYMLFGHS0GG

WP_05778519.1 GGSBAYTTKTSAYNNEEYRGEQLL OMCT | AA | SGESKYNLFGHSOGG

Figure 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+ACR?2Z, 3; OXF1+ACR3, 4; OXF1+ACR4, 5; OXF2+ACRI,
6; OXF2+ACR2Z, 7; OXF2+ACR3, 8; OXF2+ACR4, 9; OXF3+ACRI,
10; OXF3+ACR2, 11; OXF3+ACR3, 12; OXF3+ACR4. 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:
1L13; Psychrobacter sp. Arcl.13, WP_058024309.1; Psychrobacter
piscatorii, ERL56372.1, Psychrobacter aquaticus CMS 56,
GAF53800.1;  Psychrobacter sp. JCM 18900, WP_057758519.1;
Pychrobacter sp. P11G3.



5 ATGTGGACGCTTTCTITGTACATTCGCGCCGCGCTCAC

kb GCCAAGAGCATTTTITACCAATACTGGGTTCTATCAGTACTT
GCGTTTTATTAATGACCATGCAAACCACCTCAGCGCAAGC
3 GGCAGGGCAGTACTATAATTIGTGCCAACGCCAATGGCTG
2 CACGCTAGTCGACAGCAAATATTTTACCTCTAATTATACCA
15 AAACTCAGTATCCAGTGGTCATGGCGCATGGACTTITCGG

CTTTACCAAATTATTTGGCGTCATTGATTATTTTAATGGGA
TTCCTGATGAGTTGATGAAAGGTGGCTCAGAGGTTTATAC
CACGAAAACATCAGCGT-¥

0.5

3 -CCTAAAGTCAATTTGTTTGGGCACAGTCAAGGCGGTATCGATATICGT
TATGTCGCTGGTGTCGCGCCAAAATATGTCGCATCAGTCACCGCCGTATC
AAGCCCAGAGCAAGGCTCAAAAACAGCCGATTTIGTCAAAAACGTCCTT
GAACCAAACAATGACACAGGTGAGCCATCAAACGTTACGACACAGCTGG
TATCAGGGGTGTTTAATTTGATTIGGCGGCTITACAGATGTGGGATCAGGC
ATCAGTTTTAAAGAGATACAAGAGCAAGATGGCTGGCAAGCACTCATGG
CGCTATCAACCGATGGTGCGGCCAAATTCAATGCCAAATTCCCAGCAGC
CATGCCAACAAGTTACTGTGGTCAGCCGACCAGTACTGCTGCCAATGGT
ATCAAATATTATTCATTITAGTGGCGTTGGGCAAGTCACAAGCGTCCTTGA
CCCTAGTGATTATCTGCTTGCAGCAACAAGCGTACCGTITITATTTGATG
CCAATGATGGTCTGGTCTCTGCCTGCTCAAGCCGACTTGGGTATGTGATT
CGTGACAACTACCTCATGAACCATTTGGATTCAGCAGACCAAGTACTAG
GTCTGACCGCTTGGGGCGAGTCTGAGCCAAAATCTATCTATCGTACTCA
GGTCAATCGTCTTAAAAACGCTAACCTTTAA-Y

Figure 2. PCR using primers encoding N- and C-terminal amino
acid sequences of Psychrobacter genus lipases described in Figure
1D and primers for ArcL13-Lip internal sequence. (A) PCR was
performed using the genomic DNA as a template and various
pairs of primers. Lanes: 1; Psychro-1-F+L13-internal-R, 2;
Psychro-2-F+LL.13-internal-R,  3; Psychro-3-F+L.13-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 (LL13 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 (.13
internal F+Psychro R).



5-ATG ACG CTT TCT TTG TAC ATT CGC GCC GCG CTC ACG
CCA AGA GCA TIT TTA CCA ATA CTG GGT TCT ATC AGT
ACT TGC GTT TTA TTA ATG ACC ATG CAA ACC ACC TCA
GCG CAA GCG GCA GGG CAG TAC TAT AAT TGT GCC AAC
GCC AAT GGC TGC ACG CTA GTC GAC AGC AAA TAT TTT
ACC TCT AAT TAT ACC AAA ACT CAG TAT CCA GTG GITC
ATG GCG CAT GGA CTT TTC GGC TTT ACC AAA TTA TTT
GGC GTC ATT GAT TAT TTT AAT GGG ATT CCT GAT GAG
TTG ATG AAA GGT GGC TCA GAG GTT TAT ACC ACG AAA
ACA TCA GCG GTT AAT AAT AGC GAA GTG CGC GGC GAG
CAG CTG CTA CAA CAG GTA AAA ACC ATC ACT GCC ATC
TCA GGC GAT CCT AAA GTC AAT TTIG 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 GTG
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 GCA CTC 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 TIT 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 GCE 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-F

MTLSLYIRAALTPRAFLPILGSISTCVLLMTMQTTSAQAAGQYYNCA
NANGCTLVDSKYFTSNYTKTQYPVVMAHGLFGFTKLFGVIDYFNGIP
DELMKGGSEVYTTKTSAVNNSEVRGEQLLQQVKTITAISGDPKWNL
FGHSQGGIDIRYVAGVAPKYVASVTAVSSPEQGSKTADFVKNVLEP
NNDTGEPSNVTTQLYSGVFNLIGGFTDVGSGISFKEIQEQDGWQAL
MALSTDGAAKFNAKFPAAMPTSYCGQPTSTAANGIKYYSFSGVGQ
VTSVLDPSDYLLAATSVPFLFDANDGLVSACSSRLGYVIRDNYLMMN
HLDSADQVLGLTAWGE SEPKSIYRTQVNRLKNANL

Figure 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.



2. ArcL13-Lip®] opm 2t Aol 14

ArcL13-Lip @t 2] A A ofv] Ak A A-S Basic Local alignment Search Tool& AF-&
3 fARSE ol Al NS Zte @il A ES gQlst A3} Arcl13 Lip2 €5 Psychrobacter
& dte| ol o] AAFHEAET 84-90%°] ofv| =4t MA FAAE S B (Figure 4).
e ANARHELEH] FAA S 7|2 R, catalytic triads 144U A serine(Ser144), 302 &)
aspartate(Asp302), 324W#]  histidine(His324) 2 74 %™, oxyanion hole2 7394
methionine(Met73)3} 145" #] glutamine(GInl45)® A HBE& FE3 9 (Figure 4). SignalP
4.1 Server(http://www.chs.dtu.dk/services/SignalP/)& ©] &3} signal peptide +55 4
gk A3}, ArcL13-Lip< 3970¢] opmjiqto =z /4 signal peptide® 28l d&o] #l¥
tHFigure 3C, underlined). W24 Psychrobacter sp. ArclL13¢] 4] ArclL13 Lip— £4] w2
= o



L13 MTLSLY IRAAL TPRAFLPILGSI STCALLHTHOTT SAQM GOYY NCANANGCTLYDSKYF 60

GAFS3800.1 MTLSLY | RAALTPKTLLP ILGS I SAGY LI HTHOT TSAQA AGCHY NCANANGCKLYDSKYF
ERLG6372.1 MTIKTYLCTALKPSLH PSLGY | GAGYLLLTLOT TSAQA AGCHY NCANANGCKLYDSKYF
GAFE2973.1 MTLKSSLALAFTPSAH PSLGY | GAGYLLMAL QT TSA QA AGCYY HCANSTGCKLYSHEYW
GAFRY7EB. 1 MTLKSSLASAFTPSAH PSLGY | GAGYLLMAL QT TSA 08 AGCYY HCANSTGCKLYSHKYW
®
L13 TSHY TKTCH PY YMA HGLFGFTKLFGY IDYFNGI PDE_MKGGSE! YTTKT SAYNNSEYRGE 120
GAFS3800.1 TSSYTKTOYPY YLAHA GGF TTLFGY | DY FNG | PEELHKGGSEY YT TRTSAYNNSEYRGE
ERLG6372.1 TSSYTKTOYPY YMAHA GG TKLFGY | DY FNG | PGHL | KGGSEY YT TR TSAYNNSEYRGE
GAFE2973.1 TSNHTDTKYPI YMAHA GG THLFGY | DY FNG | POE_HKGGSEY YT TKTSAYNNSE | RGE
GAFHA7E6. 1 TSHHTDTKYPI YHAHQ GGF THLFG 11 DY FNG I POB_HKGGEEY YT TRTSA YHNSE | RGE
vé
L13 QLLOCYKTI TA ISGDPRYNLFGHSQGGI DI BYY AGYA PRY YA SY TAY SSPEQGSKT ADFY 180
GAFS3B00.1 QUL OQOYKT | 44 1 SGESKY NLFGHSOGE | D Ry Y GYAPKYY ASY TAYSSPEQGSKT ADFY
ERL56372. 1 QLLOQGZKT | TA 1 SGKAKY WLFGHSOGGE | D Ry Y GYA PKYY ASY TAYSSPEQGSKT ADFY
GAFE2973. 1 QLLOOZKT | TA 1 SGKPKY NLFGHSOGGE | D By ¥ GYAPKYY ASY TOSOAGNKGOKRADFY
GAFRY7EB. 1 QLLOOZKT | TA | SGEAKY NLFGHSOGE | D Ry YA GYAPKY | ASY BOSQACNKGOKRADFY
L13 KNYLEPNRDTGEPSHY TT OLY SGYFNLI GGFTDYGSG ISFKE [QEQDGIQALMALSTDGA 240
GAFS3B00.1 KDY LEPHNTSGOPSNYTT OLYSGYFNL | GGRT D1 GSG 1 SFNQIQOODGROALY ALSTDGS
HRL56372.1 KNI LEPMNTSGSPSNYTT ELYSGYFNL | GGFT DY GSG | SENQI QO0DGROALL ALSTSGS
GAFE2973.1 KNI LEPHNTTGNPSNYTT OLYSGYFNL | GGFT DY GSG | SFKEI OEIDGROALY ALSTDGS
GAFLA7EE. 1 KHTLEPHHTTGHPSHYTT OL YSGYFNL | GGFT DY GSG | SFKEIQEIDGROALY LLSTDGS
L13 AKFNAKFRASHPTSYCGOPTSTAANGIKYY SESGY GOYTSYLDPSDYLL AA TSYPFLFDA 300
GAFS3800.1 AKFNAKFPAAMPKNY CGOPT STAYNGI KY YS-SGY00 | TSALDPSDYLLAA TGYPFAGES
ERL56372. 1 ANFMAKFPAMMPRAY CGOPA STMYNGI KY YSFSGYQILT SALDPSDYL L&A TGYPFAGES
GAFB2O73.1 AKFHARFPAMMPKMY CGOPT STAYNGI KY YSFSGYQD | TSALDPSDYL L&A TGYPFAGES
GAFSY7EG. 1 AKFNAKFP AAMPKMY CGOPT STAYNGI KY Y5 SGYQ) | TSALDPSDYLLAATSYPFAGDS
v v
L13 NDQ_¥SACSSRLGY ¥ | FDNYLMNHLDSADOYLGL TANGESEPKS | YRTQYNALKNAN. 358
GAF53800.1 HDGLYSACSERLGYY | FDNY B NH_DEADON G TAWGESEFKS 'Y HT CYNALKMAML
ERL56372.1 HDGLYSACSSRLGYY | FDNY KINHLDSADOY G TAWGESEFKS 'Y HT CYNAL KNAML
GAFE2973. 1 NDGLYSACSSRLGYY | FDNY B KHL_DSADOY_ G TAWGDSEFKS 1Y AT WAL KMANL
GAFBITEG. 1 NDGLYSACSSHLGYY IRDNY FNHLDGADOW G TAWGDSERKS 'Y HT OMNRLKNANL

Figure 4. Alignment of ArcLL13-Lip amino acid sequence with
sequences of other lipases: 1.13; Psychrobacter sp. Arcl.13,
GAF53800.1;  Psychrobacter sp. JCM 18900, ERL56372.1;
Psychrobacter aquaticus CMS 56, GAF62973.1; Psychrobacter sp.
JCM 18903, GAF59766.1; Psychrobacter sp. JCM 18902. Amino
acid residues belonging to the catalytic triad are indicated by W

and to the oxyanion hole are indicated by @.



3. ArcL13-Lip +d &9 329 % diFtolA e T3

Signal peptide ¥-9E A3+ ArcL13-Lip d#| A2 (Figure 3)& genomic DNAZ Y-H
PCREZ S3%A171 F, PCR At&& pET 28a(+) WMHol Fzdsto] S@WME S Azttt o
dHAWE E BL2I(DE3) cellell @278 2171 %, LB s Xol| A wjdelw IPTGE ArcL13-Lip
gl do] e s FEAAT YRS SDS PAGERZ 243 Ax Md & 2470 cellol A
9k ¢k 35 kDa® SAEFE ZEE Arcl13-Lipel #Edd
ArcL13-Lip& HHAAZ cells 2532 3 & A2 E Fds929, d5H3 3
HeEe 27 SDS PAGE=R #4850tk &4 23} ArcL13 Lipel 2d2 o4 Jd oAt
wRE o, o] ;& ArcL13-Lip F+dxE thdvtol A LA ZA A9 il SdA4 =

=

S 9] S cR(Figure 5B).
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Figure 5. SDS-PAGE analysis showing Arcl.13-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.



4. ArcL13-Lip9 refolding

=

o

A 7] Tl FQiA FEe] ArcL13-Lipe w84 AJEolr] wiel, d43do=
AZ171 el = @i B A A 9] unfolding#} refolding #H4 o] g2 ojrt. -4 g+t

FH e did EAE 2£detr] A8, dAd cellee nlol AWEHAN 2

lo

o
LU

buffer® <= 2b# AAsG. @2 B A9 unfolding 271 FHS 98] LS urea's =
9} pH Zx3&dA unfoldingd @S FaA 23 ZA3} 8M urea, 20mM Tris-HCI

(pH8.5), 10mM B mercaptoethanol &< A w12 -2l A 9] unfolding &&°] 74 &gtk
Refolding £%1& H#3}8t7] 98] unfolding*17] ArcL13-LipE ©&3 H7b=e] ¥3Hd
bufferell 84 A17]2, refoldingS  $l3] 4°CelA wWHgAHY. 39 & 24
ArclL13-Lip9l refolding A=& &<2lsl7] s AdEsas &4 +4S F3Yh3)
24 Ay oA glucoseo] 98wt ArcL13-Lip9 refolding +&°] ZA Z7}8 9 cHFigure
fsl 0, 0.1, 0.2,
04, 0.6, 0.8, IM glucoses X%3+ bufferdl ArclL13 LipS refoldingAl7l ¥, &4 &4&
489t &4 43 04MolA refolding &0 AdS YeRJ A, ] o]ie] Fxol A+

refolding & &o°] F7sh#] &t (Figure 6B).
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Figure 6. Effect of various additives on refolding of ArcL13-Lip.
(A) Refolding of ArcL.13 Lip was performed in buffers containing
0.bM arginine, 0.196 Tween 80, 5% glycerol, 5% propylene glycol,
0.5M glucose, or 1mg/ml PEG 6000. Enzymatic activity of
refolded ArcL13 Lip was assessed by measuring hydrolysis of
p-nitrophenyl caprylate at 405nm. Data represent the mean and
standard deviation of three experiments. *P<0.05 versus control
(B) Refolding of ArcLL13-Lip in buffers containing different
concentrations of glucose. Data represent the mean and standard

deviation of three experiments. *P<0.05 versus control.



5. AIZ% ArcL13-Lipe] %% 333 54
chekek Ropol A A8 98, ArcL13 Lipe 712 Fol4, thdd pH %
w2 24 sk gddt gfol2ed 2aAMAEe] 24 A VA= dFs dot
Btk 714 EolAde thst Zol9 chain® 2zt p-nitrophenyl esterol] tjdt &4 &4 A
ZAslo] gelstgict &4 =4 A3 ArclL13 Lip< p nitrophenyl caprylate(C8), = t}
S © % p-nitrophenyl decanoate(C10)oll tha] #H 1 e] &4 & HAHFigure 7A). ¥hd, o &
A B 71 chaine 71"l daiME Aidor W FHE BIHC 60%, C12 50%,

C16; 45%). 7] 4= p-nitrophenyl caprylateE AF-23) pHe] &4 Aol st & A}

oy
b=y
T
oo
o

A3 ArcL13 Lip2 pH8.0 8504 Hirel &4& HI(Figure 7B). &4 A& st
2EolA A A3} ArcL13-Lip2 40°ColA Hae] 48 e,

Zbzy o g4 div] oF 40%9F 73%°] &4 48 YR Ith(Figure 70). ol ¢F #& A&
ol A ArcL13-Lip® =& T4 @4 HF =

(Joseph et al.,, 2008). L tha t}Y3e F&o|2E53 FaAsA 52 T4 EAlo v T
S A Y. Ad A3 Arcll13 Lipe] &4 242 CoCls, NiCl,, EDTAG Al & n<fs}
A A=, CuClet ZnSOs0 2l 8lA &= < 50% & A= 2t} CaCl,, MgCle, MnCls, PMSF
T ArcL13 Lip® &4 @4 dF& F2 Zdth(Table 3).



Relative activity (%)

Relative activity (%)

100 + g 100
80 - ;EJ' 80 -
- '§ 60 - --PBs
40 - % a0 - & Tris-HCl \
3552 |—L‘ e ——Gly-NaOH \;
0 00— " . : : ; i
T T 6 65 7 75 8 85 9 95 10
c Carbon chain length pH
120
100 -
80 -
60 -
40 -
20 -
5 10 20 30 40 50 60 70

Temperature (°C)

Figure 7. Effects of substrates, pH, and temperature on the
lipase activity of ArcL13-Lip. (A) Substrate specificity of
ArcL13-Lip. Hydrolytic  activity of  ArcL13 Lip toward
p-nitrophenyl esters with various chain lengths (C4, C8, C10, C12,
and C16) were measured at 40onm. 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), l; 50mM Tris-HCI
(pH 759.0), A, 50mM 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 Arcl.13-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.



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

Reagents (1m\) Relative activity (%0)?
None 100
CaCl, 98+5
MgCl, 1003
MnCl, 9942
CuCl, 5343
CoCl, 97+4
NiCl, 96+2
ZnS0, 56+1
EDTA 95+3
PMSF 99+2
Data are given as means = SD, n = 3. a ArcL13-Lip was

incubated in 50 mM Tris HCl (pH 8.0) containing each compound
for 10 min. Remaining activity was determined using 0.1 mM

p-nitrophenyl caprylate at 25°C.
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BoAdgte] &8 s8] kst A A, Psychrobacter sp. ArcL137+=2%H PCR&
0] 43t gene prospecting oz ANz2$ NAEFHEL §429 ArcLl3 Lipe 2 A3
St EA4, ArclL13 Lip2 ¥4 Psychrobacter & Hhe|g|o} f-dle] XAEIHEAEH H7] A
Ao FAMIZ AT 84-90%2] ofr|x=at D FAE S BATh AA, ArcL13-Lip F+HAE
gtol A d A, ok 35 kDa®] AES Zte @z S9A FdHE SdHESd A,

o

glucoseoll 9814 ArcL13-Lip¢] refolding F&°] =ZA &7t oAl A, thdg o9
chain® %+ p nitrophenyl estero] 3] &4 A4S Ye oy, A28 S HAL
22 ALY FHAAE AlololA HA| ofn =it Ao fFAM o] vYEtx, Y] Eoly

zo| o 4L o= domain® A obH]:=AF A Ho] 4Es] FAFetth 22y o] domain
£ opuwal Nde] 2 HEFHO v} strjEtE, o] ofn]mal
Mz s F A weks, o] opxiteEs R

degenerate primers 2 A+&3 PCRS 33/ HWA H3le FHAAE 22 F Ade FE

iy

S codingsl 97 AE2

coding® & Y+ 712 FA4%

u

Eolxit}. o]¢} @2 WS gene prospectingol 2k sy, A w7A] A AL EL FHAAE X5
st et FARES WaEsled AREE OIS (Bell et al., 2002; Sunna and Bergquist, 2003;
Shandilya et al., 2004; Finnegan et al., 2005). &7} 4] Psychrobacter sp. Arcl.13¢] genome
sequencet™ B8] A A @7 Wit o] WwFEHFE e FHAE IdEsv|E fX Frh
224, genome sequences R ETIEE gene prospecting WS AMEE AS S9 AAH S
2 (3= FHAE FE3sty] fols )l whebA, gene prospecting WH S ThFe A oY
H 23y #AE F dE2d F83t @48 22 g T2 HE genome sequence]

T flolke Yk FAAE Tk EekA 2 Aol JdiE

0

ArcL.13-Lip®] Psychrobacter sp. ArcL13¢] X #AE&| &4 A (Kim et al., 2015)S HE
shobe A Ued 2o 3A, = o A28 Bt &4, ponitrophenyl caprylate}
1 Y 2= p-nitrophenyl decanoatedll thal e &d& BA AR, vl Zfol+= &)
AT & of pHB.O 8544 Hirel &8 Bk A, 10-70°C WA &= e T4
Z7do] 714 FAFskHh

Basic Local alignment Search ToolS AF&83] ArcL13-Lip?} ¥4 Psychrobacter & ®f
Helol i XNAEHEAEL] ofnwal A {FARE o] &l =K v o] 5 Psychrobacter <
dre ol el A EHEAEC i A7 AFE Aol mEkA olE FHAE] XA
Tl garre] e Fdst=Ad s F59 A77F dostt. 18y, ArcL13-Lip

g A ol f R AAE NARHELYS FED F Ak A, NFRAEL DA OE

flo



a8y 3L 53] Psychrobacter sp. ArcL13& &3 tHKim et al., 2015). 4, A2 &
lEae] 7dsel disl 242 detdidoh AA, ob=Al Mo A Al AR A

E49 catalytic triad®} oxyanion hole& TAdle ol w=2bES zta t}(Jaeger et al.,
1994; Jaeger et al., 1999). A2 o2 ArcL13 Lip¥} o}n =4k A do] AFSH Psychrobacter
& vtelgo} i A AEEa

daanAe 75 4L 7

p

AdEs aazs e 7hednt AAEHNS B dA A2

i
rlo

o,
r°*'

AL ArcL13 Lipe] A S|t}

a7 2 AedA BRI EAE Psychrobacter & e glo} S £3Hs T wA
(psychrophlilic) @} Wd A (psychrotolerant) V] A Eoll A £ ¥ AtH(Zhang et al., 2007; Zhang
et al., 2009; Chen et al, 2011).

it

s, AlWlglol A2 dAFE @ Psychrobacter
cryohalolentis KbTZ5H A2 AAEA a4 FHAZE 2= o, 2 5Ao] 353
t}(Bakermans et al., 2006; Novototskaya—Vlasova et al., 2012; Novototskaya—Vlasova et al.,
2013a; Novototskaya Vlasova et al., 2013b). Arcl.13 Lip®} Psychrobacter cryohalolentis K5T
ARG A Ao A AAetE & Psychrobacter £ ®e|g|o} fd] ALdA Fhaots
TEHo] qup. whd xo]H  AA|, Psychrobacter cryohalolentis KoT A A& E AL+

ArcL13-Lipel #l&| 21 chaine] 7]& el ths] = 4244 E HAH(Novototskaya—Vlasova
et al, 2013a). =4, ArcL13 Lip B A284 AdZe g4 S8t 40°C A A F
1o GAE HolX¥H(Suzuki et al, 2002; Park et al., 2009), Psychrobacter cryohalolentis
KoT A AR & 25°ColA FHarel @448 Hdth(Novototskaya Vlasova et al., 2013a). Al
A, Psychrobacter cryohalolentis KoT A Z&Es|a4AE st gFEe A2 XAiea
~+% EDTAC <& @A 4A I A7HKulakova et al., 2004; Chen et al., 2011;
Novototskaya Vlasova et al.,, 2013a), Arcl.13 Lip &4 EDTA 33 Aol WX gk=t}) o
AL ArcL13-Lipel @Adl= wHolo] 2o xRt e A234d NHAEfase] &

gaE Fael el BFHee v,

rulo

= B2 ARt} =9o] Aasitt In vivoolAd @A folding # ol &= chaperone©] ¥{sto],
folding intermediateS 2] aggregations WX o @Zx A foldingS 7 s (Hartl et al,
2011). In vitroslHE A folding E&AHES o7l A folding intermediate 9]

aggregatione WXl vt H7HAE(d; arginine, Al &4 A, glycerol, sucrose, glucose,
!

polyethylene glycol)e] A8 ¥ th(Vallejo and Rinas, 2004). 53|, glucoses in vitrool Al w4



2 dAslel| vl sttteE ohFe Bt vk o &, glucose™ ¥ XA native FEHIE
A F JeE FAES A= 9T Fch(Hottiger et al., 1994). Glucoset &I+
]_

=
225 M E rhodanese®] aggregations S A|§ = H % th(Singer and Lindquist,

ftlo

1998). ®=3gF S450-650(SARS coronavirus spike protein®] 450 - 650 polypeptide fragment)&
fafare] HHAAA A A B U A2 in vitro refolding I oA glucose™ aggregation=
A& S450-6502] refolding &8 <At (Zhao et al., 2005). Glucose, lactose, sucrose & 3

2o GeE2 B3 A Alo]o HE WAES HASE] dW A native?} denatured “dE| A}

ol¢] BY FEE native FH Fo=2 st &, @M AL native 2E G T 9T
S oth(Lee and Timasheff, 1981; Arakawa and Timasheff, 1982). w-2}A glucoseol] ¢]3gt
ArcL13-Lipe| refolding &8 2] <7l glucose”} refolding 3} ol A4 protein aggregation WX

2 23 refolding &< Z7MA 7= Aoz Ayd 4 glv)

Aegdd AdEAERE AA & EY47 d5 A S H7HAR gYsiA ALeE

25 wa ok 2 dAFE F3 olFoIx ArcL13-Lip®| =¥ 3}87
EA gy, &8 75, FH 9 refolding 'ES AFE o R ArcL13-Lipe A # $85 ¢aiA
A =B V1 el astth 1 v FEdA o HAES B thge HopR e

o
e
48 b5 e AZsE Aol Hikekel T Aoln,
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