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ABSTRACT

Purification and Biochemical Characteristics of Lipase

from Sitreptomyces sp. CS326

Park Da Jeong
Adviser : Prof. Yoo Jin—-Cheol Ph.D.
Department of Pharmacy

Graduate School of Chosun University

In an attempt to isolate a biocatalyst able to catalyze biodiesel production
from microbial source, Streptomyces sp. CS326 was screened from hundreds
of soil isolates collected from various parts of Korea. In 16S rRNA sequence
analysis, the strain showed high degree of similarity with Streptomyces
xanthocidicus(99.79%6), therefore it is classified as Streptomyces sp. CS326. An
extracellular lipase produced by the strain(LLP326) was purified using a single
step gel permeation chromatography on Sepharose CL-6B. Molecular weight
of LP326 was estimated to be 17kDa by SDS-PAGE. The activity was
optimum at 40°C and pH7.0, and was stable at pH5.0-8.0 and below 50°C. It
preferred p—nitrophenyl palmitate(C16), along chain substrate; and K, and
Vimax for the substrate were determined to be 0.24mM and 4.6mM/min mg,
respectively. First N-terminal amino acid sequences were APDLVALQSE,

which are different from so far reported lipases. LP326 catalyzed biodiesel



production using methanol and various oils; therefore, the enzyme can be

applicable in the field of bio—fuel.
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Fig. 1. Bio—diesel production from various oils in the two-step chemical

reaction
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Table 1. Updated classification of bacterial lipolytic enzymes

. . . . Similarity (%)
Subfamily Enzyme-producing strain Accession No. 5 .
Family | Subfamily
Pseudomona aeruginose(LipA)” D50587 100
Pseudomona fluorescens C9 AF031226 95
Vibrio cholerae X16945 57
L Pseudomona aeruginosa(LipC) u75975 51
Acinetobacter calcoaceticus X80800 43
Pseudomona fragi X14033 40
Pseudomona wisconsinensis U8R907 39
Proteus vulgaris U33845 38
Burkholderia glumae” X70354 35 100
9 Chromobacterium viscosum’ Q05489 35 100
Burkholeria cepacia’ M58494 33 78
Pseudomona luteola AF050153 33 77
3 Pseudomona fluorescens SIKW1 D11455 14 100
Serratia marcescens D13253 15 51
Bacillus subtilis(LipA)" M74010 16 100
4 Bacillus pumilus A34992 13 80
Bacillus licheniformis U35855 13 80
Bacillus subtilis (LipB) C69652 17 74
Geobacillus stearothermophilus L1 U78785 15 100
Geobacillus stearothermophilus P1 AF237623 15 94
5 Geobacillus thermocatenulatus X95309 14 94
Geobacillus thermoleovorans AF134840 14 92
Staphylococcus aureus MI12715 14 100
Staphylococcus haemolyticus AF096928 15 45
6 Staphylococcus epidermidis AF090142 13 44
Staphylococcus hyicus X02844 15 36
Staphylococcus xylosus AF208229 14 36
Staphylococcus warneri AF208033 12 36
7 Propionibacterium acnes X99255 14 100
Streptomyces cinnamoneus UB0063 14 50




1 Glycerol
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Fig. 2. Synthetic method of biodiesel from triglyceride



wAdre] wge 913 WXl Yakuri pure chemicalAte] AlES AFE3A T
EDTA (ethylenediaminetetraacetic acid), PMSF(phenylmethylsulphonyl fluoride) &<
Sigma Aldrich(St. Louis. MO. USA)A}F, 713 &e]4 p-Nitrophenyl plamitate (pNpp)
+ Sigma Aldrich, o}A|Eve] E€ (Acetonitrile) MerckAte] A|#F& AF&34T &
& AAZE 93 Sepharose CL-6BY Pharmacia (Uppsala, Sweden)®] &2 A}-&3}
wom  HpeloniA AL ARl AREE wkE ARutE ¥ (Thin layer
chromatography, TLC) Silica gel platet Merck (Darmstadt, Germany)ol 4l <38}

T

2. AAPARLE YA EF FATY Rel 2 5A

X

1) AddAasE ALdsh= B A &9

EG nAE2TEH mfo]otd Aite] A8 Jhed AHREHELE AV o8 AF
Aol A BAFE oF 700 oFo] EF v AL Hjfols o] &ote] AdEas 24E A
doblrh wFd el AT an o] e AT T CS326& AEs] OSYM
(2% Oatmeal, 1% Soybean meal, 196 Dried yeast, 1% Mannitol, pH 8.3) H 31X
oA TeEste] 28ColA 1 ~ 747F ¥jFst vt OSYM Haaj <o) #5F e HA
OSYMH Ao Fste] 28T, 180rpmell A vl Fahs Hjfolujo] A H Fae AR
e FAHL AAFAY. 59 F7] BEe ¥AE 20% = 2] Al = (Glycerol)
of Bm&7el #He -80Ce] B 6/ Evtet A wjgFste] B ES T



3. X]’él—ﬁrﬁﬂii% A Aal = Streptomyces sp. CS3269] H A

OSYM st wjx ol wekgt #5e) #abd 2 Y42 Hekod 50mel OSYM 14
A 7F Eol gl 250m0 Eebee] HEE F 28T, 180rpmolA 37k A R W)
sarh. gad, 229 agx 259 59 GUdd] 4B ax AL BRI
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S8 28°C, 180rpmel A 7U7E WFStel g e AAES Urhile Ha 24
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4. AAEH a4 AA
D #FMg R ALRAEE AAL TEA E0)

OSYM H# wjxol A wjFst #58 FAA B X245 F ko] 50me] OSYM <A
7F Eolle 250ml W& Ze}2H(baffled flask)o] FHF3dFe] 28T, 180rpmol A 3
A A wgstdt o] wigd S AAEN ALY e fl8 HASE AR
28 R (1% Glucose, 1% Soybean meal, 0.019 Na:HPO,el 3% FFo =

Folo] 28°C, 180rpmell Al 7€ ZE v kst o] HjFel2 6,000rpmol A 50E7F ¢4

F 45le AAE AR ol gahgith

e,
N

Q

l
)

ol ]:olt

Moo
i)

2) Aoty H(Ammonium sulfate) &3

ME
-l |
o
°
&
2
.
W

AR & FHg wjFde 0~25%, 25~50%, 50~90%=
¥ (Ammonium sulfate)s 7}ste] 4TolA 1A1F A=
(x6,000rpm, 1A]7H3ste] HAEE Ha%e 10mM Tris-HCI
3]sk Sl vt

El
=3
>
R
ot

o
oo
=
o,
ofj
12
2
1
&



3) Sepharose CL-6B #AH A=vlE 179

U3 2EaANE Sepharose CL-6B (2.3 x 109cm) Z Y2 o] &dle] HAAS
gt th. 10mM Tris-HCl (pH 8.0) &% L 10m/he] =2 EHFom 24 732
A as &g SAHAHE Tt 248 G F w555

4) A A719E

SDS-PAGE+ 5% Stacking gel® 9% Polyacrylamide gel2 Alg-3tch @4 33} 5X
Sample ¢&=&960mM Tris-HCl (pH 6.8), 25% Glycerol, 2% SDS, 144mM B
—~Mercaptomethanol, 0.1% Bromophenol blue)9} &3sle] 100TCo A 583 FEste] 27]
dE2 FHsFH 1, Molecular weight maker (10 ~ 170 kDa)= Fermentas (Glen
Burine, MD, US.A) 3Ate] Al Abgste] @iide] RAsks 246t gele
0.196(w/v) coomassie brilliant blue R-2502 1A|7Fs¢t A% % Methanol : glacial
acetic acid : H:O(1 @ 1 @ 8) H|&=Z 418 & overnightdle] A A REAjgke HA

skt
5) N-mt obulsit ¢17] A4 34

Procise model 492 w2 A X (sequencer)E AF-23ld Edman E3& o]&3] A
A F4hel N-Zu oluwil 7] L8 ZAAsAHapplied Biosystems, CA,
USA).

AR as &Y S40] ARETE AeF A® 05%(v/v) Triton X -1007% 0.15M ¢
SPMEFNaChe]l 23" 100mM Tris-HCl (pH 80) &54& A&otgien, 714



(Substrate)2 10mM pNppE oA Evtol E&™ (Acetonitrile)d] o] F#H]&A . 30T
G20 A FwE Aok A 3509 Fa 2/u, A BHuls Wil FA AE F 4
0C 2z Al 3037t HEgstATh vbg & ofo]l2o A 1087 v g & A

(10,000rpm, 10+-) 3Fed 405nm w33 =4 (UV microplate reader;Thermo, Multiskan
EX)lA gHEE FAHeAT. 24284 (Unit) S 17 &< lumle] A ES AAHA7

T Bad doz At (Fig. 3)

pNPP | |

/\/\/\/\/\/\/\)J\
T+

Palmitate acid p-NP

Fig. 3. Enzymatic hydrolysis of pNPP releasing pNP
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T4 A FHolREY d¥FE Ately] #1824 &
Mn”, Co™, zZn”, Fe’', Mn”, K, Na'® HF¥ %7} 2mM

oA 30& st REEAIZl & ZASAHE SAHSIATE ET S5 A Al (Metal
chelator)7} &40 wXi= J8s FAE7] 98] Ethylenediamine tetra—acetic
acid(EDTA), Ethylene glycol-bis(B-aminoethyl ether)-N,NN' N’-  etra—acetic
acid(EGTA), 3¢ A&+ Phenylmethylsulfonyl fluoride(PMSF), B-Mercaptoethanol 1
2 A3 A 2 352} EH(Sodium perborate) 2 #HE% %= 2mMeo] A H7)sked]

ol A wbe shlaL, 30§ dekdle B4 24e SAsTh
4) AL a4 B g 771 8vie AadA 9F

T4 20 Frl8e] FFE AsY] HlaE AAE 540 HEERE 25%7F ¥

A g A (Decane), =% (Octane), $H Sl (Heptane), #4HIHexane), A4 A (Xylene),
& Zdl(Toluene), ¥WA (Benzene), tho]Z & Zw ) ¢l(Dichloromethane), o}HEA o€
(Ethyl acetate), ©|2Z=Z3& (Iso-propanol), °}FAlE(Acetone), | &2(Ethanol), o} ¥ E
}o] E € (Acetonitrile), ™ &2 (Methanol), DMSO(Dimethy sulfoxide)& 4ol& &
]

2ol A 2441 7F ¥EE SETh 1§ FHA 2ol A 3087 REEATA HoldlE Eagk

& 243 vleolotld Ae WELdAd Be AL T KLE 08T 5
7] mie] e WMo e MESO ~ 40%) FEIA Tavh wEgelA o
G KL EELEY

Tk B WAL ARBAAY GBS 2 98 AZEE 05%7 w9
10% Triton X-100, 109% Polyoxyethylene, 109% Tween 20, 10% SDS, 10% Deoxy
cholic acid, 10mM EGTA, 10mM EDTA, 10mM PMSFE& #H7}st & 2204 30
B2 WS AA a4 848 SAsA
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5) vl g ol 71

)

7195

Ade E3 AAF WAL 9% SDS-PAGEE o]&3ste] WI=ZE Eels)yt).
120V, 50mA°l A A7|Yds F 22 0.1%(w/v) coomassie brilliant blue R-250 14
7F A% o Weg 1 ol Al EAF ¢ & (Methanol © Acetic acid : HO0 =1 : 1 : 8) H]&

2 4L fd98 olgd EAste W=E Fostrt. d¥l A Size maker (Fermentas

T =

co)%} HlaEte] BA e ARHAC.

Triolein ©ZHH &4 WA =S A5t 1 349 A 5o]d L Hrlskglv1lL
20mM Triolein ¢Fel 50mM Tris/HCl (pH 8.0) €& 4& i1 4010 UE 4L &
Aol A 200rpme 2 24A17F FF EFE 2mlg WA o Hb < AAPE <
o] 02ml Chloroform2 Yo TLC 48 A&& FHgirt. & A&E TLC
plated] AA3 & FZEEZ : oA E : oA EAF (Chloroform : Acetone : Acetic acid

78 mE AMfAZHT. A7) F TLC plate® A% 5 ofo] 2 W (lodine)

=96 :4:1)
I ke ¢ ARl A EY HAE S5 TH

FN

£

7) 71 E 0] A (Substrate specificity)

C4PNPg : 4-Nitrophenyl butyrate), Cio(PNPp : 4-Nitrophenyl decanoate),
Cu(PNPy © 4-Nitropheyl myristate), Cis(PNPp : 4-Nitrophenyl palmitate)®] 7] 4 &%
ol Al E}o] E¥ (Acetonitrile)dll ¢ 50mMe] X2 ThEolFth EAAE 10uet 7t
Zre] 714 (G0mM) 1082t 100mM Tris—-HCl (pH 7.0)¢ 0.15M NaCl®} 0.5% Triton
X-100 7F 23Hd ¢b5 350ue ot 40T F2xol Yol 30&< g = 4
2]7]e] 10,000rpmol A 10 &<t A2l & 406nmelA A AR a s 7] d 5o

qg gastgrt
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-SSR AP VA5l ] LP326e] 7 e &g B 7|de ddsto
Aoy Adgst 7148 2mM, 5mM, 10mM, 20mM, 40mM, 80mM 160mM<] 7|4 1=
HE g4 848 AT §48(035pg) 26ul + = 71E 250 + 100mM Tris-HC1
(pH 7.0)°l 0.16M NaCl# 0.5% Trition X-1000] ¥3td &5 350us 3 * 40T
o] d-Fe 308-7F ¥ F 10,000rpmel A 107F S 40onmeoll A E4h B4
SAT B4 AL HE R (Vi) 98 Michaelis %—}F(Km)‘ﬂ oJste] 5 Ao A&
t, Via® WS HAZA stelA 2471 vehdle Hazol 1k £55 25h, Kme

Fane] 7 Ae digk MskEe} gk gt Michelis-Menten?] of] 2k
Va9 Km2 ?%L I k. 18y Michelis-Menten #2418 o] &3} 7%, &3 Vo
b Kmghe ab= zle] ok webd A plote] F4 22 ¥l Hanes plot#
Lineweaver Burk plotg ©]-§-3}e] ZAA 3} )

o

rLo
r—1u:
i
ﬂJ

9) wtol oA ANt Ag AT

M

Hlole oAl AL £ WE WEAA TSI 20me 2ol Fr
7.39m % W E-&(Methanol) 0.99mé, A &3] £3000)& &7 Eol 4o & th& 96
A ZE EQF Ao A1(25+2TC) 200rpm o = ﬂﬂ‘;}oﬂﬂ— g2 ar AEA A7 AR A
5 AHh Fd AR EFE000p)TH FLFT &H9 @M}(Hexane)% o
At £ 10,000rpmeE YA E st FHoll, ®2ld A5E TLC plateol
¥ Ao e o 28 Z2(FAME, purity 99.9%)¢} A 32 & L7ﬂ%uﬂi ANt
o FolstAtt. plate A/MEvE Ak ¢ ol AEALE : oM EAL (Hexane : Ethyl
acetate ! Acetic acid = 94 1 5 1 D o|&sta A & dx Az 5 Ak dE
£41(0.5%, w/v)ol plateE wZ&3ste] fH3} wbgsle] WAl nlojov]d AL 3]

speae.
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1) #AREA 54 2

2 APAA BHAF 700 A ES WAT T AFEHELAE ditete dFE
Aalg on o) #FE Streptomvees sp. CS3268Fx W th 16S rRNA #4 A
A7IAME EA A3 Streptomyces sp. CS326< Streptomyces xanthocidicus®t 99.79%
A 23 o Streptomyces sp. CS3262] 16S rRNA ¢ @714 de] o3 AE Ay st
A 91%+= phylogenetic tree® YWEF A t}.(Fig. 5)

2. AARAEL AY FFL A% A AR AA3

A AT aa AAke] HASE f AR AT thE iAol s GSNA Hj X[ el A

09 S 9 e w2 248 A fste] FA9Ql Yeast extract
1%2 a1g4A 71 & 1%9 72 EF¥E v 9 (Fructose, Sucrose, Lactose, Maltose,
Mannitol, Starch, Glucose)2- % 7}sle] 28°C, 180rpm 96417+ vikstE . 1 A3} A
A e B2 FFAZ2(Glucose) B 1%E H7F se o A AEs] 2ol 7

35 Sk

il
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2) Aaglo] AQFEAFAEY A WA= JF

o Ae 9% Andel wE BHS 2] Sstel @

A
i I
Hol FFHAA(Glucose) 1%E aAZAANZ = 7+ =HdE A

tan

A (Yeast extract,
Peptone, Tryptone, Beef extract, Oat meal, Soybean meal, Malt extract)2 1% 37}
ske] 28°C, 180rpm, 96A17F Hl<kstatth 1 A1 A AR ESH 4L Soybean meal

1968 A71S9E W AR el M S
3) F59de] AARANarY A v g

BAY S YT Yo wE B4L xAbety] et FF A A(Glucose) 1%
9} Soybean meal 1%E ZHAIZ = 001%<¢] 24 FFE F5U9MgCl, NaHPO,,
CaCly, KCI, NaCDe- #7Fste] 28T, 180rpm 96A17F wieFslsith. o1 23 A AR E

[e]
2 B4 NallPOZ 0.01% A718h e o) = ARa]@40] 71 e %k
3. Ad & ase] AL

Streptomyces sp. CS326 5 GSNA (1% Glucose, 1% Soybean meal, 0.01%%
Na:H POyl A 250mee] EolAde 1L EHepao] 4% TugFde HFsla 28T,
180rpmell A1 163A1%F &<t vl FaldA ] vl FAIZte] mE AdiEs|aae] &4, pH, 1

[}
Z T WH3lE Abelth AR a4 AL wE 195 H 79704 pHY =

—_

flo

4. Streptomyces sp. CS326°] AALs= AARFHagL o g &
A A

Streptomyces sp. CS3262 GSNA H) Ao 4] 16841 7F Eot vl & A A& a4
B kel AR m(Ammonium sulfate) 2 @l A8 A AANHTE FF4HAS 71A

g
31 AP E HE(Ammonium sulfate) 55 EE2 S UFolA wEsla, @9 H
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Gty Adow e B9 5 1%

o L
Mr
Eite
flo

EA
(Ammonium sulfate) =5HE A4 AZnE TH9E kel
At @md 3 A 83 Sepharose CL-6B Z 2 G35} lipaseE F2 A A A
t}. Sepharose CL-6B Z ¥ A ZulE Ty F3 & AL @A B3 Fig 6a0
EFA T} Sepharose CL-6B 92 %3] A& = g 3
922 SDS-PAGEE st oem 1 A3} o] a4 FAEo] 17kDa%le #<lsksl
a1 LP3262.= W3t Hrh.(Fig. 6b)
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5. 2 A79E

SDS-PAGE+ 5% Stacking gel® 9% Polyacrylamide gel2 AMg-38tich @4 R 3 a
5XSample ¢=£A6G0mM Tris-HCl (pH 6.8), 25% Glycerol, 2% SDS, 14.4mM B
—~Mercaptomethanol, 0.1% Bromophenol blue)9} &3sle] 100TCo A 583 FEste] 27]
dE2 FHsFH 1, Molecular weight maker (10 ~ 170 kDa)= Fermentas (Glen
Burine, MD, US.A) 3Ate] Al Abgste] @iide] RAsks 246t gele
0.196(w/v) coomassie brilliant blue R-2502 1A|7Fs¢t A% % Methanol : glacial
acetic acid : IO(1 : 1 : 8 H|&Z 492 & overnightdle] E2A]7A HAjagke HA
39 tF. Sepharose CL-6B column chromatography S ©]-&3%F A A oA dojd <=
Tt AFTEEAE 9% SDS-PAGEE &3l &Rlst A3 Exfsfo] oF 17 kDagl H
oA &l¥ At (Fig. 6b)

N

6. AdRAase] a4dAd 9 St AT pHY 229 T

Zx LP32624 3 g dol A= FF

o

ENE

AN HA 2EE 40C=E vestoen pHe 700 UAth(Fig. 7a, 7¢) pH 6.0 -
8.0, S0C7FA etAstA o 1 ol e Lo o] AslH qlrh.(Fig. 7b, 7d) i
i &4ol T4 pH Welel Hgstsler pH 4% 270 fAHS &dstith
25 g E 27 @42 60TAA 603 o g Fol & gloiA A &AL 60%
AE Fold Atk (Fig. 7d) ©|AS& 53| Streptomyvces sp. CS3262 FA] oA &4 o]
=L FhUE & F A}



7. AT g4 % dst AdSAAe] I3

aho] dEe vAE AW A|C Deoxy Chloride acid, CHAPS, Triton X-100,
Tween 20, Tween 80, N-lauryl sacoicine, SDSE 05%= 3s}lo] LP326¢] thst AlHg
A9 9GS AEAFT. A4¥ A3 Table 3.0 Ve BEe} o] LP3262 Triton
X-100914 #Hdl 42 JeRUSde SDS #HrE Al BAe] AFE RS, Deoxy
Chloride acidol A1 &7d¢] WA egkth. Triton X-100914 FH ) A a4
vrebfio]l Triton X-1009 wke] wE XA ashe &4 WHIE Abstarh
Triton X-1002 &% 0.125%, 0.25%, 0.5%, 0.75%, 1% A& 32 o 0.25%09] A
Hol A& Jeglar 05%7H4] 2ol A H = 2 Fls

m
%

8. AR a4 AL g T&Ho| 24 =4RIAY T

A AR ZALP326)0 e w&ol2ol g J3FS TAskH. A3 2 3= Table
3. o JERIAT K'E A9d ZE 3 Ea@3de Adseen Mg, Fe?,
Na', Mn*, Ca”, Co™'&= Z&438 Fdrh 10%0]8F Zn”'3 Cu*' oA @40 A%
At FaBAHLS AASE CuF, ZnE {718 WS XY= Pseudomonas
aeruginosa 1LX10] A2rals AR E4h LX19 W9 §A8E 0, A28 g9
2o H& FEE A oI FHolEFH Abst HA ARl EDTA, EGTA+ oF
50%&d S AASEHE e PMSEF+ #HE 5% 2mMA A oF 32% &4 oAt 4
A o5 LP326< Serine AlDel stz 21& & 5 UATH(Table 4)

rfo

OH

9. AdRA o] B9 ¢t A {7l v 4F

Streptomyces sp. CS3269] theFsk F7]8 oA el o+ AL 56-1.37 7F4 < log P
Few Table 5.014 YEWAT. s Wee &

ki
©
=
ot
ol
B
£

45 %44



Beke wl Streptomyces sp. CS3262 409 v|&

}‘}\E

HolFh

714 9] A0 (CA-C16)o] wE DR EL AL Table. 5914 JeERQ T A
F -Nitrophenyl palmitate (C16)¢} ¥F-g-o] Z
o 4= gt} (Table 6.)

=
AR EAE 1 ArE A
e Holw AL <

A Em)dl 9ste] 54 A oAX=d|, 17t
FS &2 E@3le], Kme Michaelis 4+

stoll Al &4t el FHare] whg
gkl Michaelis—Menten 2o WE} Vi
2%, A%E

FEL B4 7l gk Hsteel whalg gl
& 4 2tk 28y Michaelis—-Menten #4128 o] &3l
ofgrl.  webr A plot FALE AR

Van®  Km@t  7ehe 2ol
ate] AAs g om, LP326 A AR EA] Vot

Lineweaver-Burk plot B2 o] &

Km#zte 24+ 4.6mM/min/mg® 0.24mM= AF& 9 20 th.(Fig. 10)

12. N-29 olv] =4 A d

N-2ot olu|=Ab Ad B4 A3 APDLVALQSFZ SRIE It} o] opv|iil A4
o oE AsPe % AR nse NuHAe W AFE AR iada And

th.(Table 7.)

13. AARAELE o] 83 volord A% 2 Ay

§3hel wpoled A A

S ol WE& s

WA= AARFHE A LP326E °]
eygA ik WEL3 Soybean oilg LP326
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g

B oAFo A, AAR|EAS BASEE Streptomyces sp. CS326 dE & AA|
SEATE 2 AdAA BFS 700 ofFe EY WA F AAEIANEAE At
Streptomyces sp. CS3267F+5 ARSI G T Streptomyees sp. CS3265 & & vl %] of A

Wil Wielo R AARAEAE ¥, AAGT 1 5L 25,

tan
(

Streptomyces sp. CS3267t9] EAAES2 E4(16S rRNA sequence) %A}

NAEd B A3} Streptomyces sp. CS3262 Streptomyces xanthocidicus®t 99.79% <

ul

O

A 519 2. Streptomyces sp. CS3262] Al A8t 9 2= phylogenetic tree figure
o=z Yelitt. Streptomyces sp. CS326 v HAWA AL FI XA
GSNA (1% Glucose, 1% Soybean meal, 0.0196 NaHPO4) wj Frj =] oA 28T, 180rpm
oA 170A17F &<t v Fatsi e 7dA e Hol AdESEs 24 et AE
Eaflsel Hdl Z4E B AFolAM wjfFdE Igsie] AR

sulfate)® 4, Sepharose CL-6B Z ¥ ARvlE2dd S F3hste] A AR arhsE &F
shA el AAeA en LP326°]2t Byettt. 919 dAE S H
(LP326)2- SDS-PAGEE S3d ©d wilAglE g¢legion, LP3262 HAFEo]

Ry = 1l

ofN

o,

X
e,k
c

!

o

wn

o

17kDa%l &5dE glstH ).
R F7kA], "BHe] vre Rzpekol X AR JFTAELS Bacillus thermoleovorans

CCRI11[7], Penicillin cyclopium M1 7} AAsls oz RaEd om[12]
Streptomyces sp. CS3267} AAbsh= A ARE E4h%E ¥ Aoty LP3269] F
A Hbe %5 40T, pHE 7.0 ©l%lth LP3262 pH 6.0 - 80, 50T7HA] 9F 3} 2
7 o)Ae] 2moA= Aol AHstE AT LP3262 #4de] pHtdAd Ade Bl £
o g

=278 B

1S 4 = YA HE Pesudomonas aeruginosa F7b A=
weld AP Ea LX1 $7 LP3269] HAH 25k 40T, 4 pH 7023 £3hrh &=
3 pH 45 ~ 120, &% Mg AHd=E 30 ~ 70C WHHAA 1A A= 9- sl
Streptomyces sp. CS3269} H|528t 54 o] YepdS & F Ak AP AE 05%
2 3ho] LP326 &del st Jae Adet A3 Triton X-1008 H7F Al A& &
del 100%= 714 =A Z7Fskd el SDS H7F Al A A Es|&do] 5%= A H AL
1, Deoxy Chloride acidel A+ A& &do] s &4 At Triton X-100E

-

_21_



5 1 0.125%, 0.25%, 0.5%, 0.75%, 1%+ A& AL o) 025%+ Hd &4&
YER AL 05%7HA4] &4 o] FAH e As FE Ak LP326 &g tigh 5o
o] d&Fe AL K& A9 = | 2o] AL Adsden Mg,
Fe”, Na', Mn*, Ca”, Co™& @74°] x+ xi sk Cu”'H Zn"'E 4L 3 ~40%
2 AAFA}. Pseudomonas aeruginosa’t AAEE A AR EA LX1E Cu, Zn”
o A FFL W Ao LP326I W Faretg ol atsh WAl EDTA,
EGTA® 79 50%68 %= 248 SAsglen nloletjds 4 Al WghEo] /\FO“Q
DR g v vigkso] LP326¢] &l vAE= IS AR LP326e
S7] el A wigk2e] 40% FE7MA &4 BAo] o Ee HoFEAUE wiES o)A
olAsitial B HoXE A T A

Photobacterium lipolvticum?} BAFsE @49 vwd 4= uH14]. A =F7FA] HaH

oA Pesudomonas cepacia, Candida rugosa ZL¥] 3l Candida antartica’} 3Aksk=

m

rm
JH

FEAELS 10% Vg 308 F 1 & FEgel Zle Eﬂlﬂfﬂ etk vigEo]

Widel 9l LP3262 the A AR asnmct vlo]ev)al 4bgol] f&35tA AH&71s 5t

v b E AAR AR W A e AhER ofF Fasit o]
e}

T o A LP326< Blol 2t A Abgdo] Aghst 42 &2 sttt Streptomyces
sp. CS3262 71 At&e] xukAik 7] 9l p-Nitrophenyl palmitate (C16)0]4] 7] &2 & o] 4]
2 Kol Zlo] ¢l FHIuth A A AFE Hole AHFS| Eids Ralstonia
sp. CS2747} AAvsl= LP274, Pseudomonas aeruginosa LX1[13]0] AAbsh= LX1,
Streptomyces fradiae var. kl1[15]7} A48 lips221, Pseudomonas aeruginosa
PseA7} At PseA w5 1e8]al & ¥H¥ O] Pseudomonas A Al anEe] B
nE 3 YrHi16]. 1LP3269] whgE£nE A= Lineweaver-Burk plotg ©]-&3lo] 47
Km=0.24mM, Vmax=4.6mM/min/mgl.2 AXE At Pseudomonas aeruginosa PseA
7} AAbeE AR E A KmT Ve 704mM 28] 32 2.24umd/min mg ©] A tH16].
et Vie/Km HE Hl3A] LP3262 Pseudomonas aeruginosa PseA7} AAbshe
At as Bt o 842 AoE Hozith LP3269 N-2t oln| il Mg #
Al 23 APDLVALQSFE® o] Md& t& 7prds] 2 AdRsfa4ae vl
o AaFst AR g 4Ea AFRE T NCBIOlA A AT LP3263 £ &3

-~

O

Holi= Jppie E4ARYE Aspergillus flavus NRRL3357# 57} AAHe= o ~HE 7}
FRAN & A Rhizobium leguminosarum bu. trifolii’} AAHstE A AR EL7E AL,
oM Yd mE A ERE & A Streptomvees rimosus[1719F EAE A9 AxDxVALo]
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Fig. 4. Photograph showing the colony morphology of Streptomyces sp.
CS326
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Streptomyces aureofaciens NBRC 128437 (AB184189)
Streptomyces avellaneus NBRC 134517 (AB184413)
Streptomyees chrysomallus subsp. fumigatus NBRC 153947 (AB184645)

Streptomyces purpureus LMG 193687 (AI781324)
Strain 326

Streptomyces xanthocidicus NBRC 134697 (AB134427)
4 L Streptomyces aburaviensis NRRL B-22187 (AY999779)
| _[ Streptomyces herbaricolorNBRC 3838 (AB184801)

Streptomyces indigoferus NBRC 128787 (AB184214)
— Kitasatospora kifunensis IFO 152067 (AB022874)

0.01

Fig. 5. Phylogenetic tree of strain CS326 with other closely related strains.

The bar represents 0.01 nucleotide substitutions per site
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Fig. 6. (a) Profile of Streptomyces sp. CS326 eluted from Sepharose CL-6B.
(b) SDS-PAGE of LP28. Lane 1: protein size marker (sizes in kDa are
shown at the left of each lane) and lane 2: Purified Streptomyces sp. CS326
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Fig. 7. Effects of pH and temperature

[(a) Optimal pH was determined by assessing the enzyme activity at pH
3.0-10.0. (b) pH stability was determined by measuring the residual enzyme
activities after
Temperature optimum determined by performing enzyme assay at various

temperatures.

measuring the residual activities after incubating in various temperatures at

20 30 40 50 60 70
Temperature (OC)

incubating the enzyme at various pH for 60min.

(d) Thermo stability of the enzyme was evaluated by

pH 7.0. Each point represents the mean *standard deviation (n=3)]
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triolein-

1,3-diolein-

1,2-diolein-

oleic acid

monoolein-

Fig. 8. Determination of positional specificity of Streptomyces sp. CS326 by
triolein hydrolysis [Lane 1: triolein; lane 2: 1,3-diolein; lane 3: products of
triolein after Streptomyces sp. CS326 hydrolysis; lane 4: 1,2-diolein; lane 5:

oleic acid; lane 6: monoolein]
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BIODIESEL
SPOT

Fig. 9. Streptomyces sp. CS326 catalyzed biodiesel production using
methanol and soybean oil [BD(100% biodiesel), biodiesel produced; 1
negative control, reactants without enzyme; and 2 - 10 : reaction products

after 0, 12, 24, 36, 48, 60, 72, 84 and 96h]
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Fig. 10. LP326 Kinetics Lineweaver-Burk Plot
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Table 2. Summary of LP326 purification

. Total protein Total activity Specific activity Yield Purification

Purification step
(mg) (8)) (U/mg) (%) (—fold)

Crude supernatant 229 993,458 3,338 100 1

Ammonium

83 558,589 6,348 56 1.9
sulfate

Sepharose CL-6B 14 12,696 9,069 1.3 2.7




Table 3. Effect of detergents in LP326 activity

Detergent Concentration (%) Relative activity (%)
Deoxycholic acid 0.5 00
CHAPS 0.5 32 +7
Tween-20 0.5 40 £ 8
Tween-80 0.5 38 £ 8
N-laurylsarcosine 0.5 17 £ 7
SDS 0.5 51
Triton X-100 0.125 77 £ 10
0.25 100 £ 0O
0.5 93 £ 9
0.75 79 £ 15
1 69 t+ 7
None 3=x1

Results are presented as means tstandard deviation (n=3)
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Table 4. Effect of metal ions in the activity and modulators in the stability
of LP326

Effectors (2 mM) Relative activity (%)

Metal ions

MgS0O4 39 £ 6
ZnS04 42 £ 5
CuS04 3+0
Na(Cl 9 £ 5

KCl 100 + 0
FeSO4 90 £ 10
MnSO4 92 £ 6
CoS04 7 £ 10
CaCl2 93 £ 11

Modulators

Sodium perborate 97+ 9
PMSF 63+ 12
B-Mercaptoethanol 118+ 10
EGTA 42 £ 14
EDTA 57 £ 3
None 100 = 9

Metal ions were added in there action mixture and assayed under standard assay
protocol while enzyme samples were incubated with various modulators for 30min
at room temperature, before measuring the residual activity. Results are presented

as means tstandard deviation (n=3)
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Table 5. Organic solvent stability of LP326

Organic solvent log P Residual activity (%)
Decane 56 14+4
Octane 49 11+3
Heptane 4.0 175
Hexane 35 30£8
Xylene 3.1 0
Toluene 25 1
Benzene 2.0 19+5

Dichloromethane 1.25 67+14

Ethyl acetate 0.71 16+13
Iso—propanol 0.074 71£15
Acetone - 021 24+5
Ethanol -0.24 34+8
Acetonitrile -0.39 22%5H
Methanol -0.76 381+6
DMSO -1.37 85+16

None — 100£2.5

Methanol Concentration (%) Residual activity (%)

0 100

5 88+ 6

10 82+ 7

15 79+ 7

30 89+ 3

40 73+ 5

‘Enzyme samples were mixed with solvents (25%, v/v) and kept in room
temperature for 24 h prior to determining the residual activity. Results are

presented as means tfstandard deviation (n=3)
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Table 6. Effect of various chain length nitrophenyl substrates in LP326

activity
Substrate with various chain length Relative activity (96)
p-nitrophenyl butyrate (C4) 46 = 0.017
p—nitrophenyl decanoate (C10) 42 £ 0.016
p—nitrophenyl myristate (C14) 70 £ 0.023
p—nitrophenyl palmitate (C16) 100 £ 0.029

Results are presented as means tstandard deviation (n=3)
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Table 7. Comparison of N-terminal sequence of LP326 with related

hydrolases including a Streptomyces lipase

Enzyme and source N-terminal sequence® Accession /Ref

Esterase from Rhizobium PDLVAL YP_002975484
leguminosarum bv. trifolii WSM1325

Hydrolase from Aspergillus flavus APDLVALQS XP_002372537.1
NRRL3357
Lipase from Streptomyces rimosus ATDYVALGDS [20]
LP326 from Streptomyces sp. CS326 APDLVALQSF Current study

“Tdentical amino acid residues are in bold
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