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An organic solvent-tolerant lipase of Pseudomonas sp. BCNU 154 that was isolated from wastewater
in the industrial complex region had optimal activity at 37°C and pH 8. This crude extracellular lipase
from BCNU 154 exhibited maximum stability in toluene, retaining about 6.01 U/ml (117. 53%) act1v1ty
for 2 h. Ca2+, Mg”, NH,', and Na" ions and triton X-100 activated the enzymes, whereas Ba*’, Hg”,
and Zn”" ions inhibited their activity. Pseudomonas sp. BCNU 154 lipase revealed stable activity com-
parable to that of the commercial immobilized Novozym 435. Thus, this organic solvent-tolerant lipase
could have potential as a whole cell biocatalyst in industrial chemical processes without the use of

immobilization.
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A fr7180 WA mAEo] Aikete EIJJrO}ﬂlt &
Hoe] 2x 9 pH ZAGXME HF3stH, Erg o] Hold
Wk opyel FA 2AM E7FsE aminolysis, ester-
ification, thiotransesterification, transesterification, oximol-
ysisS] WSS Fuhahe 5 w15 B A5 A W3 ol

golu}y] o] Fuslshaeie] Be o]HE AFehL B
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2 dFdXe gols Atk #7180 WA
Pseudomonas sp. BOCNU 154 #59] 284308 25, 7]
&l 3 S50l 5 AR &4 shelA
e AEFOEN FPFHAA Bt BAHo
1 whole cell | go}AZ 2] o] & 71540l o3l
Bustaa s

o

R

0

771800 LM Mt 22 ¥ SHZAL

A QRS A oA A HF 2 EF AR 1 g
100 ml9] nutrient broth (NB)9} Luria-Bertani (LB) broth H} %]
o 2% ¥ 10% (v/v) mhexanes 37}sle] 27°Col A 747t
S S A &9t nHexaneo] WAS 71 73 Wik
9 1 ml 100 mle} 21413 LB brothell A1 E3tH 3 10%
toluenes H7}ste] 27°C e} 37°Coll A 2+t v kgt 5, #7186
i WAaAEs eFEdstith 8% #F< LB agar HiA|
01] FM=Le H toluenes overlaydte] 37°ColA 3¢ uj &a}
HZ 402 toluened] WAdo] Hold 75 AE3H
o] A Astety E43 165 2l BE RNAY 7]%
A AW F3to 2AeFAT

sl

2|mfobd| MHZTAL & ZEAH A
Wl 2lutotAl Aok A EE 71HEAM 1%
(w/v) tributyrin (C8)2 LB agarol 713l 37C oA 24-48
A zZFHjek & 213l BAsto a ) Fola gt AHE 7
T ZAn| e ¥ LB broth Hi Ao A E3kaL 37T oA 24417
Qe Bujokatgl o, Wkl 10,000x g 15 7 YA &

l



c|ujolH gd £
F7h Adete gutobAl] 24L& 28N 100 ulol 50
mM¢] pnitrophenyl palmitate (pNPP) 10 pl, 0.5% Triton
X-1OOFJr 0.15 M NaCle] 7€ 01 M9 Tris—HCl (pH 8) 900
g E§ste] 37ColA 583t ¥hA171 $ 410 nm°ﬂ7\1 5%
TE A8 om[19], FYNETFE 148 420 Novozym

4355 1 mg/ml FEZ ZA5to] AHESIGTh ANPP oA 13
59k 1 umol®] pritrophenol (pNP)& A Atet=d| #Hofsh=
a9 %S 1 unit2 3te] FASAHL ALEGTHI]

pH X 2=0f oifsh oy A}

pHll tigt 84S 2418171 $13) 0.1 M sodium acetate
(pH 4-5), 0.1 M potassium phosphate (pH 6-7), 2] 0.1
M Tris-HCl buffer (pH 810 ZA|5te] thokgk pH ¢l A]
3087 A7) T 410 nmollM B4Y ZE FAS A6
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3, Lo 3 FAA FARE 30-70C 9 thoket &5 274
A1 01 M Tris-HCI (pH 8)& AMg-3te] 3087 40k
3ttt

Clefst 771801 ¥ 250(20] chst O_Péjéj ZAb
718l e a4 HBAL ZTAN 3 mld 25%

(v/v) %9 benzene, toluene, xylene % n—hexane 9% 9]

$7140 1 mlg @713k 37Co A 150 rpm o2 2417 ¥HS
A7 & E G284 FgAgoz 2AEIG T3] £9
g F&ol2 59 E*%“%ﬂ MA@ A
el zaaNd 1 mMe 245 AAE H7bskar 37Tl A 14]
T HEAI F 71dS H7beaL 5ER WA § AE B
24& SAATHT].

Zo o 13
2|motHIE HYsl= 77I80H LY Ml

Pseudomonas sp. BONU 154% 7180l o]l o3k WjAJo] =

75 P. monteilii CIP 104883" (AB021409)
74|— P. plecoglossicida FPC 951" (AB009457)

P. entomophila (AY907566)

P. mosselii CIP 105259T (AF072688)
Pseudomonas. sp. BCNU 154 (DQ229317)

P. oryzihabitans 1AM 1568" (D84004)
P. putida 1AM 1236" (D84020)

88— P. putida biovar A DSM 2917 (276667)
P. fulva 1AM 1529T (D84015)

P. grominis DSM 11363" (Y11150)
P. jessenii CIP 105274 (AF068259)

P. chlororaphis 1AM 123547 (D84011)

9 P. panacis CG 20106" (AY787208)
TJ_E P. fluorescens 1AM 120227 (D84013)
P. tolaasii ATCC 336187 (D84028)
- _|j P. straminea 1AM 1598 (D84023)
88 P. flavescens NCPPB 3063" (U01916)
P. mendocina ATCC 254117 (M59154)

99
143 P. pseudoalcaligenes JCM 5968" (AB021379)
P. stutzeri CCUG 11256" (U26262)

P. alcaligenes 1AM 124117 (D84006)
97 P. resinovorans ATCC 142357 (AB021373)
80 —:zeruginosa LMG 12427 (Z76651)
45 P. citronellolis ATCC 13674 (AB021396)
494!:P. nitroreducens 1AM 1439™ (D84021)

P. pertucinogena IFO 14163" (AB021380)

|
0.01

C. japonicus NCIMB 10462" (AF452103)

Fig. 1. A phylogenetic tree based on the 165 rDNA sequences of the organic solvent-tolerant Pseuabmonas sp. BCNU 154 and closely
related species. GenBank accession numbers are shown in parentheses. Bootstrap values expressed as a percentage of 1000
replications were given at the branching points. The scale bar represents 1% sequence dissimilarity.
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Fig. 2. Lipase activity shown by the clear zones formed around
Pseudomonas sp. BCNU 154 colonies.

ot #FZ toluenes %713k LB agar B Aol A toluene -3
AER A8 E =@ (unpublished data) E2-S A4 81
Z ZAge] gt o] # = Aty A7 165
YRE HVMEE 712Z S ATHANA Pseudomonas puti-
& ZAF Y o] BHQIE 0 W (Fig. 1), tributyrino] F7HE i #]
oA Z22Y Fulo] FRES YTz oA S A4
Fol FA=Arh(Fig. 2).

—=—BCNU 154

—— Novozyme 435

0 1 1 1 1
4.0 5.0 6.0 7.0 8.0 9.0 10.0

pH

BCNU 1547t MMsh= 2|mfotdel pH & 2% oY

H& pH M9 A glgtobA| o] B4E& AR 23, pH 8
2 636 U/mle)] 434S BYon, pH 579 M )
o] 80-90% ol g A FAEE ALE Yegt 1
3} 2421 Novozym 435% 1 mg/ml =¥ @ pH 89
491 U/mle] A4S Hgow, tAE a7 A
80-90% 9] dth&Ade] Aol &l Ark(Fig. 3).

S Lo WE G4 F4L 37CA 761 U/mlE 713
EA Uehd o, 50T A ZEE o] 74% AL, 60Tl A] oF
50%7HA #Aadhe AoZ A5tk Novozym 435%
BCNU 1549} f-AFskA 37 Col A 590 U/mlE &/3¢] 7h
E%oH, 50T 60CAXNE 242 90% 9 70% o] F o2 &
g4 o] A= Ach(Fig. 4). Pseudomonas sp. LST-032 BCNU
1549} FrAFSHAl 37°C, pH 5-8 Abeloll A & eHg Aol =4
YERE O M [13], Pseudomonas sp. M-37-2 55T, pH 9 [15],
Pseudomonas sp. AG-82 45C, pH 8 [16] 27| A St A o]
o Aog BuE vl BONU 1547} AAksle gl tobA|e] &
28 540] o] frAbgre] FRIFH

Novozym 435+ Candida antarctica®| X frel 8 1783} 2]
9}o}A|(CalB)E macrioirous resin (Lewatit VP OC 1600)°]

>

1

—=— BCNU 154
—#— Novozyme 435
0 L L L
4.0 5.0 6.0 7.0 8.0 2.0 10.0

pH

Fig. 3. Effect of pH on the lipase activity and stability. The stability was measured after incubation at 37C for 30 min with the
following buffers; 0.1 M sodium acetate (pH 4-5), 0.1 M potassium phosphate (pH 6-7), and 0.1 M Tris-HCl (pH 8-10). The remaining
activity at pH 8 (6.4 U/ml) was taken as 100%. All measurements were repeated three times.

9
8
7
6
5
4
3
2 —=— BCNU 154
—v— Novozyme 435
1+
0 L
30 37 50 60 70

Temperature (C)

120

20 | —m—BONU154
—#— Novozyme 435

0 |
30 37 50 60 70

Temperature (C)

Fig. 4. Effect of temperature on the lipase activity and stability. The diluted cell-free supernatant was incubated with the substrate
at different temperatures for 30 min in 0.1 M Tris-HCl buffer (pH 8). The remaining activity (7.23 U/ml) at 37C was set

as 100%. All measurements were repeated three times.



140

W BCNU 154

Novozyme 435

Fig. 5. Effects of various organic solvents on the lipase stability.
Lipase stability was assayed by measuring the residual
activity after incubation of enzyme (3 ml) in the presence
of various organic solvents (1 ml; 25% v/v) in 0.1 M
Tris-HCI buffer (pH 8.0) for 2 h. Error bars represent the
standard deviation calculated from at least three in-
dependent experiments.

Table 1. Effect of various metal ions and detergents on the lipase
activity and stability

Metal ions/Detergents Relative activity (%)

None 100

CaCl, 120.82+2.88

CuCl, 67.38+0.98

MgSO, 114.90+2.57

BaCl, 47.42+1.09

HgCl, 57.01+2.35

NiCl, 82.34+3.27

ZnSOy 61.98+3.35

MnCl, 96.12+2.29

Kl 87.80+2.18

NH.Cl 126.46%1.20

NaCl 125.21+4.29

SDS 77.02+1.95

EDTA 69.81+1.78

Triton x-100 106.64+1.26

Tween 80 101.98+3.65

Tween 100 115.10+2.89
F250] qlow, velotld FHWS F AYHOR Yol
AHEEE EAZ[8], BONU 154 59 2849 rJr e x
AN A5 W AEGORA DATHA AT A0
2 016 £ G 8 548 A S £ 40
N A RZTOE ASHLATE 1 A3t pHst L= A
o4 BCNU 154 g gtoAl= 143} ahet & AHol7t glgol
SR

2|ofotdlel 77|80 ¥ FH0[=2 oHEY

AEE(25%)Y et 718l dist G4 AL tol-
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uene, dodecane, xylene, @ ethylbenzene® Z-2 water-im-
miscible &7} 5 A7t S W &7lE WA F& thxTol Hls)
Zk2F 117%, 111%, 113% 281 106% 2 2] tolAl o] kg AJo]
S 7184t 53] xylene¥} cyclohexane 7 7}A] Novozym 435
= gl o] AA3] A stE WHHo] BONU 154= a4 H4
ol 93818 7k AU 89% o] o E frAlE o], e 7]
Sulaolq Rk AFgAe] AT A0 A AtkEg 5),
Pseudomonas sp. LST-030] AAFst= 2] 3hobA| = BCNU 154
9} F-AFSHA water-immiscible §ushol| A & 49 QHA A o]
AeS HaF o] 9l=[13] ¥ ell, Pseudomonas sp. AG-89A]
<= 20% &X2 ethanol¥} methanol 5 water-miscible vl
EAstA Fa g0l F7hEe] BuEATH16]. HEo
Pseudomonas sp. S5 30+ 2] A] benzene, chloroform, cy-
clohexane ¥ rrhexane EA|3to| A =& A o] Yeltoy
2417t A 2] A= 1-pentanol, 1-octanol ¥ cyclohexane®l A1
oy Ado] Wolx e Ao 7 HuFlti14]. o]o HE BCNU
1547} AAsE glgola| = 2417 A gl Al dl = chloroform ¥}
rbutanol& A &Jdtale o B4 P84 o] FUFsHAY
]“Q”H 7‘H°ﬂﬂ7ﬂ FFS WA B AR FQluo] v
$EE F JE Ao AuHT.
A L ARSIAE A7t
04 ax J;ﬁ Mg —7-:/\} A7} Ca”, Mg2+ NH,’, Na®, triton
X-100, tween 80 2 tween 1002 A7} S W & FolA a4
AL 101-126% 2 Z7Fetith whdd] Cu®, Ba”, Hg™,
Zn” 2 EDTAE &9 SHAE 30% o4 Asshe Aoz
ZALE A TH(Table 1). Pseudbmonas sp. S5 [14], Pseudbmonas sp.
AG-8 [16] & Pseudomonas sp. TK-37} A2}l g dolAl &=
Ca5h Mg ZA 3ol SR Ao] ZAHLOH, Cu'sh Zn
S o] B&olLAAE F3HA AALE A hebyet
[18]. BCNU 1547} A4tste g atolAl= 7] dFE50l =3
ok dze] 9 A ESE SRR 24 P of
TGO FRALEE Hp A Ao g AdHh
O AT B S S Boh §820F o
$57] AL 5 A st gt Aur
whole cell AHAIE AH&3H= Zlo] AAZQ1 SHA T nigt
Zee[3], A4 A 9] QHEA B FAo] frAE T —r7} RL
A3 B &S 5o d1E BTG WS ﬂiﬂ
o} ofe] Abtokel A F 9t o] 82 4 US Aot W}
2}A Pseudomonas sp. BONU 154 11571 A *Po}—‘:— ﬂJJrO]-Xﬂ
WA W pH B9, T
Ao A & AALS 71 742 3
Q1 Novozym3} Hlustol e a4 QHgA el &4
HAARRzZA gk F7HH RS Bl BAEA
waoy 87 3 Adse} iy Zobd €88 s
2 geE

gQ
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: Pseudomonas sp. BCNU 154 22| R7|20H LA 2|olofA|

]
Jh

AAFHA G o H2] 3 F7]8m WA Pseudomonas sp. BOCNU 154 2] 3lo}A| ) HH 24 37C, pH
82 ZALH QUTh. BCNU 1549 crude 2] 3}olA| = tolueneoll A 2417 HH3-A] T34 oF 6.01 U/ml (117.53%)2
Mg g Aoz yehgth 83 Ca¥, Mg”, NHS, Na’ o]& 2 triton X-1002 &4F 248471 v
Ba™, Hg™ % Zn™ o] &2 4848 IA Yt} Peudomonas sp. BONU 154 2| gtolAl s A& 183 849
Novozym 4359} Hlwe| X & QHg & &4S Btk 2228 {78 WA ejatobAls =] 1438 Aejgle]

= S E AN 744 e whole cell EFu2A F88 Aow AT



