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_/Allﬁm For a better understanding of lipase industrial fermentation and biodiesel production, this study screened from
natural environment lipase producing strains with high hydrolysis activity, stable enzymatic properties and excellent
transesterification characteristics. The high lipase activity producing strain was isolated from 70 rich oil samples by Rhodamine
B screening plates and shake flask fermentation, and was identified through 16S rRNA sequence. After studying of enzymatic
properties, the lipase was immobilized on the macroporous resins NKA-9 and HPD600. The transesterification characteristics
were studied by producing biodiesel from olive oil catalyzed by immobilized lipases in solvent-free system. The high lipase
activity producing strain WZ10-3 was measured by p-NPP method to have an initial enzyme activity of 78.68 U/mL. The
16SrRNA sequence identified the strain as Burkholderia sp., of 99% homology with B. stabilis. Its lipase production reached
a peak at 48 h of fermentation with the optimum reaction temperature of 50 °C and the optimum pH of 7.0. The lipase had a
half-life of 1 h under 70 °C, and was stable under pH 7-9. The preparing biodiesel by lipases immobilized on the macroporous
resins NKA-9 and HPD600 indicated that both immobilized lipases had 97% transesterification rate. The initial lipase activity
of strain WZ10-3 is much higher than most other wild strains. Its good thermal stability and excellent transesterification
characteristics prove the follow-up research value of the strain WZ10-3.
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Table 1 Strains for initial activity screening

RS PG TR 1
Strain No.  Activity (4/UmL™") | StrainNo.  Activity (4/U mL")
100158 0.31 YB-3-2 3.5
300020 0.12 SK-2-1 2.45
300134 0.14 TL-1-1 1.05
X2-1 2.1 TL-1-2 2.1
X2-4 2.8 TL-1-6 1.05
S2-1 1.7 TL-1-8 2.63
S2-2 2.5 ZWY 12 6.56
N3 0.13 WZ2-1 0.29
XI11 0.09 WZ4-5 0.21
LJ-3-1 0.17 WZ8-1 0.23
YB-3-1-2 3.38 WZ10-3 78.68
8
43
34

56

52

Ell E#RWZ10-37E 5 FHBABIIE TR b4 B HIkEE.
Fig. 1 Hydrolysis circle of Strain WZ10-3 on Rhodamine B screening flat.
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221 HEFENE R WZ10-3%1 £k 32 Fh T LBRE A 85 37
I b, 30 CREFFE24 h, MBI IR AR, & BB VE BN
HREFIE, REG, DEHEST, REOCHE, NEH. E—xf
WZ10-33 178 24 [C YL (W 2%, HL 7 B A B T R % BT ik
Wt [CRAEAN TR, 2R (F2).

B2 EHWZI0-3MEERSREZRLBNE
Fig. 2 Colony morphology and Gram staining of Strain WZ10-3.

Burkholderia contaminans 12956 NR 104978.1

Burkholderia metallica R-16017 NR 042636.1

Burkholderia cepacia 4APE AB695353.1
Burkholderia cenocepacia AU 1054 NR 074686.1

Burkholderia anthina W92B NR 104975.1
Burkholderia arboris R-24201 16S NR 042634.1
64! Burkholderia arboris AB458219.1

Burkholderia seminalisstrain DSM 23518 NR 042635.1

42 | Burkholderia vietnamiensis AU4i KF114029.1
Burkholderia anthina BHS1 AJ544072.1

Burkholderia ambifaria AMMD NR 074687.1
Burkholderia diffusa R-15930 NR 042633.1

Burkholderia latens R-5630 NR 042632.1

WZ10-3

Burkholderia stabilis LMG 14294 AF148554
66 |:(
79 Burkholderia stabilis TMG 14294 NR 041719.1

0. 001

El3 WZ10-316SrRNAZR G £ B #.
Fig. 3 Phylogenetic tree of Strain WZ10-3 based on 16S rRNA sequence.
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BTG — e A R T TR AR A T 8 A ) R R I A 017
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El4 BEHRWZI10-300E K% R =Bt k. AR R iniEm 2 (N=5).
Fig. 4 Growth curve and enzyme production curve of Strain WZ10-3.
Bars indicate standard deviation (N = 5).
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Fig. 5 Optimum reaction temperature of Strain WZ10-3 lipase. Bars
indicate standard deviation (N = 5).
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Fig. 6 Thermal stability of Strain WZ10-3 lipase.

24.2 £]i&R RipH KpHi2EM PR R 70T 40, T2 ) e 338 I
NEpHA 7, J& T Al i e o A B AS R g s i 4 A
Bt 3% T VA 5, {BL7E pHD 7- 81N BRI AR X R 2 , AT 790%
DL (RS . T S5m0 & B Y pHAR E M A A, 1
ANFEpHIE TALBES him, FR AR RIS BT IR I 95%LL 1, S 4E
K Ab BRI A 2 24 hitk— BB 9. AL FE24 hg & PR, 1ZBETEpH A
7-90T 4 B 1R EYE, 24 hE R IHBER35795%LA I flE T,
pHK T 9J5 Fo i PE AR U 55, Wi7e PRV S 1F M RS e 22,
Bl pHAY /N 45 2 B B, Y pH/NT S5, 24 h)F A 5% A s
AN B W46 B B950%.

—_ —_

®© =3 353

S (=] (=]
T T 1

(=)
(=]
T

B
(=}
T

—a— I50% [ WpH Optimum pH
—s— pHASE M pH stability

N3
S
T

AT EE Relative activity (4/%)

10 11 12

(=}

w2
E
W
(=}
N
oo
el

E7 B#WZ10-3E 7 RS RABE B &S K pH R pHER FE M. B 2% om bt i
ZN=5).
Fig. 7 Optimum reaction pH and pH stability of Strain WZ10-3 lipase.

Bars indicate standard deviation (N = 5).
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TR, s 56 i SR Ak 730 4 & T 2% 1F TR 3R AR I B AR
WZ10-3f5 i Big 2547 2 , PRk — 20 A0 5 FL G s e k. [ Wil
1 mLAf R & i & H2.59 mg, A§E 234.8 UmL, EEREEA
LU 247 90.65 U/mg. SEEG 3 £ LUK FLA I NK A-9FTHPD600
Sk AR 2 B T, 1 b R AR A 1 [ S R A B T
95%U I, HuAss 2 [ e Ak I P T 5 00

I 7 T A 1 b £ TR 3R B A A B0 T B S5 B
il Te R, o DR A R SR 7 A 1 S EL R 17T £ B R 174 5
AP DR I T e R T 0 S D A AL R 2],
HARNKA-9K HPD600 i 15 11 2 [ 5 £k il 2 1 2% B 3L A<
[A], HPD600-WZ10-3 1% [& & 1k, i B 175 5 Lb B 16 B NK A-9-
WZ10-3%5, 43 ik 5] 7974.85 U/g f 56.47 U/mg. 2% & & 1k il
Y] F B T 50% 0 B S [EISCR [ AR R4, B
TEALFE N TR S iR R LI, IF 5 % e A Tl R i il
LS-20iE 47 Lb3L.
252 HEEMREMR VIRSCRSS T Sk JEG 400 A TV 700 A R v i
TR BN, B 7= S AR Gl AT i3t , &5 5L R W3
i 0 il X B B I FE R R, EEEEER AR, 2 Bh
R P R L T R PR | Y R PR R R R R, P L
TR AR 1S R B, B ad 50%, A R H R v, i A IR
1% H R 15 R B AKX, P= W o 5 AR S Bk A A, v 2R
Py s i il 25 UL T H A NK A-9-WZ10-3 [ %2 4k il K HPD600-
WZ10-3[E & FL A 5 TR 2R 50 3R 97.06%F197.17%, — ¥4k
B TR 5 B R v M, 3 R T R T Tl BE A LS 2044
83.43%, A K 4714 v FH T 5.

3.1 RERABEF - EERTHE

H a2 8 265 E M A W R = Ie Wi g, (2K
22 B0 A TR BT g 7 T ) I AR R L B RS e MO
FEATE FHF 00 R . ASAE 58 AT IR & 4R Y 4 398 b o ke
5 BIR ] %) 2 BH B 18 T A 4o 25 0 38 3 T — 0k =5 7= 8 i il
F B A R AR WZ10-3, H & BE S 9 R 7 I8 0 46 i 35 1T 5 3
78.68 U/mL, T A8 43 i 19 57 A4 B Bk , 40 Vrushali
DandavateZ5 (2009) M 13 i 575 € B (4 B. multivorans V2

R2 2FEIE W AERTBRRIERIE LR

Table 2 Lipase activity comparison of two immobilized lipases

1% #6.477 U/mL ™ Sasithorn UttatreeZs (2010) §ifi 15 (1) it F
1 Acinetobacter baylyili§is Jy(4.41 = 0.02) U/mL ™, i &
FAE (2013) G Bk 1Y 1 U85 A DAk K T 45 4 i B4 T S Sk
10.79 U/mL " e 4b, 38 n] i st Ak & B 46 1kt — S 45 v T
MEWZ10-3 1 BTG, J5 25 50 50 0 B 30 U A1k S5 A9 G 7T 3k
280 U/mLA £5.

Ty — 7 T, AR I 0 3 U A T ke S K B B i
TETRINT R 86 7 700 ) B ol I T Al A B i) K ik B R /N R
H5E, HFE L F 2 pHIA T B, 5284 B0 22 K RE
FpHEZ . A BIF 5% v fiff (%) 2 P B B 3= B2 R L BB 5 1R+ o i
RCRE Tl 7= A %) B B TR e S M 25 A, 7 Tl ol V% ) L & A Rl B4
Y, Bz e SAMT TEIBECAIO6E, fia 3t
HEBR AR PEHPESE SR, 2 A8 M IRk H8 /m 7. sesbh, HIE g o
FRAAR, EREFIRENERE ST K, BAEHATF RS FIE
U ) HICRT P P, K] L 5 0 2 A e A B i 05 9 i o
SN T B 7R 50 5 A T N8 07 i = A B 00 A8 2500 k.

3.2 BERAEEHERERIEE RE M

B L MR WZ10-32516S rRNAY S J5 B A 30 2 /R 8 G T,
2 J TR R 3k i I T A e LR R A R T, SRR
YL J B B AR 22 B B S A5 i B A T I 5 3R, A R A R
TS, BARE R WZ10-35 B. stabilis[l IR 5 2] T99%, {HFE BT
JEFEAAN T IR EICEE A/ (B. cepacia complex, BCC)
FERIRIE 2%, HAT AN B A 17 B 4y 3 PR A 2L A BOm
P, i B. stabilisF2 55 IV, DR B0 47 1 PR 1) B3 B e
72, I R R R L. T BCC 4% 45 [F BY ] 9 16S rRNAJF 3]
ELH598%-99% 1 AH AL , 353 S 98 AN Fp s Lt AT IX 43 S 5
HE IR 5% % B0 e rec A% TR 31X B 94%-95% I #H LI 14 ,
PR M i 6 S 36 3 T 38 i rec AL DA F2 5[4 PCRAG I 3% ik —
A1 7 B R WZ10-3 (1% 3 R U™ gt Ak, (R 7 2 2R 7 PG 7R 3
i B B AR FEPUMED, 8 R A G v 57 2 ol S b
FORPRR S M 07 A1 v AR R L R X — DL 3 B i Tl R i
3.3 EHEWZI10-3BERRERRIE AEF 1 R

T 2 0 i i T 1 e 3 A PR L R R e 1 SR RS W)
RK2ES, nor AR . P IR0 = e B G i, TR R R Y R
o g — A A v | AV SR I T I, T R 22 K AN TR R IR 1Y) g T i
DXt T A2 e A, Z0E T m IR IR G, (H A E AN

1 72 A1 A i O V] 72 A il 1 L R

B S 3 %
I Eﬁwﬁﬁﬂﬁ Eﬁ;’éﬁi : @%QE&-E Fit 1 Immobilized lipase Immobilized lipase specific : Eﬁ{ﬁ Il o
mmobilized lipase type Lipase loading (w/mg g") activity (WU g") activity (4/U mg") Activity recovery (r/%)
NKA-9-WZ10-3 17.27 797.98 46.22 51.03
HPD600-WZ10-3 17.26 974.85 56.47 62.36
R3 BEEFUHSEREER
Table 3 GC results of transesterification products
— A A 2 1 il 1 B LR Y SRR g
Ei 256 LYDe Hexadecanoic acid Octadecanoic acid ~ 9-Octadecenoic acid ~ 9,12-Octadecadienoic Other fatty acid Tolt‘a;l ( [ﬁ, %)
P yp methyl ester (P/%) methyl ester(P/%) methyl ester(P/%) acid methyl ester (P/%)  methyl ester (P/%) “
NKA-9-WZ10-3 28.19 1.63 55.87 11.37 0.00 97.06
HPD600-WZ10-3 24.66 2.90 56.25 10.22 1.07 97.17
LS-20 10.46 1.69 64.00 6.65 0.63 83.43
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K5 RE 1 1 8 A% I B 4R 1 PO B RE W Z10-3 7 77 BE i 1 R i
YEFIR B A50 °C, Ja A iGN T . 1 JG B e A R e 5
gE B BT AL BUR B I A YIRS R, TEAR LI & F T, Wik
WZ10-3J15 i B A A Fa B R R I, 60 °CF2 h SR AS fE A 3547
LRGN, 70 CFAYEZ WL h, JFREFRSE (201D) RiEM
M55 (Aspergillus niger) TE60 °C T £ 1.5 hi55% 4 WX
SRAHR E79.07% B, 1 A4 T A U5 4 g 17 il pHUE I P — A
7, fH 538 1R pH— % 9 8-10, J& T- Btk N W B i 4 22, i A
WF 5% BT A5 19 WZ10-3 )18 17 i 538 pHOR 7, SR R PE g D5 g, HL7E
pH Ny 7-OB} 4 52 PEAE 3 4, AbBH24 )5 ¥ RE L AR 1500 16 1
T, (TR PE S5 T e o R AE.

A5 i 0] I R AME AR | 2 R A AT kAT IR R g
RIS s, f — 25 Ak 45 T0 2 o L 4R RO A ML A7
&, gk TNAE (2013) 5 A E & 2 PCRIT 1A X R 5
B NG M ity 3k R IR A T AR S s s AR B T RS e M, IR
RAFEFAEA0 CHRLA30 min/g ok A BEE NPILRI89%, LLEFA:
RIS B PEL-GS $2 15 1754% ™.

3.4 BEHRWZ10-3BEArlBRYAEEa Tt

AT 5% 38 8 1 4% T AR W Z10-3 18 17 16 11 [ 2 Ak g R B 5%
HE R, R R R T 25 SR B AS B it A
Kb, AR T R TR ) B A% R —RE . B AL
2 K UG B T 43 1 2 TR, FLAR /N B R K R o
I I, (0 IE SR 7oA T i, S BB A K K
T S 06 BT 3 FH B 2R R FLA IS A4 18 B, FLAR R/NIE iR 38 78
8-16 nm 2 [H], il 75 F) 11 5 fh 1 it 336 10 36 4118 7 50%, 258
A i B AR,

e Ah, H R R A A A 4 S S B £2 LU IE OB VE A
e AR EL 3 2 N7 B T 54, 1A S 6 IR T T 01 5T A
S TC YA 55 TS /A & . Habib Horchani (2010) A Baron A.M%5
(2014) FRIE W T2 22 A0 16 1 52 o7 i 70 570 T4 6 /N HL S
I ) i 4 1 0 R A sk R AT ) R A RO g b R R e A
B. cepacia LTEBIUF A B BRI A i 46 A= W1 59, [ L6 hi (1)
FETR 2RI F T 90%. 111 AR 75 i 45 (14 2 ] 22 Fh il 75 S5 374 b
YAlA E97%LA I, T ik g i me, M5k E (2013)
A ) FH R 7 T 9 A T K L S I R E A A R
BB P R MR, LA S 6 4 s 7 B i) B A, G R Y 12
h. BRISEAR A 5T 2 BA, ) B A WZ 10-3J1i5 5 1 i 45 ) 161 52 £ it
LA B e s e RN R, 5 S0 ol i — st fb e
R T 2 A LA AR w5 2 A T A0 TG (RSO | Je i SR A T )
FH, 2 B h05E O b A= 7
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