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1.1 ##
1.1.1 EHMER: KT ( Escherichia coli)

DHSa Y2 S 1% Bt GS115 #I
pPICZoA 3 AAY I B Invitrogen 23w ; i i pUC-TLL
h A S = R IR AT

1.1.2 #=ZF E:LLB.YPD.YPDS.BMGY f1 BMMY
G IR A Z I Invitrogen 2\ ) B R i BF 3208 T
Mo B S A WS AR A =T R H v RSP AR (100 mL
(1) BMMY A 500 pL = T /& H i i 5 A6 %) A
MIONE I FL AL 2 FF I B PR (100 mL ff) BMMY #%
FEEE MO 2 mL S il L AL R 400 WL 0. 2% 1)
% FH B) o

1.1.3 FERXFMLIF: & LRI DNA R 5 M
PrimeSTAR HS. R il 4 4 ) B A1 DNA 3% 82 38 1) &
Y0 1 H A TaKaRa 28 &) 5 J50RL /) & 2 B0 5 &5 F1
DNA B Jie [F 0k 710 6 08 55 [H Omega 28 W 5 AN A Bk
BEKE R R XSS K M g (C2-C16) - DLEW) 3 Al
DL AL 24 [ 56 [ Sigma 23w W BE LAl 20 U5
H 2 [ BD 2w HoAls By F A 273K 500 ¥ O 3 A 4,
T b I 25 4L AL 2 i A PR A T S Pt FLAGHag
PUAH R-PE F51d L F i 1gG iy g ot =
JEEY ARG R A H . GenePulser II HL ZF fLAX I &
% H Bio-RAD 2w ; 5 i 2.0 LA PCR ALY Y [ 18
Eppendorf 2 7] 5 HUUK A b BTN AL E T
FC500 77 =040 i 1 Wy H 3 [E Beckman coulter A 7 ;
IEE BB H HA Nikon 2A#] .

1.1.4 514 M T4 39 & 45 5 Ik H N 7 5t R
M bR 2 FLAG 1) tll 3518 (Gene Bank: AF054513)
U E S R sed] 51032 1 Prose o, K
R 3 43 340 4y Wl D) A7 055 Sed 1 F I TUF () 8 44 35 43
7394 GS linker Fy Z1F1 40 )5 bR %5 FLAG 2 i 5 4]
PCR 5I¥th Bl ) TREBEARRES AR A A A
J o

( Pichia pastoris )

*1 KXFRA3Y

Table 1  The primers used in this article

Primer Sequence (5°—3")

Size/bp Restriction site

SedlF AACACGCGTGGTGGCTGGTGGTTCTGGTGGTGGTGGTTCTGGTGGTGGTGGTTCTCAATTTTCCAACAGTACATCTGCTTC 80 Mlul

Sed]R ATTAGCGGCCGCTTATAAGAATAACATAGCAACAC 39 Notl
TUF  GATGAATTCGACTACAAGGATGACGATGACAAG GAGGTCTCGCAGGATCTGTTTA 55 EcoRI
TUR GATACGCGTAAGACATGTCCCAATTAACCCG 31 Miul

1.2 FEERTEK pPICZaA-TLS B#E
FH 3% 55 Bk 7% 2 BURR 3 % £F EBY100 ) 356 5 44

DNA™ , BLH Ky #ki, UL SedIF/SedIR Jy 5|4, PCR
P18 5= & GS linker J7 1) [) Sedl 3 [X. PL pUC-
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TLL Jii ki DNA Jy 4, LL TUF/THUR 5|4, PCR 4~
W 5°ii & FLAG J@ 41 (1) ol JE Ko W5 Fp PCR 7= 4 53
W45 EcoR 1/Mlu 1 1 Mlu 1/ Not 1 XU V) 5 5 EcoR 1/
Not TXUEED) A (K] pPICZaA AR, JEHAL E. coli
DH5 o, % LLB it AR (& 25 wg/mL Zeocin) F4EK
(1) 0 [ - AT S5 4 I P e B ik Bl 5 e AR Rl
B AW .
1.3 RiEHFAWESHEEIGE

K Py 1E A (¥ UKL pPICZaA-TLS | Sac T 2 1k
1, B 8 =10 pg 5 80 wL P. pastoris GS115 &2 2541
MR A 75 U 2 800 1500 V.25 wF.200 Q (¥4 1F
T A B R JS I 41 M YR A AE & 100 pg/mL
Zeocin f{] YPDS “FH |-,28°C 85972 -3 d, ¥ K H 1y 4%
W5 7% 3 =T IR H b e~ A b s N 1% 1 R
T2 -3 d J5, G HUK R RE AR ) A 1 AT R (R
Ny R 4 PR Bk 1 S5 R 4 DNA 24T PCR 3G F .
1.4 SFEKBTGIE

FH A v B 1 B0 0 K 97 35 97 2 I Tvitrogen: 2 ]
(1) BE AR I BE 34 T 05, 45 24 h VS0 1% (1) B 5 S 1%
A 120 h J5 I E B T o
1.5 PBERAEBERE H E=4M

WS K G 5% 120 h 1% BE 40 A, H 50 mmol /L
pH 8.0 Tris-HCI % ¥k, T8 fa e 23 s v 0 e g
W mEE 0" AU BB R - 4 mL RO il 5L Ak
(HHEmh: PYA =1:3,v/v) ,5 mL Tris-HCl (pH 8. 0,50
mmol /L) F1 1 mL &40 B & m A 3 25 mL B 1 =
FHT,40°C KV 40 S R 10 min, SEEI TN 15 mL £
1R (2B =10 1,v/v) 218 = Y, H 50 mmol/
L NaOH AT € » LA 1% By BEK 4 45 7 71 g 3% 7 0 3
RBCPYIE . R LA B 200 1 5 I8 5 W 55 40 B ke b
FK ARG 3t 7= A 1 ol i 25 I U 12 T 75 1) 1l = o X

K ANE A (U)o BESE kS A T
T (U/g) = (V2 - It/lir:M x N

Forb, VNV, 43 530 2k 3 58 G5 RIS X ORI RE il 3
FEM NaOH 1A (mL) ;M 4 NaOH 3 (mmol/L) ,
N R REASEG e O N ) (min) sm 2 1 mL 44 g
R T A s R (g) o
1.6 Syie i RREAR M &R 4 AL 9 47

ICHEFR 120 he i A 9 90 9 o WO B B 4% 1T 0. 01
mol /L PBS 2 phii (pH 7.4) Yeik @ik 2 k. JH 0.01
mol /L PBS ZZ (pH 7. 4,7 1 mg/mL BSA) 5 &

14‘ RIGMA 1 g et FLAG F5 25 5t 44, 4°C o 4

A 05 H PBS S22 ¥k, HETE PBS S
EPJJD)\I pg RPE brid b Hife g6 —Hi)5, vk |k
JCE 1 he 12000 r/min 550 1 min, ] PBS 22 by vk 2
PR BT 906 WA T RLEE, [\ I K 4 A
Jrm i A
1.7 EFMHRMAR

DX i 5 4 1) 756 4 JES 40 B SR pNP L 3

I3 JE 7 I 107 A0 AN [R) 25 A T B IR R G TG ) » R GEWT
G e 7 JIg I it ) il 25 AR P S S A B I E 3 e TR
RRILIER
L7.1 EYBRERKERFSIME: 200 EH 10 mmol /L
AN T I B R T 0 A A TR Wy R (C2.C4. €8, C10,
C12.C14.C16) ) ZJ§H W 43 S N 4 {5 0 95 i {4
AR TG /K L HE A pH 8.0 ) TrisHCL 27 ph i 7 2y S )3
0 NG Mg 1t 4 40 B A 44 570 J5 T 40°C ) 8% 10 miin,
WIE OD s 1 58 75 M I3 88 11 JEC 400 Bl K v 72
1.7.2 &Ri&RE W€ 40 B e AN R E (10°C
20°C \30°C +40°C \50°C \60°C \70°C) , pH 8.0 £ 1F F 7K
fift pNPB [1)3% 77 » LA Aff i Ji 7 I 07 186 1) o 3k S I 3k
.
1.7.3  &3& pH: L E N 30°C 414, W 5 40 i 8
TEATE pH 28y (6.0 —10.0) K /K fi# pNPB ()3
77 AR 7€ RE 7 JIig 117 Wt 1) i 3 e B pHLe 0 5 3o 2
R pH 2% W A : 50 mmol /L. Na, HPO, /NaH, PO,
(pH 6.0 —=7.5) .50 mmol/L Tris-HCI buffer (pH 8.0
-9.0) 50 mmol/L Glycine/NaOH buffer (pH 9.5 -
10.0) »
1.7.4 BEREHERBNATMEME: N T HLR
71 6 077 T D O PR A M K L T 40°C KR AL B T -
6 h, I dpe il B2 pH G W E SR AR MR 5 o T
7524 2 AR A AR A L R 1R T 52 5 4301 1v) 40 T
BRI WK BE K 30%  (viv) 19 £ Il 600
(PEG600) « — HI JL W7 {1 (DMSO) - F i\ Z B2 A1 5 T4
B, I A0 B 30 min, T ARG il FEAT pH 4548 R I e Bk
REGIG T o
1L7.5 &@RBRBEF - W®EFTREEEETIMS M K
20 T 29k O 10 mmol /L i) KCI. CaCl, \ MgCl,
MnCl,\NiCl, . CuCl, - EDTA. SDS. Tween 20 # 4} | 4k
30 min Ji7, T & il AT pH AR W E JE 2 g s
it ) 5 A% I
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2.1 RERFEIK pPICZaA-TLS B E

ol F sed] KK BLif) PCR =91 K /N 43 03] 4 846
bp F11052 bp. 3 1fi J& 7% # 4k pPICZaA-TLS 75 &
el R X 00 56 E G P 1 BT s, 0 b R R 0 G i
HE IE > 1 W 3R T R 3k pPICZaA-TLS 4 £
) o

(A) Flag&TLL
Miu 1

GS&Sedl
a factor signal

5'AOX] Not |

pPICZaA-TLS AOX1 TT
5.5kb
Bgl 11

CYCJTT
M 1 2
(B) bp
5000 — -
3000 —
20— .-
. <«— 898 bp
1000 —
750 —

1 ZERFHIE pPICZATLS M REEA R
i 17 36 3iE

Fig. 1 ~ Schematic diagram of display vector pPICZaA-TLS
and digestion. A: Schematic diagram of pPICZaA-TLS; B:
M. DS5000 DNA Marker; 1. Plasmid of pPICZaA-TLS; 2.
Digestion of pPICZaA-TLS.

2.2 ZRERTHANEZLNSEHFELEFNGTE

pPICZaA-TLS H, ¥ N P. pastoris GS115 J5, 1%
FI) 5 4H B Bk GS115/pPICZaA-TLS. HEHL 24 A FH 1
O W BEAT BRI W O 3k, 5 15 9R 120 hJa, 4L
I 0 3K SR, e 2 0k B 1 PR AN nh K A
W 257.8 Ulg T4 19" FA 1. iZEH T
() PCR B0k« =T 1% H aili M8 S ARG il =2 FF W1 AR
For I 45 R an ¥l 2 fros o

B2 GS115/pPICZaA-TLS 19" 55 b F &9 PCR 384
RESE DA

Fig. 2 PCR amplification and detection of lipase activity of
GS115/pPICZaA-TLS 19%. A: PCR amplification. M. Trans
5000 DNA Marker; 1. Genome DNA; 2. PCR amplification of
fused gene tll-sedl. B: Tributyrin plate assay. 1. GS115; 2.

GS115/pPICZaA-TLS 19%; C: Rhodamine B-olive oil plate

assay. 1. GSI15; 2. GS115/pPICZaA-TLS 19*.

2.3 RERTAEEER %R N &R A
5 4

FH 258 O 6 0B o A 1 BE 40 B 2R AT 9 O WL %%,
SRR 3 Pros e A8 ORI D7 g ) 4 i 3 s S
RILM FLAG HU 5 b 25 5 45 v Ar B itk (—40)
MG, g maEr (RPE) bR 10 Pk 5k %
N5 s B I L0 58 (B 3-B) 5 1 4 LB
Bk P. pastoris GS115 4l fu & i L7 6 (K 3-D) o it
W] TLL 24 i 4 2 85 1 Sedlp 1% & 7R 78 B R e k)
A - A a2 A A 488 nm SO A
BE— B o M a5 P I 4H e GS115/pPICZaA #H
bt 21 B Ak GS115/pPICZaA-TLS 197 41 Jiy 2 1fi -
Bveeak B (B 4), HBLT B 10 298¢ g i
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Bl 45 U0 K (1 9 R % B R B4
T FLRE R R b 10U 7 BT B 15 9 H %1 TR

4 5 T o L)) 1k F) 98.36% .

3 EABRSMERRAEMESEN
Fig.3  Detection of the fermentation cells by the fluorescence microscope. A: GS115/pPICZaA-TLS under white light; B:
GS115/pPICZaA-TLS under fluorescent light; C: GS115/pPICZa under white light; D: GS115/pPICZa under fluorescent light.

335

Events

FL3 Log

4 FERET TLL B MM SR
Fig. 4 Analysis picture of fermentation cells by
Flow Cytometer. a: Peak of GS115/pPICZa; b:
Peak of GS115/pPICZaA-TLS.

2.4 ZERTEMBEZEMR

241 RYREKEFRM: B RK TLL X EY)
T e 1 P 1) O e PR &5 SR 1] 5-A BT oR . 2R 1) TLL
IR B B Ry T ®e s (C4, pNPB) I 3if ) 5%
s LKA I IRy o TR e (C8) S K % X A 3
ZKylg (C14-C16) 5 — & /KRS 1. msknl
A1, JE 7R TLL [ 55l Jil$ ) 4 pNPB, H i 5 7K i i e
TR e B K R R ) i 3R 2 1) 1

2.4.2 EREREMEIE pH: UL pNPB Ly &4, W &
Jig 7 TLL [ 8538 Jz il 5 (18 5-B) Fl e il e B pH
([l 5-C) o FEI/R TLL 18 5238 [ M it 5 4 30°C, Bt
T B & T B 60°C I AT BE fR E 60%
PA b ) W5 g5 4R 70°C B B G5 ) 3N B & 20% Ae
41 ;pH 8.0 B Mg E IS B &% K{H, pH 8.0 - 9.0 i, J&
7k TLL (4 835 3 22 A AN K5 pH 9.5 I, g i ) 3l
R 20% , pH 10. 0 B 1% [ JL T 56 4 2R 1%
2.4.3 RERTEMHMBNBTIMZE: B TLL
il B2 A e MR R W 5D o o i TLL A1
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1 h Wik REfR B 90% ,3 h I 3% PERE R B 70% /o W EIAT RN e b R TLL 2
Ao BEA ) AE A, FE PEZ2 18 T %, 6 h I, g PEG600 . H! B2 F1 DMSO &b B J5 5% 42 B 3% 43 7 K
W RERFFAE 50% oAy o ATHLW I 52 PE45 2R 56% 34% M1 25% , B L%t e Wk 5 1 & I~ 5% N I
Wl SE Fros, A AL 5 Ak BE 42 40 i 30 min J, B M 52 P 65 %

120 (a) 120 (g
100 | 100 |
£ 80t L 80t
2z 2z
z r =z I
8 60 8 60
L [
= L Z L
= =
2 40 | 2 40
20 F 20 F
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
C2 C4 Cs Cl0 C12 Cl4 Cl6 10 20 30 40 50 60 70 80
Substrate 7rC
120F () 120 (D)
100 |
S sof S
z z
z r =
8 60 g
L o
Z L Z
= =
S 40 © 40
20 20 F
0 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 1 2 3 4 5 6
r°C
120 120 (R
100 | 100
£ 8ot EE
z S
Z I =
8 60 & 60
[ o
Z L Z
= g
© 40r L 40
20 20
0 ,
CK  PEG600 DMSO methanol ethanol isopropanol CK K* Ca* Mg* Mn> Niz~ Cu”EDTA SDS Triton Tween
_ ) L X-100 20
Organic Solvents Metal ions and inhibitors

5 RITLLMEYHSME REREEEM pH O EEREMMENENMEILUREREF BETRE
E & M7 2 R 7R TLL B9 %20

Fig. 5 Effects of substrate, temperature, pH, metallic irons and detergents on the displayed TLL and its thermostability and organic
tolerance. A: Substrate specificity of the displayed TLL; B: Effects of temperature on the activity of the displayed TLL; C: Effects of pH
on the activity of the displayed TLL; D: Thermostability of the displayed TLL; E: Organic tolerance of the displayed TLL; F: Effects of

metallic irons and detergents on the displayed TLL.
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244 SEBF - BAFTRKREFHAMZ M M
Bl S af g, K* . Ca’" \Mg® ™ I o () TLL 47 1 55 {2
BEAE L Mn® " NG LA B g k4R A LS )
357 90% LA | ; 4% 4 71 EDTA L % 1fif 35 74 71 SDS.
Tween 20 4b P 4= 41 a5 B v ) 2 PR ¥¢ 45 80% LA |
Triton X-100 &b FH 4 40 0 )5 6 3% ) 52 3 F B, A4 55
T 40% (3% 775 0 Cu® ™ 5 A7 5 24 i 300 410 45 1 5 i
AR 10% /iAo

FI RS DA Se 7% B B3 O 15 =5 (% 40 B 2 17 8 7 R
(V14 5 B LT #0008 TR R RE . M B AR e
P 23 B RN 02 T 25 h 46 0 TR 7 I B 19 P
W5 o 301 3 a7 R T A AR B
F T 7 I 5 Bl 35 0 1 R A% o SR AR WAS B
VMD 6.0 % TLL & [ 5% 45 ) 38 47 o7 WAL 53 87 J5 &
L PE RO S C R A N R i B A 2, 0 ) ik
HUEUE B A Flopl N3 31 43 1 2K ¥ Flos (C K 3ify
FlG) R4 i BE 2 1 Sedp (N K i filt ) A5 by i o
WM T AR R RN RS IR e R (K
PERFIH) B &£ Sedlp 1E J 4 & 1 T TLL
(¥ & ZR A T o

U5 T EL WY 2 £ EBY100 [ Sedlp 42— 10
T S B T B R 40 Mo RE R T, S AT AN T K GPI
Bl EAE 5 TP A o K0 43 2R B I i 28 4 B 2R
i Cwplp Cwp2p-Tirlp 7 O FE AL A7 s H & 5 22
2% 1M Sedlp £ 6 A W2 W 1 7 A F 1f) N-pk
FEAGA 15 Tl 5 R AE 1T R A Sed1p 15 BE N
SeAb, R Ik w5 I A An A RE B oy S f R Ik T
TREF e E AT M AWFFUR A Sedlp A1 4 & & A
JE7~ TLL I, 698 06 Wi s~ nl LLG B 41 K ik
TLL (5 40 o 2 i 52 00 58 1) 20 €0 9% ', U =X 40 i A 23
BT HE 1 T i 71 2635 98.36% o WF 90 45 H % 0, 5 Wi
iy TLL ANAN 4 B Th JiE 7R A5 B A e RE 4 i & 1, B
Z Rl RIEN) Sedlp 55 REA M BE 22 [ 45 & AR e

TLL J& — iy #4158 A7 R 5 o R DX 3 0k 4%
P L 11 6 07 IS ) 2 N T R I AR S Sk AR A 4
PR S vt 4% 25 45U . Danielsen ™ 450 1% 1 V7 A 75
T AR JE R 9 AN U R 5k B AT B AL 5% A% A A
i 6 » Joe 2 3R AF 84 AT I Wi i 1k 1 e B 1 (R

JIg 105 0% )0 A% T JSU4G 1K) Lipolaseo Zheng™™ % 7
W I 75 He AR B b ) WA T TLL, 5 SR 1% 144 h
Jo o MR W 7K 8 % 0 61 U/mLo. A SCJE 7R (1) TLL
O b K AR J73k 257.8 Ulg T4108, 5 o ™ 2
S PR — 7 v 000443 10 9 b Ak [ % 16 g TLIM (249. 8
U/g) (RHIE JI A .

2 SCSR 6 i i S 1 1 F O 6 TLL ) il 2
PSR BEAT T RGWIS. BRI TLL K% pNPB ) 5%
i pH Jy 8.0, 345 pH 8.0 —9. 0 3t [ Py {8 4% o iy
W% 71, 5 Zheng %5 " A1 Arima %5 P 45 55 1 TLL
FIABL o A ST 7R 19 TLL K %t pNPB ) 38 S B ik
29 30°C , 1] Zheng % " 4 38 193 29 5 W7 B TLL K it
BHOHG vih J5 35 35 BT S 60°C o T 5 di 3 U BE A7 5 K
2 5 (9 J5U DKL A g AL o R L FEE X JE ) 4y T I
T A7 E 5005 DR S o Y 3 K ) R TE i R A 5
J B G i TG 2 T U R B Xt 2
Mogesen 21] SEANAE 25°C 444 Nl '8 TLL JK fi# pNPB
S 0 ISR o B AR R 9 TLL JK fi# pNPB ) 5%
T ek B 5 LU 2 T K S O i I 1) e 3 U E AH 22 8
Ko AEL HL 3R R 5 0 8 AR L A R T
00538 W ¥ 4 1 F 5 Zheng %5 MY 26 5% 103 25 1 10
min J5 [ % F R T 50% , A SCRE 7R 19 TLL 76 1 h
WAL R % 5% o 10 mmol /L ) K*.Ca®>* < Mg”" %f &
7R (¥ TLL HAT 098 10 8005 45 1, 3X 55 Zheng ™™ 4238
() K * 7 AR S RIAE L T Ca® A — 5 WO E
()45 RAFAE 2 52 o W] B MK J50 DR 2, J8 7% 1 TLL %% i)
SE K52 B A R 1 Sedlp ML, 5 8L 6 6 4 4
JB B T IO S AR AR o AN B 5 WA [ o
() <6 Ja 85 X g O M £ S A 0 2 5 Y AR S R R
) TLL % 5 K JE 1) 40 J8 B8 1 HoA RO i 2 k. A
L 10 mmol/L SDS 4k ¥ 7~ TLL 4> 41 it f#E 44 71
W% S JL T % A A, X 5 Mogesen ™ 45 Al
Fino ™ 4% JTI A 7] ¥ J& SDS Ak B J5 ) TLL F1 AR %
W AR B ) AR

AR SCJE 7R 1 TLL F AR 4 40 1 i 1 50 I, S A 2
5 AL T ELG 3 2 WL R K 2 B %
B B T 2% R B T LA S R B A
R MR TR S 43 v 17 1 RO T A I i 1 A=
FRA S — Tl R AR T AT 7 LG R A 4 A i
Ao 700 LA AR BB 58 11 9 b [ 52 AL R i T Dk Ak 2
i IEPNEIE



864

Min Dai et al. /Acta Microbiologica Sinica (2012) 52 (7)

Z 2 3LHR

(1]

[2]

[3]

(4]

(5]

(6]

(71

(8]

(91

(0]

[11]

[12]

Smith GP. Filamentous fusion phage: novel expression
vector that display cloned antigens on the viron surface.
Science, 1985, 228 (4705) : 13154317.

Kondo A, Ueda M. Yeast cell-surface display—
applications of molecular display. Applied Microbiology
and Biotechnology, 2004, 64 (1) : 28-40.

Aufderheide KJ. An overview of techniques for
immobilizing and viewing living cells. Micron, 2008, 39
(2) : 7176.

Jaeger KE, Reetz MT. Microbial lipases form versatile
tools for biotechnology. Trends in Biotechnology, 1998,

16 (9) : 396-403.

Fernandez-Lafuente R. Lipase from Thermomyces
lanuginosus: uses and prospects as an industrial
biocatalyst.  Journal of Molecular Catalysis B:

Enzymatic, 2010, 62(34) : 197212.
Wollf AM, Showell MS.
detergents. New York: Marcel Dekker, 1997: 93-97.

Danielsen S, Eklund M, Deussen H J, Graslund TG,
Nygren PA, Borchert TV. In

Application of lipases in

vitro selection of
enzymatically active lipase variants from phage libraries
using a mechanism-based inhibitor. Gene, 2001, 272 (1-
2) 1 267274.

Rodrigues RC, Ayub MA. Effects of the combined use of
Thermomyces lanuginosus and Rhizomucor miehei lipases
for the transesterification and hydrolysis of soybean oil.
Process biochemistry, 2011, 46 (3) : 682-688.

Verdugo C, Luna D, Posadillo A. Production of a new
second generation biodiesel with a low cost lipase derived
from Thermomyces lanuginosus: optimization by response
surface methodology. Catalysis Today, 2011, 167 (1) :
107412.

Martin L, Gonzalez PA, Robles A, Rodriguez A, Hita
E, Jimenez MJ, Esteban L, Molina E. Concentration of
docosahexaenoic acid (DHA) by kinetic resolution by a
Thermomyces lanuginosus lipase. New Biotechnology,
2009, 25: 157461.

De Schutter K, Lin Y C, Tiels P, Van Hecke A, Glinka
S, Weberdehmann J, Rouze P, Van de Peer Y,
Callewaert N. Genome sequence of the recombinant
protein Pichia
Biotechnology, 2009, 57 (6) : 561-566

Shimoi H, Kitagaki H, Ohmori H, limura Y, Ito K.

production  host pastoris.  Nature

[13]

[14]

(5]

[16]

(7]

(18]

[19]

(20]

1]

[22]

[23]

Sedlp is a major cell wall protein of Saccharomyces
cerevisiae in the stationary phase and is involved in lytic
enzyme resistance. Journal of Bacteriology, 1998, 180
(13) : 3381-3387.

Su GD, Zhang X, Lin Y. Surface display of active lipase
in Pichia pastoris using Sedl as an anchor protein.
Biotechnology Letters, 2010, 32(8) : 11314136.
Garten Y, Kaplan S, Pilpel Y. Extraction of
transcription regulatory signals from genome-wide DNA-
protein interaction data. Nucleic Acids Research, 2005,
33(2) : 605-615.

Macedo GA, Park YK, Pastore GM. Partial purification
and characterization of an extracellular lipase from a
newly isolated strain of Geotrichum sp.. Revista de
Microbiologia, 1997, 28 (2) : 9095.

Lee SH, Choi JI, Park SJ, Lee SY, Park BC. Display of
bacterial lipase on the FEscherichia coli cell surface by
using FadL as an anchoring motif and use of the enzyme
in enantioselective biocatalysis. Applied and Environment
Microbiology, 2004, 70 (9) : 5074-5080.

STl g U I A TR T B i R R ST A
A K F e o, 2010.

Zheng YY, Guo XH, Song NN, Li DC. Thermophilic
lipase from Thermomyces lanuginosus: gene cloning,
expression and characterization. Journal of Molecular
Catalysis B: Enzymatic, 2011, 69: 127432.
B, ML B PR, £05]. TLIM JS U5 B8 T b Jig K g
R Mk BOE Y. B N T (Cereals and Oils Processing) »
2010, 4: 15-8.

Arima K, Liu WH, Beppu T. Studies on the lipase of
thermophilic fungus Humicola lanuginosa. Agriculiural
and Biological Chemistry, 1972, 36 (5) : 893-895.
Zheng XM, Chu XY, Zhang W, Wu NF, Fan YL. A
novel cold-adapted lipase from Acinetobacter sp. XMZ-
26: gene cloning and characterization.  Applied
Microbiology and Biotechnology, 2011, 90 (3): 971-
980.

Otzen DE. Activation,

Mogensen JE, Sehgal P,

inhibition,  and  destabilization  of  Thermomyces
lanuginosus lipase by detergents. Biochemisiry, 2005, 44

(5) : 17194730.

Fano M, van de Weert M, Moeller EH, et al. lonic
strength-dependent  denaturation ~ of  Thermomyces
lanuginosus lipase induced by SDS. Archives of

Biochemistry and Biophysics, 2011, 506 (1) : 92-98.



FRBCSE AT DR 22 710 T I Uy T 7 5 705 19 58 b ) 2 T JR 7S B g 27 1 R /B 7B A 22 4R (2012) 52.(7) 865

Cell surface display of Thermomyces lanuginosus lipase in
Pichia pastoris and its characterization

Min Dai, Changtao Ji, Xiaofeng Wang, Xiaoyan Zhi, Hua Shao, Li Xu,

Yunjun Yan
Key Laboratory of Molecular Biophysics of the Ministry of Education, College of Life Science and Technology, Huazhong
University of Science and Technology, Wuhan 430074, China

Abstract: [Objective] To construct a novel cellsurface display system of Thermomyces lanuginosus lipase (TLL) based
on an efficient anchor protein Sedlp in Pichia pastoris, to screen recombinant strains with high enzyme activity and
displaying rate, and further to characterize the enzyme. [Methods] The lipase gene from T. lanuginosus was sub-cloned
and fused with the anchor protein gene sedl from Saccharomyces cerevisiae to construct a display vector pPICZaA- TLS.
The vector pPICZaA-TLS was linearized by Sac I and then transformed into P. pastoris GS115 by electroporation. After
screening by tributyrin medium, a clone exhibiting the maximum lipase activity in shaking flask was chosen to treat with
rabbit anti*LAG~ag and R-PE-conjugated goat anti-rabbit IgG, and then its positive location on the cell wall was detected
by fluorescence microscope and flow cytometer. The recombinant strain displaying TLL was further characterized as a
whole-cell catalyst. [Results] A novel cell-surface display system of T. lanuginosus lipase was successfully established,
and a clone with lipase activity of 257.8 U/g dry cells in shaking flask was obtained. The displayed TLL on the cell
surface was confirmed by immunofluorescence, and the treated cells under the fluorescence microscope emitted brightly red
fluorescence, and the displaying rate was 98.36% detected by Flow Cytometer. The displayed TLL exhibited excellent
thermostability and high tolerance to some organic solvents, and its maximal activity was observed at 30°C and pH 8. 0.
The lipase activity was a little enhanced by K", Ca®" and Mg’® and strongly inhibited by Cu’*, Mn’" and Ni’".
However, ethylenediaminetetraacetic acid (EDTA) , Sodium lauryl sulfate (SDS) and Tween 20 showed little effect on
the displayed TLL. [Conclusion] The lipase TLL was successfully displayed on the cell surface of P. pastoris by the
anchor protein Sedlp for the first time to obtain a whole—cell catalyst, which had high hydrolytic activity and excellent
enzymatic characterization. Thus, we here established a solid foundation for industrial applications of the displayed lipase
TLL.

Keywords: Thermomyces lanuginosus lipase, Pichia pastoris, surface display, whole—cell -catalyst, enzymatic

characterization
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