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Table 1. Essential information of secretory protein from P. pastoris X33

No. P. pastoris’ ORF homologous function of protein MW /pl

la 211254564921 SCW10 Cell wall protein with similarity to glucanases 35.8/4.9
Major exo- ,3-beta—glucanasc of the cell wall , involved in cell wall beta—

4a 211254568502 EXG1 47.81/4.53
glucan assembly
Lectindike protein with similarity to Flolp, thought to be expressed and

5 811254567221 FLO10 51.2/4.36
involved in flocculation
Endo-beta- ,3glucanase, major protein of the cell wall , involved in cell

10a 211254566893 BGL2 33.9/4.07pr
wall maintenance

11 211254570078 SIM1 Protein of the SUN family 44.9/4.37

33 211254567898 DAN4 Hypothetical protein 182/4.03
One of three repressible acid phosphatases, a glycoprotein that is

38 211254567750 PHOS 52.7/4.41

transported to the cell surface

1 BRI 57k

1.1 ##
1.1.1 BE# 5 RH: B IR 8 BE (Pichai pastoris) X-

33. K % ¥ W ( Escherichia coli) DH5a. ¥ J% ] H:
(Pleurotus ostreatus) ) cDNA (45206 = % 47) , £ ik
BAK pGAPZaA \pGAPZA ) [ Invitrogen 2 ] o
L1.2 X5 F#F:Q5 DNA &5 W, Bl 1L N U g
EcoR'T ~Not 1T <Avr 1 < T4 DNA 3% 8§ . & & Maker
) 1 NEB 72 1], mix-Tag DNA 28 45 i . DNA 4t ¢}
Gold view.DNA Maker by 5 % F& 1 /A &), ANTP Iy B
Thermo scientific 2y ), Jf #i $2 BCR 75 & DNA 4l 1k,
WA B PR & W B OMEGA 2 7], Bicine
LW IR (DMSO) 1l AL L R 75 bk
(DTT) 2% Do (G250) & AL 4% &AL 81 2,2°
B = (3= I WE MRl 12 -6) 2 25 (ABTS) i
B SIGMA 2\ #, 14 5k % 2 (Zeocin) W H Invitrogen
) HAbAR 7 35 2 [ 7 43 7 4

1.1.3 $E5E LB R4 (/L) R E 5,
E A 10, NaCl 10, YPD #% 37 3% (g/L) : [ R EL

) 10, 5 A K 20, F 40 0% 200 YPS Bk (g/L) 1§
BRI 10, & (1 iR 20, (h A4 5. YPDS 1 77 Ok
(g/L) : W BESR B 10, 2 19 ik 20, 7 %5 B 20, (1) &4
M 1. BSM Mt dh i 55 9% 5k :85% W2 26. 7 mL/L,
TOKEBERAES 0.93 g/L, MR 18.2 g/L, K&
14.9 ¢/L, S A AL 8 4. 13 ¢/L, H il 40 ¢/L, PTMI
4.0 mL/L,
1.2 #HikigE

s B X 5 1) POXalb (gil78192166) , ¥ 7 4
55 k2 ) 5 JE X poxale (15 3 [H /¥ 51) POXalb
98. 3% I [RIYE 1) Bl 3 A 1 1R B 7 ) 2 45 e
W 5y AR AR 5 Ik FLO10 A1 PHOS 73 %l L5 1530 9% £F
o-MF )2 Ik 5> 51 (apro) A1 454 #4) B f5 5 ik FLO10~
apro Al PHOS -apro, XJ J 20 1) 51 ) A A5 5 JIK A0 4%
POXAlcN f oa-MF, [ [f1 5| #1424 poxalcR (F 2) .
Sy 9 e o SCW10-poxalc. EXGl—poxalc.
BGL2—poxalc. SIM1-poxalcs DAN4—poxalc. FLO10-
poxale. PHOS5poxalc. FLO10-apropoxalc. PHOS5-
apro—poxal ¢\ Native signal-poxalc. ¥ ik i B & #;
1A pGAPZaA .pGAPZA H EcoR 1 1 Not 1 ], 4li{t,
W] W J5 AT I 4 B D e AL E. coli DHS oo
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R2.KEPAAMSINFT

Table 2. The primers sequence used for experiment

primer name primer sequence (5°—3")

CGGAATTCATGCAAGTTAAATCTATCGTTAACCTACTGTTGGCATGTTCGTTGGCCGTGGCCAGACCTTTGAGCATTGGGCC

SCW10+F

CCGCGGAACGCTGAAC

EXCLE CGGAATTCATGAACTTGTACCTAATTACATTACTATTCGCCAGTCTATGCAGCGCAATTACTCTCAGCATTGGGCCCCGEG

7 GAACGCTGAAC

S CGGAATTCATGAAGATATCCGCTCTTACAGCCTGCGCTGTTACTCTAGCTGGTCTTGCAATTGCAGCACCAGCTAGCATTG

S GGCCCCGCGGAACGCTGAAC

DANAE CGGAATTCATGTTCCTCAAAAGTCTCCTTAGTTTTGCGTCTATCCTAACGCTTTGCAAGGCCTGGGATCTGAGCATTGGGCC
CCGCGGAACGCTGAAC

FLOLOE CGGAATTCATGTTTGAGAAGAGTAAATTTGTGGTTTCGTTTCTGCTTTTACTGCAGCTATTTTGTGTCCTTGGTGTACATGGA

’ CAAGAAAGTAGCATTGGGCCCCGCGGAACGCTGAAC

PHOS CGGAATTCATGTTTTCTCCTATTCTAAGTCTGGAAATTATTCTCGCTTTGGCTACTCTCCAATCAGTCTTTGCGGTTGAGTTG
AGCATTGGGCCCCGCGGAACGCTGAAC

FLOO uorof CGGAATTCATGTTTGAGAAGAGTAAATTTGTGGTTTCGTTTCTGCTTTTACTGCAGCTATTTTGTGTCCTTGGTGTACATGGA

opro CAAGAAAGTGCTCCAGTCAACACTACAACAGAAGATG
PHOS uorop CGGAATTCATGTTTTCTCCTATTCTAAGTCTGGAAATTATTCTCGCTTTGGCTACTCTCCAATCAGTCTTTGCGGTTGAGTTG
apro GCTCCAGTCAACACTACAACAGAAGATG

aMF CGGAATTCAGCATTGGGCCCCGCGGAACGCTGAAC

POXATcN GGGAATTCATGGCGGTTGCATTCGTTGCGCTTG

poxal cR ATAAGAATGCGGCCGCTCATGCTTTCAATGGCGCAGGCAGAC

Expect a-MF.POXA1¢N and poxal c-R, italicized letters is enzyme site.

KM T Tk 52 28 40 T 1 o) 46 ~ A0 1 97 32 < BRI
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1.3 BERHTFHFIESEE

il & Ve AR R B X33 K2 A R AL s 5
Scwk " AR A AR Ave T B P9 )
AT VAL, L AL R R B B X33 A IR H
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min J5 () 0D & 4 # R 10400 £5, 0 1wl T %
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J6RETEAE 420 nm b P 5 L O RS IR OGAE 1) 2 8
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B —FE AT 3 0 B AT DU 5 B A b U D 22 2 T
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SDS-PAGE 43 #7 -

fitgid 3 (U/mL) = AA x B B A5 450 x S A4 & 1
Bl(mL) /e 230 (1)

AA :A420nm Z R B O AR ) 22 {E > e 1 ABTS
9t BB 420 =36000 (mol/L) ~'eem ™'
1.5 FHETEEALE

W I B (1) B v B R B YPD R SR AL, B R A
24 h, AR ASM RN 2 LI S LORREGE S, # R &
H10% (V/IV) o 50% % %5 %5 (N % 50 mL 78 35 &)
VBRI B 9%, K T pH il g 30% ¥ a4 K 5 ) AR
5.0 6.0, & i 28 +2°C, it £ 38 % 2k 500 -
700 r/min, A EH 1:0.5 -1:2.5 V/(Vemin) , %
AEHIAE 30% oAy K2y 24 h J5 K% 3 b i) B R
KB, JF 4 Ah kL, [A) N ) RO R ON 2k R
0.6 mmol /Li) CuSO,, 3+ H& 24 h #hn 1 X 1% 5
IKEWE. 5 WK, W ODgy > BEBH 10 h B 1 A
wi s KW MG E D)o BE 3R 72 h Ja IV VR B DAL 4°C,
5000 x g B5.0010 min, W AR K 9 & T o
1.6 RN ZEEGE BN E

Ve T V% e v R B[] RS PR 440 M 5 EDOAH [ 7 40 M
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22 R BRI . 4 T R R
(50 mmol/L PBS pH6.0) &, in A MR I 3% 78 2k 3
G, 4°C , 10000 x g B0, A B 4R 1.4 1)
T3 V5 RR W E

2 4

2.1 ESEKEISIF

g BT (1) 7 Bl e R RE X33 11 40 W10 R
J5 51 (3 1) 5 2k 50 §7 $ AT signal P 4. 0™ x5
Ik P B BEAT 43 BT 5 20 T, B E AN 2R KA Sk
JFH . W SO T 1 5 IR IR R R R &
A5 5 JOR 65 5 TR s pr e U B DA o
B Sk S 0 3 A B SRR SR A, LA 11 M R
B I R R 41 % 045 5 B 07 A 0 IE )
SO BRI SR 8 R R E S A E G
LR R (3 3) iR
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Table 3. Signal peptide sequence and

preservation of amino acid residue

name sequence of signal peptide amino acid residue
SCW10  MQVKSIVNLLLACSLAVA /RPL

EXG1 MNLYLITLLFASLCSA /ITL

FLO10  MFEKSKFVVSFLLLLQLFCVLGVHG  /QES

BGL2 MIFNLKTLAAVAISISQVSA /VSS

SIM1 MKISALTACAVTLAGLAITA /APA

DAN4 MFLKSLLSFASILTLCKA /WDL

PHOS5 MFSPILSLEIILALATLQSVFA /VEL

2.2 FEESKISTREBIEN

P 8 1 B P v B, L POXALe H 515 5K
i) B Ak Native signal/poxalc I B il ¥ £F o-MF K £
K o-MF signal /poxale & XT [, B BE 20k & 7 1L
J > FRE R T 55 9% R 00 g% g (I 1) BT

Ye kWt PHOS M1 FLO10 f5 5 ik, Lh i A B 15
(NIRRT = NN R 7N 3 PR E B R Rl NG
TR 2.5 502 ffe BMEAE R B £} SCWI0.
EXG1 Al BGL2 s A5 5 k51 % N MRl s 0 15 %
Wi F 5 A5 5 k51 3 R IS ) 22 2 A K T DAN4 2
AR S IkGI S T MW D&M A 355 k53T
fiK.

ia

Laccase activity/(U/mL)
w

| L1

1 2 3 4 5
Strain

9

E1 AEESESET POXAlc BEFE B
Figure 1 . Activity of POXAlc with different signal peptide. 1:
Native signal/poxale; 2: «-MF  signal/poxale; 3: P.
pastorisSCW 10signal /poxalc; 4: P. pastorisEXG1 signal /poxalc;
5:P. pastorisFLO10 signal/poxalc; 6: P. pastorisBGL2 signal/
poxalc; 7: P. pastorisSIMI signal/poxalc; 8: P. pastorisDAN4

signal /poxalc; 9: P. pastorisPHOS signal /poxalc.

2.3 HEESKISTEREBHESD

R4 2.2 #&5 R or Hr R W1 MW I BE o-MF X
POXAlc 3 1A 2 S A6 B 4 B el fig 2 5 L5 5
RGBSR BT 3 A BE A AT A 5% HARAE A A
TR EA K& 5L, TR o MF F
15 7 51 Capro) 43 i) 5 1 326 45 1 1) 15 A 52 i 1%
B {5 5 Bk FLO10 F1 PHOS 4 &, ¥ % FLO-apro Fi
PHO-apro P P4l & 15 5 Ik (3R 4) «

x4 HEESKHOEERFT

Table 4. Recombination signal peptide sequence

name signal sequence propeptide sequence
apro MRFPSIFTAV LFAASSALA APVNTTTEDETAQIPAEAVIGYSDLEGDFDV
FLO-apro MFEKSKFVVSFLLLLQLFCVLGVHG/QES APVNTTTEDETAQIPAEAVIGYSDLEGDFDV --+

PHO-apro MFSPILSLEIILALATLQSVFA /VEL

APVNTTTEDETAQIPAEAVIGYSDLEGDFDV -

G157 IR 52 = & Mg 0 g5 B 2 P o,
POXAlec 715 5 ik FLO10-apro 1 PHO-apro 5| % F
B R S ) 0 00 o B BHAE S Ik G 3 R 3 A5 3.5
5 23 B AE o-MF 53 R #E T 20% A1 40% -

2.4 EFEEHPREBRIEAKTE

¥ 2.2 153K R KK P. pastorisFLO10 signal /
poxaleP. pastorisPHO5 signal /poxalc Fl 2.3 H 75 3|
] ¥ P. pastorisFLO10-opro signal /poxalc. P.
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pastorisPHOS-apro  signal /poxalc, DL M % JE B kk
Native signal /poxalc.a-MF signal /poxalc 2835 Kk I#
535 » WORH [A) 44 B L3 28 4T SDS-PAGE. HL K
e g )5 B 2 K 3, 20 67 kDa.

40 ¢

35t o

|_|_|
=h

e
(=R N =

Laccase activity/(U/mL)

W

R T
Strain

E 2. REMES 55T POXAlc BIEEE 11

Figure 2. Activity of POXAlc with different signal peptide. 1:
Native  signal/poxalc; 2: o-MF signal/poxalc; 3: P.
pastorisFLO10 signal/poxalc; 4: P. pastorisPHOS signal/poxalc;
5: P. pastorisFLO10-apro signal/poxalc; 6: P. pastorisPHO5-

apro signal/poxalc.

12 3 4 5 6 7 8 9 10 11 M

B 3. REE S A5 5 T % E a0 SDS-PAGE ik
Figure 3. SDS-PAGE of laccase under the leading of different
signal peptides sequence. Lane 1 —2: Native signal/poxalc; lane
3 —4: o-MF signal/poxalc; lane 5 —6: P. pastoris FLO signal/
poxalc; lane 7 —=8: P. pastoris PHO signal/poxalc;lane 9 - 10:
P. PastorisFLO- pro signal/poxalc; lane 11: P. pastorisPHO-«

pro signal /poxalc.

2.5 FEMBEEEABRERREAIEEHSH
WA b S 56 5 2R 0k B WS 0 de i T RR

P. PastorisPHOS5 -apro signal/poxal ¢ f Xt B B Ak o—

MF signal /poxal e i i % 5 5 W > 22 i 1 Bk 2R K it
LR AN E 2, il 4 o, WA KB R L, MK
P I 8] 2 70 he AR )& B iE o PHOS -apro X AV 1) 1R
BRAEY) & L o -MF AR, B & B I 18] 24 50 h Sh. &
P Tk R A A TR I W T RE MR I 45 R, R 2
R () 52 06 &5 SL RN BE M 0 S I a5 R R — Em,

PHOS5-apro f5 5 k51 & F 136 S E L - MF {55
ki 40% (| 4) .

709 _a-a-MF (Activity) 350
| —==PHOS5-apro (Activity)
60 -o- PHOS-gpro (Biomass) ] 300
. —4-g-MF (Biomass)
= 504 250
£ 2
2 401 3 g
s ® 200 %
£ ] E
g 30 L150 £
8 S
53 _ aa)
z 2 100
g 10 -
- L 50
04
. -0
- l 0 T T T T T T T
0 10 20 30 40 50 60 70 80

t/h
Bl4. FTRABNOBRBIEIBIINREHNSTE
AEEEKMZ
Figure 4. The laccase activity from different time of

fermentation and growth curve of strain.

240 M P35 38 T 1) 8 3% AR AU, 3 00 3K AT 5 A e
T 00 W E T3 5 A5 JIRRT LAAR PR £ 4 34 i 23 i 59
A, 3G TN B O R AR . T A RE ) 22 AR
Ik Al ER R AR A Bl R I R AR DT DL R
DA SR & Ay (5) .

% 5. RERRA A SMBEIE LR
Table 5. Comparison of extracelluar and intracelluar

laccase activity

strain extracelluar  intracellular
o-MF signal/poxalc 40. 45 0.07
P. PastorisPHO-a pro signal/poxalc 57.98 0.08
» M
3 e

BE R B IE R Gt — Rl N T AR B A
FIE R G, H AT LN A0 R AR e, X TR
TERA & AR B TR IR AR T A A 5
W& i A AL W) g £ (peroxisome) [ 40 it 25, 1% 40
J A% BE 0% KB 5 O il A7 T A0 0 Il 5 A A R TR
e 3 B N 10 B A S 92D R R R R S BE A 0 AR i
AT BVE S B n T Cln g e — G B, £ 5 5 410 T
i, AR  ERAME A RAEYEE
P 20 We B AL R IE R RIS B MRS E  HLA S
VARl S R S I R/ R e SR K SR T b
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Jii 1 7 20 35 A R ke A D5 TR R A RS R A A
AT 36 B YE AR R BE R OA R G5 RO R I, H AT
FAb B, PSR A O/ & 55 kDa, 48 1B L 1R &
M Je > A K/ A 67 kDas

S IRz N T R Rk R G R B R IA
ARG, M N T e AR I RER A R AE 5K
fH:a-MF.INU.PHO1 % . AHF5KHBEREERH
53 WA EE IS 5 K4 ) sk g | 5 RO B RN
BRI B b N YR A S S IR e A R I 1
71, 5% A S 455 KA, 30 PHOS 5] % F (%
Wit i % 7 ¢ i FLO Wk 2, SCW10.EXG1 1 BGL2 %%
PGS RSG5 R & B 55 ) A BT 32 T DAN4
WA S IKE S T R A TR . SRR
5 Ik PHOS J& — Bl % PE 6 198 Wl » 4 % 2 30 40 i 3%
I W% £ 115100 FLO10 2 5 Flolp AHABL ¥ &1 5 B 42
FEA, 52 L 54 SCWI10.EXG1BGL2 K&
DAN4 I /& 41 g B 2 9™ . 3% F ko PHOS &%
FLO10 3X ¥ /M5 5 ik 51 5 2 Ath 25 (1 3R 08, i e A1)
o HoAth 8 R IA 2 A AR AE T

o-MF {55 K J5 16 5 K b A7 76 Bl 25 A6 A7 2, A
WP AR T o MF 55 K2 IK)7 510, 2R )5 20l 5
FLO10 % PHOS5 {5 5 Ik #4 se W5 A~ 41 & 15 5 JIk:
PHOS5-apro Al FLO10-apro. F| HH & 1F F K51 &
BEWG K OE, X N B o W i L oo A R
POXAlc [ & {5 5 k. «a-MF.FLO10. PHO5) & . M
G SDS-PAGE i jk I8 i o] LA Y, BRI R IA &
e P BT R K I D 3t B e e U W T 2R K 1 4
TER PG A BNE# A, OF B S Ik 915 T 4
WRI AL o BRI, & Y oI 15 S RO 3 A SRS A
KBS — N EEFR.

R GE () A ) e g e T R AR LR TR E T
TG 1 S A RO T TR IR R BT R
FH B % FEAS ) T 880, 38 A5 7T g A2 I In 1) i %5 0% i
PRFTE #5040 L TR TR 2 i
T T RE 5 P ) T R AR A O
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SignalP  4.0: discriminating signal peptides from

Effect of signal peptides on the expression of laccase in
Pichia pastoris
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Abstract: [Objective] Expression level of laccase POXAlc would be increased by screening effective signal peptide in
Pichia pastoris. [Methods] According to 2D-gel and profile of P. pastoris genome sequence, seven signal peptides from
high secreted endogenous proteins of P. pastoris X33 were chosen to evaluate their secreted ability by using POXAlc as
reporter protein. [Results] Compared with POXAlc’ s native signal peptide, the signal peptide of repressible acid
phosphatases PHOS and lectindike protein FLO10 showed 2. 5-fold and 2-old increase of laccase activity. Furthermore,
PHOS-apro and FLO10-apro were constructed by fusing signal peptide of PHO5 and FLO10 with pro-peptide of o-MF
respectively. The laccase activity under the leading of FLO10-apro and PHOS5-apro showed 34old and 3. 5-fold laccase
activity higher than native signal peptide, and showed 20% and 40% increase compared with saccharomyces cerevisiae o—
MF signal respectively. [Conclusion] Signal peptides from high secreted endogenous proteins of P. pastoris X33 could
be effectively used to lead laccase expression in P. pastoris. The activity of POXAlc under the leading of the PHOS5 -apro
signal peptide was 57.98 U/mL after high density fermentation.

Keywords: Pichia pastoris, signal peptide, laccase
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