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Optimized expression and high-density fermentation of
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Abstract: [Background] Lipase is widely used in textile, food, medicine, leather and other industrial
fields. The study on the heterologous expression of lipase in microorganisms further promotes the
production and application of lipase products. [Objective] To perform the efficient heterologous
expression of lipase from Aspergillus fischeri in Pichia pastoris. Screening suitable strategies for
expression and fermentation of the engineering strain to increase yield and reduce production cost of
lipase. [Methods] After codon optimization of the lipase coding gene of Aspergillus fischeri, plasmid
pPIC9k was used to integrate the codon optimized gene (/ip605) into the genome of Pichia pastoris GS115
to construct an engineering strain for high yield of the recombinant lipase. The lipase expression was
further increased by optimizing the fermentation conditions, screening the optimal chaperone protein and
performing high-density fermentation, successively. [Results] The optimal fermentation conditions for the
engineering strain with high lipase production in shake flask were determined as 3.103% (¥V/F) methanol,
0.4 mg/L biotin, 11.5 g/L yeast powder, and 13.4 g/L. YNB; the initial pH was 6.4, the filling volume was
50 mL/250 mL, the speed was 220 r/min, the temperature was 24 °C, and the culture time was 40 h. After
optimization, the activity of extracellular lipase reached 72.34 U/mL, which was 5.8 times higher than that
of initial fermentation. Furthermore, 12 chaperones were selected for co-expression with Lip605, among
which the co-expression of chaperone Rpl10 (pPICZA-RPLI0) had the best effect, which further increased
the expression of Lip605 by 46.8%. On this basis, after 142 h high-density fermentation with batch feeding
in a 10 L fermenter, the maximum extracellular lipase activity reached 680 U/mL, with a protein
concentration of 15.89 g/L. [Conclusion] In this paper, compound strategies were used to effectively
improve the fermentation yield of lipase Lip605 in Pichia pastoris, which laid a good foundation for its
further industrial production.

Keywords: Pichia pastoris, Lipase Lip605, Response surface, Co-expression, Chaperone proteins,
High-density fermentation
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ILFRIR AL A 10 TR B AR o e R B TR B 1Y)
MLAMIE Wil s &, A 10 L & REREh Ui T TR
PRIPR I 1 8 B R, DAAE— B3 Bl K-,
JR DT Lip605 HY AR (L A: ™= BE 2 R AT LAl

1 RS
1.1 #8
1.1.1  EHRF R

EEIRERE GS115 BaME S p R # B RKHE Tl
A= W ARIFSE E Tl it TR S S ARAT - B2 A kil
5 6 7 T 2 A 5 X (XML_001261900. 1) 5 471 S 5 F
PG E: NRRL 181, £ X% 5L R b1 74505 7k,
AL )E R v 4% M Lip605, a4 T 3 A ) T4
R\l A BURE pPIC9K-1ip605

1.1.2 EZLF TS

BRI N VI Sac I, NEB /A1) ; DNA [Efiriat
MG PR R BGA A . WL R A AR IO
RAAEALRB AL EOA PR A 5 ProteinRuler® 11
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EBEARGIRAF; 51946 L& DNA Wy, b
TR AR A TR A

PCR{Y, Bio-Rad/AH]; Epoth 2TCHfLAR 4t
T, B A A F ;4 A 310 LERE
R4, FilERX4EY TR TRARA
1.1.3 $EHFE

LB. YPD. BMGY. BMMY. BSM, MD ¥
FRILIHE B Invitrogen 2 Al EVEFWHRHEE T 2 A
ATHCH . PTMI1 JEAER VS W (g/L) . FLKA TR IR 4N
6.0, Wifk4H 0.08, —I/KERERHL 3.0, FHEREN 0.2,
iR 0.02, SALEL 0.5, BREREE 20.0, LI/KELERIE
B 65.0, AEWIFE 0.4 mg, Bilik 5.0 mL, JNZEHEK
EARF 1L, 0.22 pm IRA L4 2 KABRSLIE B L
UEKTA, 4°C PRAF; Tl RS SR A (mL/L): il
500, PTMI1 12, MIAZEIB/KERF 1L, 1x10° Pa
FEZEIRKH 30 min, PUABELAC; HEEAMELRE 5E
. PTMI 12mL, HFEERZE 1L, EhREMf.
1.2 A%
121 EEFREEFEREREIERNEE

BE 6 HE ORI R R GK R G, i AR LR
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K(XM_001261900.1)i#:4 7% 65 10u4k 45 20k )m
g Wil [ lip605 . K lip605 F& R 15 3% v e 2]
pPICOk Fihif) o K55 KT, 1S3IEA R
pPICOk-lip605, i JovkL ph s\ 4 T Fi A= W) TARAT B
NG . BEE R TRIZS Sac 1 4VE4k . DNA [a]
W, BUS pg LMl P i B HE AR RE GS115 /8%
AN, 7E 30 °C EFAEHE IR 2 h, AT
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514913 4 1ip605-F (5'-GCTCCAGCTAAACCA
GCA-3")#1 1ip605-R (5'-CTAGATGTGGAAGGAGT
CGAC-3'), PCR JZ VA 2 A4 42 B F 4545y
JrikiE T, PCR BGUFIERA AL F- -4 700, W5
WINBEEAL 544 H GS115 (pPIC9K-lip605).

LFRIB AR R 11 HE AR I B TR P R A < R TR
12 MPERE A IEEE, 4508 PDI. EROI .
KAR2. CPR6. RPLIO. RPL3S8. RPL43. FESI .
HACI . SSAI. STLI #1 VGB., % VGB H:H Ky
BHIEG AN, AR UL SRR R R AR, 2
PCR 3R15, PCR 51¥F 4 W3 1, Fr45 53 i
FETE FURL pPICZA (5, pPICZ0A) 2 T A7 s i A 7]
g KU B TR E] GS115 (pPIC9k-
lip605) &7 A ML o PRECR e 519 test-F
(5-AATTGCGACTGGTTCCAATTGAC-3")#l test-R
(5-ATTCAGATCCTCTTCTGAGATGAGT-3") ¥ 17
PCR 35k 56 UF -0 7y o5 B 0 T A B A AL i 2 5%
ISR IR RB DT B S AR e B T RE b, JS 2L AT
JE i il Py 2 5 A

F1 FFEUFREBEEHR PCR 3|4

Table 1 PCR primers for obtaining chaperone genes
Primers name Primers sequence (5'—3)

PDI-F ATGCAATTCAACTGGAATATTAAAACT
PDI-R TTAAAGCTCGTCGTGAGC

EROI-F ATGAGGATAGTAAGGAGCGTA

EROI-R TTACAAGTCTACTCTATATGTGGTATC
KAR2-F ATGCTGTCGTTAAAACCAT

KAR2-R TATCTACAACTCATCATGATCATAGT
CPR6-F ATGACTCCCCGTTCTCATATTTTCT
CPR6-R GCTGCTTTGTCTAAGTTCTTTGAG
RPL10-F ATGGCTAGAAGACCAGCT

RPL10-R CTACGCCGAGGCTAATTAG

RPL38-F ATGCCTAGACAAATCACTGATA
RPL38-R ATTGAAGGTTACCAAGTTGTAG
RPL43-F ATGTCTAAGAGAACTAAGAAGGTAGG
RPL43-R AGAGATGGCTGAGGCATG

FES1-F ATGGAGAAGCTACTCAAATGG

FES1-R GATTTGAATACCATAAAGCAAGTACTT
HACI1-F ATGCCCGTAGATTCTTCTCATAAGAC
HACI-R ACATGCATAGCGATCAGGTGA

SSAI1-F ATGCCAGCTGTCGGTATT

SSA1-R AACTGTTGAGGAAGTCGATTAG
STL1-F ATGTCATCTGAAGAATTCAAAGCC
STL1-R GGTGTCATTCGTACTCGT

1.2.2 ABHEF

8 A R A TR AR T Ao T A R 2 4 R
% YPD [{A$EFRHES, 30 °C [HEIG R BZREE
I, PRECATIRE R BMGY KiFEdid, 30 °C,
220 r/min 5F T H53% 40 h J5, 4 °C. 4 000 r/min
0 10 min FIK A L3, A BMMY W B 4
B BT BMMY 355 ALk B2 2%
(AT R B EE, 24 °C. 220 r/min 00 FRF% .
24 hBUFE 1 mL, FREINAWE N 2% (KRR
P K TRRRE b 05, BC100 pL VST
Jig W kg it 35 W o, AR PR AE T 4 °C T SDS-PAGE
B LUK A .
1.2.3 W 5 A& B A1k

(1) Plackett-Burman 3% : #EHUCE RS & .
R . YNB &, HERInE . RS
it . BMGY BrEdGFREE . Hil & & . pH AR
9 MNHEZEHFT Plackett-Burman 56, E KR L6
20 ML Mg 105 TR o 55 A0, b 7o 1 B2 1 B DR 2K
TR Ay AHEE 22, 24, 26, 28, 30 #1132 °C,

(2) Box-Behnken #%it: M Plackett-Burman iz
51 R R M S ) 3 BRI R A 4 (B
¥itri). B (pH). C (WEAINE). FIH Design-
Expert #{4i/£17 Box-Behnken 1% 11 3 [H % 3 /K Fik
B, oA & A AR — B
1.2.4 A5RAEEEEE N E

JO P T % 000 R P M R A 2 s, AR R
SRS I B, L — Pl AR R0 A I i
FETEG , FE P G i e b et . ELAO IR

I 100 pL % B 2 G 2404 2-8 U/mL L
THNIA pH 5.0 ABSTREN-BE IR ZE i (50 mmol/L)
250 pL, 60 °C fi#k 5 min, FAIA 500 L [A#fE 60 °C
i 5 min PHBEIHIEYT, #£ 60 °C ZKVEHR
10 min &, HIEAIA 100 pL 6 mol/L i HCl iF
LR, IRAIEIA 400 uL F¢ks, 1EL IRk
TR A A R 90 s, 12 000 r/min 5.0
5 min, BTSSR 200 ul LA 100 uL &
FLEAS 60 uL B AT, #:%% 90's, 12 000 r/min
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20 5 mine BUEHUAHTE 714 nm K OGEE, D
1 min PN AEACHIONE A2 AR 1 ol 8 7 F 9 11 il
N 1A B (U)
125 SEBEEABE

RN TR GS115 (pPIC9k-1lip605/
pPICZA-RPLIOXIZ T YPD ¥4, 30 °C i Fifti
B KT PRI TR H AT 400 mL
YPD AR FRIEAY 1 L PR, 30 °C.
220 r/min £ F 3R E ODeoo M 20 idi . ¥45Fh 1
WD 2 R R TR AL (BSM iR JE+1.2% (IRFHEL)
PTM1+4% ) 30 °C 535, @& 400 L/h,
WA 8 R 400 r/min (30%3% 48 H B ), Feok
B Ay 850 r/min, FH 28%H0 & K (R i B B 15 5%
HE pH AR 6.4 KA. KEFFE PRV %
4 (dissolved oxygen, DO)Et 20%, FFHlFE
R (24 h), BEFHE, A 50%H il (R R AR )
PEFTRNEE R AMRLER Ry 72.6 mL/h, #MVEFZE A1
MBEIAE] 180-220 /L J5fFik, YUEk 2 h 5 TH
FEb RS T 100%0 B (12 mL PTM1/L)
AT S, BOEAMEIEAA 10 mL/h, 2-4 h 52
G R BERIN#E A, EF) 26 mL/h, &M 12 h
TSURE DN 2 20 M B . R BN R B

2 ER5M

2.1 EEFREEEFFRERAES Lip605s T2 E BIHE K
Fik

>t

LIRS T IR WiBE Lip605 A Ee okl 3
N T GS115 (pPIC9k-lip605), FHIEH K/ K
1 632 bp (&l 1) R FEUES 974 1ip605-F (5'-GC
TCCAGCTAAACCAGCA-3")Hl lip605-R (5'-CTAG
ATGTGGAAGGAGTCGAC-3"), MIE 2 $ TR
JLAh B TR PR A T L, Ak AR AR T 4108
Lip605 I 14310 60 kD, HERE IR AL
I, AR R, MIAN R B D,
ULEHAR Wi Lip605 7E1%Z RG4S T 5 b H A
2RIk . RIS HEAT g 1D BTG U a2, DU 25 5
ZTRRHE 144 h $EMERBES , FLI AN g i ity 1t

1 2 3 4 5 M bp
4000
3000

2000
1000

800
500

300

El1 TI7EHE GS115 (pPICIk-lip605)E[E¢H PCR # 1%
lip605 £ [F B F ik E

Figure 1 Agarose gel electrophoretogram of lip605 gene
amplified from genome of GS115 (pPIC9k-lip605) by PCR
e 1-5: Fiygh# PCR I IES5R; M: 1 kb Plus DNA Ladder.
Note: 1-5: PCR result of each clone; M: 1 kb Plus DNA Ladder.

1 2 M

2 FERERABE T2 & GS115 (pPICYk-lip605) BRI 5N &
H HkE

Figure 2 SDS-PAGE of extracellular proteins of lipase-
producing engineering strain GS115 (pPIC9k-lip605)

TH: 1: GS115 (pPICOk-lip605) 1AM H 5 2: GS115 (pPICIK)
HINEANE I (BAPEXS E); M: ProteinRuler® IT (12—120 kD).
Note: 1: Extracellular proteins of GS115 (pPIC9k-lip605); 2:

Extracellular proteins of GS115 (pPIC9k) (negative control); M:
ProteinRuler” II (12—120 kD).

68 12.47 U/mL, REAR, BEE b bA A
TRKZEIE , T B — 25 B i T RE TR 1) g T i T
FE
22 EREETREEEREARARSEEHY Plackett-Burman
R IE

& Plackett-Burman i 56011, Xt & B e
i 9 AR R TS, A R R A
PSR, IR LSRN 2 B . &N E P ER
SRR 20 R 03 3. 2R BN, 5
19 MHER, WEER & E(B). WESINE D).
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% 2 Plackett-Burman RIS FITRER

Table 2 Design and results of Plackett-Burman experiment

Test A4 B C D E F G H / Enzyme

No. Peptone  Yeast YNB Methanol Biotin Fermentation Glycerin  pH Temperature  activity
(g/L) (g/L) (gL) (%) (mg/L) time (h) (mL) (6] (U/mL)

1 20 30 40 0.5 8 42 30 5.5 28 10.09

2 20 10 15 3.0 4 42 30 5.5 30 37.93

3 60 10 40 3.0 4 42 30 8.0 28 20.71

4 20 30 40 3.0 4 36 10 8.0 28 33.49

5 20 10 15 0.5 4 36 10 5.5 28 13.14

6 60 30 15 3.0 8 42 10 5.5 28 27.32

7 60 30 40 0.5 4 36 30 5.5 30 8.35

8 20 10 40 0.5 8 42 10 8.0 30 4.00

9 60 30 15 0.5 4 42 10 8.0 30 1.12

10 60 10 40 3.0 8 36 10 5.5 30 47.81

11 20 30 15 3.0 8 36 30 8.0 30 28.06

12 60 10 15 0.5 8 36 30 8.0 28 2.39

pH (H) 3 AN ZXS T AR ™ B A1 g i il il v LA
WERWEE 3), MHA 6 A~ vk H R G2
IR A EBUE T Plackett-Burman 5645 S
FE, FSEEX RN AT L B RBRRRU-T 1
TR 1)
fif} 75 =21.57-1.034-3.50B+0.32C+14.19D—0.7E—
1.57F—0.41G-4.97H+2.911,

IIFEINTE BB R*=0.989 8, ALY, 15
SRR SR AR TP IR 20 /L, YNB B 13.4 /L,
PRI 0.4 mg/L, BMGY $:3:#0$/8] 36 h, HAK
UG E s WK 3,

4k, 38 Plackett-Burman iRIGZEHE Bon, 5%
SRR BEXS T TR R MBS & T 52 25 m M 2

®3 REVEARBRERMEZESH
Table 3 Partial regression coefficients and analyses of
their significance

Source Sum of Degrees of Mean  Fvalue P value
square  freedom square

Model 3 011.37 9 3346  21.66 0.044 9
A 12.81 1 12.81 0.83 0.458 5
B 147.28 1 147.28 9.54 0.090 8
C 1.25 1 1.25 0.081 0.802 5
D 2414.57 1 2414.57 156.32  0.006 3
E 5.94 1 5.94 0.38 0.598 5
F 29.77 1 29.77 1.93 0.299 5
G 2.00 1 2.00 0.13 0.753 4
H 296.01 1 296.01 19.16 0.048 4
1 101.73 1 101.73  6.59 0.124 3
Residual 30.89 2 15.45

B Lan ZPURGRFTE LB, (RIRFH S Al 5 31 o b
INERE TR A e e Dl i ™ o PR, o3 #irAs
Plackett-Burman 236 H 5 B A A 15 97 153 AH 22
BN, REGARER BRZER AR h
T2 A IR IR B TR I A S BRS
AWFFEAELL LS5 FEA b, #h g T — R Y
FIAL, 7E22-32 °C Z[AIEE T 6 MY —[RIfaKY
K, LA SHREE 24 °C BIMIAMNEETE N 100%, J
AEE RN 3 s B& Plackett-Burman 8056 o i
1201
100
80

60

40

Relative activity (%)

20

0

22 24 26 28 30 32
Temperature (°C)

3 AEIEFFRE N EFREEE T2 E =5 AR
A

Figure 3 Effect of different cultivate temperatures on the
extracellular lipase activity of GS1115 (pPIC9k-lip605)

TE: 250 mL $ENRLIE 144 h S IORAMEGTE ;. fRAS s 3 4
AT LR G 9 100%.

Note: Extracellular activity after 144 h fermentation in 250 mL

shake flask; Data are presented as mean+SD (n=3); The maximal
lipase activity was defined as 100%.
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HUAY 28 °C 1 30 °C 17 fli 25 AR AN 4, H
RIS R RN R T B2 S,
Hr, BSEEARIR 24 °C I E R T e A NI
DR 1k, 30 e b 78 ) B DR 23 ] DU T T RE TR 17
e RBER N 24 °C, FEHEAT T 4505,

2.3 Box-Behnken i& ittt X B &4

A 2.2 MSE8G 4558, F] Box-Behnken 3 i%
it 3 R 3 KB, 58k 4 o, i
Design-Expert 8464777 22 43 B A i Iml A 40L&
RIS EE, I R R A R L 5.

LA NG s R T 745 (R ) A W 7 TR, DA TRy 35 e
(4). pH (B). HEAMEC) N AR, PA1EH]
ZI0 IR IENH R
R1=62.32-3.244-6.65B—8.67C+5.84B+1.51BC~
8.314°-17.72B*-21.57C%,

Fh [ 5 P 2R B MR 56 K )y 22 40 Fr el
FERLRIG LA B, P=0.000 1<0.05, iHiZikE
BORPAHA . PeE 28 R*=0.979 5, LB 1))y
TREHLE TR BT .

M) 57 T [0 0 43 A 0 [ U R 4004 42 il o 7 T
KOEE 4 pros, B &), pH (B). HEE

% 4 Box-Behnken iR¥&it & 4&ER
Table 4 Design and results of Box-Behnken experiment

Test A Yeast BpH C Methanol  Enzyme activity
No. (g/L) (%) (U/mL)
1 5 6.75 2.0 48.30

2 15 6.75 3.5 62.20

3 25 6.75 5.0 28.80

4 5 8.00 3.5 32.02

5 25 5.50 3.5 28.95

6 15 8.00 2.0 20.75

7 15 5.50 2.0 43.42

8 5 5.50 3.5 50.60

9 25 6.75 2.0 33.15
10 15 5.50 5.0 22.30
11 15 6.75 3.5 61.30
12 25 8.00 3.5 33.59
13 15 6.75 3.5 63.60
14 15 6.75 3.5 62.70
15 5 6.75 5.0 19.50
16 15 6.75 3.5 61.80
17 15 8.00 5.0 5.670

x5 EEPAFEEENN

Table 5 Variance analysis of regression equation

Source Sum of Degrees of Mean F value P value
square  freedom  square
Model 5258.77 9 584.31 37.19 <0.000 1
A Yeast 84.05 1 84.05 535 0.0540
B pH 35431 1 35431 22.55 0.002 1
C Methanol 601.18 1 601.18 38.27 0.000 5
AB 134.79 1 13479 8.58  0.0221
AC 149.45 1 149.45 9.51 0.017 7
BC 9.12 1 9.12 0.58 04710
A2 291.03 1 291.03 18.52 0.003 5
B’ 1321.54 1 1321.54 84.12 <0.000 1
c 1958.78 1 1 958.78 124.68 <0.000 1
Residual 109.97 7 15.71
Lack of fit 106.87 3 35.62 45.85 0.0015
Pure error  3.11 4 0.78
Cor total 5368.74 16

W (C) 3 A-52ma HR Z AE e B A o SE T
RS, RBEBRIMIRAE S, 3 N F RS ILR
B 50 ARy & i 11,157 g/L. pH 6.423, H
FEEASINEE 3.103%,  IGEHAE AR F (B i KB R
69.960 U/mL.

T A B 57 I B 43 IS J% 451 R AR B 1 B
T, XPEERLT A EA AR R, B EERER SRR
11.5¢g/L. pH K 6.4, HEETINE A 3.1% ((KFLLL)
PEAT 3 APATRE I R B, 155 24 g 1 - 1
fifgi& ok 72.34 U/mL, FL TR ST (E 69.96 U/mL &
3.4%, I HACAK S HLSMg Il 25 38 K 3 LAk i
PET 5845, BUS T HAMMILR
24 HREFEEBVTF

W 12 B AR 1 g A5 35 R 43 1 2 o s
pPICZA F pPICZaA H45 FI HE SR WERE T FE I GS115
(pPICOKk-lip603)FER A, AR T 24 NILFRIK
PR A EE 2 TR I X e 2 TR B A T3
(20 mL/250 mL) & 8%, DIARIERIBEBE AR T
FEIE GS115 (pPIC9K-Iip605)F M4 MIg i Bl it 1%
100% , 455K 5 fos . H, w4 TR E GS115
(pPIC9k-1ip605/pPICZA-RPL10). GS115 (pPIC9k-
lip605/pPICZA-HACI). GS115 (pPIC9k-lip605/
pPICZA-VGB). GS115 (pPIC9k-lip605/pPICZuA-
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3.2
Yeast (g/L) ¢ 56 Methanol (%)

4 3NREFMERFEZE AN EIKEER

Figure 4 The response surface diagrams for the three
significant factors

TE: Ar BERRR & LA pH X PEEERGRENA; B WERRR) & R
BEUS IR PRS0 s C: pH FIFH BEUS I i 7B S
Note: A: The effect of yeast powder content and pH on enzyme
production; B: The effect of yeast powder content and methanol
addition on enzyme production; C: The effect of pH and
methanol addition on enzyme production.
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Figure 5 Effect of co-expressing chaperones on enzyme
activity by fermentation (250 mL-shake flask fermentation)
TE: A: pPICZA-PHRHEA(BINKIE); B: pPICZaA-fHHE
H(Hf4h3R35); 250 mL $RH K% 144 h J5 (ML EETE ; AR4158
I 3 AT TRERE B GS115 (pPICOk-lip605) LM T A
100%.

Note: A: pPICZA-chaperone proteins (intracellular expression);
B: pPICZoA-chaperone proteins (extracellular expression);
Extracellular activity after 144 h fermentation in 250 mL shake

flask; Data are presented as mean+SD (n=3); The extracellular
lipase activity of GS115 (pPIC9k-lip605) was defined as 100%.

(\p' 0?’ Y’
N Q\ Q@%@,@»& (b

SSAI)F1 GS115 (pPIC9k-lip605/pPICZoA-VGB) K]
JL &1 B s T RS 23 4 5 T 91.7% . 4.6%. 3.7%.
9.9%F1 17.9% MEEIATHI, JCiR & 7E M N 2l
HhEFRIk Vb E XS BRI Lip605 Y54 4
mER, IF B AN SRE M RCR BB, T AE ALY
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KK Rpl10 XS TR Lip605 iR iki2 T+
S LR
25 HFRXEFEERER

5 N T R P 0 R T B il 2 S SR SRR
MR K, PR TR R IL R 7 5y, R M
7 T KT R ) 15 22 0 BN . BRI, A X A
B 5 A7 P Y TR AR, B 1L 4RI
(100 mL/L)FA TR I R BESR 0, DATE UL SEAT 1
FE A R . EREEARANE 6 FraR, 5 AN RE
(1 7 Tl K P RS T i A — o 22 1), P iy
L3235 Hacl Fl Vb FEBE A T2 T8 54 )™ Jiff
ST X BT AR, (AN LR GE Rpl10 RYE 4 T
PR R T 5000 — 800453, BNZ AR 2
I J i 3 P e e RO ER AL TR AT, e S5 0] B T
AAEE, RWMGRES AT 525 1 46.8%, BEHITEMI AL
35 Rpl10 & PS50 AE DT Lip605 (13615 BA
B

160
140
120

100
80
60
40

Relative activity (%)

20

0
A G T CT,

2 : B
MU gl T gt
P C c ¢ S
S & 9

6 HEZXEHEEAMNAKE~INIEZINA LIER
%)

Figure 6 Effect of co-expressing chaperones on enzyme
activity by fermentation (1 L-shake flask fermentation)
e 1 LA RE 144 h 5 RSN ; B4 SE K 3 - FAT;
THEERE GS115 (pPICIk-lip605) Ay ML AMEETE 9 100%.

Note: Extracellular activity after 144 h fermentation in 1 L
shake flask; Data are presented as mean+SD (n=3); The

extracellular lipase activity of GSI115 (pPIC9k-lip605) was
defined as 100%.

26 0L ABENSTELE

S RE IR T Bl = 7 R AR GS115 (pPIC9k-
lip605/pPICZA-RPL10), FHFEIH K& IR ML SMIg i it
fifi 1% AT 3% 105.62—138.17 U/mL ., My ik— 1 E Hk
WP WERE T, AT T 10 L R TERERY &2 1 P 2 1
I LLWIA TR E Rk GS115 (pPICOK-lip605)WEXT I ,
RIEWIR TN 4 L, eI B) ™4 45 1l 75 S R &b
RHECHESE, BRBERMET R 190 h, Z5544n
Kl 7 FiR o

ML TA RTAT, S2HG2H 550 HE 4 4 AR KRB
FHIA), ¥I7E R 166 h BRI EA RIR K, i sLg
HIBTE N 404.77 g/L, XTERLIRE N 404.73 g/L,
BIRTF 200 g/L, UiBAPIAR AR T % R
Ko Fioh, FEREAS R AR, S04 ) B
(240 BV — AR — 2, T OLAEMB A T Rpllo
TERE N L ZRIB R T AR A RS AR R . SR,
XoF P 2k A v R R TR P L A R 1 R S B A T
LR R EE R (F 7B .C) L B, LRk R 1 Rpl10
AR TR AR AE A R A i ) I O B 1 R il
A AR, LA Lip605 (S £
BN (] 7C). PIREPRETE K% 142 h B, JUSREE
1 N B AR $5) 38 3 e ey, L SEIR 2 04 8 R
A E] 15.89 /L, B0 MR8 1Mk (12.87 g/L)
P& 23%; AP e A% 680 U/mL, HOX f
FIFE(426.5 UmL){RE T 59.44%, w] WL, 15 R p
R EE 19 Rpll0 £ 48 2 11 76 i 9 X5 Bg i 1
Lip605 45 F B S48 oA 3 i 2 e VE A
3 WikE4w

AR S FH 2 A 7R R g 0 T R A Ak R R
(lip605) Ji, Ty ¥ £ 7 5 IR [ B T F2 B B GS115
(pPICOK-lip605), 54 i FH 1y 1fi A& B A5 AU AL
HRBARE D TRD WG, SR a1 TV O Ak &
TS RS IR I S £ 55 5.8 i AT 7ERRI
H LR AR BRI 06 S A 00, A5 AR T
PAHItR GS115 (pPIC9k-lip605/pPICZA-RPL10), %
R T T HE S 48%—91%., Zeadt 10 L KRR
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A 440 —=—GSI15 (pPIC9k-lip605)
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Figure 7 High-density fermentation in a 10 L fermenter
e A KSR AR EZLML; B: KB
MIAME IR AR A ML ; C: e A vh i) B AN A2 1k It 22 5
BERR IR 3 AT R BE, BCF I,
Note: A: Change curve of wet cell weight during fermentation; B:
Change curve of extracellular protein concentration during

fermentation; C: Change curve of extracellular enzyme activity
during fermentation; Data are presented as mean+SD (n=3).

O E R BEE SR, W AR GS115 (pPIC9k-lip605/
pPICZA-RPLI0) & % 142 h Ji &1 1% % 5 35 5
680 U/mL, ZHEAWEN 1589 /L. BIN, AW
H TR IE G D Lip605 78Rtk 3] 141
Xt B Bk P BORATY ARG T EE 408 U
Lip09 FIIAMNEHE (1 900 U/mL)!"™!, {HAHSE
LA & 52 (15.89 /L) AN Lip09 7%
Q2 /L) 7.9 15, FFHAR NI Lip605 i Here
90%LA I, ZIG AT RE S R Ik 2 A —
ERFR ., R, WF TSN, MANEE™
WS E SN A, By oe £t )5
Aib B ) i 2 R 00 P S R A SR, ARSI
A T AL A B 142 h BIRT RS s re i, 5077
g Wit Lip09 RYSEaRmEtE TRER 1A T4 24 h ik
BEmF ], 76 R BEA ™ A bt 5AT B2
I, BRI R R EE AR RE TRE I GS115 (pPIC9k-
lip605/pPICZA-RPLI10)E HA P\ Ak A F= )1 o
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