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Abstract B-galactosidase is an important enzyme for the food industry, and it is usually produced by Pichia pas-
toris methanol-induced expression system. However, the use of methanol has several safety hazards such as caus-
ing fire and residual toxicity, which has gradually become one of the most concerned issues in industrial produc-
tion of food-grade enzymes. In order to meet the needs of safe production of 3-galactosidase, this study construc-
ted a novel methanol-free episomal expression vector, pGCW14ZaA-PARS, using strong constitutive promoter
Piowis and the yeast-derived self-replicating sequence PARS. Then the recombinant expression strain KM71/pGC-
W14ZaA-PARS-AoB-GAL was constructed to improve the expression of the (-galactosidase gene (AoB-GAL)
derived from Aspergillus oryzae RIB40 (ATCC42149). Results showed that the methanol-free episomal expression
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261; SBK2018041713) AV 3544 T sS A A1 RI(BE2017319) 1 ] %5 )

5% Hu MK, Xia W., Wu J., Gao X., and Wu D., 2021, Expression of beta-galactosidase gene in Pichia Pastoris improved by
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vector maintained 83.22% genetic stability after subculture in Pichia pastoris for 90 generations, which could fully

meet the needs of industrial large-scale production. After high-density fermentation under a 10% flow rate

fed-batch of carbon source, the highest enzyme activity and specific activity of the strain KM71/pGCW14ZaA-PA-
RS-AoB-GAL were 126.4 U/mL and 26.2 U/mg, which were 1.94 times and 3.12 times of those of the traditional
methanol-inducible expression strain KM71/pPIC9k-AoB-GAL, respectively. Besides, the fermentation cycle was

shortened by 36 h. It indicated that the novel methanol-free episomal expression vector constructed in this study

could effectively improve the expression of B-galactosidase in Pichia pastoris, and has great application prospe-

cts in the safe and efficient industrial production of food enzymes.

Keywords Constitutive promoter Py,,; Episomal expression vector; Pichia pastoris; Beta-galactosidase; High-de-

nsity fermentation

[ 7 7 B8 SR I BE(Pichia pastoris) & — i DL 1)
SR R [ #1515 T (Cregg, 2000; Cos et al., 2006), H:
VE e 2 R A A KR | B 5 E 1 il b R A
i EA R0 A, 0 B AT iR K B B M 4 S 1 R T, 141
WG R BB B R B A D B, 2 — RS ] T
Mb 25 A2 77 R 33k R i (Cereghino and Cregg, 2000; Cr-
egg, 2000; Antogova and Sychrova, 2016), HAJ, &F
TS a1 A BRI BER IA AR G BT R IE
(Macauley-Patrick et al., 2005).

FR A B 7R RER IS RSB )R 3 T AN A,
Gy RS RUNA A, H TR 7 SRR 8) 5
AL BE(PAOXT) JH Bl 1~ ok B W A ] e 42, a1
HIRE S T RE A R (e B B Rk, (BLAE m 3 K
PR R AFAEVE 2 I8, Gk e A 2%, i 441 g
KB EWEA RRAT WIS WS K A
BE AT KGR AN HT T2 AR i i AR
(Bl AR A K, 2013) % T4 SRR IR AR,
HEARRE RSP E S 1R KRS E RER
PR, R B eIk (R AR R R TA 7K Y- 3t A
D PP 5 3 1D L FG v R A T e R AT X B P
H AKX H Y H 21165 24 R0 B i G E 1 P G L )
AR, AR AN 2947 B A T RE N
U5t

A0 B 4 B R B 5 3— Ml H il e
APy I BT, CATHRIE R HIZ 5 87 #4724
FIEH 1 (Waterham et al., 2013). 1H Py, Ji ) 145
A R AN T, AR AL AR e 1T F
SHURBIF Py, (Zhuetal, 2014), Kbk, 54 EIF K
FA AR S S A A B, DL s Tk
T AT B AR RE rp B A R KK, R 988 3))
T B R s A 1 48 5 5 Bl 0 R B e H
FE DAL (1) B 55 AN 2R 3K 7KV 11 20T BE (Juven-Gershon
and Kadonaga, 2010).

HAT O A T8 98 2H B 3 3 5 Py Pr o

PPEXS\PPGKI\P[HOSQ %o 9&%%%(2018)%%*?*%@5‘]
2 SRR LA AR R LRE(GPD 4 52 B2 1 (GCW 14) 1
27 PGCW14, %8 87 DALl R GE Ty Ak
B AR B 22 1 BERE D7 B (CALB), KB RIL K
1 T LI Py R Py S8BT . Liang®5(2013) F
AR E BT Py, 2IEE 056 H H (EGFP), 15
DAH R H Sk e D R At B B R BT Py R
KRR EL G (1 (EGFP) SO IR SE B T P 1
10 i i A . AT W, JR 30T Py 75 SR AR B 2
P A RIL B RAT B I

REHIEHUN, AN S AR IL 2B % U
KGN I A 3% N (Clare et al., 1991) H 13 29
KA SIS A AT Be s R AR B L 4l N B [R5
41, HAEG N7 2301 IR 2 oKL AT e A AR AN 5] o)
FCRIELG:, SEATH AL BRI B s R I 3,
PR B Qe (AR b BB T IR 28 UKL R I AN S E
1 17) 8 (Cereghino and Cregg, 2000; Daly and Hearn,
2005), fHE AT WFFTHRIE , 18 85 07 2L e AR g
BEHE DU AR — B () 55 9%, A 095 DU R
%, A T AR I (Zha et al., 2009), FEHFS
RI, WRLAE BRI RIERE oA ] A R R A AR A
SR A LS R PR AN A S e, ik
FHAE (2018)4 18 M i i 29 URL A 1K A T W g LL 45 15
MIRIE B 45.9% . 7T WL, F s it 1 B ik B A
P H I E F L8 VUK, R St mah I A Rk
I B AIAT IT %

B 1 FLHE 7 4 (B-galactosidase, EC 3.2.1.23), 1
PRIUBENE, Befs KM SURE A 21 FURE R %45 B (M1i-
chova and Rosenberg, 2006). B~ “{-FLE 1) V2 A7 1E
T DL AN LR B T ) AT I DA S A 2
%%(Alvarez and Sas, 1961; Pressey, 1983; Bisw- as, 1985;
Rahim and Lee, 1991), B *F-FLH 1l 75 € it TV
PRAg i AUk b AT SR /E A, AT LIRS
BEAE W it o 1R e, AT DA FLBE AN TIAE TS 0, 18
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A] PLAE PR 28 21 LM (galactooligosaccharides, GOS),
1M H. GOS /] LA I 224 ) LA™ ) it it Ca Fe Zn 55
I, $ = 2R &)1 ) LI 9% 7 (Zittermann et al., 2000),
IR & AP NG 775 B2 S R L1177 e N < R
B N AR e (R AE S 4, 2012)

ARSI S i I G LK M52 (A spergillus oryz-
ae) RIB40 (ATCC42149) (1) B— V- FUHE T L A A o8-
GAL ML, 23 N140C/W806F X 5845 i , 41 %
K B FURE T AR R LR R B T
59.8%, s 124> A 1EFRAE 1) B i {H (Gao et al., 2019).
2838 N140C/W806F XUSEAR 5 (1) B— V- FLAH 11 Ml ik [X]
(AoB-GALYE N AWFFLI H B . 4 7 3 b F 15
S EA g V- FUREAT B AT AR = B s R R AR
fa s, AWFOR ALY )E 2 1 pGCW 14 Rl 3.
52 | ¢ 41 (PARS) (Camattari et al., 2016), L pGAP-
ZaA FIRBAEAEFI, WET PR EAS S0
R ILF AR pGCW14ZaA-PARS-AoB-GAL K 1 5
B V- FUBE T B 7 HE AR e B b (1) R TA 7K

1E5R505H

1.1 FiXH &K pGCW14ZaA-PARS-AoB-GAL Mt E

Xof HE R I BESE AL EAT PCR 3543 )8 80 1 Pooys
Fr B (B 1A, 8 JE 4 v BRI 0K BURE pGAPZaA
TR BT Py B3 KRBT Powsr T4 BTTURL
pGCW14ZaA . 14 PCR ¥ 18 [ 3 & ¥ 41 PARS
v BOE TG 8% vo B SR I 2 pGCW14ZaA 1,
¥ pGCW14ZaA-PARS JFURL, ¥4 #4) 2 1) JFORL pGC-
W14ZaA-PARS AT, 45 R ¥ HRA 0B8-CGA L
T RL pGCW14ZaA-PARS £ ok XU 1) J5 3E 4T i

M 1 M 1 2
2000 bp 5000 bp To00h
P

1000 bp 3000 bp 2900 bp

750 bp

500 bp 3000 bp

250 bp

100 bp 1000 bp

A B

P 1 F 2 TR A XU D6 AE S SRR B Py

¥1: A: M: DL2000 Marker; 1: pGCW14 J5 2l -F-; B: M: DL5000
Marker; 1~2: pPGCW14ZaA-PARS-A0B-GAL % Kpn 1 /Not 1
WU i 1) 2ty

Figure 1 Double digestion of recombinant plasmid and promoter
Pocwia

Note: A: M: DL2000 Marker; 1: pPGCW14 promoter; B: M: DL-
5000 Marker; 1~2: pPGCW14ZaA-PARS-A0B-GAL digested with
Kpn 1 and Not 1

P, 19 3 EAFRL pGCW14ZaA-PARS-AoB-GAL ., ¥4
o 8 45 1) 5 41 R pGCW14ZaA-PARS-AoB-GAL
S RBITE N VI Kpn T R Not T AUEEYT, £330 /M2
3900 bp A1 2 900 bp K IEA TR 1B), JIUk: 28 4 i
BB AT, 45 FIEH

1.2 #E i A B

¥ T 41 UKL pGCW14ZaA-PARS-AoB-GAL #%
1A BE R BE KM71 B2 2540 i, i 10 N4
IR, TERE R BRI TR 84 h G, &
5000 r/min £5.0» 5 min J&5 B B30 B- 2P ZU0E Y
FEYS 77 (32 1), PRHUIA B AL 7 35 REAS I H i3S 61
oyl 1) 20 Tk I e A 2 S R R R R O Rk L fE
PR B PR TR 773 84 h Ji5, BT #RIM oh I
EH B S FUME TG 1) B s BEE  9.72 U/mL,
SR 042 g/L, LLIE N 23.14 Uimg., WHEII K 8%
51T SDS-PAGE # [ LUK /04T, KKILAE 116 kD /&
A — 4 W I 2 (B 2) IR 43 21 B Bl v

% 1 KM71/pGCW14ZaA-PARS-AoB-GAL AR 4 sl B e b T
Wi )

Table 1 Activity of different constitutive recombinant KM71/pG-
CW14ZaA-PARS-AoB-GAL

e fiff % 3 (U/mL)
Strain number Enzyme activity (U/mL)
1 9.23
2 8.33
3 8.78
4 9.21
5 9.72
6 5.21
7 4.53
8 9.14
9 7.69
10 6.82
116.0kD LR
66.2 kD

Kl 2 EA AR R R4 3 SDS-PAGE 434

VE:M: > FaEARESR A 1 HIE

Figure 2 SDS-PAGE analysis of extracellular supernatant of re-
combinant strain shake flask

Note: M: Molecular mass standard protein; 1: Target protein
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1.3 B AR EARN pGCWI4ZaA-PARS-AoB-GAL
FEEEFREE KMT71 RS SR

2 PR TPl S 2 R AR A PEAE T AL
A R OCTE L, st A e M nT DU S AR A K
P IR N A 22 1 B AR AN IR B R IB Ko EA
WFFCH, I T AL TR ) PR R AT I S A AR BT
I5, A AEHUE SRS AR AT E J5 v 3L
T I P T ORI e ST AR 4 B Vi Bk A e
YRR S SR B R s A AR e ML B X R VAR
S0 AR 15 5 i 2 21 3R 0K R pGCW 14ZaA-PA-
RS-AoB-GAL 7r 7R WE RE KM71 Hh )3t A4 £ e 1
DL A U 12 TR SR TS A 11 T A R R I R R AR A B
FAEAR 90 AR AN K T 16.78% 37 25 7Y e ik 4 Ak
HAT 83.22%M m it A R B 3 (3R 2).

1.4 EHBE ¥ KM71/pGCW14ZaA-PARS-AoB-GAL
1 KM71/pPICIK-AoB-GAL &% E X B b &

175 3 20 B 20 B Ak KM71/pPIC9k-AoB-GAL
h SR = A IR, MBS EE) T
PAOX1 #EAT 1K, AE N AW IO B, BT 3 K
1 N DI E S I I S G Y (1 N ST D N
BRI RFRARIEAT 3.6 L RFFREREIY, JFLLEAHT
FURE 1) A P 1550 2 20 o A T b 5 4 e PP IO
SRVE M FERE R RS . B B AR R AR
BT TR 22 57

iR Wor, WEES 5 0 4] R Fk KM71/pPIC-
9K-AoB-GAL 7 28 “C il 1% H | % T ¥k [ 1) 4 1F
T 23 3.6 L AT w35 B RIS 5% 132 h Jim, I
E B FUHE G 1M I B4R E R 65.3 U/mL, It
I R R A A sk B 7.73 /L, fH U LU A
8.4 U/mg (K 3), W W,, ilid i 5 77 b AT v %
FER I, B— P FUHE G 1 LU s A, W5 5 7 X m)
T JE RIS B IR B AR T e,

AR 2 FALTORL R A RS E

Table 2 Genetic stability of recombinant plasmid

A AREREIEY MPEETR FERIERFE (%)

Generations #7521 AL Rate of gene
Colony on non- Colony on loss (%)
selective plate  selective plate

30 154 149 3.25

60 159 148 6.92

90 143 119 16.78

X T HE TR 5 5 i 2 2 A B PR KM71/pGC-
W14ZaA-PARS-AoB-GAL #MJEHR 1 B~ - FLBH T i
(22K %2 4L % AL A 2 F PGCW14 $5 5, B B A4 K
B EAT o R PR wh B 75 it 5 e R 19 ) T 4 1T 1)
A RARBUE B ARG, R AP 2R KR AS T LG i g
B RE RCIEIS ), IX AT 3= R FLBE R L) {2 =
PR, DR U 5 R e Tk 650 o 2 R 7 Il P 53 i
S,

AT LR 3.6 L KRl o o 15 Ok I i 7
HHREAT T 6% 10%  12% B 5t i N 38 2 (1) R AR A
1E 6% IR I IE 4 1F T, AWK R RS 7% 101 h Ji5
K EIE S A 92.8 U/mL, A& 528 3.56 g/L, Lt
0 26.1 U/mg; 75 10% A5 I s 45 110, B 4 s Ak
RBERE SR 96 h Jo K1 FIG G4 126.4 U/mL, &
Gl 4.83 g/L, ELIE A 26.2 Umg: 76 12%BR Y5 7 3
AT, B REEEE I 88 h 5 K E i B A
116.8 UmL, & &l 4.64 g/L, L% 4 252 U/mg.
AL, A TRARAE 3.6 L TG H v 2 8 R e e AR Al
W E A 10% (F 3).

TEMCRBESRAT T, o B R I A2 4 R 7K~
(19 13 fis, JLLLTE RIS LLyG R FE— 30 75 10%0k
JEVL R 520 SDS-PAGE & 1 HLuk I 0 4 (] 4),
105 kD Btz A7 B 2 (1) — 4ty , 76 R B F v, B
R EEFEIS AR 0, 2 S e s BRAIK . Sl
SRR, FEAN IR R B IR N, AL I K
I ) 0 7 il et S A2 A7 A 2 7K 10 22 57, T AL A A
R T 148 A 6] T 201 B = K P S e S 3

Ll A FH 5 3 2R R 3 e 175 i 2 28 20 T A
o R R R A R RN, AR B S S U S 2R B AR
KM71/pGCW14ZaA-PARS-AoB-GAL =% J& K B (1)
KW f S O 126.4 U/mL, L% A 26.2 Umg, 7>
Sl A2 I 5 5 BB Bk KM71/pPIC9k-AoB-GAL (1]
1.94 5811 312 fi%; i HLAE HH 05 0 20 20 PR PR A 3]
Tt e R B VE I ) 2 96 h, A EL FH NS 5 S5 0 bRk
BI) i (e WS (P N TR) 132 b, AP R A4 K0 T 36 ho 1]
DL, AT SR AL R P I 15 3 U s R SRR
ME A e 1 PR 75 3 20 TR B R L AT W 2 AL 34

2%

TS R FORLAE A 1 I s AR e MR A2 i i I 2
G AE A DA A = RIA BRI = e br . R
FURIE , {8 F AN B AR 28597 10 485 PARS %
PR B AR AR BE 2293 500 8 97.3% 41 39.04% (Cam-
attari et al., 2016). X1, H H VA B I A -0l i



JE T Al F S S 2 B R IR A G SR AR R B R ELBE RIS 1105
- KM71/pPIC9K-AoB-GAL - KM71/pPIC9K-AoB-GAL
-+ KM71/pGCW14ZaA-PARS-AoB-GAL (10%) -+ KM71/pGCW14ZaA-PARS-AoB-GAL (10%)
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= —~
E 120 27
= = 9
e 80 2E 4
£% 6 H S 5
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R E & 2
w g 20 w £ 1
(=
#a 0 T T T T T T T 1 0 T T T T T T T 1
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
5[] (h) 5[] (h)
Time (h) Time (h)
A B
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500
_ 400
S 300 : s
© 200
100
Uy T T T T T T T 1
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Time (h)
C

3 AR F NS R 1 a RV R

T AN AR B IR R 0 B: AR LR I E A RILKE C AR AL L A4 &

Figure 3 Enzyme activity, protein content and biomass under high-density fermentation

Note: A: The activity of 3-galactosidase produced by recombinant strain; B: The expression level of protein in strains: C: Time course

of biomass of recombinant strain

M 40h 54h 70h 76h 88h 96h 101 h106 h114h

200 kD

116 kD 105 kD

97.2kD
66.4 kD

443 kD
4 KM71/pGCW14ZaA-PARS-AoB-GAL T Pk =1 % 5 K [T
10% PR BRUSTIN I8 P2 1R 26 AN ORI L3 v B 2P SLBE 1 g
SDS-PAGE 43 #7
T M: > TR EER A
Figure 4 SDS-PAGE analysis of B-galactosidase from KM71/pG-
CW14ZaA-PARS-AoB-GAL strain under the condition that the
10% flow rate is supplemented with carbon source

Note: M: Molecular mass standard protein

BT ORI AR R R PRI T . AN A A
KL KRR AT E SEALACRE 77, e Pt sk
PO B BEAT IR 18 5 vl P AU P AR
FEBUPET BRI 1R 7 RO x T 20 UL A B2 /R I B
AR PRI T, ST T B AL AR W S il
T B Bk KM71/pGCW14ZaA-PARS-AoB -GAL ] it

R v, G R R, 7EAAR 90 )5, 1% A A R ik
AL BRI RE KMT1 Hh B R FAUH 16.78%. HEJR
P 5300 5 4 B 48 h BT 29 X, 90 AR 11 A I
) 2 LASZ e 40 B A= K I 144 h, 31X 3 i g 2
PR BARAE B SR BE v F AT 0 IR s AR A50e P, 58
A BT AL 70 B8 IR RE Y K RIS A T (1 AR K
TR BTLL, AR HEAN S I P 2 B SR A # ik
I, A 25 R T4 B 11 S A 3 DR 11 XU

FIT, B 1 LW TG E 5 AR B bR 2 4R H
FHE 5 5 1 7 AU 3EAT 20X (Sun et al., 2014; Bankefa
et al., 2018), 7F 5 TR I frh, Wi 5 ¥k B
HAGFEE, 106 Tl AR AR 7 R i = 24 4508800 P 1 Y
FHRASTI), BT UL R Rk B3 A B - FLBE 17 i
M TNEAR A= RIS 3.6 L e I ey 2 T K e &5
RNLTR, AR il 25 2 20 B T ZH R KM71/
pGCW14ZaA-PARS-A0B-GAL ) B~ - FL B 1 &
% I3 3% R0 LU 9 40 ol 2 A 2 PR I A5 5 8L R 4 P R
KM71/pPIC9k-AoB-GAL ) 1.94 {1 3.12 i 14k
I B i AT 4.83 /L, 6T HRE S 3 AL d 41 B Ak
E A& 7.73 g/l
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SRR AT R 2 T B AR 1 B A0 20 2
12 R B VE S5 e o i A%, 20 AN B T EAT 3 WAME T,
2 560 H 3 A T % (Taxis et al., 2003; Bernales et al.,
2006), AT RS B R RIL g- 2R L
PR, ] RE S B A ARk M A R L B
B, TS BOL A Ak R AR R, g H 1 BRI B
%, MR M BARELIS B LI E, L
AL A B WS T TN, fRIE T - F LBk
T WA AR IE 3 W B R R o B T AT

AN, T A A T AU R AE 2 B A T2
W ERKT#AT R R A R, HEARL TR
FHEKIE AT, BEARKAEK S &EmEDE
FRY IS TF) 2 A L, DA T A A PR IS T A 25 i . AT 94
At R T R A I A 3 1 R T B KM71/pGC W 14-
ZaA-PARS-A0B-GAL HEAT iy % B R I A8 7 AL I R
96 h, AH LA 48 HIRES 3 20 ER 2 R PR 110 v 5 P R I R
PR32 N4 T 36 h, AR KA BE - LR BT
W) AP AR A P 03, BRI T AR A, AT L, AR
TALGE I WS T A Bk, AHIEFUR 1R 37 AL R
W 12 2 P R TR B AE S IR B A0 A 7
W AR A Ty T 2 B AT WY A, AR B B 2 T
A AR A P e AT R R T RIS

3 WAL 7 %
KA

3.1.1 BRSOk

ARSI T B R AE E. coli IM109 F1EE FR g R]
KM71 B ARS8 = /A7 s AHFST T 35044 pMD-
18T-Simple 4 T TaKaRa A ], 73 48 4A pGAPZaA
3K H Invitorgen 2 F) 5 F41 TR pPIC9k-AoB-GAL
F A S5 5 AT A AR AT
3.1.2 KIR I dk

EE TR RE (MR W5 92 55 R RER 5.0 /L, |
i 40 g/L, AR (11K 10.0 g/L, #4538 10.0 g/L. YPD
PG I AR 1 /L, BERERY 0.5 /L, fi 2 B
1 g/L. YPD [l {4z I B A IK 10.0 g/L, 19 BE¥Y
5 /L, Hi%50 10.0 g/L, 1.5%~2% (W/V)Elg . KIBEFh
TRIFRHEE: WERENT 10.0 g/L, JHE AR 1R 20.0 g/L, YNB
13.4 g/L, H i 30.0 g/L. BSM K% 3% 5 : 85% il ik
26.7 mL/L,CaSO, 0.93 g/L,K,SO, 18.2 g/L,MgSO, -
7H,0 14.9 g/L, KOH 4.13 g/L, H il 40.0 g/L, 1 & It
AR 4.35 mL/L, 2R 2.0 /L. WRUEANEFEE IR
H:80% H i, 2 g/L A% R, 4.92 mL/L f i o 5 2h iy

o A e R I R T ] 100% 207K F1 20% iR >k
YT R EE T Y pHL
3.1.3 il F

R E DNA ¥ &1 2xPhanta Max Master Mix
P515-01 ., JC44% v B 7 & (R o i ME R AR W RHE A
PR 2 7)) ClonExpress I One Step Cloning Kit C112-01.,
Hor T ERRAE ST AR I R HE BT 1 R N I I e
JKE HL 9k (SDS-PAGE) IR 71 £ 39 ) T 38 = KA Hi R
AR A ECE); BRENE N YIRS Kpn T F1 Not 1 T4
DNA 3% $## .DL 5 000/10 000 DNA Maker 1 F- 52
A TRRCORE) A BR A 7] 431 G I 19 B (3 R R B
B3I 3 [E Oxoid A 7l 5 Zeocin (1K 2 22) . YNB (%7
TR R L R A SO R & B B AE T T
TR 7 BR A 7 5 B A R 34 ol 4 e
Bl IR M b S s TR 34 8 1 [ 7= 4 fr 4l
32 /%
3.2.1 RIAFAR IR £

H £ 52675 PARS K T 3L vo & 4k 5% b
(Kluwyveromyces lactis) (Camattari et al., 2016) Jf H.
ASEIS HTIAN A5 B JE BT Py, X AR i B
KM71 BERI 4147 PCR 3k 43, Wit 5149 F1 MTR1 9
18 BE SRR KM71 JE N 3RTHIE 81 Py 1 BL
514 F2 1 R2 9 39 WAL 3 7K pGAPZaA, 1 H
W MERE Y JC 4% v B RN SR LR Ak i B R DL
A JFURL pGCW14ZaA . 514 F3 FI R3 9 14 4044
pMD18-T-PARS, 1§ FH 5|4 F4 Fl R4 § 14 ki pGC-
W14Za A, A5 FH 5 MERE (1 0 4% v B ) ks W 4k B
DA AR S B RIA AR pGCW 14ZaA-PARS., 7
KA B 1 FLBE 1 G L R (A oB-GA L) 1) TR
pPICIK-AoB-GAL Hi A S 56 = {iy JAL £ JF fR A7, &
T FES 19 FS AURIGES 14 RS 34850k pPICIK-AoB-
GAL, 253 AoB-GAL 51N Kpn T F1 Not T FR
HIPEBE DI R 3) FHY AoB-GAL FEH 5, A8 FH R
HIE A UDEE Kpn T 1 Not T i 25 B0 3 38 24K
pGCW14ZaA-PARS 1 H (RHE N AoB-GA L Fr BridiAT
MY, i1 T4 DNA 3 8F pGCW14ZaA-PARS
Jr B AoB-GA L B v B adb AT 1 $ 345 F 41 ik
pGCW14ZaA-PARS-AoB-GAL, 14 7 11 5 21 Ji bt
pGCW14ZoA-PARS-AoB-GAL BEAT FEL) 46 IF il 2 -
HAIN P A ) 5 A B SR AR RE KMT1
3.2.2 i B R IE AR pGCW14ZaA-PARS-A0B-GAL
HAL SR RE KMT1

4 0 D) 56 UE 1F Aff I LI O 6 1 5 41 ok
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Table 3 Primer sequence
AR SIFANE-3)

Primer name Primer sequence (5'-3")

F1 CAATTGAACAACTATCAGGTGAACCCACCT
AACTATT

R1 TCTCATCGTTTCGAATTTGTTGTTTGAGTGA
AGCGAG

F2 TTCGAAACGATGAGATTTCCTTC

R2 ATAGTTGTTCAATTGATTGAAATAGGGAC

F3 AAGGCTTTAATTTGCAAGCTTAGTGCTGAT
TATGATTTGACGTTTATAT

R3 TGGCCTTTTGCTCACATGGCAACATCTTTGG
ATAATATCAGAATG

F4 ATGTGAGCAAAAGGCCAGCA

R4 AGCTTGCAAATTAAAGCCTTCG

F5 CGGGGTACCTCCATCAAGCATCGTCTCA

RS ATAAGAATGCGGCCGCTTAGTATGCTCCCT

TCCGC

VRN RIE: BRI AT

Note: The underlined: The restriction sites

Zeocin pUCorigin

pGAPZoA GCW14
3151bp  gap

a-factor

) pUCorigin
Zeocin
pGCW14ZoA
3488 bp GCW14
a-factor
PARS pUCorigin
1

pGCW14ZoA- AofB-GAL

Zeocin

GCW14

3940 bp

a-factor
PARS pUCorigin

1
Zeocin GCW14

pGCW14ZoA-

S- a-factor

6 840 bp

AoB-GAL

K 5 Jitki pPGCW14ZaA-PARS-A0B-GAL [k i 2
Figure 5 Construction process of pPGCW14ZaA-PARS-AoB-GAL

plasmid

pGCW14ZaA-PARS-A0B-GAL A 285 4e MEAk M
Bol 0 28 FE AR RE KMT1 Iz 25, A R3S

Gene Pulser electroporator (Eppendorf, Hamburg, Ger-

many)7E 1 500 V i FHE T R, da se A InoN
1 mL 7EVK B T4 1 mol/L Ll B J S HL A b e wlg
AVs), B HEE NF) 1.5 mL KR EP 45T, 75 30 °C .
200 r/min BEPRFI26AF T E: 5% 2 h, SR 5L 200~300
A AT Zeocin (100 pg/mL)ist f£ 5 R Bk i
YPD AR, 75 30 CHEIRE R A P B R B K
LR
3.2.3 HA LSRR AL T R R IA

KL E A Zeocin AL R FEPLIE YPD 1 HRH ik
J& » BENLEREL 10 /N3 Ab 7 BEAT R R ek, i i
REDUAS [F) e AL 4RI IR oY TR e G, o B R T
F G R N oA W5V 71 e =N AN E 2 o 7
% 10 mL 1 YPD 55355, 78 30 °C .200 r/min [¥)1H
ERRPEFE 24 h J5, M R REER; 77 L S B
2.5~50 mL [ JG W B85 & B R 73 2, 5 200 r/min.
30 CHMEIRREIR AT FRHATH R, {EfEilR % R i
7% 84 h Ji B O HUR FE s WIS . B 210 84 R
FRILNHC TS I Invitrogen 2 ] e SR RFEAVE TN,
3.2.4 Y AR IE AR pGCW14ZaA-PARS-A0B-GAL
TEHEFRIERE KMT1 TP s B e v

K Wyt 25 A7 ¥ 2 TR AB AR pGCW14ZaA-PA-
RS-AoB-GAL [1) 5 B % PR E] 2 mL YPD i fAR: 77
b, JEAE 30 °C.200 r/min THIEFEIR S T 555
BB, SRJE, ¥ LIRS IRAE 1 %k TR v 1 o 21 i
(112 mL YPD #4372 56, 45 30 °C 200 r/min {H
WPRIRZAE FHE R 2 do B 2 d 8 YPD KifRdt—Ik
HIRE, SRR FE OSSR, WA TaAEE R
YPD PR [, JEAE 30 CHEUR KT 740 4 1F F 85 9%,
5 TR 9 2B K BE LB E S TR VR JF R AR AR R B
YPD TR AL E YPD AR (44 100 pg/mL Zeo-
cin) I, H1 T HIARELHC 224 100 min, B4 48 h
BHHL) 29 18, S B b ARE, W L AR K
TR T &5 DRI B A T PR R R AR e P (U R
A 2008).

&5F,
3.2.5 P 7R

¥ oNPG %5 150 mmol/L 175 1R &5 2% i i (pH
4.5), 78IRS JE BRAF I SR o B 100 L A —
R HC R B, DN 1.8 mL (¥ 5 IR £k 22 ph W (pH
4.5), 7 60 CHHIH/KHEH T 5 min J5, MMA 100 pL
(SN A, W 10 min J5 I 1 mL 1 mol/L 7t
() Na,CO; ¥R I, 7E 420 nm 44 T 52 e MWAK
R BE (VA KR PRI R N ) 304 T R R A
VE 32 TR
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1 BB SIS AT, B B 53 B0 7 il oNPG A %
1 wmol [¥] oNP Jirifi & Sy B V- FLBE g — A
AL RIS ) (U)
3.2.6 4R BY B bR e B GE b e I

M AR . KM71/pGCW14ZaA-PARS-AoB-GAL
BRI H W rP R I 200 L BE] 100 mL ff -
B3k, 78 30 °C 200 r/min £51F N AEIR 32 K
RIERGTR 240 Ja, PRI BIRREFR G A1 55 7 4k
ANEF] 3.6 L R BERE T AT S TR e, i 2 R I
PIEEFEIS R AN B, S —ANEr B Hh AR K
BB 58 = ANB BN H AR B T8 s R
Al P AT 2R A IPERE A ) DO 5 TIAE 30%, i
fHEAE 30 °C, I 100%Z KA 206 B A& B il
P pH #56I7E 5.0 Zidy, el 2 R IREEEE 97 18 h /¢
A I A S, JEATH I AU AN RS B, b B A e
PEAMEHE FEIEREAT AR, R AN ) PR e 5 o ook
HATAN B IR . BT 152 B Invitrogen 2 i) BRI
REBEAETME . 10 Yol Ry IR0 F5 A B /N I S0 I s 58 b
BRI 173 g,
3.2.7 RS B R bR R IR O e

IS 5 A28 N140C/WS06F WSS A8 A [ K M-
71/pPICIK-AoB-GAL BFRIN H & h I 200 WL
WA ) 100 mL APy 3573, 7 30 °C 200 r/min
ZAF TR TR B TR 24 h 5, PRk LIS
FEIG IR B I 3.6 L R FEHE R4 T
FE R o i B R BRI B TR R a0 =N B, R
AN B H AR BE, 28 AN BOA H AR
B =AY B IS S B i e ORI A Al
AR OB R BERE N I DO 5 5HI7E 30%, IR EE
SEAE 30 °C, I 100%Z K F1 20% 1 Bk A B BE A
(1) pH #5375 5.0 ZcAy, #ePh 2 R IGERE 9% 18 h /Ay
I 48 S L, AT H B VAN B, 24 0D 22D
FAEK R 100 B R H i AMRE, i B RO
WIFRTE 28 CHEAT 1.0 % B E LM F 5T, HAik
J712:2 8 Invitrogen 7~ 7] SR IR REEAE T .

{E& saik

WP ST A TR o SR B v, A AEST
AT NS D TTHEAA IR SR R A B 25 R BE, [ I 470
SRS s g T IS i A1 s RIT T
WFFCI ARSI BT SRAUE T H IR S E KA o
N SSTAWE LN 4 R dh T A S st i S e 18

B AR A B B A R A R SCAR
Bt

AT KA 15 4 36 42(31425020)  [H K A
SRALE I 42(31801472; 31571776) VL7348 H AR} 2%
J5 4> (BK20171261; SBK2018041713) FIVT 757 44 T 4
WK RI(BE2017319) 3L [ % )
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