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Abstract: Pichia pastoris is a versatile protein expression system. At present, the expression plasmids are integrated
plasmids whereas the episomal plasmids are rarely used. In this study, the autonomously replicating sequence derived from
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yeast itself was ligated into the integrative expression vector pGAP to generate an autonomously replicative expression vector
pGAPZaA-PARS. When the vector was used to express the xylanase (XynA) gene in P. pastoris, the highest enzyme activity
reached 343 U/mL with glycerol as the carbon source, which was 45.9% higher than that of the integrative expression. At the
same time, the specific enzyme activity of XynA was increased by 81.2%. We further studied the expression level of recombinant
strains with different carbon sources such as glycerol, glucose, sucrose and mixed carbon source (sucrose : glycerol=1: 2). The
highest expression level was achieved with glycerol and the lowest with sucrose. The episomal expression vector
PGAPZuoA-PARS greatly promotes the application of P. pastorisin the food industry because GAP promoter does not require
methanol as induction material. Meanwhile, the episomal vector can greatly improve the expression level, which lays the

foundation for further research to improve the high expression of GAP promoter.

Keywords: Pichia pastoris, episomal vector, xylanase, GAP promoter, protein expression
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147 ; 84K pMDA9T-Simple ) T ki 5 A WA wl
Be Rt KM71 R 33K ik pGAPZaA W H
Invitrogen A Al o
112 EHE

YPD WiiAREFREL: EERlRy 5.0 gL, BEAK
10.0g/L, #j%ikk 100 g/L. YPD [E{ARs5%3E: 7£ YPD
TAARREFRILR IR )y |, ¥ 1.0%-2.0% (MIV) 1
Biflg. BMGY #5585 FERER 5.0 g/L, & MK
10.0 /L, YNB 134 g/L, *E¥% 4x107" g/L, H
i 10.0 g/lL. KEEFDF-REIRIE . WERRRY 10.0 g/L,
R M 20.0g/L, YNB 13.4¢/L, Hih 30.0g/L,
BSM 55573k . 85%fiifiR 26.7 mL/L, CaS0,0.93 g/L,
K,SO, 18.2 g/L, MgSO,7H,0 14.9 g/L, KOH
413g/L, Tk 4009L, fmICEERAR 435 mL/L,
HEE R 209/,
1.1.3 R&H

r Taq fif . PRI DIEG . T4 DNA i H:0 |
Primer Star™ HS DNA %4ii . DL-10000 DNA
Marker 4T+ TaKaRa A R/ &) ; Endo Hf PNVl
T NEB (dtxt) ABR w5 BiAskEE R DNA (1]
WA G . PCR 2l Ak 3 71 5 s £ B0 R) £ 3
W A RRARH A RA ] haFibr e .
BN W T i B S L Pk (SDS-PAGE) i 771 45 1 1l
THEHZREVWERARAA (HE); HERER
(Zeocin) W H Invitrogen 2 F]; 4 F AR
T RO B [ D2 Oxoid 23wl 5 FFA BRI Y
B BipE A YRR R A rl RIS 4 TokE
PRULH, AR Y e T a4l
12 Fk
121 REBAMHE

B ERZHFH PARS KR T 7LIR v & 4k g 1
Kluyveromyceslactis @ 3f:H A T4, [RIRHA R 2 %
SIMIFSIINGE 1 PR, LA PARS R4 AR 35|
Y FLATR S 19 RL, § 80RO B, #z R BeS
PGAPZaA JFkiidid infusion EERIEATREGERE,
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*1 519F5
Tablel Primer sequence
Name Primer sequence (5'-3')

F1  ATTTGCAAGCGGAGACCAAG

R1 GATGGCCTTTTGCTCACAT

F2 GGCGAATTCATGGCCGAGAACACCCTTG

R2 GGCGAGGCCGCTCAGGTGCGGGTCCAGCG
The underlined sequences are the restriction sites.

AR pGAPZoA-PARS, #it FliE5|# F2 FIF
o1 ¥ R2, 3143551 A EcoR 1 F1 Not T B il 4 it
YIr f (W) ¥4 xynA 5, FEk
PGAPZaA-PARS #1H By xynA £ EcoR [ |
Not [ ALY, i T4 DNA 54 i i 4 b Bk
HH Tk pGAPZoA-PARS-XynA, 43 i ki i
EH G T 5 A S R e B) . 20K pGAPZoA FTH 1Y
JE[R xynA 22 EcoR | . Not [ XU, i T4 DNA
RA T Ak PRAL B 2 R pGAPZoA-XxynA, I
8 BORLIN Py TR IS e A RE R B
1.2.2 [k pGAPZaA-PARS-xynA. pGAPZoA-
XynA F 4L B R EERE KM 71

Y OE B 19 EE 4L 25 SR pGAPZoA-
PARS-xynA B 4z Hi % AL EE IR B KM 71 843z 2541
it 5 5 R TR pGAPZaA-xynA F125 2, pGAPZaA
FAvr T4teAl, kb5 i BUkL 73 51 F 5% 4k
2 KRR KM7L8SZ S 408, A 1 mL 1 mol/L
PRy ILALEE, IRATIS], FHFE A 1.5 mL EP
1, 30 °C . 200 r/min $2PREEFE 2 h, SR )5 EL 200 pL
WA T YPD A |, 30 CHHIRS&M FHEFRE KM
UV, TS PCR % FRYETERE, SCb IFG ik
7S AR pGAPZoA FIREEE B A A 10 IR
1.2.3 EHEARREREATFRBRRE

B B R BOR. pGAPZaA-PARS-XynA . #4
TGk pGAPZoA-xynA e AL IERE 5 7™ A 1 e Ak F
&Pkt 10 AT TR S RS, RS
AL RN W TS TR0, LA 1 S A 1Y
AT B TR T 10 mL YPD K53, F
30 °C. 200 r/min fHIEFEIKEEFE 24 h J55:4% 2.5 mL
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F 50 mL BMGY #5531, 200 r/min, 30 ‘CH:¥#
24 h B O IR, FREE A 100 mL YPD £33
Rt RE, Rk 4 d EERS . TR
R IR AL )52 B8 Invitrogen 7 ) B ol i BEHR
FMt.
1.2.4 FEEIE ST E

¥ 0.5 g AN (BEACKIE) % T 100 mL
50 mmol/L HYBERRZE MK (pH 5.5), FE/MRA. B
1mL JK#, 7E 50 CHigh 10 min, JIA 1 mL #i B
—SEABIERA, SV 10 min JEHILA 3 mL 3,5-fil§
SR ARV W, Ak 10 min A A, nzZEEK
TEZEZE 20 mL, 540 nm FIIEERE (LUK IE #Y il
A AR [R) R E R ARV S 28 X )

BB, R BK AL AL 1 pmol
() A e 5 il 2t 2 SR AR SR T ) — 1 RS ) il
w5 (U)o
1.25 KR & R

MA-80 “C Ak H-h A& IR 200 pL #3100 mL
FiFHRIGRE R 3EH, 30 °C | 200 r/min 554 T K557
24hJ5, % 100 mL Fp1#2 A 3.6 L K BEGEP T
K. RIEWIIREE I BSM BE g%, K%
oy M HAE K B B . H AR SR AR [ e U
FREEESRE 3 AN B, H il A K B B rpoE i B A
i KUl DO 1 30%, i B4 il 7E 30 °C, Jim
SOKIE R R BEWRAE pH 5.0 247, JiFi R4y 20 h 72
£ DO {E i EFbaS, #E AT RS SRR B
DL 50%0 Hil (FrdlgdiR 5g/L) Mk, 4
P 3 A4 K 3] ODegoo 24 100 Fif 45 11 H il %KL, DO
(EL PR UCGRGHE b FREF AR AN ) A i U 43 1) 24 7 2
I BAMERRUIESE, BRI BIA T R
FEFIRARRIE (Hh - i 102, 101, 21 1),
B FIRIE IR, 50%MHk B (4l & 5.0 glL)
BTN BRI ARG FR ARG 28] Invitrogen
N RS IR RE B E T .
1.2.6 Endo Hf b BSMNEEH

W20 pL KM BIEW, A 2 pb B 104 8
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HARMEZZ o, 100 CE ¥k 10 min, K & 47
R EIE N, A 2 b 10xG5 ZE b, 3 uL
Endo Hf NYIRE, 7 37 CEEYI 1 h, i REET i
FEahilk 1T SDS-PAGE 4317

2 HER5AW

21 R ik #H K pGAPZaA-PARS-xynA .
PGAPZaA-xynA It EE

¥ PCR #1451 PARS F Btifii In-Fusion
R & 4 Bk pGAPZoA i, 173 pGAPZoA-
PARS Jiobr, 4320 ok AL KT IM109 J=
Py TR, PR BORI 28 Neo 1 1 Not 1 g, 153
KNy 900 bp Fi1 2 600 bp fY B, Ky IE#f Fok:
(I 1A), ki 2 1 i 2 A e AR A BR 2 w1
SEIEHf . ¥ Bk pGAPZaA-PARS Fll pGAPZoA
25 WU U] I 0 [R)AFE BU D) i R RO SE [ xynA
i 7 H 4] % 5 iR pGAPZaA-PARS-xynA il
PGAPZoA-xynA, ¥ 14 E iy i B 21 JFok7 ] EcoR T
Not T XUAY] , Z&at K /N3 244 3 600 il 1 300 bp
(PGAPZoA-PARSxynA) . 3 100 #i1 1 300 bp (fGAPZaA-
xynA) RIERE AR (K 1B), Tk 2 b4

HEWIEARAIRA AWM, 45
A B

bp M 1 bp

10 000
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4 000 6 000
4 000
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B 1 EHRNHBVIEE

Fig. 1 Identification of recombinant plasmids with
enzyme digestion. (A) M: DNA marker; 1:
pGAPZaA-PARS digested with EcoR I and Not I . (B)
M: DNA marker; 1-2: pGAPZoA-PARS-xynA digested
with EcoR I and Not [ ; 3: pGAPZaA-xynA digested with
EcoR T and Not I.
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22 EAE:

Ll pGAPZaA-PARS-xynA . pGAPZaA-xynA 43
BRI LR SR KM71, fFpE
HEETREERER L T 10 N EA -, 7 YPD BigR kit
HRESE 6 d 50 B RO R BBEEE 7,
% 2w, Ik A RPAS [ B RR A Ak S REAS
T TG L T R B AL B T e AR
FhIt Kk, FHA R pGAPZaA-PARS-xynA AR
Bl 1 98 T pGAPZaA-xynA, il i i i
ik E) 29.6 UmL, J5# il 16.0 U/mL, i
P T 85%. Al R ik e e Y EL A T
Je B2 R BERE AR5
23 AEEEMIL
231 HmNBRIEHST pGAPZaA-PARS-XyNA
PGAPZaA-xynA & EEBFSY

R B R R R 22 BE R, R
T 250 R T TE KT i 5 0 P ok T 3 5 A
R R (0= i LAH I A B R AR A T 1 o e 1)
XFH SR . Bl 2A ORI BUATEE pGAPZaA-
PARS-xynA 4: KAREHE 5 BTk pGAPZaA-xynA
Fiiim, Bl e B A 1 2B Uil pGAPZaA-
PARS-XynA 43 i 2 i 2 5 T pGAPZoaA-xynA,

F2 TEFREEBEPARRERTEN
Table 2 Activity of recombinant xylanase expressed
by P. pastoris containing episomal or an integrated

plasmid
Strain pGAPZaA-xynA pGAPZaA-PARS-xynA
number (U/mL) (U/mL)
1 135 28.3
2 9.9 29.6
3 12.4 23.7
4 9.6 17.6
5 8.9 229
6 11.7 25.0
7 16.0 23.7
8 14.3 23.6
9 10.7 19.5
10 13.4 27.0
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Fig. 2 Fermentation comparison of episoma and
integrated strains. (A) Time course of biomass of strains
with episomal or integrated plasmid. (B) The activity of
xylanase produced by strains with episomal or integrated
plasimid. (C) The expression level of protein in strains
with episomal or integrated plasmid.

Wi e G A3 343 U/mL, HHX TR E&E
235 U/mL % 45 & 45.9%. FAf7 OD BBk A
RWERGRE I AL, Ai# Sk 0.71 A1 0.53 1U/ODgogo,

Ui 9 PR DR R A 7 R SRBR R 1) BE ) B R TR A
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Wbk, B 2C WoRAMERE FI5RE N R E 1
M AEEMES, SR 60 h J§ pGAPZaA-
PARSxynA itk FIHFWE AR S /2 & DT
PGAPZoA-xynA T FE , Bl & fe = ik F) 2.1 g/L,
JEFEWIRE] 2.7 g/lL, B BIEWR AT REA R Z
FEE AR Ok, B R SR il Bl 1 B0 1 1) 2R
I il o2 A T 3R AU T T

J T HE—HARST pGAPZoA-xynA Bk & IEHE -
TR AR SRWERGRG TG FEARA R, 435X PR R b
AN TR Bs FR A A 9 W T SDS-PAGE 4347 .
PGAPZoA-PARS xynA Kk FIfFE (B 3A) Hhi—
ZIEWT XynA H 94, MELZ T pGAPZaA-xynA
PR I WRE B 25t O B A PR AAH SRR 3 1 4%
W (& 3B), Ui pGAPZaA-xynA THHkKE I F ik
W LT BR XynA Z AR Sk 2nt, HEIAE
A B AR 8 R I B TR AR B 1 Ao R PO R b i
o WAL 6 AN IR 150 o L S BR A K
ATt Endo Hf P UTTEAL 3 pGAPZoA-xynA %%
HRIEMR R W (B 3C) iFAT bRk oy
Br, BB RN, Bbm L, Hs
FET pGAPZoA-xynA [F Bk FIE AR T XynA 1)
FEIRFEAG . pGAPZaA-PARS-xynA TRk ilf L1 15
#| 16 333 U/g, #X} pGAPZaA-xynA (1) 87 037 Ulg
P T 8L.2%.
2.3.2  A[RIBRIE T I S A BRI AK I R O

B B R AE A K . B
ARG E B CEBEMERN, BREMILS Bk
FE R TE BN . GAP 4R A 8 T I KL Je A
TEWPEGAS, WA T AOX JHsh FIEE
Tl A KRR S A A s 8h T i 4L
HFRB IR AT LAFEBEE AR A KT — B Hp 2k i
17, B IR AL A S5 0 F AT — FLiE S5 57
ik ARG 3 F GAP u] i A Z Rk IR AT A=
KRB ARG R A H WA IE Tl . B0,
[ SR FHE Ry B ¢ 19 Tl AR A U, 9 HL 23R
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A kba M 1 2 3 4 5 6

97.4 — ;—
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TTES S e 3 kDa

31.0 — we=

20.0 — v
14.4—
B 1 2 34 5 6 7 8 M kDa
FEE et
43 kDa—> e gy R — 00.
--4q w——43.0
o —31.0
. —20.0
—14.4
C kba M 1 2
97.4—
66.2 — @ < EndoHf
50— Gl i.. <43kDa
31.0— e
20.0— =

3 pGAPZaA-PARS-xynA 1 pGAPZaA-xynA & ¥k
A LB XynA #9 SDS-PAGE 4 #f

Fig. 3 SDS-PAGE analysis of XynA in the fermentation
supernatant of pGAPZaA-PARS-xynA and pGAPZoA-
XynA. (A) Fermentation supernatant of pGAPZaA-
PARS-xynA. M: marker; 1: 48 h; 2: 60 h; 3: 72 h; 4: 84 h; 5:
96 h; 6: 108 h. (B) Fermentation supernatant of
PGAPZaA-xynA. M: marker; 1: 24 h; 2: 48 h; 3: 60 h; 4:
72 h; 5: 84 h; 6: 96 h; 7: 108 h. (C) Deglycosylation of
XynA in pGAPZaA-xynA fermentation supernatant. M:
marker; 1. XynA in fermentation supernatant of
PGAPZaA-xynA; 2: deglycosylation of XynA in
pPGAPZaA-xynA fermentation supernatant digested with
Endo Hf.
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SR FHH b A BRI B TR A e 0T 257 pGAP Tk
PEATEESR, DARRIRE LA BB i 25 A . Forp
FEREAH IR G W mE 2ot 1:1, 1:2/2:1
RCORRIRIEIR A, B 10 2 B L3RS AR A
zH%%iﬁﬁﬁﬁ$m%12%%? BRI
BRI HT . I 2 B 4 Hpof LB H, XL
EEREN %%ﬁ HEWEFIR A i IR 4 B35 07
2, B e 43k 350, 304, 205, 281 U/mL,
DU A B0 i R SR i 1) ek B i, LARERE
Syt R B B R I, R A B R R LA A 2
SRR B 35 TR A R T . DA AR )
K- Heds, 4392k 0.71. 0.65. 0.74. 0.66 1U/ODggo,
AT AN [R5 75 o BT AR ™ B RE T AR, Tk
RIS cAb O Y S8 T
3 itk

TEEI LB, pGAPZaA-PARS-xynA T Fk
7K e pGAPZaA-xynA B 85%, & i K F-
i 45.9%. 34h, KR IERERE SR AR o B I IR
14 7 Tl AP0 F R R = S 33.9%, Hit
Tm,ﬁ%WMﬁW% AR RWH T BE )

OREIL, BT GAP I3 F A7 % H s
%,ﬁmME%%%mmpﬁwﬁ%%ﬁﬁem
FEIRNG KA SR B Rl B AE & Lol A i o
%%ﬂﬁ%#%ﬁ%%?%%ﬂ%ﬁ,ﬁﬂﬁ%
H T30 9 2 ) A B A 148 VLB 8
Z— R FiiE M*ﬁwﬁ%%Aﬂm@w¢
RARTRE R, (BRI TCIR e A N I AR A
RSB S TEARER T DS, X R U
SEWY, AE—E AHE T T B i A J E o i 22k
S ECLERG IS DU A AE BRI

TE W P, B — R S i
7720, A F 0S54 5 2 e . 78 pGAPZoA-xynA
PR VE R BT B R SR XynA R,
T3 XynA BBETE FIREAR o [l — b e P B v [
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Fig. 4 Biomass and enzyme activity of strains with
episomal vectors cultured with different carbon sources.
(A) Biomass and enzymatic activity of strains with
episomal vectors cultured with glucose as carbon source.
(B) Biomass and enzymatic activity of strains with
episomal vectors cultured with sucrose as carbon source.
(C) Biomass and enzymatic activity of strains with
episomal vectors cultured with mixed carbon sources.
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