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5 pPICOK M i #i kA A1k A 32 5 k6% 8 GGH AR FBE T o) RL 5, HLEH PCREAY HE a4 % 46 GGH ¢
AE A, MET RAR4 pPICZaB-ggh, 845 2 2 8BAK pPICIK-ggh FAx A4 GGH 4-ibh i vk —2L A B4
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High-level expression of fusion protein GGH in Pichia
pastoris GS115 by constructing a double plasmid
co-expression system
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Abstract: In order to make a large-scale preparation of (GLP-14,6),-HAS (GGH), the double-plamid pPICZaB and pPIC9K
co-expression system was introduced into Pichia pastoris GS115. Firstly, the GGH fusion gene was amplified by PCR to
create the recombinant expression plasmid pPICZaB-ggh, which was transformed into P. pastoris GS115/F, that was integrated
by another recombinant expression plasmid pPIC9K-ggh. The immunology method combined with high concentration
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antibiotic was used to screen recombinant strain P. pastoris GS115/F; capable of high-level expression of GGH protein. The

GGH fusion protein expressed by GS115/F; increased 49.7% compared with the GS115/F, in the expression conditions of 3%
methanol inducing 80 h at 30 °C. At the same time, the quantitative PCR results showed that GGH gene dose in GS115/F;
increased 26.7% with respect to that of GS115/F,. Furthermore, the Western blotting experiment indicated that the recombinant

GGH possess the two antigenicities of GLP-1 and HSA.

Keywords:

JR = I BE 2R Z K 1 (Glucagon-like peptide-1,
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AR S22 Fi Y3 1 B & PCR A 4 GLP-1 28748 HR Bk
Wor+5— NI A A HSA 22 FRle (ggh),
FFSEIE T A OV AEEE SR WERE Pichia pastoris WY
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WA SRR AR, W] L i R U5 4 Y 23 ) e e
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AUBTRL I R IRARZR, T B & 1 W 7 52 ol 1
GS115 hykik &, HmERN 544 mg/L 5%
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ARSI AT GGH HLIH e e 2 B AR BERE
IR RFORL pPICOK, FEE T EHA W GSI115/F,,
PR E 80 h H H W A Kk A F] 328 mg/LY,
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1.1 #
111 FHEFI#

KIGHTF# E. coli IM109 [ 7 26 25 R A7 5 JUk:
pPIC9K-ggh. pMDI19-T-gapdh F1EE 7 % £F 3¢ 35
Bk GS115/F, A S0 = M @I/ /7 ; pPICZaB Ity
H Invitrogen /A Fl; pMDI19-T Simple Vector K
TaKaRa 2 7] 7= i o
1.1.2 ZZ5H

A TR N YT . Tag DNA B4 . T4 DNA
iR . DNA 175 4 Marker %50 H TaKaRa A7),
FkLAFE R & . DNA BER IR & . PCR ™4
ai iR &3 A EiEPER A WAIRA R, BERER
%5 . Zeocin, HRP-DAB JIK¥) b (4R % 15 FifgA: T
F7ih, GLP-1 Fl HSA B swREHUIASE G [ AL T 462
A, SIH RIERER A A IRA RS R, HAR )
Bl Fy 255 Bl A IR A F
1.2 A%

1.2.1  JEAEZEA# MK pPICZaB-ggh 915

Weit& A Kpn 1 FI Not 1 WiRh B 47
I GGH 51Y, 519 Pl P2l L& 1 (FRIZ
JE 7% MBI 25) . LA pPIC9K-ggh MM, P1.
P2 51 Wy, 3G 5 v A 30w 43 A A Kpn 1A
Not | WiFpGUIN s 1 ggh 3, RJ5F pMDI19-T
Simple Vector #i#§41L & E. coli IM109, HI&H
100 pg/mL Amp Y LB ~FH i 5 BH P4 v B 50 HiF
FrmER R A Kpn 1 fl Not 1 UEE Y] 5 % 4% 2 &
o BE R IK AR pPICZaB H, B4 E£ikHAK
pPICZaB-ggh ¥4 %E E. coli IM109, &/ 25 pg/mL



FES: AR R AR R LR WA B GGH TR AR GS115 kit 985
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Table 1 Primers used in this study
Primer . ' Size
name Primer sequence (5'—3") (bp)
P GTGCGGTACCGAGAAAAGACACGGT
GAAGGTACTT 1 937
P2 GATTGCGGCCGCTTATAAGCCTAAGG
CAGCTT

P3 CGAGGAGCAGGACTGACA

P4 TGGACCGCGCTGATGAAC

PS5 GGACTGGAGAGGTGGTAGAAC
P6 AGCAGCCTTGATAACAGACTTG
P7 AATGCGCTATTAGTTCGTTAC

P8 TGTCACTTACTGGCGTTTTC

159

213

201

The underline showed site of enzyme digestion.

Zeocin [ LB PRI E FAME se ke, Ifi#E4T PCR FIRL
it U] %5 7€
1.2.2 B AT HHTZEETE R 32 16 RE

B 5~10 pg S5 F ¥ IE#f 1% pPICZoB-ggh
HAAFIKTRL, F Pme I HRGVIE Z LML, B
ERHEERC HL K PR 5.6 kb F B, —20 CHEAF# .
S M SCHR i 46 e AR R GS115/F, Iz s 4™,
ArHIEC 80 wL A1 S uL ROk Y B4 38 kL
pPICZaB-ggh {4, F Bio-Rad ML TS %L
1.5kV. 25 uF. 200 Q. FF[E]H %0 5 ms 47 FEfL,
SEEPHIA TmL 1 mol/L vk LLIALEE , 7% 30 T T
WEHE 2 ho HL 200 pL ¥4 T &4 1 000 pg/mL Zeocin
) MD -l |, 30 CHiFR 2~3 d BT
1.2.3  GREBEL AT i 78 P

1 0.45 pm HYBERRZF 48 T & T RATEE
M A 1 000 pg/mL Zeocin i MD A I, HIRAA
1 i R R 2T 4 3R B 50 A W OB R 0, il
JIT A TR VR e 7 B B IR 2F 4 2R I, JFAE BMMY -
B b RIBER /MY 0.22 um AYRERR LT 4E 255,
WA, BB RR AT e R R TR T 1] O TR R LR
e M L, 30 CHEFE 80 h, K b JZBEMR LT 4 2
MREERS 2 MD FR b, 4 CIRAE. ¥ T 2R 4k
R, S%MilshEA 2 h 8 4 Cilk, M
TBST (%4 0.05%1-20 ) TBS) VY 5 min, =

B3, Myt g HEHA 24037 CHFE 2 h,
F TBST ¥/ S min, BEHE 3K, FH_PLES,
37 CH¥E 2h, J TBST PEME 5 min, HE 3K, N
NGB EERCE 1) DAB AW, Y44 5 min j5 1] TBST
THUE, Peide gy OB (O BER 1Y T 7% JEAT R 77
B

1.2.4  FREAREL Y7

PRI T 26t R R B TR VR R T 10 mL
() YPD B 353k, KigE 24 h, S 4EfhE R RA
60 mL 7 3% H A BMGY 5532319 500 mL = £
H, B ODgoo M 1, 30 °C. 120 r/min JR3% 55 5552
W, 24 h 5B DWCERAR, 20 mL &4 3% PR
) BMMY 157 R 5 5 3R, Bk 24 /)
AN B AR R 3%, WEEES 80 h )5
ODygoo 29749 200, 10 000 r/min #.0> 10 min, Y8 |-
5, TR 8 ) & e 9 1 i H Y
EEaEL, REEWE SR EEE KRBT
SDS-PAGE 43 #7 .

1.2.5  FY I8 BERE T 19 72 ORT PCR 45 B
T

PEHUE = B GS115/F Ml & R A% GS115/F, 11 3
K4l DNA, JllA RNase A jHBEE RNA T4, L
pPICZoB FukL b it , B Zeocin HE A 41
Hiy R Bt s14 P3. P4, FEHILE 1, XFHEH0H
FE AL 41 DNA #6147 PCR 47 H 5601F .

1.2.6  O-PCR K& 7= F 19 H HIZE A7 01 #

DL =W e = W5 (gapdh) hNIRZ
MREL A . ARG W F Primer 5 B3t 5L A
gapdh (P5. P6), ggh (P7. P8) R EH|Y (& 1), it
1T PCR 8, [WIWEEH 7 Bt 5 pMD19-T kit
%, HNTPREE DI E 4 TR, B pMD19-T-gapdh Jix
FiAl pMDI19-T-ggh JFki, #ALBIKHFTE IM109
W, SR UE PR ICE A TR, R AR, AT
ST gapdh BRI ggh B BTG EL (CAE) SR
BAE A CHREINZE . Q-PCR 2% FFJ2: 94 Tl
AZPE 4 min; 94 CAZPE 30s, 55 CiRk 45s, 72°C
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TEA 30 s, PEtR, 40 KAEHR; 72 CAGEA 5 min;
65 CH| 94 Cxhil ki BE 2, 4 0.5 CEER 11K,
1K 1s; 16 CRIBESH ., Q-PCRIIKRIE: #
Me 0.5 uL, 514 0.2 uL, SYBR 12.5 uL, ddH,0
11.6 uL.

VL gapdh hZRSER, R RRAE S Y ggh
B FRIBKTHI 25, USRI MR GS115/F, AR HE
FEAC, DA =itk GS11S/Fy ARFIAEA, A AFml
BEAMIX I HEREA I Rk 25 520 R 2722 kst 3L
G3HT.
1.2.7  Western blotting 451 4 # -1 H) 264

B 5 A R Rk GS115/F, Rl P2 B bk GS115/F;
() % T 5 O B 3, 200 VLR T R4 T SDS-PAGE
HLYK, 100 V HLE T E 60 min 2 4BRLT4E £ K I,
5%MWiNG WKy 4 CHPAIEA, TBST ¥R 3 ¥k, 439l
A BRBTAME FAE A SHUR BT GLP-1 Frss
A FUAILL 1D 1000 #ikE), 37 CHEE 2h, Lk
Piik, TBST PEAE 3 ¥k AR i A AL Py b i
PP =40 (12 1 000 # ), 37 CTFIEE 2 h,
EBr—¥r, TBST U 3 K25, il DAB &,

2 #XR

2.1 RiXH K pPICZoB-ggh HIHMEREE

T O ggh BRI 56 o I B 5 41 2 5K Bk
pPICZuB-ggh, WA ME 1 PR, SR)5 X H ity
PCR J Kpn | /Not | AUV 4 € (BIB%). EAHR
pPICZuB-ggh 24 PCR K XUHFEI#R AT LAFS £ K/ Ry
2000 bp ZE47#) DNA B, Ml P45 58 i 7 DNA 351
TogAr, RATEH R B pPICZaB-ggh FIHEM I .
22 BRFFHIEGIASEK

K 2R VAL B B 41 R pPICZaB-ggh HLEL L IR
FEEE GS115/F, RS2 2841, 30 ‘CHiF: 2~3 d JRfEH:
oty FIRBE R e R M ER 129 100~1 000 4~
A ALTF o K FRBERR LT 4 2 55 52 2 MD
MR E, 4 CLRAF o BUT J2 R R R 2T 2k 28 MBS A 7 fg2s
B, SRRSO EE, SR IE 2,
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E1 ZFLAREHK pPICZaB-ggh HIHEE
Fig. 1 Construction of the recombinant plasmid pPICZaB-ggh.
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l'- o>+

2 REFHEHRLER
Fig. 2 Tansformants screend with immunology method.
Several intensely stained colonies are indicated with arrows.

B Y 0 AT T I R T 2 2 B0 AR
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5o PRIBCP 2 B Sk B 00 ol TR 80 I X
4 BRI T AT R 5R , UL Y L5 HE1T SDS-PAGE
AT, ARILIE 30 N 3 R RIE S A TR
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FHRUT f e ik ik R AR E Rl & H GGH 78 SR Rk GS115 i Fkikht 987

14.3

El3 SDS-PAGE i AEE %S 72 h FRi&#) GGH
Fig. 3 SDS-PAGE annlysis of GGH expressed in Pichia
pastoris. M: protein marker; 1-9: SDS-PAGE analysis of shake
flask supernatant of eight transformants screened with two-layer
membrane method.

BE ROGF 7 114 TRV 1) 3 o B A R T A e B € R 1 BRE
SOV B B YR TR R O AR AR — RS A
GGH & &Ik 7% GS115/F;,

HELT GS115/F; il GS115/F, FEFR I H Y % Bt
B, ZRWE 4 fos, ERK 240 FHTPESS, W
WA R I RA R 25, BRILAMNEE
FIRIX RN B ENES, ODgo N 200 Hf
GS115/F; il GS115/F, )ik 553514 328 mg/L Fil
491 mg/L, {7 OD BYHE KRG 5 A 1Y RB a5
T 49.7%
23 Q-PCRAESFHEAIEREENK

R 75 BRI G TE 1 R R R BS R  H SR R DL
By sl i, $H pMD19-T-pagdh Jii ki Fl
pMD19-T-ggh JFiki, 41k 8 REIE, [RIIf 31T
PR PCR, RMVESHIE, TP A 34 ibr il
LI EEMZe, gapdh FRUEMMZN . y=—0.2925x+
2.14, 17=0.999, ggh trfEfiLH y=—0.3506x+3.22,
17=0.996, i il 22 7 Aepn i i T 2Z 00, O Y
WG — | EOLE R PCR WS R R R . 1
F 272 AT S B P T GS115/F; Al & bk
GSI15/F, #tt, JEHGRI SRS T 26.7%, RiME A
AR &R S E A RS T 49.7%.

—A—GGH concentration of GS115/F2 (mg/L)
—0—GGH concentration of GS115/F3 (mg/L)

—a Ay of GST5/F2
j: 200 [ —m—Agp of GS115/F3 1500
& ®
= 1400 §
2 150 =
g S
B 1300 §
8 100 g
= - 200 &
@\ (3]
: / //A =
= G}
o} /
0 oy : 0

20 40 60 80

t (h)
4 GSI115/F, 1 GS115/F; K& Fp & EQ Rk
iiiE5
Fig. 4 Cell growth curve and fusion expression curve of
GS115/F,and GS115/Fs.

2.4 Western blotting £EM A& ERRIKRIE

Ty M E 28 ORI AR &R P 1Y 3R 8 T bR
GS115/F; Rk W& HE 1 GGH 5 i & I bk
GS115/F, 7 —2, FHANEEH—PUM B = I
RFERR-1 —PiXF HE AT Western blotting %55, WA
5 B, FRIKME ELBUTURA R B0 F S R B
gy FHEY L 7.3 kDa, 3R 325 AR Y 0 B0 2R
AlG & H R, S 2R GGH [FIRFRA ABE A
AN B g AR AE K1 1 e i 7E 66.4 kDa FlI
44.3 kDa H ] th BE A —ANBIPE SR, Z0)7 2 GGH
9]
3 itk

T K A T R AR B S, AR SR
W DR B AR OV v W B AR BT RO HL A O
e, PR R AR AR TR T 52 ENTE RS TR 2T 4 R
JEE b, 5o A I B A TR TR 2T 4 R R4 5 AR
PRAFAE RN Lo SRR R 8 T B 928 Ty v X T B 1Y)
SULEE TR TR, O R S RIA LT, B
A] [a) I i e JL A AT, S B A S & T A
WA [ HE 2 (R LU i L DO, AT DL e ke
AR A IS TR R A S Rk . XA
AR T P R TR, JF Ho ST
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kDa

97.2

66.4

443

29.0

20.1

B 5 (GLP-1¢),-HAS Fi& & HHEI Western blotting %7
Fig. 5 Western blotting analysis of (GLP-1a26)2-HSA. M:
protein marker; 1: fusion protein of GS115/F; hybridized with
GLP-1 monoclone antibody; 2: fusion protein of GS115/F,
hybridized with GLP-1 monoclone antibody; 3: fusion protein
of GS115/F; hybridized with HSA monoclone antibody; 4:
fusion protein of GS115/F, hybridized with HSA monoclone
antibody.

DRI SAy e vk B A 0 A BR BT PEAEAR 218 T AR BB FL 3
Wik, FLouds DA G R H SRR AT e &k,
PR, HBUERBAPE, Z5REW, i
TE Y 5 F IR T VR 5 SRR AR R 7R 1 T R A AR
TF o BRUIBEBRE 5 35 8 5 P R A5 J2 0 Z00 N7 P L R0 2 1 Y
AR BUARSEA T2, Pk, T v PR 8 &
B B SRR I O

TEARAT 223K R G0 vh AMIE AR 11 9 R IB K- 32 Z2
R IsEm . SRl g 23R8 | BERR & AR
FEDRUREME | AN AR 1A S ST RN I 2R A A P Ak A
il AT R R B TR N R . A iRiE
e 5 R e RE b I B A S A A DL AT DL = AR
HARFA R, NI H 50 5 F0 5 R 5
R IEAHCTE VR s B 4E [CRERE Kluyveromyces '
LB TE, — R R R R A 4 T R A
SR IE AT AR R AL 2 1 DL Y DR R K DA [ R
A R A BIRERE R A, AR5 8 5 = vk Y
PUAE FOR T S R IR LT 5 Marx S0 BURL R &
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F MR IERERZREIA DNA (785 1, RIS & ik
DNA A %0 5% 1R 5, 5 1% AR 1 HSA BEH7E
BE IR R P SRR R T 4091, ARBFSE UE I
T PR LA AT [ B 0 3k AN [R] 43 s A Rk
JHORL, 3 e R R AT RS A RO e, Y
AL i O DR 4 DL, O FLZE — 7 3 L P 4
B TANEEE R . SR RUTOR IR R IR R RN
AURT DA i B — B IR A P Rk i, T PLSE
PP [R] ) 8 7R [R]— i i 3Rk

AN S 56 300 3 ST RUTOR R e TR AR R AR A R
1 GGH 7E AR B rh (1 325K | SR 5 38 2o i vk B (Bt
A RPUMESS G S BE S VA IR T R A O e, RS
(4 77 T GS115/Fs Bl G Y R b 4t o 7 —
e M & TR GS115/F, Ml 33k B 2R 1 S 454 —
B M AMEE AR RSN R IR R Z
B Z AN R RS, 122 3045 £ 5. Mut
FA | FEUIRORE AL B B 5 AR, BT LR A
SR EE SR AR R R M 2 R AR A A R
Fi GGH MYk, SCHHAAb &
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