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Abstract: Constructing the genetically modified (GM) Pichia pastoris stains is the key step forestablishing a new method to assess the
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safety of foreign protein . Based on the research model of the 5-enolpyruvyl shikinmate-3-phosphate synthase derived from Agrobacterium CP4
strain (CP4-EPSPS), the cp4-epsps gene was chemically synthesized after optimizing thecodon usage bias. The codon adaption index (CAI) of

optimized sequence was 0.85, and the GC content of optimizeéd sequence was 52%. Cp4-epsps gene was amplified by PCR and cloned to the

mologous end-joining, and the recombinant vector pPICZb-EPSPS was
5 strain through electroporation, and four positive strains were screened
through the right site via PCR. Then, those positive strains were induced by 0.5% methanol for four days at 28 °‘C, 250~300 r/min. Finally, the
expression of cp4-epsps in GS115 was identified from CP4-EPSPS monoclonal antibody and C-MYC monoclonal antibody by SDS-PAGE and
western blotting. The results showed that the target gene was expressed in GS115 strain and MW of protein was 50 ku, which coincided with the

theoretical results. In conclusion, the construction-of transgenic Pichia pastoris GS115 strains is beneficial for the safety assessment of
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& pPICZb ¥4 H Invitrogen; KIATH# DHSa Bk H
ARSI FARAT s cpd-epsps FEIR I3 N S MERE AR
HIRAFRAE s EcoRV. HindII A1 Sacl FRAIPEN
VIWF. PrimeSTAR HS miff EEABE (RO10Q).
In-Fusion HD (639633)5 62 K& AV TREA T i
BN BORA A & W H  Sigma-Aldrich A &5 $iT
CP4-EPSPS B 5t [ #T & ) H Fitzgerald( 1% 5
10R-10541); CP4-EPSPS 4B REVIIAE IR 4R 2%
AR A B DRI DA 2 4 M B AR I Ak o O R
C-MYC H.5gEPifAFI Rabbit anti-mouse IgG-HRP 1
J&J Santa Cruz; PVDF i F Merck Millipore .
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1.2.1 pPICZb-EP
R4 Geribank KP21 cp4-epsps %=
, FEAR 4 B AR BF Pichia. pastoris U 1A AL
cpd-epsps F: [H 4G R B GC & ERRE T
30~70% , i B it [F B 5 B Kozak J7 7l
GCCACCAUGG) AR AL 1 sful (TTCGAA)F!
XbaI(TCTAfoJcWﬁF OPITIMIZE H 75 4= M
VRHSRA TR AR P4, [FRES G kS cpd-epsps
FA, PrimeSTAR HS mifR H R & HE 15 H 5 A,
JUpAA ZK: pUCST7-EPSPS JFiki (250 ng/mL) 1 pL,
5xBuffer(Mg>")10 pL, dNTP Mixture(% 2.5 mM)4 pL,
LRSI (20 pmol/ul) % 0.5 uL, DNA R4 0.5
nL. SN 98 °C 10s, 55°C 10s, 72 °C 1 min,
30 fE¥N. pPICZb A1 H HIEEK 73 AR FHH sful A1 Xbal
Fgtnaitk, K In-Fusion HD 5 BEiR 7&K cp4-epsps
FER#EA 2 pPICZb #ifk, 1% pPICZb-EPSPS HiZf]
Ak, RBAEZN pPICZb (50 ng/pl) 1pL, HEHE
(#] 80 ng/uL) 1 pL, 5xIn-Fusion HD Enzyme Premix
2L, i dH,O % 10 uL, 50 ‘C%M 10 min, BE/FHX 1
uL ¥4 E.coli DHS o J&SZ 25, i 12 B B PH 14 v B SR,
B BRI IR
122 pPICZb-EPSPS F 41 HAk ey %2
$EHL pPICZb-EPSPS E4H kL, ffi R £k IE N
250 ng/uL. KH EcoR V Fl HindIII XU % 58 1% 41
ik, SNARZA 20 pL (ddH,0 12 pl, 10xQuickcut
buffer 2 pL, EcoRV 0.5 pL, HindIll 0.5 uL,
pPICZb-EPSPS #if4 5 uL, 37 ‘C 20 min, HLiK%
S IERAITER R, SEEUTORI TP (RN e AR )
BHERAT]D %58 cpd-epsps FERFIINE LR, &
SRR T E e 5
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4% Invitrogen ARJHRILHMAR pPICZb TefETHE
($2'5: V190-20) 58 E L IR BRI ifIL -

Hidiftl: KA YPD R59RBERG 7RItk GS115 =
ODgoo £ 1.3~1.5 B SCEEAIM, KA T4 1 mol/L 1%L
B FHTVA R B A BRI, DA S T RS S &
H; Sacl BgYIZMA B HE A pPICZb-EPSPS, H
A BB R SR, T 1800V, T Hi
JEHCHE, SERIIIN 1 mL P4 LI AR E T 30 Ci
b 2~4 h J5HL 200 pL A T&H Zecoin WKFE (50
ug/mL) ] YPDS A, 30 CH#5E2~3 d, HERH
I PRk 10~20 N EVE £ Hi8E YPD (Zecoin ) i)
s FRgEd, 30 CHFRIII, R BES LR 2H R H
PCR %7€ H WL FIAEAE, 1530 1 BE P B 70 2w
T

PCR #ll: 25 uL #& &(ddH,0 17 pL, dNTP Mix 2
uL, 10xPCR buffer 2.5 uL, 5>’A0X1 5|4 1 uL,3’A0X1
191 L, BIEHH 1 L, Taq EEHF 0.5 ul), 94 C
1 min, 55 °C 1 min, 72 °‘C 1.5 min, 25 {f¥. %8 5 uL
SR IHEAT B LK o
1.2.4  cpd-epsps 3B B A 69 KA

e AR A TE EAE L GS115, ¥
PEXTIRZ B NS 844 pPICZb B 2H B BF B AR A I
SEIGAH C ONFEAL 2 214 pPICZb-EPSPS ) 5521 i)
7

F4E Invitrogen A FIHEALEE FREZREFRIA
5 K1740-01) SERE L HE/REERES S RIK

FHFRIE: oAl axiRg AL BT
FISLIGAH C BERFEMREEFI B A 25 mL BMGY 55¢
Ferh, 28~30 °C. 250~300 r/min fEJE R %5797 16~18 h
% ODgoo 2 4, WCERAHAE, F# EiF, FBifER BMMY
i 772, 100~200 mL H & FAITIES] ODgoo N 1.0, 28

' 250 mL =i+,

ago r/min JFUGE FHRIE: % 24 h £b
i 10% ZIRIEN 0.5%, BTG4 d)E, &
255 BB 12000 t/mind2i 0y, A ODgoos B 5
min, FHEIE .

HER: & 20 ODgo FE it B 025 EIEFIMA
150 pL Z&fiae pho B £, NI VLB IIER0.5 mm),
WE 30, UK EWFE 30, B 8 X, 4 ‘CE» 10 min,
B EER R T NRE EOE Y, BUS0 uL 1,
INEEARA 2xSDS _EAEZRMRE S, R UK.
1.2.5 CP4-EPSPS % # #9 western blotting %%

KH SDS-PAGE 43 &5 485 [AFE 5, [RI) PVDF JEER
FHFBETALER 3~5 s, HCERIFLENBERIENE /NG o FRKE

28~30 C<

WEHCH B, i AR B 8 2 PVDF JIi,
RIREHEAE, 100 V 1HE 60~120 min, HUH 24320, TBST
e 5 min =K, 5% AR WA Z I E P 1 h, TBST
PRI =k, M\ CP4-EPSPS 7w [ 4i14(1:500) 4 ‘Cit
B, TBST Ml =X, Rabbit anti-mouse IgG-HRP
(1:5000)F R 37 CH¥E 1 h, TBST WL, ER &,
ii3-%
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2.1 pPICZb-EPSPS # 4 # (k%

cpd-epsps
engin 5AON
P;;',%E Hin dITI(873bp)
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\ il WU R
pPICZb 4% {£
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Fig.1 The construction of pPICZb-EPSPS vector

Kl 1 24 pPICZb-EPSPS H AR ALK,
AL 2B T cpd-epsps FER B S TEFEAE pUCST Hifk
o pPICZb #ifA K /NN 3328 bp, Ak L Sfil 1 Xbal
L RN cpd-epsps FERFIYRE AL, HindlIl
EcoRV 137 154 pPICZb-EPSPS H 414 M 45 5 17 141

2.2 cp4-epsps FH AR

T mRNA [FRE M R A RIE MR, 4
R 4 BE IR B BRI MY Pichia pastoris W 4 14 347
cp4-epsps FRERG AL, N ERD T,
S i LB RS 1 FE R 51 (R B, (RIS e R
GC & EIRFFE 30~70%2 11, &K GC FEAAK
PRI N FRIA AT, AR/KF GC & il R 3
DRGSO, FEDIRALEE R L 2 A0 3, A5
TR 1

l In-fusion 7] F 4]
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Fig.2 Codon Adaptation Indexes (CAI)
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fiE. B, 4 CALA LOK, RERIIARIEAE
WE, HFEAKFhm, 2 CA>0.9 I, FKik/K-FH
. B2 g R1 R, FASE, 3 CALER 0.77
WEINZE 0.85, IPFLLRIEK PR EES .

B 3 AR 3 3 01K E 4 B E I AT,
JE 4G 551 R ZRAE 90~100% 12505 1 BT i A7 £
50%, FHIZMRAGE, BTl tbBilk T 55%, $im 1 F)
FZAE 90~100% )% 151 1 & &, 7] F H #RAE
70~80%, 60~70%FI1 50~60% K125 fiL 1 {17 B AH R4
o FEAENUMLIG, KRB T M & i 1 Lol o
e P B 25 A T A AT 40%IF, mRNA 1

BF, mRNA P 3
PLAE AR E mRNA

Zauginiaglic by
£ sz%oKudlawém T [F—%H GC £ 5 ¥
HIFI GC 3= - SiEm SLah i b Ris o, &
BLGC &85 1P SE 5t AT R 5 8 mRNA
FALALEE, GC {;z‘%$?;§ 197518 4 S mRNA [
Rt N P 2 R R IA Ko AR R I RE
NpLSSI7 ( G/C EEJFH, 5% mRNA AL
IR B T RFIR ), Bl 1E mRNA i 72 BRI

[28,29]

)5, 2T Genbank KP212901.1 cpd-epsps A
J¥%1(1368 bp), GS115 BEMRMmEFHEFIZIAZIR, @il
PCR ¥ 4875 ATG LU0 Kozak 741 A1 (A5 H 447
ST HIFBEYIAL A, H IR /N INZE 1380 bp. AR
% Kozak RN, ZER AUG BN Kozak 7]
TP G AR IR OR

H KA UG O % pUCST #iik L, Jlid PCR
RINRAFEA Kozak 741, [FURELZ SR Sfil PAK
Xbal BEUIN S IEE . PCR Y IG4E S I 3, FrBOk
INEGHEABE AR .
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Fig.4 The PCR results of cp4-epsps gene
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E: 1 A cpd-epsps KB B4, M % DL5000.
1 M

2770bp->
1860bp—

250
—100

(] 5 pPICZb-EPSPS i {AMEGIEELER
Fig.5 The identification results of pPICZb-EPSPS vector

7E:1 % Hindlll #= EcoRV B4 /5 %52 42 K, M 2 DL5000.

HHE 1 ATA1, pPICZb %A K/INR 3328 bp, H

W HindII {57 55057 F 555 873 bp, EcoRV A7 s i1 T4 2337
bp, 4%H Hindlll F1 EcoRV BV HARR, 7241
WIS KN 12009 1860 bp AT 1460 bp: 24 k/NA
1380 bp I H I F B cpd-epsps BeE 20T HindIIl
EcoRV £ 811 sful K1 xbal BV S , KH HindIII
F1 EcoRV BEY B, T2 A2 e 2% 15 K /Na3 51l 1860
bp 12770 bp. WRAIEEFIGIR (Kl 4), BIR cpd-epsps
FRI R pPICZb #fhr, (HFRHE— 5 Fr Ak &
A AR B 5 SHEE BT R S5 Wl
e RE RGN, THERERAE, 457 ER
pPICZb-EPSPS #AARMERLT) -

2.4 # pPICZb-EPSPS #: H

B R
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1 2 3 4 5 4,
bp
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Fig.6 §(ﬁion identification of genomic DNA derived from
y yeast strains
E: ‘M ADL5000 marker; #ki& 5. 6. 9. 10 4 PCR %

THra SRR, — 54 H 22kb, H—EB 4 H 1620 bp,
st R S5 4 7, 8, 11, 125; sk 1. 4. 7. 8. 11.
12 HMHER LR, Kl 2. 3 HFakstpe, FA—5%222kb
ERE

H Sacl B2V E AR pPICZb-EPSPS,
BRI ZMEA T 18 i R E 20 2R e B R A AR L%,
T 47 35k ] 2 3 DR 4 M 4 s ik A T A P A v o
HNFFE R T R D B R R M2, R s SR R B
FEPZHAT PCR SEEGHNCASRIUE . cpd-epsps 2R TN

BEjG, [EVRE AL SRS AOXT &b, 7EIEMf &
KA RIREAH AL L R R AT 5°AOXT AT 3°A0X1
BB Y e AL R, T GS115 /& Mut %,

PR T e T B2 BRI ) PCR 45 SR 477 AL I 4415
—45E2) 2.2 kb 1 AOX1 K, H—26708 KT H K

FEHZ) 1620 bp; PCR 448 FoR BB 4 7R A
PR se R, BN SAKAESE AOXIT 4b. I 6 7T
FIWTKIE 5+ 6+ 9 FI 10 X RIEERE B AR PHPE OB
B H (5L R R B A B I BRI, selE T 45 0l
N7, 8. 11 12 5,

2.5 cpd-epsps FF 75 BB By K3k K western
blotting & = &
2.5.1 SDS-PAGBYE/ 4
4
E— - =
290 - = 3 ':
- -
2004 . —p—
143 -

7 cp4-epsps TEBEEFRENZRIZHN SDS-PAGE B2k
Fig.7 SDS-PAGE electrophoresis and the expression of the
cp4-epsps gene in Pichia pastoris

E: 1 HPMEEE GS115 & A 3RBR4Y; 4 4 pPICZb =,
WREEACEE B B G RBA; 2. 3. 542 6 AT RLET 7. 8.
11 F2 12 09 B 2m R AR A; M AR G185 T £ marker.

j#t SDS-PAGE #l western blotting ifi i\ cp4-epsps
FEDREREBE )20 o AT CP4-EPSPS £ [ K/
47.6 ku, pPICZb H' C Kuiift] C-MYC #r2ERK/N2) 2.5
ku, JEIS IZ BRI ILRAGH H 2 2 H N CP4-EPSPS-
MYC Bi&EH, KANARN 50 ku. HE 7 /)
SDS-PAGE FJ%l, #EK%) 50 ku A —2k 5B
AN SAR AL REXT A AN R (R 2T, (R e
7518 western blotting %5 5E -

2.5.2 CP4-ESPSP % & #9 western blotting %€

KH] CP4-EPSPS i [ 11 8. 7 FET A HEAT Western
blotting, & 8a 45 EI/RTE 50 ku FI/NF- 50 ku b3 FH
ek B & g — il AR %5 C-MYC
ﬁﬁ%ﬁ%ﬁ’] western blotting 45 R 7. K 8b

S5 IRAE 50 ku BT AR ISR, 51K 8a #i ki
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ok —20  ATTAT LA 50 ku BOSEAHT R RS
i, X RS EREARTT, IR BLAY A 5
cp4-epsps TEXEFRIERE PSR [ IEWRIE.

a M

150ku
100ku
75ku

(1]

12 3 4 b M 1 2 3 4

S0ku

(2]
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25ku
20ku

15ku [3]
[] 8 CP4-EPSPS E4HIERAHY Western blotting #&Ml)
Fig.8 The western blotting results of the CP4-EPSPS

recombinant protein
7Z: a R CP4-EPSPS & &% L&Ak #ATH) western
blotting %2 4 %, A 50 ku K945 1A% b R C-MYC

FRE S % AR AT 49 western blotting S #5%, A 50 ku X

AR iRl

Kl 8a PILAFAE S — WIS, K/MENZN 47

ku, 54 C-MYC b8 E FR/MILL B 515
IE FAZ K Wk R G i 2s N —80 2,
F HAZ2E A S IATEX IR A 18 8b thas R B, 12
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FE IR REAE J B AT D@ e k st R A NI B (1 PR
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TACCGGTTTGTTGGAAGGTGAAGACGTCATCAACACCGGTAAGGCTATGCAGGETATGGGTGCTAGAATC
CGTAAGGAAGGTGACACCTGGATTATCGACGGAGTCGGAAACGGTGGTCTTTTGGCTCCTGAGGCCCETTT
GGATTTTGGAAACGCTGCCACCGGTTGCAGACTTACCATGGGTCTTGTCGGAGTCTACGACTTCGACTCCA
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