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Truncated PGKI promoter is paired with varied terminators
to regulate heterologous gene expression in Pichia pastoris

ZHANG Huijie, LIAO Simin, LING Xiaocui, FENG Jiaxun, QIN Xiulin®

State Key Laboratory for Conservation and Utilization of Subtropical Agro-Bioresources, Guangxi Research Center
for Microbial and Enzyme Engineering Technology, College of Life Science and Technology, Guangxi University,
Nanning 530004, Guangxi, China

Abstract: [Objective] Pichia pastoris (syn. Komagataella phaffii) has been extensively used as a
versatile cell factory for the production of industrial enzymes and chemicals. However, well-tuned
co-expression of multiple genes is a common challenge for P. pastoris in metabolic engineering and
synthetic biology. Therefore, in this work, we constructed a set of terminators and paired them with
varied promoters to tune the protein levels in P. pastoris. [Methods] We constructed the P. pastoris
strains expressing reporter genes (egfp and lacZ) under the control of truncated constitutive
3-phosphoglycerate kinase (PGK1) promoters, and then measured the transcript levels of reporter
genes, yEGFP fluorescence intensity and B-galactosidase activity of these strains. Next, we created a
total of 27 promoter-terminator pairs to regulate the transcription of egfp, and used 6 promoter-
terminator pairs to alter the secretory expression of B-fructofuranosidase (B-Ffase). [Results] The
promoter activities of the truncated Ppgk; variants (Ppp, Ppg, Ppg and Ppp) relative to that of the native
Ppgy; ranged from 70% to 190%. Furthermore, when paired with the weak promoter Ppg, moderate
promoter Ppg, and strong promoter Ppp, the terminators had the tuning ranges of 4, 7 and 10 folds
(comparing between the strongest and weakest terminator), respectively. Finally, we demonstrated the
utility of the promoter-terminator pairs for tuning the expression of the industrial enzyme p-Ffase,
which showed an overall tuning range of 6 folds. [Conclusion] The promoter-terminator pairs
constructed not only provide valuable information for understanding the modulatory roles of terminator
regions in gene expression but also serve as a useful toolbox enabling the metabolic engineering of P.
pastoris and the application of P. pastoris in synthetic biology.

Keywords: Pichia pastoris; terminator; metabolic engineering; synthetic biology; B-fructofuranosidase
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SCEEXTREE R A i 4%, 04k T 2 ny 2t
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Tt A L SRR . BOHT A mRNA L Y
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FE P, 2k st ey 2 2 8
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30 Z A REVE SRR s &b+, IR
SR = ) e % S e o 25 R M L e 5
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(Kluyveromyces marxianus) 2 & R P51 T.H.
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1.1 E#HRFEFE

B8 IR 1% B (Pichia pastoris) B = Y B kk
GS115 {9 TA LI E . KT E (Escherichia
coli)E ¥k Trans1-T1 FHT KN vofk

LLB }i7i 5 (g/L): A AR 10, BEREREK
Y15, NaCl 10, {#HHBFEN 25 pg/mL Zeocin.
[ PR B SR AL TN 1.5% 3505

YPD $i 77 F (/L) B F 20, BERESRIL
Y10, %k 20,

MD K7 3% % . 1.34% 8% & U5 3L il (yeast
nitrogen base, YNB), 0.000 04% =912, %)
BE 10 g/L, 1.5%3iE.

BMDY 5% 3 (g/L): BERHERY) 10, BEE
PR 20, 1.34% YNB, #j%jH 10, 0.000 04%
A&, 100 mmol/L K,HPOL/KH,PO4.

BMD #5555 1.34% YNB, 10 g/L 7454 ,
4x107°% 8%, 100 mmol/L B4, pH 6.
1.2 #RF

JroRL/ NS £ R & L R DNA 4fifh
Ml 7l & . RNA 2L A & 31 A
TIANGEN A #]; 2xPhanta® Max Master Mix .
2xTaq Plus Master Mix . Exnase Il T H.E§¥4 H
Vazyme 7~ ; FREIVEANUIAEH 1 kb DNA
Marker 4 H Thermo Fisher Scientific 2> #]; T4
DNA Ligase. PrimeScript™ RT Reagent Kit with
gDNA Eraser (Perfect Real Time)llJ H TaKaRa 2
H); Zeocin™ I H Invitrogen /3] .

1.3 5490

ARG E 1, HmATAEYT
P ) B A R 75 i

A5 AL 1 SR L2 2
14 BERBRIFIHEHREERRERNER
RO EHENEE

PLER SR RE GS115 3k (K 2H 5 DNA g #id,
PCR 4R3I T Proxis B Ppoxs SEFEEBIE

pGHg ") Spe 1 /Not T i 5, ¥ Poups J3 50
T, ARAG LRGSR I LR (0 5L HR T BE I egfp R
ik Fokr pPHg. F] PCR FIEEYIAY 7k, fajHh
PRI T B Ppeks P AN T8 1 56 PCR
1G5 R R 21 Ppe (1.3 kb), FH Ppp &4
#HAk pPHg W Ppox, it 81 FH @5k pPPHg .
SRJ5, JUKL pPPHg 4 Cla 1FEVI G HiE, 315
THIEIR ST Ppe (1.1 kbR OB pPEHE; JFORE
pPEHg £ Xho 1 WVIIG A%, 155G 3
T Pp (866 bp) it T ki pPGHg. MR I E & K
}il) PGKI JBh¥ Peps J¥H1, F514¥ PD-F/
PGK1-PCR ¥ ¥4 3 A5 #5653 8 F Ppp (45 Ppeps ¥
ST, BIREE 380 bp (AL C). # Ppp il
AR pPHg W) Py 16 2 B R pPDHg. P
Jfiki pPHg. pPPHg. pPEHg. pPGHg. pPDHg
53 Sal 1 24k )5 s e Ak Ik GS115,
PR F IR S R egfp 1 TR 2H BE AR RS

i Not /Hind DYWL EEY] 5k pGHL!, 3575
lacZ FER BT vl 31 oopr pPHg. pPPHg.
pPEHg. pPGHg. pPDHg ¥ Not I/Hind T3 15,
B o 1) egfp FEDH, M EE lacZ FEIR M) 235 T
#i pPHL. pPPHL. pPEHL. pPGHL. pPDHL.
WA FORAY S Sal 1 &b )E a4k
GS115, tERIRM A FEN lacZ Y 2H HE AR W%
B AR TR TR LR 2.
1.5 ARBHFEIETFHEFITINREE
RiLEHFWE

hTE TR B, S i B TR
pPGHG, 7EZ [--F 5'F1 33435 il b Hind TIIA
BamH IEFYIN 55, 8 F )5 e 1EF - . 158,
Ph Ppg RIS B AR 2 1L T R 5 egfp
R pG-Tx (Tx RFLIT: Tuvnzs Tripis
TPGK] ) TGAPa TCAT] ) TCYCI ) TFDH[ ﬁ TTEFI)o

Pl pGHG mEHR, H5[4 TCYCI-F/TCYC1-R
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Table 1

Primers used in this study

Primer names Primer sequences (5'—3')

Application

PGKI1-F
PGKI1-R
PP-F
PD-F
GFP-F
GFP-R
BF-F
BF-R
TADH2-F
TADH2-R
TCAT1-F
TCAT1-R
TCYCI1-F
TCYCI-R
TFDHI1-F
TFDHI1-R
TFLDI1-F
TFLDI1-R
TGAP-F
TGAP-R
TPGK1-F
TPGK1-R
TTEF1-F
TTEF1-R
RT-GAP-F
RT-GAP-R
RT-GFP-F
RT-GFP-R
RT-LacZ-F
RT-LacZ-R
RT-BF-F

RT-BF-R

TCGACTAGTAGTTGGGTATTCAAATAGTTGACTT
AGAATGCGGCCGCTTTCGTAATCAATTGGGCTATG
AACTACCGCATTAGGATCTTCG
ACTAGTCGATCGCATTTTGGCCTCA

AATGCGGCCGCATGTCTAAAGGTGAAGAATTATTC

CCCAAGCTTTTATTTGTACAATTCATCCATACC
AATGCGGCCGCATGCCCGTAGATTCTTCTCATAAG
CCCAAGCTTTCACCTGATCGCTATGCATG
CCCAAGCTTGCCGAATAGTTTGTATACGTCTT
CGCGGATCCTTTTAAAATTGAACGGCGACC
CCCAAGCTTGCTAACTATATTTATTATTAATTAA
CGCGGATCCGATTGTGACCTTTGTCTCTAT
CCCAAGCTTCACGTCCGACGGCGGC
CGCGGATCCAGCTTGCAAATTAAAGCCTTCGAG
CCCAAGCTTTTGAAATGTATTTAATTTGATATTA
CGCGGATCCACGATGTACAATCTGAGCTTG
CCCAAGCTTGTGTATAGTCAATAATAGCCGGAGT
CGCGGATCCATTAACTAAGAACAGCTTTTCCCG
CCCAAGCTTATCGATTTGTATGTGAAATAGCTG
CGCGGATCCGTTCAATTATAGATCCACGAGTG
CCCAAGCTTTTAGTTCATATAGTTTGAATTCTGA
CGCGGATCCCCGGTCCAGGCCATCA

GGATGAATTGTACAAATAAAAGCTTATTGCTTGAAGCTTTAATTTATTT
TGAAGCTATGGTGTGTGGGGGATCCACAGATTCATTGACTCTATGATCTC

CGGCATCTTCAGTGTAACCC
GGCTTTCCGTGTCCCAAC
GGCTGACAAACAAAAGAATGG
GGATAAGGCAGATTGAGTGGAT
ATACTGTCGTCGTCCCCTCAAAC
CGGATTCTCCGTGGGAACAA
TGACCTCATCACCTGGAAAGA
TGTGGTGGTCGCTTGTCAG

Amplification of the PGK1
promoter

Amplification of Ppp
Amplification of Ppp
Amplification of the egfp

gene

Amplification of the BF gene

Amplification of the ADH?2
terminator

Amplification of the CATI
terminator

Amplification of the CYCI
terminator

Amplification of the FDHI
terminator

Amplification of the FLDI
terminator

Amplification of the GAP
terminator

Amplification of the PGK1
terminator

Amplification of the TEF]
terminator

Amplification of the GAP
gene

Amplification of the egfp
gene

Amplification of the
lacZ gene

Amplification of the
B-Ffase gene

<l actamicro@im.ac.cn, & 010-64807516
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Table 2 Plasmids used in this study

Plasmids Description Sources or references

pGHg The egfp gene expressing plasmid, P p-egfp-Zeo™-His4 [15]

pPHg Plasmid containing egfp gene under the control of the promoter Ppgg;, PPGKJ-egfp-ZeoR-His4 This study

pPPHg  Plasmid containing egfp gene under the control of the truncated promoter Ppp, This study
Ppp-egfp-Zeo®-His4

pPEHg  Plasmid containing egfp gene under the control of the truncated promoter Ppg, This study
Ppi-egfp-Zeo®-His4

pPGHg  Plasmid containing egfp gene under the control of the truncated promoter Ppg, This study
Ppg-egfp-Zeo®-His4

pPDHg  Plasmid containing egfp gene under the control of the truncated promoter Ppp, Ppp-egfp This study
-Zeo"-His4

pPHL Plasmid containing lacZ gene under the control of the promoter Ppgx;, Ppgxi-lacZ-Zeo®-His4 This study

pPPHL Plasmid containing /acZ gene under the control of the truncated promoter Ppp, Ppp- lacZ This study
-Zeo"-His4

pPEHL  Plasmid containing /acZ gene under the control of the truncated promoter Ppg, Ppg- lacZ This study
-Zeo"-His4

pPGHL  Plasmid containing /acZ gene under the control of the truncated promoter Ppg, Ppg- egfp This study
-Zeo"-His4

pPDHL  Plasmid containing /acZ gene under the control of the truncated promoter Ppp, Ppp- lacZ This study
-Zeo"-His4

pG-Tpgk; Plasmid containing egfp gene under the control of the truncated promoter Pps with terminator This study
Tre1, Pro-egfp-Tpoxi-Zeo"-His4

pG-Taox: Plasmid containing egfp gene under the control of the truncated promoter Pps with terminator This study
Tiox1, Prg-egfp-Taoxi-Zeo™-His4

pG-Trgr;  Plasmid containing egfp gene under the control of the truncated promoter Pps with terminator This study
Trer1, Prg-egfp- Trepi-Zeo™-His4

pG-Tapy, Plasmid containing egfp gene under the control of the truncated promoter Pps with terminator This study
Tupmz, Prg-egfp-Tupir-Zeo"-His4

pG-Tgap Plasmid containing egfp gene under the control of the truncated promoter P; with terminator  This study
TGAP’ PPg-egp-TGAp-ZeoR-His4

pG-Tcycr Plasmid containing egfp gene under the control of the truncated promoter Ppg with terminator This study
Teyer, Prg-egfp-Teye-Zeo®-His4

pG-Trp; Plasmid containing egfp gene under the control of the truncated promoter Pps with terminator This study
Tripis PPG'egfp‘TFLDI‘ZeOR‘HiS4

pG-Tcar: Plasmid containing egfp gene under the control of the truncated promoter Pps with terminator This study
Tcarss Pro-egfp-Tear-Zeo™-His4

pG-Trpu; Plasmid containing egfp gene under the control of the truncated promoter Pps with terminator This study
Trpui» PPG'egfp'TFDHI‘ZeOR’HiS4

PE-Tpgk1 Plasmid containing egfp gene under the control of the truncated promoter Ppz with terminator This study
Trexi1, Ppe-egfp-Tpox-Zeo"-His4

PE-Tprox1 Plasmid containing egfp gene under the control of the truncated promoter Ppz with terminator This study
Tiox1, Pre-egfp-Tioxi-Zeo"-His4

pE-Trer;  Plasmid containing egfp gene under the control of the truncated promoter Ppr with terminator This study
Trer1, Ppe-egfp-Trepi-Zeo®-His4

PE-Tapn> Plasmid containing egfp gene under the control of the truncated promoter Ppr with terminator This study
Tupm2, Prp-egfp-Tapur-Zeo®-His4

PE-Tgap Plasmid containing egfp gene under the control of the truncated promoter Ppr with terminator This study
Tap, Pre-egfp-Toap-Zeo®-His4

PE-Tcyc: Plasmid containing egfp gene under the control of the truncated promoter Ppg with terminator This study

Teyer, Pre-egfp-Teye-Zeo®-His4

(5%%)

http://journals.im.ac.cn/actamicrocn
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pE-TrLp; Plasmid containing egfp gene under the control of the truncated promoter Ppy with terminator This study
Tripis Ppe-egfp-Tripi-Zeo®-His4

PE-Tcari Plasmid containing egfp gene under the control of the truncated promoter Ppz with terminator This study
Tcars, Ppe-egfp-Teari-Zeo-His4

PE-Trpy1  Plasmid containing egfp gene under the control of the truncated promoter Ppz with terminator This study
Trpni» Pre-egfp-Trpui-Zeo®-His4

pD-Tpgk; Plasmid containing egfp gene under the control of the truncated promoter Ppp with terminator This study
Trxi» Ppo-egfp-Troxi-Zeo"-His4

pD-Taox: Plasmid containing egfp gene under the control of the truncated promoter Ppp with terminator This study
Tyox1, PPD-eng-TA0X1-Z€0R-HiS4

pD-Trgr;  Plasmid containing egfp gene under the control of the truncated promoter Ppp with terminator This study
Trer1, PPD‘egfp‘TTEFI'ZeOR'HiS4

pD-Tapu, Plasmid containing egfp gene under the control of the truncated promoter Ppp with terminator This study
TypH2s PPD'egfp'TADHZ‘ZeOR’HiS4

pD-Tgap Plasmid containing egfp gene under the control of the truncated promoter Ppp with terminator This study
Tap, Prp-egfp- Tap-Zeo®-His4

pD-Tcycr Plasmid containing egfp gene under the control of the truncated promoter Ppp with terminator This study
Teyer, Prp-egfp-Teye-Zeo®-His4

pD-Trrp; Plasmid containing egfp gene under the control of the truncated promoter Ppp with terminator This study
Tripi, Prp-egfg-Trip; -Zeo"-His4

pD-Tcar; Plasmid containing egfp gene under the control of the truncated promoter Ppp with terminator This study
Tcars» Ppo-egfo-Tcar-Zeo"-His4

pD-Trpu; Plasmid containing egfp gene under the control of the truncated promoter Ppp with terminator This study
Trpni, Pep-egfp-Trpi-Zeo"-His4

pD-BF-Tg Plasmid containing PoFF32A gene under the control of the truncated promoter Ppp with This study
terminator Tg4p, Ppp-BF-Tc,p-Zeo®-His4

pD-BF-Tp Plasmid containing PoFF32A gene under the control of the truncated promoter Ppp with This study
terminator Tpgx;, Ppp-BF-Tpgxi-Zeo™-His4

pD-BF-Tt Plasmid containing PoFF32A4 gene under the control of the truncated promoter Ppp with This study
terminator Trpr;, Ppp-BF-Trr-Zeo®-His4

pG-BF-T, Plasmid containing PoFF32A4 gene under the control of the truncated promoter Ppg with This study
terminator TAOX]a PPG-BF-TAOXJ-ZQOR-HiS4

pE-BF-T, Plasmid containing PoFF32A4 gene under the control of the truncated promoter Ppr with This study
terminator TAOX]a PPD-BF-TAOXJ-ZQOR-HiS4

pD-BF-T, Plasmid containing PoFF32A4 gene under the control of the truncated promoter Ppp with This study

terminator TAOX]s PPD-BF-TAOXI-ZeOR-HiS4

PYE Teve 7915

Hifth 7 N2 aEFH GS115 34

JE L pPICOk-PoFF32 ANl it , F 5|4

DNA Wty 4 4k15 . s, K 8 MIETIF
GBI AR pPGHG 1Y Tyox,, HIEEFRS
B TR pG-Tx o JH Ppe Ja s FE TR pG-TT
W P JASh T, WIS AL LT R 512
& pE-Txo Ml Ppp A s F& TR pG-TT E 1Y
Prg JA 8T, WHEEARRZ LT pD-Tx.

JRL pG-Tx £ Sal 1 &4k )E M4k GS115,
¥y & 4 G-ADH2 ., G-FLDI ., G-PGKI .

G-GAP . G-CAT1. G-CYC1. G-FDH1 . G-TEF1,

<l actamicro@im.ac.cn, & 010-64807516

BF-F/BF-R 4" 14 5 15 5 JIk 2t % 1 41 f1) K Mg SR A7
TFlE(B-Ffase) 5 H PoFF324 ¥4, %755
F& B pD-Tx (Tx=Tgapi « Trexks 1 Trers)

pG-Taoxi~ PE-Taoxi Fll pD-Taoxi KLY Not 1/
Hind WIQ7 5, Br¥ s BN B9 egfp, 43l he
PoFF324 33K JfikL pD-BF-Tg. pD-BF-Tp .

pD-BF-Tr. pG-BF-T,. pE-BF-T, fil pD-BF-T,.,
B EY R L Sal 1 Ze1Efb 5 i 5% 1L
GS115, MR B-Flase LK I8 /=453 W 1Y
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A AR bR : PD-TG. PD-TP. PD-TT,
PG-TA. PE-TA #1 PD-TA,
1.6 EHEEFEETH yEGFP KA EBE N E

EeoRme bR E A 2 48 FLIRILIR = RE R 8
U7 BMD ;353 28 °C, 340 r/min }55% 36 h
J&, B30 pL Wl 2 A 170 uL PBS 1 96 1L
fgprti (8 H Z D REREPR {1 (BioTek Synergy
H)# M GFP 98GR B (UL K : 485 nm, &
S K . 515 nm, 25 90). Kl GFP 2¢)6Gik
JERT, IS egfp WL TR G/PEH Xt fE R
EHm T, W F/ODgo (RFU/ODgyo) N
DECAE SGXT I AN ODgoo B ELAE, LAZEE
5 B RAF A B B2 LR
1.7 FHEEFREEE P EE KK FERIHN

W A SRR AE YPD YRR RS 5 3 h
3% 36 h G, F RNA $#EBGLH] & R 4] 5
IRIERETR Y AL RNA, #RJ5H PrimeScript™ RT
reagent Kit with gDNA Eraser (Perfect Real Time)
RA & S 53K 15 cDNA . )5 i SYBR®
Premix Ex Tagll (Tli RNaseH Plus)(2x)#17
RT-qPCR, LA GAPDH FEHAE RN S IHN,
RT-qPCR FIr FI5 1) W35 1.
1.8 EHEEFEERIZS = p-Ffase

W A SR RE R ARTE YPD PAREE SR,
28 °C HiF IR PRIRATEE T f
5 mL YPD $i RS0/ i bl 7% s LA 4%10)
BER AT 50 mL BMDY 55373519 500 mL
=AM, 250 r/min. 28 °C ¥53% 60 h, %iFE
12 h BUFEMXE ODgoo 1 B-Ffase 16 71, 4NN
EREELRUE N 1%, pH R4 E pH {EI
5 mol/L KOH ¥ pH £ 6.0 /24 .
1.9 [BRWgR¥EEEGEGIE G

T2 56 B 1 Wk e SR 1 (B-Ffase) il
T E SR A DNS U9, L 0.2 mol/L #riEER-
BEFR 2% MR (pH 5.5)F B BER , LA 20% 605 A

JIKY), F 40 °C I 15 min, 435040 A EERRIT
Prepo B 1 pmol 34 JEORE Bl it 19 il i g S
1 AT g B

F EEAREERERY B-F-F LT (B-galactosidase,,
Gal) i1 77 7 2 BB AR e B Rk RGHRAE T
W (Pichia expression kit, Invitrogen). PN§i /)
BAARTE 28 °C AT, 48K 1 nmol
ONPG (o-nitrophenyl-B-D-galactopyranoside) It

i FY A

2 X504

2.1 #38 PGKI Bah FHIEREERIE

BeooR BEOBEO3- BE R OCH O PR W e
(3-phosphoglycerate kinase, PGK1)3E K5 8+
(Ppory) =41 R i rh 6 1 0 s U™, 40
BA(Z) 2 kb)) ANME T FRIAHE R RS 3+ 1)
. BRI, TERESR IS IS PR IR BT
T Proxs JTH), MWHETIHEIT Pep. Prr.
Ppg 1 Ppp (8 1A)

FIRJE ¥ Ppp. Ppe. Ppg Fl Ppp SR8 5L
egfp TEERIREERE P RYIE , A o 4G N 5 IR 1 B
HZH T 1Y yEGFP LU G5 B R AR XTI IS 3h 5
JE. SRS S FEHAREMNILIOCRE S egfp
) mRNA ZKPAHOC, 150 W] 8 20 3 =2 (8] 4 5,5
EAKFEMZEREH mRNA KFER2E75]0E
1), HJA s i 58 B i o 2 55 4KCN : Pep . Prs
Ppp. Ppoxi~ Ppgo SRR BT Ppox, #HLEL,
Pp JA B F3RE T BET 30%; Ppp. Pps. Ppplii
ZhF Ry AR T 29 10%. 40%. 90%; 4
WE B S 7R E R BT P B
70%—-190%; X 4 a3 FIRERIER yEGFP
PEICHRIE , SRR BT Pep SRR BT P 1 2.7
P ARG FE T, yEGFP 2t E S
egfp ) mRNA 7K-FA1 K (F 1B).
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Figure 1

Construction of the truncated Ppgk; variants and characterization of their strength in driving the

expression of gene egfp in P. pastoris. A: schematic representation of the construction of the truncated
promoters; B: initial characterization of the truncated promoters using egfp as reporter gene.

DA B-2F-FL Wi F i (B-galactosidase, Gal)Jk[A
(lacZ) R 55 — AR5 LA, X U3 8l 1 ] S e A
SE RS TIRIE . R 31T Pro. Pro. Pre. Pro
AR, Gal (1™ 5t B JE 305 B2 134
Mg h, Gal g &2 6L yEGFP 9Gi®
FER AR — B GE BN E R Ppor, JA S FIRE R
65%—-170%); X 4 NashFIRERIEN Gal M
PR, SRR BT Pep SR BT Peg B 2.6 i
A B FIRET , Gal B 55 lacZ ) mRNA
IR (] 2)

AT 2 A4t BE I B R 3 23517 T R
GERAE, WSS S+ Ppe. Ppg. Ppp XA
[Fi) e [A] 2 8 1A 425 110 sl 35 T k. 5 P AR B )R B
T Ppoxi HA, Ppg Ppe. Ppp KJE 53 HI4R% T
57%. 45%H1 79%; Ppg. Ppg PppJa 8l 58
YYJ& Ppoxi 1) 70%. 140%7F1 180%.
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Figure 2 Measurement of B-galactosidase (Gal)
production and /acZ mRNA level under the control
of the truncated promoters (Ppg, Ppr and Ppp) in the
engineered P. pastoris strains.
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Figure 3  Fluorescence output of Pichia pastoris recombinants expressing egfp gene under the control of the
weaker promoter Ppg paired with various terminators. A: schematic diagram of the construction of P.
pastoris recombinants expressing egfp gene under control of varied promoter paired with 9 terminators; B:
box plot diagram of yEGFP fluorescence of G-Tx transformants; C: egfp transcript abundance versus yEGFP

fluorescence intensity are plotted.
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TAT I T 5R 8T Pee 0515 9 AN 0E
THEWE egfp RIKMEHE G-Tx, HAH
Gkt 10 AT, R 48 IRFLARKG %
36 h, Kl HACRE I TG0, 729 41
Kb+, BT Pre 5 Troxis Taoxt HERT,
B yEGFP 2GR Bt ; HIKZES Trem 4
G 5 Tearr s Tepw WG TAYERE 55 (8 3B).

3 13 M 20 T 2H TR OB T e HL
egfp FEAFE DB 1 1Y 3 DAL+ MR 57
HEATRE N, W 3 WAEYIFEL, EHE G-Tx
REIEFR 36 h, ME yEGFP 2GR, 1RH
RNA 5l egfp FEPHEE5IK-o Ppg R
PGK1 XHGhT, ¥ Prg 5HBRKRHRXIET
Troxi A G (Ppo-Teax )VE X, HLE4S 25 94
¥ egfp RN SR EE FRILEE IR G R I 45 R R
FHGEAR G-Tx HZIEHRIEL S 48 TRELIY)
T4 RIEA—BU(E 3C)o Ppe 5 9 M IETF4L
BRI &P N : Troxrv Tuoxi~ Trern-
Taprz~ Tear~ Teyers Trpis Teart P Trpuio 4%
HE PR egfp e %KV yEGFP 2t 38 B2 AH
FeVER Y, RS SR B JE X B A (Pro-Trox) HY
25%—100% (& 3); o Ppo-Troxs A6 150 B &
Ppo-Trpm WG 4 5, B Ppo- Ty A 1R
FELES o 4 f% .

23 HREERINFAARLIEFHEIAE
egfp IR IE

MEFSRER ST Per 5 9 N IETAS
W egfp RIXMEH I E-Tx, BAHA 70k

%3

e 10 AT, e 48 WAL FEAG I H ¢
JCIREE . WIAR BN, 16 Ppr T, 5%
1EF Taoxs Bl Tapu WL, B yEGFP 285
SR LR T HAH S EHE 5 Trer M Trom
Wl & TR R (E 40). SHEEAR
E-Tx #E R T4 48 WAL 4 F A
— 3 Ppe 5 9 AL TG R SR EE R S BUIR
M Taoxi~ Tavuz~ Toars Teari~ Troxi Tever
Tripi~ Trerr %H Trphio %gﬂ%ﬁj”;% egfp th
KIKF-5 yEGFP 9206 5 BE AH G P8 uf,
52 58 Xt AL (Ppe-Trox) M9 30%-210%
(£ 3); HH Ppp-Taoxs HEWRIE S Pre-Trpui
A 745, B Prg-Ty 215 W T4 E B B
71,
24 BRI FHARELZEIEFEEIEE egfp
B Fik

WESR IR BT Pep 5 9 N IEFHA HEE
egfp FIXMELAE D-Tx, BG4 HIBkE 10
ML T, Tl 48 TRALAREE IR A H D G ok
JE. VITRAEREN, 16 Pep WET, S&I1ET
Tyoxs Al Tup LA, FALH yEGFP 28658 &
WEETHMASEHAR; SXILT Tren M
Trpm WA, WERE 5K 5A), B4 EE
HIE E-Tx IR A RS 48 TRALAR ) i 45 2R
HAR—F Ppp 5 9NN FHEVIERES Prg
JABNFIEE AL, S HE WA egfp FokK
V-5 yEGFP 5&Gas BEAH G A, iAo i 2
X B G (Peo-Trox )WY 25%-250% (35 3); i

B F-2 1t FASIRIE egfp REEAREBXRARE

Table 3 Relative fluorescence intensity from egfp expression strains with different promoter and terminator

cassette

Terminators
Promoters A0X1 Typm2 Teap Teari Tpek1 Teyer Tripi Trers Trpni
Ppg 93% 75% 74% 31% 100% 55% 34% 81% 29%
Ppg 220% 142% 109% 105% 100% 88% 83% 55% 41%
Ppp 248% 180% 148% 78% 100% 78% 76% 46% 33%

Fluorescence intensity relative to Tpgk;.
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Figure 4 Fluorescence output of recombinant Pichia pastoris expressing egfp gene under the control of the
moderate strength promoter Ppg paired with varied terminators. A: box plot diagram of yEGFP fluorescence
of E-Tx transformants; B: egfp transcript abundance versus yEGFP fluorescence intensity are plotted.
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Figure 5 Fluorescence output of recombinant Pichia pastoris expressing egfp gene under the control of the
strong promoter Ppp paired with varied terminators. A: box plot diagram of yEGFP fluorescence of D-Tx
transformants; B: egfp transcript abundance versus yEGFP fluorescence intensity are plotted.
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Figure 6

Influence of promoter and terminator combinations on B-Ffase secretory expression in Pichia

pastoris. A: growth of recombinant strains expressing PoFF32A4 gene using under the control of varied
promoter paired with Tpgx; or T4ox; terminator; B: extracellular B-Ffase activity of recombinant strains in
shake flask; C: PoFF32A transcript abundance versus B-Ffase activity are plotted; D: yEGFP fluorescence

versus [-Ffase activity are plotted.
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