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in Komagataella phaffii
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Abstract: Precise regulation of gene expression is crucial for the construction of high-performance cell factories, and
non-nutrient source-based small molecule inducible system has a wide range of application potential in the regulation of gene
expression. In this study, a Tet-on inducible system based on doxycycline response was developed in Komagataella phaffii
and every elements of the system were further optimized. A series of inducible promoters that can respond to doxycycline
were eventually obtained by screening appropriate core promoter sequences, optimizing the promoters that regulate rtTA
expression, optimizing the transcriptional activation domains, and creating rtTA mutants. Among them, the Tet-on inducible
system based on rtTA-V10 had a low background level leakage (fluorescence value was 1.05 times that of wild-type strains),
and a dynamic range of fluorescence intensity reached 52.76 times after the addition of doxycycline. The rtTA-VPR-based
Tet-on inducible system showed good expression intensity under various carbon source conditions, reaching 111.16% of Py,
under methanol condition, and 110.65%, 106.05%, 112.24% of Py, under the glycerol, ethanol and glucose condition,
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respectively. Precise gene regulation can be achieved by adding different concentrations of inducers, which provides a

powerful genetic manipulation tool for precise gene expression regulation in the fields of Komagataella phaffii metabolic

engineering and synthetic biology.
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Table 1 The strains used in this research

Bk / Rk R

KA E. coli ToplOF R IEIRAF
B K. phaffi GSI115 AR ERS
PpICK-P ,i,-EGFP/mCherry AR TR
GS115-P ox,-mCherry KEI T RA
GS115-P ey, ~-mCherry REHTREG
GS115-Pp-mCherry AL TR

112 F£2KA

ToKAEIRE. Hl. HEE. ZBF. NaCl. KHPO,.
K,HPO,, K& K%k b 5 ik 7 A B A 75 Yeast
extract, J&[E Oxoid /o 7 ; tryptone. Peptone. YNB
THLEJE, 3 E BD-Difco 2 H : KOD FX & ff B
RAEBE, HALRFEYI AR ; 2xUtaq PCR Mix, Jbxit
FERE bR A RS RGRGE, RIRAWE}
b)) ARAR REIMEAZER A VIEE, Thermo
Scientific /4 7] ; Uniclone One Step F§, Jbi{&vb4
YIRHA R A .
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Table 2 The primers used in this research

Primer names Primer sequences (5'-3")

Description

Tet-on-F GATTTTGGTCATGAGATCAGATCTCGGAGAATATGGAGCTTCATC  Tet-on & #h-F Li#y 38354
TCCTCGCCCTTGCTCACCATGGCGCGCGGTGATGTCTGCT . ST
Tet-on-R CAAGCGGGGT Tet-on 23T T4 385140
Amplify-minCAT1-F ATAGAGAAAAGTGAAA%E%ﬁ?iCTCTAGCCTGCCGCAAT CAT1 4 2 3 F L ¥ 3| 4

CTCGCCCTTGCTCACCATGGCGCGCTTTAATTGTAAGTCTT

Amplify-minCAT1-R GACTAGAGCAAG

ATAGAGAAAAGTGAAAGTCGAGCTCATAATAGCGGGCGG

Amplify-minGAP-F ACGCA

CTCGCCCTTGCTCACCATGGCGCGCATAGTTGTTCAATTG

Amplify-minGAP-R ATTGAAATAG

GGATTTTGGTCATGAGATCAGATCTAGAGAGTTGCTGCC

Amplify-YPT1-F AAGAAT

Pyory BENT Lty 36514

TGTCCAGTCTAGACATGGTGAATTCGACTGCTATTATCTC

Amplify-YPTI-R TGTGTGTATG

Pyor BENT Lt 3851 4

GGATTTTGGTCATGAGATCAGATCTTCTGACGGTACTA

Amplify-ADH3-F GAGGACT

Popus BB T Lt 38514

TGTCCAGTCTAGACATGGTGAATTCCGTAAAGTAAA

Amplify-ADH3-R TAAGATAAAAG

Amplify-GCW 14-F GGATTTTGGTCATGAGATCAGATCTCAGGTGAACCCACC

TAACTATTTTTA
Amplify-GCW14-R TGTCCAGTCTAGACTAé“ SSgSg:é?CTTTTGTTGTTGAG P o3 F L5 38314
Amplify-V10-F CGCTTGAGCAGAC?EEQ%&%%::’I;FEACCATGTCTAGAC RETA-V10 2 F F 4 53| 4
Amplify-V16-F CGCTTGAGCAGACATCACCGAATTCACCATGTCTAGAC RITA-V16 £ B _E #4553 4

TGGACAAGAGCAAAaTCATAA

CCTTTTCGGCCTGGAACTAATCATATGTGGCCTGGAGAAA
CAGCTAAAGTGCGAAAGCGGCGGGCCGGTTAACAACTCC
ATGAAGGATT

Amplify-MitAD-F

MitlAD L3854

AGAGAGATTCTTCTGCTGTACTAGTGGATCCTTACTTAGTT

Amplify-MitAD-R ACTCCTCGACATTCCAGTAATC

MitlAD F #3834

CCTTTTCGGCCTGGAACTAATCATATGTGGCCTGGAGAAAC
AGCTAAAGTGCGAAAGCGGCGGGCCGGCTGATGCTCTCG
ACGACTTTG

Amplify-VPR-F

VPR L#3 383149

AGAGAGATTCTTCTGCTGTACTAGTGGATCCTTACTTAG

Amplify-VPR-R TCAGAAGAGTGATGTATCAAAGATTG

VPR F #3354

113 #Rk

BMGY #ifk$5 722, : 1% (m/V) Yeast extract,
2% (m/V) Peptone, 1.34% (m/V) YNB, 10% (V/V)
1 mol/L pH 14 6.0 1] KH,PO,/K,HPO, 2% ' ¥,
1% (V/V) glycerol.

BMMY ¥ & 15 9% 3 : 1% (m/V) Yeast extract,

2% (m/V) Peptone, 1.34% (m/V) YNB, 10% (V/V)
1 mol/L pH {4 6.0 ] KH,PO,/K,HPO, 2% I ¥,
1% (V/V) methanol.

BMEY i & 1% 7% % : 1% (m/V) Yeast extract,
2% (m/V) Peptone, 1.34% (m/V) YNB, 10% (V/V)
1 mol/L pH {4 6.0 ) KH,PO,/K,HPO, 2 I ¥,
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1% (V/V) ethanol,

BMDY ¥ 1A 15 3% 3 : 1% (m/V) Yeast extract,
2% (m/V) Peptone, 1.34% (m/V) YNB, 10% (V/V)
1 mol/L pH {& 6.0 /) KH,PO,/K,HPO, Z& i ¥,
1% (m/V) glucose.

LB A 725 . 0.5% (m/V) Yeast extract,
1% (m/V) tryptone, 1% (m/V) NaCl,

1.2 SER %

1.2.1 KAt @ €A KA E

PL5| ¥ Tet-on-F F1 Tet-on-R "3 Tet-on J& 5 T
730, A% PR k% 8 N VI BglIL Al EcoR1 X} %%
& PpICIK-P ,ox,-EGFP AT Y], B bk BE
I EERE RIS, 48 H Uniclone One Step |7 25 2H I
BT FIPRE L, B A FORDE S R R
KIGHFHE E. coli BRSZASHNML, B J5 K % e A PH MR
BT RRE, SREUTURL IR, A kA 7
i
122 FTHARFEEFARGHE

16 3 PR R ) 1 A IR P 1) X 8 A AT B
I, £ PCR =9 [Nt ) oot B U) vk R k47 44k
[EIY, B 10 uL g4 [ENC= 9 25 53 N 80 L B 7
M BE GS115 sz A4y, B 5% M Invitrogen 2
A REER RIEF MR FM PR, @il
VR AT I R A M i 1h, B S K 4R B R A T MD
AR b, T30 CHEEFEFE TR IE 3~4 do PRHUEY
BRI PR 1 TR SRR, 3E 4T T VE PCR 56 IE LA 2 H PH
HEAL T
123 B AR B

D) JEFEBHME R EFIE 5 mL BMGY R 5
T30 °C, 250 r/min FJFERH TG FE 20~24 h

2) PR I WIHE ODg=1.0, K B W R T
25 mL BMMY CERH AR R F T 30 C,
250 r/min [RFEIRH 15775

3) 424 h W B 250 pL K B, W &= AR
ODyops  [FIBT NN 1% PRFR 53 £ 1 (1) HH 2 B2 L At ik
PCHM ., 2B BRI, FEESARN 120 h,
FoAbBIE 75 5 A BN 48 ho
124 HHRBFHRGIL BB T LM Z

D) JEFFFAPE R AREFIE 5 mL BMGY 5973 h
T30 °C, 250 r/min FIFEIRH FIEE TR 20~24 h

2) WRHL 20 pL FiES SRR, HeFh T2 H 800 pL
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BMMY 1577511 48 FLARH 1577 24 h 5

3) WREUESRFEW, HAEFTHARIIERTE 5000 vmin
NE 5 min, H 1 mL PBS (pH 1 7.4) &40
PR, HH BB REZ ODgoo A 0.6~0.8

4) FHL 200 puL # T 96 FLAEE bR AR . Bl
Je 5 PR DR 2 . GRS 2 6 B RFUD R 25
J& (ODgy), EGFP IfJBUR AR S 9K 488/520 nm,
mCherry WK ARSI 9 561/600 nm.
125 %it$ ot

i | Origin 2024 34T 804 i it o ¥, B IX
LI 3 AT EUE . TR BB 35 DL E bR
2 RoR,

2 HR5ITR

2.1 Tet-onif % & Gt UKL B9 Bt 5 4 2

TE AN I 58 ) B A RIS 0L T, otTA 2
5 TetO 9\ 1 7 51 45 & IF 40 55 W I ) RNA &
B TS R R 5. IWEE L %0 8 3 T
CR (Core promoter) []/7 512520 RNA &l
G54 DL G B ol B (e Sl AR S5 e A, DR
W0 5 B F IR B % R B RE T IR R A DI RE 9%
B W 1a Pron, =L B8 Tk T
1 ZIVEAS (cPappas CPups CPeary)s 1B Sacl Al
Ptel XU B 556 AR A% 0 J8 31 Ik Uk
Hwe Ay 2 B R RE GS11S 2 a9, 1555
¥ GS115-Tet-on-cP,,,,~-EGFP. GS115-Tet-on-cP,p-
EGFP. GS115-Tet-on-cP,;~EGFP.

FIH EGFP %8 F3RAE Tet-on RGEHIH5SK
F, K EREARAE BMMY B 7R 595 24 h 5
WK, M 1b K BLE #k GS115-Tet-on-cPg,p-
EGFP fE¥8 0 10 pg/mL 5 )15 2 J5 R I 20.17 £%
s (RIS RIEKPAN TR EFRIEK
S, i B ¥k GS115-Tet-on-cP,,,-EGFP I GS115-
Tet-on- ¢Pe,;-EGFP % I H W B 115 5 % 8.
& 1c fix, B kk GSI115-Tet-on-cP,,-EGFP 1E A
WIS SN, IO EM T B A8 GS115 Witk
A 2.54 AR IRRIEIKY-, JEEEFEMNZ RS HHAT
etk DL R A IR IE

\ !
\ [,
\\ I*l
(tet0),  Core ' T,on

a
+Doxycycline

PGI’DA | TA 0X1



MR B R

Modern Food Science and Technology

2025, Vol.41, No.4

b O Without doxycycline
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D% S
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P 40000
=4
20 000 -
oF
1 1 1 1 1 1

Time /h
B 1 B0 R FRIERES Tet-on RERRIE
Fig.1 Selecting appropriate core promoter sequences and
characterization of tet-on systems
E:(a) RS BEHTHTER; (b) REAZSBF
FAIRAZ T R0 (c) BT FRIEKLEKFE; (d) R
Rl -3 H KA T AR (¢) RFIEFI 0 T HHRE

N T E AL Tet-on F 40 10 BLREPE, WL T AR
HIAS [R) 3 BE 198 7 85 3 DA AE AN [R)75 ) [R] 1 T
GS115-Tet-on-cP,,-EGFP [{] % Y 58 & . 0 & 1d fr
N, BEE S SR EERG N, AR e E il 2 1
B, SN S ng/mL 755 750 B AT DU 38 B PR
B ETF, XK Tet-on REAEFEAFEAREF A BRI
REEE: WEESAKERS, —HEF 2500 ng/mL,
POCAEIER T IEME IR AL i e s, BINES7)
3h B ATAE I 25 63 0, IX B Tet-on RELTEEE
I RE A B R PR P e ST RE T A 15 S B )
I, BRI SOCE AR I I, B2 72 h 7558
AHEFHRR, XEHHZ ARG RS AR,
AT RIEEANRIENE ). UL R U T
Tet-on RATEEFREERE P BA RiF %5 SiEae, @it
VAT TR LA it (R], AT DASEE E
FRRE HE T 42

2.2 rtTAFE & ACF 81

B S R 3RIK 7K P AN 2 1T BB 72 Tet-on R4
(RIS R, T s R 1) ik 3 AT R 2 B ) B Ak
A IE 5 A KA, BILIE RS 1TA RiEKF 2
FEF+ Tet-on 5 F RAVERER) 55 — KBS [ 2a T
7N, JRUG Tet-on TR K] 1 TA 1) )3 ) T2 ih 8 KR
() Poppar T FEHE H0h PUR — P A [ 2 S 5 B 11 2 ol
B JE BT Proris Pupus~ Poewiss iiBus BgIIl 1 EcoRI
MBI 5 A A R A% 0 JE 3h - Bk Bk, 19
3 1 ¥k GSI115-Pyp,-1tTA-EGFP GS115-P p,;-1tTA-
EGFP. GS115-P ey, ttTA-EGFP.,

45 A& 2b iR, Bk GS115-Ppr1tTA-EGFP
FEANTR NG BN AR AT 5 R W AR AR, A8
75 30 J5 2 O 1 AN R A6 R K 65% 22 H, Py
e AR OE 8 T 55 8 2 T, X fEA o TA R
KUK, AEAR NS 2570 5 B0 A8 Bl PR (11.39
% Do B Bk GS115-P -1t TA-EGEP, GS115-P ey s
itTA-EGFP {£1i% 3 16 00 T 52 ' 58 2 5 J5L 4R T PR A
T, AR K EE T R A (1,90, 2.27 £5),
PADH3[10] i PGCW14[18] J& T o M R s+, MR T4
FKikKFidE, FHT RGN E KA KA,
XA A5 A 5% B PR Y B 2 V8 T BRI (10.96. 9.11
5. RIS I 53R 0 5 31 3K B e e R 1 R ik
25 AN, i BUA BRI S, DR
396 P H A0 B 1 R BT IR Bl e TA BRI DAL IR g
T E S ARA R IR 2 [A]PA
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2.3 rtTAR (R 5 5 s 2o Ak

WL B EGFP 3R I AR ey i 2 26 K
B, AFITFIRATH Tet-on 75 T RGN F BRIV
{7, [RS8 T HfIE Tet-on RGAERIEA R & I
WA G, ik 3a s, K RYIK EGFP i
BB N mCherry 315 T H . 1@ It Prel il Agel
MG IFIEE S mCherry 25 B A BIBURL, 152
¥k GS115-rtTA-mCherry.

a
i P ena i ‘\\
e | e >
i l—: i /l Pt Toox
R L/
a _L i // +Doxycycline
| PGCWN o
A Ul
(tetO), cP.,, I Ton
b 7z Without doxycycline
12 500 ng/mL doxycycline 9.12
80000} 19.92 ] —
70 000 | 1 1 T
g 600001
g s0000f —=
= 40000 |
=)
& 30 000 -
20 000 -
10 000 - 1
o LE== e ZZ
PYFTI PGPDA PGCWM

Various strains
& 2 nTA BEhFHIERE
Fig.2 Selecting appropriate promoter for rtTA
E:(a) tTA R BFHTHFEE; (b) REBFH T
SNRAZ 5 IR R
Wi 3b At 7x, Tet-on & 4t G 18 /2 WX 3] EGFP
I 7& mCherry RIEH A LR m W sh &G H, (HAEZ2
EGFP 3 2 3¢ 15 K (2 000) 2L izE i T mCherry
(2000, N TIPSR, J5 ik mCherry {E
N Tet-on RA R A EH. B+ X RNA
SR I FH B2 28R A2 R T BEAS 2 G 1 A S e B T
FoE, rtTA ) F=RAZAK 1t TA-VI0 A rtTA-V16 17 W H
SN A AR B S AR R ) SRR . AR
= JLIE 7] VP64, p65 AD Fl Epstein—Barr 5 # R
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S ABEOE A (Rta) 4R 2% 52 = T8 5 AL 71 VP64-
p65-Rta (VPR) & #4 5 /£ CRISPR 4} 3 1) #% 3% I
T Z2 G PR B AT DR S A O R [
I 2 5 5 R I B FP A 4 1) Mt B s ] 5 ]
LL{E 3 Pol I B4 RNA 5 45 B 140 22, W18 3a
Piron, R rtTA B E 8 0y 2 DO F e 1) 22 44
rtTA-V10. rTA-V16. rnTA-VPR. rnTA-Mitl, 183 EcoRl
A Spel XURI & kL, 13 BBtk GS115-rtTA-V10-
mCherry. GSI115-rtTA-V16-mCherry. GSI115-rtTA-
VPR-mCherry. GS115-rtTA-Mitl-mCherry.

a +Doxycycline ‘

Piroa N T o (tetO), ‘ Toon
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0
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3 U FERFE LI SIERE ntTA RER
Fig.3 Refining transcriptional activation domains and
creating rtTA mutants
E: (a) FREFFHER. ntTA TRFREEANTE
B; (b) REREEAINRE TR, (¢) TR TN
FR itTA BFAARINRAZ T 69, (d) AR TRIRL
RIBEKF; (o) BARAX RRIRASR ) B & 60 5L dh 25,

W& 3¢ fron, @Bk GS115-rtTA-V10-mCherry {E
WINFESAG, FObTREERR] T X BB 157%.
¥k GS115-rtTA-VPR-mCherry 7E 4 N5 S 7 J5, %
SCAEAE A MR B R I8 3 1 B KAE, Xt B 1)
183%. BiFk GS115-rtTA-V16-mCherry 1ETR N S5 ,
P J6AE A X IR B AR 10 37%, 1 B Ak GS115-r1TA-
Mitl-mCherry J1 -5 462 T 355 S50 A B

W 3d, MR T E ¥k GS115-rtTA-V10-mCherry
HI B ¥k GS115-rtTA-VPR-mCherry 1E A Vs 1N 38 77 55
R SR LB, GS15-rtTA-V10-mCherry 32
P 1.05 5 B AR R AL K-, 1 GS115-rtTA-VPR-
mCherry A LU B T (P 52 R0k, 23] T 8.5 51
RIERILKF

W 3e. 3t PR, AT BUIZRGN R ER
Ryme SERE P, USE T PR A TR AR AE 9 ) B 2R TS 0 5
WRIETE 0~2 500 ng/mL Y5 [l N 5% e i 28, 09—
SR 5 Hill TR AT LG . BT 1 T4-V10
1] Tet-on Z G BURE FHHE T riTA-VPR AKX, ECs fH

CRE G 50% i e Wi B K FE D O 399.24 ng/mL,
(BRI BRI AR RIE KT, sha&JuEE S T K
w1 52.76 7%, B AT LARI A% S 8 1Rk —
TR A ) FOR SR I IR, RT DA oK PR b g 2D
it AR ). 1 % T rtTA-VPR ) Tet-on R4t
KU B i, ECs, {1 N 47.59 ng/mL, [A] i B £ Fif
BEERAARRIEKY, SERRNERRERG
RET A AT AR 0 Tk AL AE =, MR S AR E
B, EATIOR RE PR AL P 2 M R 5K 1) e KRB K-

xR 3 EMEHTet-oniFSRA RS

Table 3 Best fitting of Tet-on induction system performance

parameters
" AR ECs A
Hk A4 /(ng/mL) MAX  2m

GS115-rtTA-V10-mCherry 2.17  399.25 11 146.16 52.46
GS115-rtTA-VPR-mCherry 0.94  47.59 15408.62 7.53

Er A RASC ARAEIE W A TUNAFE 69 A R A AL
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Fig.4 Evaluation of the expression intensity of Tet-on
induction system
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