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Abstract: Transcriptional regulation based on transcription factors is an effective regulatory
method widely used in microbial cell factories. Currently, few naturally transcriptional
regulatory elements have been discovered from Saccharomyces cerevisiae and applied.
Moreover, the discovered elements cannot meet the demand for specific metabolic regulation of
exogenous compounds due to the high background expression or narrow dynamic ranges. There
are abundant transcriptional regulatory elements in plants. However, the sequences and
functions of most elements have not been fully characterized and optimized. Particularly, the
applications of these elements in microbial cell factories are still in the infancy stage. In this
study, natural regulatory elements from Medicago truncatula were selected, including the
transcription factors MtTASR2 and MtTASR3, along with their associated promoter Pyonmcri,
for functional characterization and engineering modification. We constructed an inducible
transcriptional regulation tool and applied it in the regulation of heterologous B-carotene
synthesis in S cerevisiae, which increased the -carotene production by 7.31 folds compared
with the original strain. This study demonstrates that plant-derived transcriptional regulatory
clements can be used to regulate the expression of multiple genes in S cerevisiae, providing
new strategies and ideas for the specific regulation and application of these elements in
microbial cell factories.

Keywords: transcription factors; regulatory elements; Saccharomyces cerevisiae;, B-carotene;
synthetic biology
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& A F R % (WRKY transcription factor family,
WRKY). B SR e - - R e 7% A 1~ 5K I (basic
helix- loop-helix transcription factor family,
bHLH) . 1 5% 2 IR v 5% %% s H -1 5 Ji% (basic
leucine zipper transcription factor family, bZIP) .
MYB % 5% KT %% (MYB transcription factor
family, MYB) . NAC % 3 [N T % % (NAM,
ATAF1/2, and CUC2 transcription factor family,
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I S DR — MR AE T B 2 52 VR e 22 i
HEZR R 3k, DA AE CEAER R 3 T 8UE
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TAEAE Y AEEA Py b0 A DI RE A AL 2
HRERAG R, HEffEMEY R T b
(07 AT 5830 AL TR BB B2, AR Z AR S TTF
149 5 371 R0 53 R 38 VAT 45 3] 5870 18 48 5 FIERAE
H BRI ) 2 00 4 38 2L 1) SR 2 OC R B,
W E N R LT B0A e S I TS5 B AL R
AN YIRS S5 TCA AN 25 52 Wi 15 3 200 i Ak
PRIk, XL R IR AL 72 T4 R/ o A
I, A IR A B SR AEE ST AT DAAE Dy I B 40
i R AR Y PR AR R R Y . Naseri 48122
T — B IR IR T 5 S K F (artificial
transcription factors/ binding site, ATF/BS), T
IESE M SE R R Ik, IR R 3 BR R B B 1Y
GUT i, ZREMMPIRIS RO LT
SRR BT Poapon A 5 1R HOFE SR fiE
Srivastava 2P NEF AT GBS 2 4 NAC
FWE T VUNACT T VUNAC2, 5] AFR
R R P AT RIS, R T B S FL
AR, JRE TR

ASBIE G AR T I BF R AR T B EE A R
TR R R e s IR 4 o RO ZHRE L O X B s Y -
FE 7 oo dE 7 s o fe , Mg 7 — R0
S B A SR 4 T L e 20K L T TR 1 R
OB PR FIRG M OFF I — U
T IR S T R A A R S T
e B TT A BT R AT HT T T 5 Y
PRI 38, iyl W 1R B s394 e A A A A 0 A
T o R R S M A R P R T A SR e
TR B

B<: cjb@im.ac.cn

365




366

ISSN 1000-3061 CN 11-1998/Q =4 T #2*44 Chin J Biotech

1 AR5

1.1 Eik. FRRFAERE

A 08 B R TG R S R TR AR AL A
BY4741, INVScl, EBY102-124 . B-1, R3¢
W EE ORI T 09 R L SE POT3-Ura Fil
pESC-Ura, ¥y 528 % (R ok ; T E
WOk B KRBT R DHSa. ABFFRE K1Y
I R BRI BOR 481 T3 1

LB R TR HE R 5 WA
Y5 g/L, FALEN 10 g/L, BREE R 10 g/L, B
il AR R IR FE R TN 20 g/L 3E#r, e i
fn 100 pg/mL BHRHHX.

A 1N 8] 2 A SE il 85 5% 3 (synthetic dextrose
minimal medium, SD)H TR EEEFE: TR
FEERE i (yeast nitrogen base, YNB) 6.7 g/L,
HIEHE 20 g/L (FCHl LB 85 5 Bt Ry o
FLBE 20 g/L), B AR RS FR B0 75 U 20 g/L
IRy, SRETERERIE G 0.8 g/L, &R
60 mg/L, &M 20 mg/L, (&R 20 mg/L,
PRUEWE 20 mg/L (L L 4 R HERR A il e A
Fardy, i S ALY pH 2 6.2,

P T 0 %0 WE B IR 8% 97 B (yeast extract
peptone dextrose, YPD) T RF Bk & AL B-i]
B NER: WERHRIR 10 gL, H%HE 20 g/L, JEE
FIl 20 /L, PCIEIASE SRR 20 o/L Bt
NEH
1.2 R ESE#HREE

P AT T 1A E S e BRI R i AT, 45 3
[N i Bt fdi | Phanta Max Super-Fidelity DNA
Polymerase ¥4, £ FCkifiF ClonExpress Ultra
One Step Cloning Kit i 1741%¢ . B Wik
2RI A DHSo A2 AL, I3 46E 1E 4
SR, RGPl N EE 2 A e v e AR )
FHE A A FRA W]
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JIT A TR T P TR A R A ) T R L A AL
JIEFEE, IFAE A A I SR B B O Y
PREE IR LR PR e . DATORL S A BIE S
FAHE T AT RAE DR IR K B RE B Mk o A7
B-TAE PERM THFEKR TS ENERLIERELSR
Fii 5 1 £ YPRC3 i o
1.3 IREEHKPHERIFESRIK

KAMES . BEA Poau B THEA
WVRTE S A 20 o/L MR IEFR 5L 30 °CHI
200 r/min 555 24 h, B0 JE R LR A0
FHTCH ddH,0 PE¥, SR L ENERAE S A
20 g/L LAY 3R 3 30 °C | 200 r/min 1557
24 h,

RIEES . L EBY102-124 I R B
IR R AR, 7E 30 °C. 200 r/min 57F R &
W 24 h J5, HARREMZEZ 24 CIRETE
S, YREEREE 24 h,

p-ME " HEUE T A p-ME TSRS B
TR EAREE, H 1 pmol/L B-Mf —FEIE W 1E K&
T 31 24 h 5§ 48 h 1 TiE SR R
1.4 ODgg FATSEAE T

ODgoo A = IR & 114 A1 VA B — o2 () A%
B, MAFEBIESHSINHERES, BT
96 FL Ll hn AR AT I , 5 FH A A0 2 A
7E 600 nm P T OB, [RS8y 3 4> F
i, BRI E 3 R, BOFYIME. B
fFIXE A 0.2-1.0, 8 W SEBRAE it 5
PEHORN 2

BEICKEI . B 100 pl (& BERANA 96 fL
RO T, R B AR AR R T bR A Bk &
L HEAT IR B AT . R E RIS gk
BHCE A ML IR N 405 nm, EHHEK
525 nm, [FASEGE) 3 AT, BAFAT
BRI E 3k, BOFEAE.
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Table 1 The strains and plasmids used in this study

Strains or plasmids  Original strain ~ Characteristic Source

DH5a Escherichia F-¢80 lac ZAM15 A (lacZYA-arg F) U169 endAl recAl hsdR17(rk-, Lab store
coli mk+) supE44/-thi-1 gyrA96 rel A1l phoA

POT3-Ura DH5a Amp' Lab store

pESC-Ura DH5a Amp’ Lab store

BY4741 Saccharomyces MATa Ura3A0 Leu2A0 His3A1 met15A0, SY022 Lab store
cerevisiae

INVScl S cerevisiae MATa/MATa His3A1Leu2 Trp 1-289 Ura3-52 Lab store

EBY102-124 EBY100 AAgal::Pga1-Agal_Leu2 Lab store

AGAL4:: PGAL]_Q-ngAS'PACT]_'GAL4M 9_Trp1
AGALS8O0::Pga 1-Aga2-CGT
NTS:: Prpi1-tHMG1-Prgri-Erg20-Pepui-Erg9-Prysi-Ergl_HygR

p-1 BY4742 YPRCS3: : P1grq-CrtE-Trgr1-Prrar-Crtl-Trgar-Preeo-CrtYB-Trge,_Ura3 Lab store

BO1 BY4741 POT3-P,onme1-¢GFP-Teyey_Ura3 This study
B02 BY4741 POT3-PgaL1-MtTASR2Y-P, ome1-¢ GFP-Teyey_Ura3 This study
B03 BY4741 POT3-Pga 1-MtTASR3Y-P, gme1-eGFP-Teyey_Ura3 This study
101 INVScl POT3-P,onme1-¢GFP-Teyey_Ura3 This study
102 INVScl POT3-PgaL1-MtTASR2Y-P, oyme1-¢ GFP-Teyey_Ura3 This study
103 INVScl POT3-Pga 1-MtTASR3Y-P, gme1-eGFP-Teyey_Ura3 This study
EO1 EBY102-124  POT3-P,oume1-¢GFP-Teyey Ura3 This study
E02 EBY102-124  POT3-Pga 1-MtTASR2Y-P,oime1-¢ GFP-Teyey Ura3 This study
E03 EBY102-124  POT3-Pga -MtTASR3Y-P, gme1-eGFP-Toyey_Ura3 This study
ConMt EBY102-124  POT3_Ura3 This study
TsetMt EBY102-124  POT3-Pgp -MtTASR2Y-Teycy Ura3 This study
E04 EBY102-124  POT3-Pga -MtTASR2Y-SP,onme1-¢GFP-Teyey Ura3 This study
E05 EBY102-124  POT3-Pga1-MtTASR2Y-P,onmoiA-eGFP-Teye, Ura3 This study
E06 EBY102-124  POT3-Pga1-MtTASR2Y-P,gima1B-eGFP-Teye,_Ura3 This study
E07 EBY102-124  POT3-Pga -MtTASR2Y-P, ieiC-eGFP-Toye, Ura3 This study
E08 EBY102-124  POT3-Pgais-MtTASR2Y-PonmeiD-¢GFP-Teye, Ura3 This study
E09 EBY102-124  POT3-Pga1-MtTASR2Y-P,gimaiE-eGFP-Teyc,_Ura3 This study
E10 EBY102-124  POT3-Pga -MtTASR2Y-P, gymeiF-eGFP-Teycy Ura3 This study
E12 EBY102-124  POT3-Pegro-MtTASR2Y-P,ome1-¢ GFP-Teyer Ura3 This study
FacsTASR2Y EBY102-124  POT3-Pggo-MtTASR2Y *-P, gryme1-eGFP-Teyc,_Ura3 This study
Facs1-20 EBY102-124  POT3-Pego-MITASR2Y*!"2-P, 1 in1-e GFP-Teycy _Ura3 This study
B-2 B-1 YPRC3:: Pegre- MtTASR2Y *' P, rimo1-CT tE-Trers-Praar-Crtl-Traag-Prero- This study

crtYB-Trgeo_Ura3
B-3 B-1 YPRC3:: Prgrs-CHE-Trgrs-Pegr MITASR2Y *! Py gvicr-Crtl-Tegar-Prero- This study
crtYB-Trgep_Ura3
B-4 B-1 YPRC3:: Prery-CrtE-Trerr-Prear-Crtl-Traar-Pesro-MtTASR2Y *'-Proimr- This study

CrtYB-Trgg, U ra3

1.5 EREHREZSSSHES H1, 30 °C. 200 v/min }53F 24 h )5, HHIEHRE
W Fr ik e LA AR MR B R0 0, DAt BEOh 24 °CHRZEHiSE 24 ho 5 000 r/min B0
ODgoo M 0.1 3 % SD/-Trp/-His/-Leu/-Ura $5#: 3L 2 min WA IR, 5 minZ N IR A R, i
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B AR KA B A, A s e R S N R
HA R v DNBSEQ Ml 7 F- & #4715 s 2H
J¥ o HARTERMFEE )G, R DEseq2 i
fr2e S R SRR A, i ol B A B 5L A
2 225 B i Rk K 22 57
1.6 RELAKZEMLESFIZ

fdi RN P S5 5 PCR IR & (b a0 K B
FEHRH A R m)XT e sk MtTASR2Y i
TPHESE 3 5 B4 PCR Y1 TE ISy il A0
R 51 R G e S 24 . K BEPL R 215
N F BES WA S X b s ik — e i 5%
Ak ZE BRI L, R BB B D g
BN TEEE R BRI RIS &, TEMEBE Al R AR A
SCHE

FEEEE SCEE A MBS SRt 1, LAWIER ODgoo
A 0.1 $#%Fh % SD/-Trp/-His/-Leu/-Ura 557 %
i, 30°C. 200 r/min 5555 24 h 5, HA B-Mf—
B SRR SR 3% 24 h, 5 000 r/min 2.0 2 min
WS A0 M, PR G TR B R 2% ik ¥ W (phosphate
buffer saline, PBS){Ei% 3 ¥K, 44 Riny i A 21 fit
FikE 2 10"/mL, flFHANAE 51 BD FACSArica
I X & gk 608 G R BHPE AN T4 55, A e i
S A0 v 1 4 422 A 7E SD/-Trp/-His/-
Leu/-Ura BEAEFR3E F, DIARIS AR % .

B AN IS PR & 1.0 mL SD/-Trp/-His/-
Leu/-Ura AR5 7 56 19 96 TR FLAR H #E 47 B
e, AR BE 3 AFIT. KEERMEN
30 °C. 200 r/min, 24 h J5IIA B-M —EiAS
o 48 h 5 WO FARFRR) &I, fd B AR 1Y
I 2 ODgoo FZE IR
1.7 ARE~YIRNLIESKEN

B-1 & N R MR BCR MR #GEDY, b ¥
BT ROCHETT, BARRE: B 1-2 mL &
FFTE K 12 000 r/min 5.0 2 min, # Ei%; A
1 mL G 7KK BE, 12 000 r/min 5.0 2 min J5 3
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3 A1 mL A4 3 mol/L #hAR, d R BEI R
GEEAN, Wh/KIE 3 min J5 372 BIVKIS 2 min,
12 000 r/min &[> 2 min J5% L35 ; A 1 mL
T K AT 7K BE, 12 000 r/min 250> 2 min W35
s A1 mL NER, R R T AR
30 min (& /% 10 min R JLIR) B 2 40 TG (7,
12 000 r/min 5.0 2 min JAEBGR A 0.22 pm A
PUAH BB B 0, 56 78 =AM

fdi FH] Agilent 1260 Infinity IT & 8508 AH (513
AR B-EH B 27, BT RS Agilent
ZORBAX SB-C18 (4.6 mmx150 mm, 5 pm), #F
Hh 40 °C. WM LBl IHEE: 2iF: %N
fiE=3:5:2, Wi~ 1 mL/min. K% £5ME
I #%(diode array detector, DAD), &K
453 nm,

2 ZERE54

21 BRBBETHNRBRFESEE
KiEE TR E

R SCHERIARE, R T 5 G YA L
AHOC I 538 B 45 TR s s oo F, s sk
T MITASR2PVHI MtTASR3PILL K %) 17 445 4 1
Fe MR 3 Pronmore, TEFEZE A& HIsG 3
L E P450 fif CYP716A12, CYP72A67,
CYP72A68 il B-Fr it 5 M5 T 25 AH DG T BE A 1Y)
ik o A HAE LB 65 5 53 A 2l (http:/www.
jeat.de/)Re i s PR - R AT IR o B 6 AL
Ak 5 15 219 7 91 43 il s 44 28 METASR2Y |
MtTASR3Y . 3% £ [ BE N I 75 5 AU 9 5 3+
Poa1 KA BRI FIORE, BREERE T
TGSk D¢ 1 (eGFP) Y Rk, SR FHBA% DL
ki POT3 AERFRIBEAR, BRIBREREE 18 T8
PR, BARIEREIRANE 1 R, 7EiAa 2SS
FREO T, FRH AR, B3I Pronvor
NEES NIV SCl 2 Y PS E S o - = N i)
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Bty —EUMAKFURIAS Pou oS 74,
R T S E AR TS, HOE Provort
HETT S UG 3R A 3k . BB M
B3R 35K T LS S 3 R i, (I S
R S A A R 10 25 5 A
W T TR RREE , BEILAR().
R =
% 5 B ECHRIE / 7 S EFROD,, —
R SRR RS | 7% 5 #i#koD
R G B IOL T E | 11 5 B PRODyy,

MtTASR2Y eGFP
Pouii Proinics Terer
MITASR3Y
URA  — Amp

600 (1)

E1 FSEERPIEIEHNETREE
Figure 1 Schematic diagram of inducible

transcriptional regulatory tools construction.

i B
- k%
12 000 1 INon-induced
i = Induced s
5 9000 - @ i
Q‘ Ful - =
9 I ‘ j { §
= 6000 [ | | * | £
x k5|
=3 | i ~
o ‘ -
© 3000 F m m
. | | | N i
Q}Q\ Q/@/ ({)Qﬂi Q?Q\ Q)Qq' Q?Q’b \Q\ \@/ \Qﬂ:
Strains
F2 FSRESERTANERE A

C: ZESRIRFEMA KA,

BRI RFE T ERINEERIE
W5 A ) )75 S TR e S R SR 40 )
ABEEERE TR F AR EBY102-124, FAFTFIKH
B BY4741, AERBERE INVScl 1, DLHEE
HAE IR B F Prowmore, ANFIRFL R+
FREO1, BO1, 101 AR, XJJ0/4 MtTASR2Y-
Pronmvory (B HE E02. B02. 102), MtTASR3Y-
Pronmere (B FE E03. BO3. 103)i#4T LI RERIIE .
W 3R TR R 531 2 5 mL SD/-Trp/-His/-
Leu/-Ura JRAAKEFRIEP 17008 R IBE, A TEV)
IR IR A H S, LTI AG ODgoo HE M 0.1,
BARAEIE 31T, HiFR24h)E, LIBY4741,
INVScl R JiC 25 PR %) T RE TR B8 e 2L B 75 5 7
B fiiE e UL EBY102-124 TR NI AL A
1) TR R R TR 24 °CIIRIEE S, 35 5%
48 h &, HU100 pL &AM A 96 FL A& (il br Al
HEAT ODeoo Rrilll S 2 ERzM , ARATFE: S+
BRIGR R ZBOREE . WE 2A FiR, FH
BT Pronmore MR ARE R 5 Y57 2 0 FE et
R B, R E 5 ES S+ A RS S

2.2

C » Down regulated (5)
Not significant (5 282)
% *odk R & Up regulated (17)
+
20 301
)
= 25T
15 g 3
o 20 ’|
10 EDE 15
10t
5
5 1
ey T
Qg\ §§ -10 -5 ‘ 0 5 10
(SRR log, fold change
Strains Control-MtTASR2_vs._Test-MtTASR2

FaEPERE; B: MtTASR2Y 7 R 2 £ o A N 3k s

Figure 2 Functional verification of inducible transcriptional regulatory tools. A: Stability verification; B:
Relative ratio of MtTASR2Y in S cerevisiae; C: Volcano map of differentially expressed genes. *: P<0.05;

*E%: P<0.001; ****: P<0.000 1.

&: 010-64807509

B<: cjb@im.ac.cn

369




370

ISSN 1000-3061 CN 11-1998/Q =4 T #2*44 Chin J Biotech

PR IhAE . WREE02. B02. 102355 )5 B 5¢
SR BB, 5T T A SRR 4R T B R 4R
BEAr 5 h 32.88% . 11.38%F1 14.67%, HESE T
MITASR2Y -Pronmere W TOA R i75 3 G T 5
I, BAEARIRE D HERRE, Rk
7E EBY102-124 JEE & i S RO S fd . A
Pk E03. B03. 103 /535 B 507 o 5 5 A
BT -8, REm TYMER. &
SR EE MR 2 R . METER
5 Sk F MtTASR3Y 95| ABRIERERE I, T
555 T B M N AR A e SR LA U e S, =
| MITASR3Y AREIEH A& HAEHE Y i Th
A, WONXTHHERT R —2 058

SR UE B SR 4 J0/F METASR2Y RS
PR, 2 B R TN G55 TR T B
W 37, HAsRrEmss S8BT
Prormcrio FEE TAUHIA 81T Poan A5
F MtTASR2Y WYk, JRRH IS 2k POT3
H[FH A EBY102-124 HEkkT, FH#00e &
PCR W EHG SEH T2 ARk . WK 2B
Fis, SRR TR SEE A AR TestMt, HFL
SRR 2R A B 3 = T A PO IR T AR ConMt,
XRLERE RGN T Poar WAERTT, sk
DK~ R 8 IR 80 o aE— 25 ) e SRl 0 )

PN SR N F Rk 5 22 SRR AT b 45
REW(E 20), LTS A BEER, KikT
5 ST METASR2Y [ S 360 21 TR BR T ) 3 PR 4%
b UL TE U S [ F MTASR2Y AT DLFERR
WEE R R EDIRE, A —EMEsct:, H#Ell
HAT REXT A& IR A 2h 1 B R E A5 A Ui
AE1 .
23 BEiFRIMLK

Fe kN 5 s gh 7 AR e R
AR TR R R IR, SR R E IR
F SN R . R s T s s 2 A
TFaE AP R AT LR BR AR SC T
G, B i i S DR AR R AL A5 A Y SR R
VTR AE I A U MR S g A, (55
SRAFEEE TS B0 HEE- . ke
FOMKE MRS, XE 3T Propvers HE17T
2 BB, 315 P-A & P-F 5B T,
IEAEEE R i ABRIN I FF EBY102-124, 433
2% E05. E06. E07, E08. E09. E10 HH#k-
PEAN, RS UF T SCHR R TE P 7 R R R A
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Figure 3 Schematic diagram of the truncated Propmeri (A) and fluorescent expression levels of strains (B).
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