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Abstract: Promoters with different sensitivity and response intensity are useful tools in gene
expression regulation and metabolic engineering. Maltose induced promoter Py, was engineered to
obtain promoters with different induced expression intensities. A promoter Py, mutant library was built
by error-prone PCR, and screened by a growth-associated method using tetracycline resistance as an
indicator. A library of promoter mutants with different sensitivity and intensity was obtained, and the
maltose-induced response threshold range of promoter mutants (MT2, MT3, MT4, MT6) was extended
from 0-3 g/L to 0—15 g/L. Among them, the highest induced expression intensity (MT8) was about 3.15 times
higher than that of the original promoter for eGFP expression, which would be useful for its application

in metabolic engineering and synthetic biology.
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ARAFG e T oK B 8 1 B o A8, AT LU K
MR SR e s T RE, PR IBEE AW
N YEE, Bz TS B R E
R Y D ST B o vy o e S ]
4N, Gong &5 38 12k Bifi BL 75 A% G 16 Fr Bl 2 1 il )
YRR T 6.6 i, RIAKFE T 4.8 57,
Ze{Ll i, Ben S5FH 2 4% PCR H AR BlHL I AR 2
HIAFE Bacillus sp. US149 Sk IE 52 ZERETE R
fitg, RAFAFE MRS RAR K, 50 CF R
T 30 min $25 & 70 mint®, R REAS [A) A
JERIBWE IS s oo, AUE5EE 5
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Table 1 Plasmids and strains used in this study

PCR X ¢ 2 5 5 B 5 2l 1264 T B ML 2R AL KA
JE B G ARMREE , RET A A A AR D i
PEAT R AR, FFARAT T AN [R] 22 25 A 0 i
T RIS 7 3Rk R R 1Y R Bl TR AR AR

WEERE

1.1 ##
1.1.1 EHSRR

A T A D T ik SR X Sy S 3 5
(1), KWBHFFHE (Escherichia coli) TM109
FF B Bobi i so e, AR ZEIAF S (Bacillus
subtilisy WB600 FFJi 3l Fifiit. PCR 5|4
(F 2) KFRS S mATAY TR (H8)
JRE03 A7 R B AL

Name Description Source

Plasmids
pHTO1 Expression vector, Py, Cm Lab stock
pHTO1-eGFP eGFP This work
pHTOIM1 Py, eGFP This work
pHTOIM11 Pyiyve, eGFP This work
pHTOIMT Pgyyc, tetA, eGFP This work

Strains
E. coli IM109 For plasmid construction Lab stock
B. subtilis WB600 Expression host Lab stock
M1 WB600 harboring pHT01M 1 This work
M2 WB600 harboring pHTO1M11 This work
IMT WB600 harboring pHTOIMT This work
MT1 WB600 harboring pHTO1MT mutant 1 This work
MT2 WB600 harboring pHTO1MT mutant 2 This work
MT3 WB600 harboring pHTO1MT mutant 3 This work
MT4 WB600 harboring pHTO1MT mutant 4 This work
MT5 WB600 harboring pHTO1MT mutant 5 This work
MT6 WB600 harboring pHTO1MT mutant 6 This work
MT7 WB600 harboring pHTO1MT mutant 7 This work
MT8 WB600 harboring pHTO1MT mutant 8 This work
MT9 WB600 harboring pHTOIMT mutant 9 This work
MT10 WB600 harboring pHTOIMT mutant 10 This work
MTI11 WB600 harboring pHTO1MT mutant 11 This work
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x2 FARFASY
Table 2 Primer used in this study

Primer name Primer sequence (5'—3")

eGFP-F TAAAGGAGGAAGGATCCATGGGTAAGGGAGAAGAACTTTTCACTG
eGFP-R GACGTCGACTCTAGATTATTTGTATAGTTCATCCATGCCATGTGTAATC
pHTO1-F TAATCTAGAGTCGACGTCCCCG

pHTO1-R GGATCCTTCCTCCTTTAATTGGGAATTGTTATC

Pglv-F CACCGGAATTAGCTTGGTACCCCCCTGCCTTTTCTAAATTCACGC

Pglv-R CTTCTCCCTTACCCATGGATCCTTCCTCCTTTTTATGGAGTGAAAGTGCTC

PGLV-M1-F GAATTGTAAAATTTATCAAGGAGGTCGTCATATGAAGAAAAAATCATTCTCAATCGT
PGLV-M1-R CTCCTTGATAAATTTTACAATTCCATTTATACCATGAGATAGCTCGTC

CATAAAAAGGAGGAAGGATCCGTGAATACATCCTATTCACAATCGAATTTACGACAC
CAGAACCACCACCACCAGAACCGCCACCGAAATCCCTTTGAGAATGTTTATATACATTCAAGGTAACCAG
GTTCTGGTGGTGGTGGTTCTGGTGGCGGTTCTATGGGTAAGGGAGAAGAACTTTTCACTG

TET-F

TET-R

PTV-F

PTV-R GGATCCTTCCTCCTTTTTATGGAGTGAAAG
PG-F GTTTCCACCGGAATTAGCTTGGTACC

PG-R GATGTATTCACGGATCCTTCCTCCTTTTTATG
PGV-F CATAAAAAGGAGGAAGGATCCGTGAATACATC
PGV-R GCTAATTCCGGTGGAAACGAGGTC

Homologous sequences used for one-step seamless cloning and enzyme digestion site were underlined.

112 {EFF0iL 5

8% UV-2450 S50 a] WA RETHI A
Shimadzu /A 7} ; PCRAXI H Eppendorf /) ; [
P A Bio-Tek 2w fHIEKEFRAEIN H i
K7 S s A R A

B — e RGN & A AR T A TR
(Hig) B ARAR (BUT R Fre il
T.”); DNA R4 . DNA marker W H K% %
YA RRAH (TaKaRa); S%E PCR BENLZRAE
A& A LA RA R HAb
R B E 24 AR A R AR A
(AT k).,
1.13 EFRE

Luria-Bertani (LB) 353 10 g/L A
s, 5 g/L BRI, 10 /L NaCl, fifidkdIr
FEEIM 100 pg/mL Z K HRE R, BARE5RE
RIS 20 g/L BB, DRI K Z
FEfCE, W N 20 mg/mL, FEMHA Rk
i 1 o
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1.2 75%
12,1 ZFHFESBINF Pa EHRRAME

B a6 E 1 eGFP 2N B S pHTO1
Bk B BB, ARA8 iR pHTO1-eGFP;
Bacillus subtilis 168 H1 7z ZEHH75 2 5 3 Pay 47
W55 pHTO1-eGFP Fik#E Kb 1T— 2 rildl
B, B Py BT, FAGETR. pHTOIMI;
L E RS Py BT BRI G cre
P51 b ) CG 28748 AT, 15 S| #EAF 248 13 3 F
Py FICRL pHTOIMIT (] 1), FIH—4 5wk
fit . Gibson 22 Jv Be 2H % il i 4 4y i PR B4 46 E.
coli JM109, i % 15 5 i) % 1k + 47 T 7%
PCR 35 UE 45 S ¥
122 EFHFSEHTHRIESHMEST

W Ky g B DI 1) 22 2R 5 0 B B A R
pHTOIMI1 5 pHTOIMI11 % A %5 18 B. subtilis
WB600, 7E LB 3553 3 S N2V BE 2% 1) 22 2F
B, 7€ 30 'C. 220 r/min 50F FESE 12 h 546
TR, I ZF0E . TEbE . o-FLBE . o
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LB SRR T R A SR s TR
B SREREHITT, BRAWIEN 2% TE
30 'C. 220 r/min 58 F 555 12 h Ja R fA ¢
o RN ZE ZEREE A B A BIE, TR
LB RiFF SIS IR I 22 200, T30 °C
220 r/min FMFFEFE 12 h SR EESOE,
123 ETHORRFENEFEESBFiE
W RRI B2

514 TET-F/TET-R ¥ 3 PU PR 28 8 [ 5L [H
tetA , H 51 ¥ PTV-F/PTV-R ¥ 1 & %
pHTOIMI1 AR F B, PRl — 24 ro ks PU 3R
RN tetA 5 pHTOIMI1 k% 3k,
132N Rl A BB R RIB TR, pHTOIMT . %0 i
PR IE T 25 I AE TetA A, ZEAHE
AR R iz A AL 2 N E A4
MCEIfE, PRIAT DL b AN [ 1R R 1 R Ak
TS B 5 SRR R
124 EFRFSBHFRETKRERNLE

FIH %4 PCR M EE Py, Ji s FRAF IR,
Jik pHTOIMT fE WAt . PCR i &9
ddH,0 (41.5 pL), %44 DNA B4E&E (1 ul).
pHTOIMT (20 ng/uL, 1.0 uL). 51 4% PG-F
(10 pmol/L, 0.5 pL). 5% PG-R (10 pmol/L,
0.5 uL). dNTPs (40 mmol/L, 1.0 puL) FIZE mhi
(5 uL) 4k, AR ARG 95 Cit
APk 2 ming FJE 95 CARME 30 s, 55 CiEk
30s, 72 ‘CZEfH 1 min, ¥EAT 30 MEH; &
72 CHEff 10 min. ¥ PCR =¥ 5 sk
pHTOIMT & 4%, FH¥4 %4 Y T 1L E. coli
IM109, 745 100 ng/mL 2% % R i LB AR
b 37 CHWEMERE, FEPLEREUR LT,
AR B AR R S T iR SN
R FOKEER, R ESE 100 pg/mL ANHE
RN LB AR FRIE, 37 CIFE 4 ho IRBUTCRAS
B2 A SR STk 2848 pHTOIMT™*, H
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F45:4k B. subtilis WB600, #& 58 Hk7E &
10 pg/mL EEE R M LB B F, F 37 CHf
[EpuR .
1.2.5 HERRE SRR

BATE LB B e i gind i, BUHI
BRI A T, A GG R TR I HAE 600 nm
b I SGAE ODeoo,  FH TR R ASU ARG W TR 445 114 2% €51
PENCHERIE (BROGIEK 488 nm AR HHEHE K
509 nm), THEMXTHOECERE (KERE S
ODgoo B HUAH)
1.2.6 ZFEFSEIFHHNLEFIE

¥ Ok pHTOIMT % A B. subtilis WB600
o, HERPE LB R FREE, £F ODeo N 1.5-
2.0 BF, WNINZZZERESE SR . FEEm i,
3 SIS AN [R) MR BE 9 22 2888 (0 g/L. 0.5 g/L,
1 gL, 15 gL, 2 g/L, 3 g/L) 5MHE
(2 pg/mL., 3 pug/mL., 4 pg/mL., 5 ug/mL); 1E
B 1a) i 3% v, A IS AN [6] vk BE 1Y) 2 2 b
(Og/L. 05g/L. 1 gL, 1.5gL, 2g/L. 3g/L)
5 NiCl, (I pmol/L, 2 pmol/L, 4 pmol/L .
6 umol/L), 53¢ 6 hJ5, & WK AE 600 nm Ab
I EAE ODgooo

B RS pHTOIMT* 58 25 AR B bk MBS
PR EEEE R 96 LRI TRIAE TR BE . 1F 1] i
W, K E SRR ODg 4 1.0 J5, @i
2 pg/mL [ PUPRZE FIAS TR B A 22 280 (3F—
FOHIE 4 g/L, AL 8 o/L, B =400k
12¢g/L), ¥FE6h)5, K@ A4 K ODg, 2
6% 78 4 15 3 el 1 iR E S AP B TG e iz 1Y) i Bl
¥, TR A KB IR R R A S ] i i . ]
ik, HREARRTIRZE ODeo &9 1.0, #HM
6 wmol/L NiCl, FIA[A MR BE 22 200 (3 — 480
W2 gL, B Rk 4 g/L, SRk
8 g/L), }ist 6 hm, KA {A R ODgoo, %
Ik 38 43 A A i i 2 8 i e o L IR Y U
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21 EFHRFSEBINT Povc EHRAIAYH
BE5&RIE

22 2P0 5 B8 o TR 22 2P s
POCEARBMEA TR, WE 1R, BT
Hili B ZE AT R R 1 A R R BT Py
27 W R Rl i A7 B A A A, X PR
il TR SRR R IR TN T . AR
ﬁ%ﬁﬂ%$%cm%ﬂi%CGﬁﬁ%*ﬁ
AT BRI ZE H WA, g — DAk Py, 5T
%L”ol%,%MW%Ai%%ﬁﬁﬁm%
T TR pHTOIMI 5 pHTOIMI1 (7 cre {3 s,
RAS, Pave) ¥ ATE E T B. subtilis WB600 1,
TERIMZOHR L 2% 4 2833 Th)e, BSEWE
Mot AR S . Hd, 3T Py A
XTHEGHR BETE A ZZ ZEHEE R 10 h 55K Py, $2
= 181 A% (Bl 2).

P, promoter
TGTTACGGGACGAGCTATCTCATGGTATAAATGGAATTGTAAACK

-35 —10 cre

P .. promoter
 TGTTACGGGACGAGCTATCTCATGGTATAAATGGAATTGTAAAATTTATCAA...

-35 -10 cre

HTOlMl pHTOIM11
8 895 bp l 8 895 bp

B 1 BFEFHESBHTF Py 5 Py EHRK
B2

Figure 1 Construction of recombinant plasmid
containing a maltose induced promoter.
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Figure 2 Fluorescence characterization of
recombinant plasmid of maltose induced promoter.
JM1 strain contains plasmid pHTO1M1; JM2 strain
contains plasmid pHTO1MI11.
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M. B75%, W 0-10 g/L R 2R 45l S
JA Bl F Py Fl Pyyye, B0 22 2 HEA S5 12 h
P9 S5 B A8 A R BRI Uy Py J 8 F S H: cre )7
G I PR BT Pyive K22 ZEWHF5 500 N 35 [l
Y309 0-3 g/L (181 4A| 4B). FefilsE— AR
W BEZZ ZFHEXT Py Fl Pyye BUSEMR, LLOp AT 2228
WS T 05 3 1 1015 S A TG [, 25 R A&l 4C
4D JIi7n, M3 A S AR 0-5 g/L SEHIN,
P BB PO EELE AT I0h S 12 h 55
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Figure 3 The specificity of maltose inducible promoter. The relative fluorescence intensity of Py, promoter
(A) and Py, promoter (B) induced by different inducers for 3 h, 6 h, 9 h and 12 h.
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Figure 4 Response threshold analysis of maltose inducible promoter. The relative fluorescence intensity of
Py promoter (A) and Py, promoter (B) induced by different maltose concentrations (0—10 g/L) for 6 h, 9 h
and 12 h. The relative fluorescence intensity of Py, promoter induced by different maltose concentrations
(0-5 g/L) (C) and the relative fluorescence intensity of Pg.. promoter induced by different maltose
concentrations (0-2.5 g/L) (D) for 6 h, 8 h, 10 h and 12 h.
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K I it HIL 2 728 0 DU 3 28 400 i A KB B D vk o) 2
WS IR0 Pave B MHHE. B5E, BB
T P i 3 H2 HAT WU L AR IC 1 TetA 21T,
SRIE T 3xGS MK S 5L H eGFP 5
TetA [ C 4iiEE (K 5A), H, TetA A
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T T
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FE AKX Py Ji Bl R AR IR GEA T R i 32 o Ho
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M 7 568 B85 3 AR B3 TG L IR R Bl -, 3K S S Bl
TR 22 E R FEAFAE RS, A C A RUA 30
TetA H1FRIE, FEONRRLEDS U R BEF: 50
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e, FEBRTR 30 M 8 Rk B 5 e 0 ) 4 1
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Figure 5 Diagram of maltose inducible promoter evolution. (A) Construction of plasmid with bidirectional
screening fusion protein and maltose promoter mutation library. (B) Flow chart of directed evolution for

maltose promoter.
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HHARE Paye S 3T 1F ] 5 I ] i 1 19 4%
P, AT I e A, B A A
pHTOIMT Jii ki (1) B. subtilis WB600 Tt 3%, #&
Jii 53 T TINAS TR] ¥ ) 222 208 5 A (] v i
WA (WU E L NiCL IFWK), kLeiigi 6h, I
BREERARE O . 455 B R EU N YR R ik
2 pg/mL B, Py BEHSACRIIE, HH
P AR B B3 hn, TR AR K RE B T o
i B2 ) i e v, %S0 6 umol/L NiCl, FRIUR: i
B, WA SR MR, mikdKz
i, RIS (B 6). B,
FEFE R R SC T, FRATI S 7E DU PR R W
2 pg/mL 8¢ NiCL VKR 6 umol/L Z&F T, i
17 3 feIERfisE, b 1 RIEmEE A 1K
B ) i 3 e R —Fe i, me ARG AR I 1Y
B FE
24 EFREFERNFRTMMEARAE

W L 3 f AL, AT IRAFAS R 9 32 £k

3.0 +
_ 25
&
o
2.0
—@— 2 pug/mL
(5 | —@— 3 pg/mL
’ —¥— 4 pg/mL
—— 5 pg/mL
1.0 .

0 05 1.0 15 20 3.0
Maltose concentration (g/L)

6 EFWESEBHMTFHNMAIENEIE

R SR, JF LR PRI 11 BRAE K
Bk R B RE, 00l g5 MT1I-MT11, Ff 1]
24 fLIRE SR AT OOEEE (B 7). il
XoF O 346 4 A4 22 2 A v B2 e 1 S B R Bl
255 BN 0 2 AR AR S Bl AT
e ARG 9845 MT2 (C215T) . MT3 (T183A).
MT4 (G363A).MT5 (G32A). MT6 (T280C) Fi
MTS8 (T382C). 5 & Pyye Wl A 3l ¥ HY XS R
Bk IMT M EL, AR KIS S R LYK, 1
0-15 g/L W22 ZEHE U BEJE 1B T, RER 43 28 A8 14
Y 5 B RS BE R N, T X BREE RR IMT TE
FHRWERT 3 g/L W s B R SIS R
SR LA, RIFRIRABAR MTS (G324) 5
MT8 (T382C) A% Ea & L XoJ JE R A% 43 il 42
T2 fEA 3.5 M, Rk, A kAR R
1309 5 3l 1 2 AR B B B 1 B RE S e 3R
IR0 FEL, AT E— 20 0 TR R 2 AR AT B A A
I

oD 600

—&@— 1 pmol/L
15 |—@— 2 umol/L

—V— 4 pmol/L.
—4— 6 umol/L

0 0.5 1.0 15 20 3.0
Maltose concentration (g/L)

Figure 6 Validation of maltose inducible promoter evolution method. The relationship of the growth of
bacteria and maltose concentration (0—3 g/L) at different tetracycline concentrations (2—5 pg/mL) (A) or

different NiCl, concentrations (1—6 pumol/L) (B).
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Figure 7 Fluorescence characterization of maltose inducible promoter mutants. JMT strain contains plasmid
pHTOIMT; MT1-MT11 strain contains plasmid pHTO1MT* with mutations on promoter sequence.
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