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Construction and optimization of 1,4-butanediamine biosensor based
on transcriptional regulator PuuR

LIU Junjie"?, JIANG Minmin"?, SUN Tong"?, SUN Xiangxiang'?, ZHAO Yongcan'?,
GU Mingxia'?, LU Fuping"?’, LI Ming"*"
1 Key Laboratory of Industrial Fermentation Microbiology (Tianjin University of Science & Technology),

Ministry of Education, Tianjin 300457, China
2 College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China

Abstract: Biosensors have become powerful tools for real-time monitoring of specific small
molecules and precise control of gene expression in biological systems. High-throughput
sensors for 1,4-butanediamine biosynthesis can greatly improve the screening efficiency of
high-yielding 1,4-butanediamine strains. However, the strategies for adapting the characteristics
of biosensors are still rarely studied, which limits the applicability of 1,4-butanediamine
biosensors. In this paper, we propose the development of a 1,4-butanediamine biosensor based
on the transcriptional regulator PuuR, whose homologous operator puuO is installed in the
constitutive promoter Pg,a of Escherichia coli to control the expression of the downstream
superfolder green fluorescent protein (sfGFP) as the reporter protein. Finally, the biosensor
showed a stable linear relationship between the GFP/ODgyy value and the concentration of
1,4-butanediamine when the concentration of 1,4-butanediamine was 0—50 mmol/L. The promoters
with different strengths in the E. coli genome were used to modify the 1,4-butanediamine biosensor,
and the functional properties of the PuuR-based 1,4-butanediamine biosensor were explored and
improved, which laid the groundwork for high-throughput screening of engineered strains
highly producing 1,4-butanediamine.

Keywords: Escherichia coli; 1,4-butanediamine; biosensor; transcriptional regulator PuuR
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Figure 1 Regulatory mechanism of PuuR.
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Table 1  Strains and plasmids used in this study
Strain or plasmid Relevant characteristics Sources
IM109 K-12, 1-, F' [traD36, proAB, lagl924M15], endAl, ginX44, gyrA96, hsdR17, A(lacproAB), Lab store
recAl, relAl, supE44, thi
K12 Wild-type Lab store
pRSM3 Kan', RSFori Lab store
pUC57-eGFP Amp’, pUC57 carrying eGFP Lab store
pUC57-sfGFP Amp’, pUC57 carrying SFtGFP Lab store
pRSM3-eGFP Kan", pRSM3 carrying eGFP This study
pRSM3-eGFP-puuR  Kan', pRSM3 carrying eGFP and puuR This study
PPgapa-R-Pracra-¢ Kan', eGFP under Pr,cg, promoter, puuR under Pgapa promoter This study
PPyapa-R-Pgap(at)-st Kan', SSGFP under P4+ promoter, puuR under Py, promoter This study
PPgapa-R-Pgap(ay-sf Kan', StGFP under Py, promoter, puuR under P, promoter This study
PPgapa-R-Pgapap+)-sf Kan', SftGFP under Py,p(ap+) promoter, pUuR under Pg,,s promoter This study
PPuapa-R-Paap(an-sf  Kan', SSGFP under Py,pap-) promoter, puuR under Py, promoter This study
PPoapa-R-Poap(anc)-sf  Kan', SSGFP under Py, apg+) promoter, puuR under P, promoter This study
PPeapa-R-Poapancy-sf  Kan', SSIGFP under Py apg-) promoter, pUUR under Pg,,4 promoter This study
PPeno-R-Pyapa)-sf Kan', StGFP under Py, promoter, puuR under P, promoter This study
PPacnB-R-Pgapa—)-sf Kan', StGFP under P4, promoter, puuR under P,,3 promoter This study
PProan-R-Pgapiay-sf Kan', SSGFP under Py,p(a-) promoter, puuR under Py,p promoter This study
PPaca-R-Pgap(ay-sf Kan', SftGFP under Py, promoter, pUuuR under Py promoter This study
PPeno-R-Pgapiang-sf Kan', SSGFP under P+ promoter, puuR under P, promoter This study
PPacnb-R-Pyapanc-sf  Kan', SSIGFP under Py, apg+) promoter, puuR under P, ,p promoter This study
PPivap-R-Peapanc-sf  Kan', SSGFP under Py,papg+) promoter, puuR under Py,,p promoter This study
PPaa-R-Pyapiang)-st Kan', StGFP under Py, apg+) promoter, puuR under Py 4 promoter This study
K124puu MG16554puu Lab store
PUTS5 MG16554argRapatAdpuuAd4speED4speG Lab store
PUTI11 MG16554argRApatA4puuAdspeED AspeGApuuPdargFAydeSTUVApotFGHIAplaP Lab store
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BEREIZ Ml Oxoid 22w ™ it s 1,4-T ZRieEh iR 4k
WA H i e B 2 B e A R R HoAh
FNEE) Ry 1 7 43 i 4k
1.1.3 ERE

LB #5585 (g/L): BRAEHE 10, EERERHEL
Y15, NaCl 10, 121 °CKE 20 min. MHR¥ETE 2
e LB AP IIMARIRE R 1,4-T Zfe#h
PRENIS B B AR 1,4-T ey LB 35355,
1.2 7%
1.2.1 PCR 3|¥&it

FRAE TR pRSM3 1Y 22 5 v S 11T H Y
R BISIIGR 2)0
122 14-T ZRREERSFHETT A

5L, pUC57-eGFP A15iAk PCR 91 eGFP
REBE, PHAAE. 98 °CHIZETE 5 min; 98 °C
APE 30s, 56 °Ci K 30's, 72°CHEfH 1 min,
30 MG ; 72 °CHEMH 5 min, H#f eGFP H B
Kpn I 1 Spe I 4b#, AbFJ5H eGFP F Btif
%2 pRSM3 JiThi i AH N 7 4 79 3] 5 21 ot

x2 KMRFAASIY
Table 2 Primers used in this study

pRSM3-eGFP, # F kLI KIHFF @ K12 JEH 4
FRARY I puuR B, ] Nhe 1 Al Nde 1
WS puuR F B, iE4%E pRSM3-eGFP
R Xba 1 F1 Nde 1 13 5 8] 15 3 8 20
pRSM3-eGFP-puuR. /& VA& B BUS 3 A
BONBARD Y Pyapa-Pracre 1 EL, #F Nde 171 Kpn 1
AEEEAY Poapa-Pracre F BIEHEE pRSM3-eGFP-puuR
JOECR R O A7 A5 B T2 TR pPgapa-R-Prycro-e
(1 2) J5 S e gt 24 JE U T 3 4 L B4 T o
Rt 22 A% A JBTURL PP gapa-R-Prracro-e FAH W D137
AL
123 14-T ZRRAEYERSEIREEE S E
1 48 FLAN B FR AR L B 3R A AR TR 1,4-T
T A YA S ORI KA AT R A AR,
0-100 mmol/L ¥k 1,4-T Wi ot HEA
() ZRIR R R 2 0 A WA IR T T e o B FL A IS
FREZF 2] 5 mL 7% 50 pg/mL KR %S % (kanamycin,
Kan)iy LB & thIf AR Kb i, Bl Rk i
FEYIHE 1% Bl 323 0.5 mL % 50 pg/mL

Primer name

Primer sequence (5'—3)

CTAGCTAGCACGCGTCATTCTTTATATACACTTCATCCTTCAAGCC

CTAGGGTGGTCATTATATTTTACGTATGTTCAATATTTTTTCAA
CTAGTTGAAAAAATATTGAACATACGTAAAATATAATGACCACC
CTAGGGTGGTCATTATATTTTACGTTGAAAAAATATTGAACATA
CTAGTATGTTCAATATTTTTTCAACGTAAAATATAATGACCACC

eGFP-S GGGGTACCATGGTGAGCAAGGGCGA

eGFP-A GGACTAGTTTACTTGTACAGCTCGTCCATGC

PuuR-UP-S

PuuR-DN-A GGAATTCCATATGAGTGATGAGGGACTGGC

sfGFP-S GGGGTACCATGAGCAAAGGAGAAGAACTTTTCAC
sfGFP-A GGACTAGTTTTGTAGAGCTCATCCATGCCA

puuO-A-UP CTAGGGTGGTCATTATATTTTACGT

puuO-A-DN CTAGACGTAAAATATAATGACCACC

puuO-AB-UP

puuO-AB-DN

puuO-ABG-UP

puuO-ABG-DN

eno-UP-Bgl 11 GAAGATCTTTGCCAGTTCCATCCGGAGTTT

eno-DN-Nde I GGAATTCCATATGGTTTTCCTCAAGTCACTAGTTAAACTGA
fbaB-UP-Bgl 11 GAAGATCTAGGTAATGTAAGGTACGCGATGACAA
fbaB-DN-Nde I GGAATTCCATATGCTATGCTCCCGTAAATTCCGATTGG
pfkA-UP-Bgl IT GAAGATCTGGAGGGTAAACGGTCTATGCTT

pfkA-DN-Nde I GGAATTCCATATGTACCTCTGAACTTTGGAATGCAAAATG

&: 010-64807509
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Figure 2 Construction process of 1,4-butanediamine biosensor plasmid.
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SUMA BB RS2 L, L8 T A R R R e 2k
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37 °C. 400 r/min 553% 20 h, F53R4509 J5 &
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2.1 KBFHFE 1,4-T ZpRIEREEHIAE
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16 14T RN E OL T, PuuR 255 Prycro
Ja 8T EE5E 015 puuO 254, M eGFP &[4
MYEE sk . WUERARME P YIRS 1,4- T R EIA
R AR, 1,4-T 5 PuuR 254 M
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Figure 3 Construction of the 1,4-butanediamine
biosensor.
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Figure 4 Functional identification of the biosensor
plasmids.

GFP/ODgoo U FA , TCik B GFP/ODgoo £U1H.
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23 HREEREREERBFRINL

R T AFEIEREE LAY 1,4-T Z i AE W iR %
. REM 2 TR A G s . — 2 H]
BRI SIGFP /Ryt BE P, B iz ik (A
eGFP; — 2 TE RIAFF T Papa JF 8 F 1910 335
JEFI T A BE S PuuR 454 B9 A FEE1E T
puuO 7% (FA/FB/FC/FD), {4k PuuR %} sfGFP
AIZRIRPAE o JBIEXS Poapa THGHS puuO J751) i
ik, M 7 & A A puuO FAIIY 1,4-T
i A= DG AR TTORL PP gapa-R-Pyap(asySfy PPgapa-
R-Pyap(a ST\ PPgapa-R-Pyap(an )-8t PPapa-R-Pap(an -
st PPgapa-R-Pyapanc+)-sf pPgapa-R-Pgapanc)-sf
(1 5).

Vo F A B A5 B SR AL AT TR TM109,
SRIE HATAR IRAR I DI RE SR (K] 6) B4 dig 15 2k
J& . GFP/ODgoo fH W 425 o FoP %A pPyapa-
R-Papap -t UKL T BRI AT 4 GFP/ODgoo TH.
VS BT Paapan) NEA AEE SIGFP
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I SINSew ] pPgapA'R'Pgap(A+)'Sf\pPgapA'R'Pgap(AB+)'
sf Fll pPgapa-R-Pgapanc)-sf JHURL Y H 2H I AR 72
1,4-T e FBE 1-25 mmol/L 7 F5l I GFP/ODgg
B 14T R EAATELM R, Y 1.4-T =
iz e B2 35 3 25 mmol/L Lk A, GFP/ODgoo fH-5
1LA4-T e g Z MR RTH R, HEY
1,4- T vk it 50 mmol/L B, GFP/ODsgo
EHM TR, HASH pPapa-R-Paapay-sf
1 pPgapa-R-Pgapianc)-sf BRI EH LY 1,4-
T R Wy e BEAE 0-50 mmol/L 30 [l N B},
GFP/ODgoo [E 5 1,4- T R B 22 IEAH G (H
=, BE 1,4-T MK ER TR, GFP/ODggy
(RIS AN KA &, ) RB A T4 puuR &3k
1) Paapa JE BT IR KR, FELE A F] puuO 7
A PuuR EEFIAMREE R . I, 75 2
puuR EikwyJE s FH#E T, FEARIES] puuR
FIBHY A B FoRE
2.4 puuR BEIFHIML

J T8 puuR BYERIK, THEEE T KA
K12 (1 4 AR5 BE A B RR B Peno Pacns «
Proap+ Pra AT HH o Paapas Penos Pacan~ Proan
H Poa JA BN FRYSRIE PR 43.6, 255, 13.6,
9.5 Al 5.6" JH Peno Pacan~ Prvan Fl Pryca 5351
WX pPgapa-R-Pgap(ary-st Hl pPyapa-R-Pyap(anc)-sf
JERE L (Y Paapa, 752 AH N A EEZH TR : pPeno-R-
Poap(ay=ST PPacn-R-Pyap(ay-sf PPrpan-R-Pgap(a-)-
sf . pPxa-R-Pgeapa)-sf « PPeno-R-Pgapanc)-sf
PPacn-R-Paapanc-Sf «  Pran-R-Pgapangr-sf  Hl
pPPa- R-Pgapanc)-sto

W A 0 AR B AR R B Ak K g AT R
IM109, K5 #EAT 1L AR A DI RERR U (8T 7). B
#: puuR 5 31 7 J5 , GFP/ODgoo fE I 38 . H:
LA PoapanVE AR BE KR 3510 5ok Y B2 240
PRTE 1,4- T ¥k K% 25 mmol/L D) Fi,
GFP/ODgoo fH 5 1,4-T ZREMRIEZ MR 2T 4
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Figure 6 Functional identification of the biosensor
plasmids.

http://journals.im.ac.cn/cjben

PEXZR, DA T puuR S 3 )5, Frikim
8 3T 58 81T Paapary A BE w5 2K 3l 14 45
SFGFP 1y#ik, LA PyapananfE A I E 3
T ORE A B ZH RS pPaa-R-Pgapags st
1 pPoap-R-Papanas-st BURL ) AL HRAE 1,4-
T A IR ] 25 mmol/L LI}, GFP/ODggo
HY 14-THaREZREA L TAM R,

B PPaapa-R-Paapanc=sf pPeno-R-Pgapang+)-sf il
PPacns-R-Puapapcn-st BRI A FIRTE 1,4-T
A BE A 0-50 mmol/L Y F Y, GFP/ODggo
HYS 1,4-T Wik ERIEAHX, BREE 1.4-
T e BE ) T, GFP/OD oo {E-8 i1 2 5 it A



XA 2 | ETFEZHBET PuuR B 14-T = B4 WSR2 0E S
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