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A AE RIS 6 2 45 . R M)W AL NeuAc 89 AW E RSB T H T & 75 NeuAc #)85 R Ak Fadd 35
FATH ARG TFiL, ARFEFIATFE AWM SR NeuAc #-AET G2 R o A=iflds T B,
FHER): MEFIAFE, N-CBAZRRK, HERT; AWERE

Development of biosensors highly responsive to
N-acetylneuraminic acid in Bacillus subtilis

SUN Jiaqi'?, CAO Yanting"?, LU Xueqin'?, LI Jianghua'?, LIU Long"?, DU Guocheng'?,
CHEN Jian"? LIU Yanfeng"**

1 Key Laboratory of Sugar Chemistry and Biotechnology, Ministry of Education, College of Bioengineering,
Jiangnan University, Wuxi 214122, Jiangsu, China
2 Science Center for Future Foods, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: Bacillus subtilis is recognized as a generally-regarded-as-safe strain, and has been
widely used in the biosynthesis of high value-added products, including N-acetylneuraminic
acid (NeuAc) which is widely used as a nutraceutical and a pharmaceutical intermediate.
Biosensors responding to target products are widely used in dynamic regulation and
high-throughput screening in metabolic engineering to improve the efficiency of biosynthesis.
However, B. subtilis lacks biosensors that can efficiently respond to NeuAc. This study first
tested and optimized the transport capacity of NeuAc transporters, and obtained a series of
strains with different transport capacities for testing NeuAc-responsive biosensors.
Subsequently, the binding site sequence of Bbr NanR responding to NeuAc was inserted into
different sites of the constitutive promoter of B. subtilis, and active hybrid promoters were
obtained. Next, by introducing and optimizing the expression of Bbr NanR in B. subtilis with
NeuAc transport capacity, we obtained an NeuAc-responsive biosensor with wide dynamic
range and higher activation fold. Among them, P535-N2 can sensitively respond to changes in
intracellular NeuAc concentration, with the largest dynamic range (180-20 245) AU/OD.
P566-N2 shows a 122-fold of activation, which is 2 times of the reported NeuAc-responsive
biosensor in B. subtilis. The NeuAc-responsive biosensor developed in this study can be used to
screen enzyme mutants and B. subtilis strains with high NeuAc production efficiency, providing
an efficient and sensitive analysis and regulation tool for biosynthesis of NeuAc in B. subtilis.
Keywords: Bacillus subtilis; N-acetylneuraminic acid; transcription factor; biosensor

N- . Tk #2254 2 (N-acetylneuraminic acid, 42 AP MER R T B A7, NeuAe A
NeuAc) LFRMERE TR, Je— Ml ATy aetE (U MER MR AR EERAZ —, W
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e B L R g 8k d, AR T4
FE2AE NI K Mifa e, D2 28 41 1 R 55 b 22
RGP KR A, NeuAc thwgh i T
248 PORIATT EAUR T R AR EGE R
G BGE M RRYE, BT, N-ZBMEER
W2 W A YA R RS, ARG I LG R
A MR AT DU E ) e e . o, gk
B BCFR 4 240 A4 b R T 22N B 5 AR
BT, AR T A BN TR W R AT
DA 328 Bl 5 S B N- Tk 28 IR ) DSk A
B, R R T g

M B 2R AT T8 (Bacillus subtilis)VE h—Fh
22 QPR R bR, P AR SRR E T A,
HIEHNBER, #35 E& 524500 1B 3= (Food
and Drug Administration, FDA)IA{IE A& fl Al
A AR T AR, A 2R AT B R AR
ORI S EORBR . A S 2R R
PSS A 32 0T, TZ I TR . 258 .
it i) 90 S g A = RS B N-2 TR 22 R
AL R 18

Az Wy 1 J s (biosensor) 1 O — Fl B 22 1 &
BAEY e T H, FEAM T B Z 0 . 1R
AR R T L AR IR AR AT 20 EE T RNA 1Y
KHEF 2K (riboswitches ) FILE {4 i (aptazymes), LA
o Hk 5% 5k X 1Y 4% JE& 4% [transcription factor
(TF)-based biosensors] ", H: i 5 T4 5% I 119
PRIRER N Rz, FEdE MR . s
ML | R IR L . AR . SR RURI R
TS S P R A5 TR R 4% T AR
Pang ZSE K IGHFH (Escherichia coli) byt
T WA NeuAc P3E KRG, BT A TAKM
WK 1) 0 e SR, IFARTS T NeuAc @325 42%
FTC MR, Peters ZEUME R GATF Ay T 3L
T S K- 10 3. NeuAc WAL AR, HHH
ASTR] = ) AR B UE T A= A% SR AR A vy 4 i
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breve) i NanR (Bbr NanR)7E i B8 ZF f0 §T
T R A T T RO Y NeuAc 1A 445 Ik
fr o B M AL TR IR T ORI A R
NeuAc ¥iz 25 1 NanT F1 NanC #Y ¥ iz g
AT —RINEAAFE Iz T mtk, L
HF 5 £2ma i NeuAc A= 14 J8% 28 1) 56 3F
B 5, # Bbr NanR 554454 % 51 (NanR
binding site)#fi A 2l Ak 25 AT 17 41 BL 7Y )7 8
THARRGE, Wl T —RINREREET, IF
FiX 86 2% 5 )7 gl 1 45 2% 0 9% 6 2R 1 (green
fluorescent protein, GFP)J Kk, EHF T —F
SIHTEERM RGBT IRgsis; %1
e, 3 7E B NeuAc %15 B8 11 B AL #5 27 1
FFEi % ik Bbr NanR, EFEBENT N NeuAc
ARG R T, eI Z EiE— Ak
Bbr_NanR ik, WH3RE T — RS9 A LLTE
Aili 55 2 AR TR Hh s R B NeuAc 1A= ) 1% J&%
ar . EATTAE R B e ML Y NeuAc e BE 19722
b, HEA TSI E . A SOk i m
I NeuAc HJAEY1& &A% 7l I T /7™ NeuAc
FIR) it 2 722 (S TFTIR  2 R4 T BT R RO B,
Fili B 25 JAF T8 A W0 8 i NeuAc S i T 3450,
FAL o3 A AP 4R TR

1 S

1.1 w3
1.1.1  E#RFARRM

AHIE S i FHA0 46 TR ik 55 5k ¥ oA S s =
. TR L 1 R 2,
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Table 1  Strains used in this study

Strains Descriptions Sources
B. subtilis 168 Wild-type strain Lab store
E. coli IM109 Wild-type strain Lab store
BSXC B. subtilis 168 derivate, overexpression of comK under the control of promoter Pxy/4 Lab store
BS-nanT Derivate, overexpression of nanT under the control of promoter P43 This study
BS-nanC BSXC derivate, overexpression of nanC under the control of promoter P43 This study
BSP1 BSXC derivate, overexpression of nanT under the control of promoter PxpaC This study
BSP2 BSXC derivate, overexpression of nanT under the control of promoter PyceC This study
BSP3 BSXC derivate, overexpression of nanT under the control of promoter PlyzR This study
BSP4 BSXC derivate, overexpression of nanT under the control of promoter PsdhB This study
BSP6 BSXC derivate, overexpression of nanT under the control of promoter Podh4 This study
BSP7 BSXC derivate, overexpression of nanT under the control of promoter P333 This study
BSPS§ BSXC derivate, overexpression of nanT under the control of promoter PyvyD This study
BSP9 BSXC derivate, overexpression of nanT under the control of promoter Pveg This study
BSP10 BSXC derivate, overexpression of nanT under the control of promoter P566 This study

x2 AR ARR
Table 2 Plasmids used in this study

Plasmids Descriptions Sources
pHTO1 Expression vector Lab store
p7S6P43 p7S6 containing P43 promoter [7]
p7S6P1 p7S6 containing PxpaC promoter Lab store
p7S6P2 p7S6 containing PyceC promoter Lab store
p7S6P3 p7S6 containing P/ytR promoter Lab store
p7S6P4 p7S6 containing PsdhB promoter Lab store
p7S6P6 p7S6 containing PodhA promoter Lab store
p7S6P7 p7S6 containing P333 promoter Lab store
p7S6P8 p7S6 containing PyvyD promoter Lab store
p7S6P9 p7S6 containing Pveg promoter Lab store
p7S6P10 p7S6 containing P566 promoter Lab store
pHT-veg-gfp pHTO1 with promoter Pveg linked with gfp Lab store
pHT-nanR pHTO1 with promoter PrpsT linked with nanR This study
pHT-N1-gfp pHTO1 with promoter N1 linked with gfp This study
pHT-N2-gfp pHTO1 with promoter N2 linked with gfp This study
pHT-N4-gfp pHTO1 with promoter N4 linked with gfp This study
pHT-N5-gfp pHTO1 with promoter N5 linked with gfp This study
pHT-N6-gfp pHTO1 with promoter N6 linked with gfp This study
pHT-N7-gfp pHTO1 with promoter N7 linked with gfp This study
pHT-N9-gfp pHTO1 with promoter N9 linked with gfp This study
pHT-N10-gfp pHTO1 with promoter N10 linked with gfp This study

(#40)
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Plasmids Descriptions Sources

pHT-N11-gfp pHTO1 with promoter N11 linked with gfp This study
pHT-N12-gfp pHTO1 with promoter N12 linked with gfp This study
pHT-N13-gfp pHTO1 with promoter N13 linked with gfp This study
pHT-N14-gfp pHTO1 with promoter N14 linked with gfp This study
pHT-N15-gfp pHTO1 with promoter N15 linked with gfp This study
pHT-N16-gfp pHTO1 with promoter N16 linked with gfp This study
pHT-N17-gfp pHTO1 with promoter N17 linked with gfp This study
pHT-N18-gfp pHTO1 with promoter N18 linked with gfp This study
pHT-N19-gfp pHTO1 with promoter N19 linked with gfp This study
pHT-N20-gfp pHTO1 with promoter N20 linked with gfp This study
pHT-N21-gfp pHTO1 with promoter N21 linked with gfp This study
PrpsT-N1 Expression of nanR by PrpsT promoter in pHT-N1-gfp This study
PrpsT-N2 Expression of nanR by PrpsT promoter in pHT-N2-gfp This study
PrpsT-N4 Expression of nanR by PrpsT promoter in pHT-N4-gfp This study
PrpsT-N10 Expression of nanR by PrpsT promoter in pHT-N10-gfp This study
PrpsT-N11 Expression of nanR by PrpsT promoter in pHT-N11-gfp This study
PrpsT-N14 Expression of nanR by PrpsT promoter in pHT-N14-gfp This study
PrpsT-N16 Expression of nanR by PrpsT promoter in pHT-N16-gfp This study
PrpsT-N17 Expression of nanR by PrpsT promoter in pHT-N17-gfp This study
P535-N2 Expression of nanR by P535 promoter in pHT-N2-gfp This study
Pt8-N2 Expression of nanR by Pt8 promoter in pHT-N2-gfp This study
P566-N2 Expression of nanR by Pt9 promoter in pHT-N2-gfp This study
P535-N17 Expression of nanR by P535 promoter in pHT-N17-gfp This study
Pt8-N17 Expression of nanR by Pt8 promoter in pHT-N17-gfp This study
P566-N17 Expression of nanR by Pt9 promoter in pHT-N17-gfp This study
P566-N10 Expression of nanR by Pt9 promoter in pHT-N10-gfp This study

1.1.2 EFHFHE

LB §537 0k 5 o/L Meblky, 10 g/L 2 MR,
10 g/L NaCl, [E RS FEILE N 20 g/L BN #
4l 5 5 TS IIRE D TR B B AR R (R R A
B 5 mg/L, AR AU R 100 mg/L, &
R RZMRIE N 100 mg/L).
1.1.3  EZEiKF

PrimeStar max 3R &l T TaKaRa 2\ Al ;
FORLER B | sz A AR S T AR TAEY T
()RR A PR F]; GeneJET PCR 4lifkik
F & Wy T Thermo Scientific 2~ o

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

1.2 A3
1.21 EEFN5S31E MK
¥ NCBI 242 FErh B. breve UCC2003 3 i

NanR M2 SER 7 5126 2 8 M e MER A wl i AT
WAL (GRiR1E 3« Bacillus subtilis 168)JF
£, Bbr_NanR 45407 215 % Egan %PUHR
18 o SCHR TR 510G BRI R S X M
G MER A W R A IR R B A TAE Y TR
() By A BR 22w (LAR g BR e b AR T27) 58
B, ARG SIE R R 3, WS 31
M5V ER 4 )3 sh 1 sl it it
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Table 3  Primers used in this study

Primer names

Primer sequences (5'—3") Used for

Construction of
CTGTTTCCTGTGTGAAATTGTTATCCGCTCGGCTTTGATTATGCCTTCAGAACCGTCC BS-nanT (nanC)

ydbD-1f ATCAAGAAATCGGCCGAAAAGGCG
ydbD-1r
p7SP43-2f GAGCGGATAACAATTTCACACAGGAAACAG

p7SP43-nanC-2r
p7SP43-nanT-2r

CAGAAAGTATTTTAGCCTTTTTCATGTGTACATTCCTCTCTTACCTATAATGGTACCGC
GGTTGTAGTACTCATGTGTACATTCCTCTCTTACCTATAATGGTACCGC

nanC-3f GGAATGTACACATGAAAAAGGCTAAAATACTTTCTGGCGTATTATTACT
nanC-3r CTACAGTTTAAATGACACACCAATGCGAT

nanT-3f AGAGAGGAATGTACACATGAGTACTACAACCCAGAATATCCCGTG
nanT-3r TTAACTTTTGGTTTTGACTAAATCGTTTTTGGCG

nanC_ydbD-4f
nanT ydbD-4f

ATCGCATTGGTGTGTCATTTAAACTGTAGCAAAACATCATGTTTTGGGCTTGTCTCT
CGCCAAAAACGATTTAGTCAAAACCAAAAGTTAACAAAACATCATGTTTTGGGCTT
GTC

CACGGGATATTCTGGGTTGTAGTACTCATTTTTATCACCTCCTTTCTCAGTTTTAATAT Optimization of
nanT expression
CACGGGATATTCTGGGTTGTAGTACTCATTTTTATCACCTCCTTTATAGTCACATTTAT

GACATAAGACATCAGATGTCGTATAATAAATGTAAAGGAGGTGATAAAAATGGGTAA Construction of
plasmids carrying
GACATCTGATGTCTTATGTCAAATAAAATTTAAATTATATCAACGTTAATAAAAGTTC hybrid promoters

Construction of

CGGGATTTCCCGGCAGTCTGACAAGTTATTCTGCAATAGTTATTTGTATAGTTCATCC plasmids carrying
biosensor

GAATAACTTGTCAGACTGCCGGGAAATCCCGGCAGTCTTTTTTCCATTAAAACACGG

GAATTGTAGGATTAAGCAACCCTCTATTTCGAGAGGCCGTTTTTTCGTCCATGGAGA Optimization of

nanR expression

ydbD-4r GAAACAAGAATGGATGAAGCGTCTTGAC
rh_ydbD-F CGCAACAACGACTAATCAAAAGCATAAAGGC
rh_ydbD-R CGAAAAGATTCATAGTTCCCATCTCGATACGC
Spc-P1-R
TATTATCTACTACGTTC
Spc-P2-R
TTTTACGCTCAC
N2-F
GGGAG
N2-R
AAGCGAAAACATACCACCTATCA
pN-F CGTCCATGGAGATCTTTGTCTGCA
pN-R
ATGCCATGTGTAATCCC
nanR-F
CTTATTCTGTGCCGCCTTGGATTCTC
nanR-R TGCAGACAAAGATCTCCATGGACG
P535-F
TCTTTGTCTGCA
P535-R

TCGAAATAGAGGGTTGCTTAATCCTACAATTCTTGATATAATTAGTTGTGCTAAAGGA
GGTGAAATGTACACATGAGCA

1.2.2 EHERHREIGE
BS-nanC ., BS-nanT 4% LA B. subtilis 168

LA BT, I R A B S (polymerase
chain reaction, PCR)¥ 34 ydbD i 5. | F Wi# 4%
1 000 bp BIFIMENLAFIEE, UL E. coli
IM109 FEH 4 iRA,, 744 nanC. nanT 3EH
LS 2 PR AT JIORL p7S6P43T I AR ™ i H: 0L

&: 010-64807509

B R PUMEHER P43 R 2h 1 Br. il fElE PCR
B A PUIEMERD P43 B3 F A Bt . nanC
(nanT) i Beilb 7@ G, AFIEH nanC (nanT)iy
FIBHE, FFFAAL B ZE AT I BSXC B2 A,
A5 ¥k BS-nanC (BS-nanT),

BSP1-BSP10 HH . 7oA #l nanT J Bt
2% FiR AR, IS E R AR p7S6P1

: cjb@im.ac.cn
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Table 4 Promoter sequence used in this study

Promoters

Sequences (5—3")

Pveg
P43

Pml
P214
P566
P535
N1

N2
N3
N4

N5

N6

N7

N8

N9
N10
N11

N12
N13
N14
N15

N16
N17

NI18

N19
N20
N21

PrpsT

Pt8

TTATTAACGTTGATATAATTTAAATTTTATTTGACAAAAATGGGCTCGTGTTGTACAATAAATGT
TCTTACATTTATTTTACATTTTTAGAAATGGGCGTGAAAAAAAGCGCGCGATTATGTAAAATATAAAGTGATA
GCGGTACCATTATAG

AAAAATAAAAAAAAAGTGTTGACAAAAAAATCAAAATATGGTATAATTGAAA
CAAAATCGCAAAAAAGTGTTGACAACTTAACTCAGATCTGGTATAATAGAAA
AAAAAACGGCCTCTCGAAATAGAGGGTTGACACTCTTTTGAGAATATGTTATATTATCAG
AAAAAACGGCCTCTCGAAATAGAGGGTTGCTTAATCCTACAATTCTTGATATAATTAGTTGTGCT
TTATTAACGTTGATATAATTTAAATTTTATTTGACAAAAATGGGCTCGTGTTGTACAATAAGACATCAGATGT
CATAT

TTATTAACGTTGATATAATTTAAATTTTATTTGACATAAGACATCAGATGTCGTATAATAAATGT
TTATTAACGTTGATATAATTTAAATTTTATTTGACATAAGACATCAGATGTCGTACAATAAATGT
TTATTAACGTTGATATAATTTAAATTATAAGACATCAGATGTCATATTTGACAAAAATGGGCTCGTGTTGTAC
AATAAATGT
TCTTACATTTATTTTACATTTTTAGAAATGGGCGTGAAAAAAAGCGCGCGATTATGTAAAATTAGACATCAG
ACGTCTTATAAAGTGATAGCGGTACCATTATAG
TCTTACATTTATTTTACATTTTTAGAAATGGGCGTGAAAATAAGACATCAGATGTCTAATATATAAAGTGATAG
CGGTACCATTATAG
TCTTACATTTATTTTACATTTTTAGAAATGGGCGTGAAAATAAGACATCAGATGTCTAAAATATAAAGTGATA
GCGGTACCATTATAG
TCTTACATTTATTTTACATTTTTATCAGACATCAGATGTCAAATGGGCGTGAAAAAAAGCGCGCGATTATGTA
AAATATAAAGTGATAGCGGTACCATTATAG
AAAAATAAAAAAAAAGTGTTGACAAAAAAATCAAAATATGGTATAATCAGACATCAGATGTCATATTGAAA
AAAAATAAAAAAAAAGTGTTGACAATTAGACATCAGACGTCTTATAATTGAAA
AAAAATAAAAAAAAAATAAGACATCAGAAGTCAAATGTGTTGACAAAAAAATCAAAATATGGTATAATTGA
AA
CAAAATCGCAAAAAAGTGTTGACAACTTAACTCAGATCTGGTATAATTAGACATCAGACGTCTGATAGAAA
CAAAATCGCAAAAAAGTGTTGACAATTAGACATCAGACGTCGTATAATAGAAA
CAAAATCGCAAATAAGACATCAGAAGTCAAATGTGTTGACAACTTAACTCAGATCTGGTATAATAGAAA
AAAAAACGGCCTCTCGAAATAGAGGGTTGACACTCTTTTGAGAATATGTTATATTAGACATCAGACGTCTGA
TATCAG

AAAAAACGGCCTCTCGAAATAGAGGGTTGACAATCAGACATCAGAAGTCTTATATTATCAG
AAAAAACGGCCTCTCGAAATAATTAGACATCAGACGTCGTATGAGGGTTGACACTCTTTTGAGAATATGTTA
TATTATCAG
AAAAAACGGCCTCTCGAAATAGAGGGTTGCTTAATCCTACAATTCTTGATATAATTAGACATCAGACGTCTG
AT

AAAAAACGGCCTCTCGAAATAGAGGGTTGCTTAAATCAGACATCAGAAGTATAATTAGTTGTGCT
AAAAAACGGCCTCTCGAAATAGAGGGTTGCTTAAATCAGACATCAGAAGTCTAATTAGTTGTGCT
AAAAAACGGCCTCTCGAAATATTAGACATCAGACGTCGGATGCTTAATCCTACAATTCTTGATATAATTAGTT
GTGCT
CACAGTGTCTTAAGGTTAAATCTTCTTCACAATAGAACAAATTGTATTCTATCAAACACACCTTTAGATTGC
AATATAAA
TTCAAACTATGAGAATATTATACAACACGAGCCCATTTTTGTCAAATAAAATTTAAATTAAAAATTCTATGAT
TCCTCAA

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



IMER SASESTEGBNIAR V-2 B S BB

FA B2 R AR B 1 AR A H BT R B AE AN
Rl F R B, SRIGHRE AR BS-nanT A9 E T
245 2| H 4 [k BSP1-BSP10.
123 FHRNAIEE

REREFEABK M E: L pHT-
veg-gfp AR, FAHNL Y5 | W)k 74 5 AR A5 07
BRERFILETA B, ETE A
G RN IPI . FERtEga s, AT
—Bt 20 bp A4 B E E(overlap). F|f] Thermo
Scientific GeneJET PCR 4l fkix 5] £ X} i $k 15
MLk Bk i Be i A alifh, SRS B 10 uL #% 1k
E. coli IM109 8235, FFiRAfipite k. H
O Tl S0 R/ 2 e IR 5 N D i
R SRR VR KRB SR, JRRICGEA TR . ik
nanR FiLEE, WRHFEFRIRE PCR W77
KB nanR BT

G RIS A R R 3l ARG
Ja s E A Bk AR, 1514 pN-F/R 473 5t
ALY I = R e R S VN U ES S A o - B
gfp, VA pHT-nanR N#Hg, F5[4 nanR-F/R §~
14 PrpsT I3 8l T35 W) nanR 3£, | A Thermo
Scientific GeneJET PCR #lifb i ] &8 s i Bt
“ifk, 2 Gibson AAPEHAL E. coli IM109
A, FFRATBE R . R H R AR AR
P&k AR TN, R L Y SR VR
K¥EFR, IR A Tk .
1.2.4 BRZSMAERIH FNEL

KT BB AT 5 5. BPURZ R
21 Jf A R S AR T AR TR ()
AR, BB BEORE & . 71k E. coli
IM109 B3z 54000, F T ok ryF

Wi FZEHFF W AT & S5k &%
Zhang %PV, 1E B. subtilis 168 K2 4H I
BET D2 ABEHESEE ST Pxyld H¥ER
comK F:[H 15 3| F#k BSXC 1E AW A H &

&: 010-64807509

bR, FIHARES 36 5 Bz B i . PRECE
WeiE A B. subtilis LA 5 7E 1 mL LB 15 Ak rh
F 37 °C. 220 t/min M4 T EE5E 12 h, WA
LB R R REF B E 5 mL, FFIMALIRE N 3%IH)
AME, T 37°C. 220 t/min 544 FiFES 2 h J5 3k
PRz Bl TR e R BOimA 100 uL
B. subtilis &2 &AM, F 37 °C. 220 r/min 1Y
M REFE 1.5 h RN IR, BT
37 °ClHE RIS FRAHEE S5
1.2.5 B NeuAc iRE N

MIN NeuAc MERE Sl #5: B 1 mL & B%
W, BTWERA 4 CHELHL, 6 000 r/min &
O 5 min, FR W, BEAERT 1 mL il
R TCE K Pk 1K, 6 000 r/min 5.0 5 min,
FER B, 0.2 mL KHE/KELEEK, 5
A 0.4 mL ZEF10.4 mL HER 5], FFH F-20 °C
IR AEEL, B2 BOR T 4 °C. 12 000 r/min &0
10 min, BIHWRETRHETEIEE TE. T
PR 5 RO R B T — R B JC K DA 4 i
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e P43 BT nanT WK, 153 EH A
BSP1-BSP10. 41l 2 Fron, MAEGM T 10 g/L
NeuAc ) LB HiFRJEd & 12 h B, @itk
BSP1-BSP10 fJfi Py NeuAc & f7E 230-635 pg/mL
728k, H, BSP1, BSP2, BSP7 Fll BSP9
Z [H] BN NeuAc 7 & 2255 8.3, H AN NeuAc
e FEJE I T T (230-635 ug/mL), A FT 5 4L
I NeuAc A= P15 1845 ) M BRI IE .
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Comparison of transport capacity of NeuAc between BS-nanC and BS-nanT. A: Comparison of

intracellular NeuAc concentration between BS-nanC and BS-nanT when adding 10 g/l NeuAc to the medium.
B: Intracellular NeuAc concentration of BS-nanT when extracellular NeuAc is different.
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Figure 2 Expression optimization of nanT. A: Comparison of intracellular NeuAc concentration of strains
with different promoters controlling nanT when adding 10 g/L NeuAc to the medium. B: Comparison of
intracellular NeuAc concentration of strains BSP1, BSP2, BSP7 and BSP9 when adding 10 g/L NeuAc to the

medium.
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Figure 3 Schematic diagram of function principle and construction strategy of NeuAc-responsive biosensor.
A: When NeuAc is absent, NanR binds to the NanR binding site located on the promoter controlling GFP,
inhibiting the expression of GFP; When NeuAc is present, NeuAc binds to NanR to activate GFP expression.
B: The biosensor was developed by inserting the NanR binding site into different positions of the GFP
promoter and optimizing nanR expression.
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Figure 4 Testing the activity of the hybrid promoters.
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Figure 5 Testing the NeuAc-responsive biosensor. A: Testing whether hybrid promoters respond to NeuAc.
Test of PrpsT-N2 (B), PrpsT-N10 (C) and PrpsT-N17 (D) in the presence of different intracellular
concentrations of NeuAc. CK represents the absence of Bbr NanR. ***: P<(.001.
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Figure 6 Dynamic range and activation folds of NeuAc-responsive biosensors. **: P<(0.01; ***: P<0.001.
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