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Research progress in the design and application of whole-cell
biosensors for antibiotics

LUO Yuke, ZHU Yiling, XU Jianping, LIU Junfeng, YIN Jianhua"

College of Biotechnology and Bioengineering, Zhejiang University of Technology, Hangzhou 310014, Zhejiang,
China

Abstract: Antibiotics are chemicals with bactericidal or bacteriostatic activity produced by
microorganisms and artificially synthesized. Since the discovery of penicillin by Alexander
Fleming in 1928, antibiotics have been widely used in clinical treatments as well as in the
animal husbandry and aquaculture, leading to antibiotic residues in soil, water, food and other
environments. At the same time, antibiotic resistance is increasingly serious, which necessitates
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the discovery of novel antibiotics. In recent years, with the development of synthetic biology,
researchers have developed a variety of whole-cell biosensors that can respond to antibiotics.
These whole-cell biosensors use microbial cells to convert antibiotic signals into readable
signals, which can not only perform dynamic detection of antibiotics simply, quickly, sensitively
and accurately but also effectively discover novel antibiotics. This review comprehensively
summarizes the reported whole-cell biosensors for antibiotics, classifies them into two types
(specific and general), and elaborates on the design principles and applications of the two types
of antibiotic biosensors. This review will provide reference for the construction and application
of other whole-cell biosensors for antibiotics.

Keywords: antibiotics; whole-cell biosensors; antibiotic resistance genes; regulator; specificity;

sensitivity
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Table 1 Specific whole-cell biosensors for antibiotics
Class Regulator Promoter Reporter Host Antibiotics References
B-lactams AmpR Pampc Lux Escherichia coli Ampicillin, imipenem, [8]
SNO0301 cefoximycin
AmpR Pampc mCherry E. coli SN0301 Meropenem, imipenem, [9]
penicillin, cephalosporin
BlaR, Ppiaz Lux Bacillus subtilis Penicillin, carbenicillin, [10]
cefotaxime, aztreonam,
cephalosporin, cefoperazone
Tetracyclines  TetR Piea Lux E. coli K12 Tetracycline, terramycin [11-12]
TetR Pietn GFP/mCherry  E. coli DH5a Tetracycline [13]
TetR Pieta LacZ E. coli Tetracycline, chlortetracycline  [14-15]
TetR Pietn sfGFP E. coli Tetracycline, terramycin, [16]
Chlortetracycline, doximycin,
metacycline, minocycline,
tigacycline, declomycin
TetR Preta GFP E. coli DH5a Tetracycline [17]
TetR Piea Lux E. coli K12 Tetracycline, doximycin, [18-19]
chlortetracycline, terramycin
TetR Pieta eGFP E. coli DH5a Tetracycline [20]
rtTA Pieto RFP Saccharomyces Doximycin [21]
cerevisiae CML282
Macrolides MphR Prphr GFP E. coli TOP10 Erythromycin [22]
MphR Prphr GFP E. coli NEB Erythromycin [23]
MphR Prphr Lux E. coli SM101 Erythromycin, oleandomycin,  [24]
narbomycin, picromycin,
clarithromycin, azithromycin,
methmycin
MphR Prphr Lux E. coli DH5a Clarithromycin [25]
PamR Ppama LacZ Sreptomycesalbus  Pamamycin [26]
J1074
LnrJK PinrL Lux B. subtilis Amphotericin B [27]
Glycopeptides  VanSR Pyanvr Lux B. subtilis Vancomycin [28]
VanSR PyanHax Related to Sreptomyces Vancomycin [29]
growth coelicolor M1146
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Schematic of specific whole-cell biosensors for antibiotics. A: B-lactam biosensors; B: Tetracycline

biosensor; C: Macrolide biosensors; D: Glycopeptide biosensor; E: Tobramycin biosensor.
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1,6-anhydromuro-peptides KEMZE, fENFS
Sy FEE AmpR, TS ampC 3L Yk,
BT, Valtonen 45 BU¥ df Gk B FR AT
(Citrobacter freundii) ' ) ampR Fil ampC & K 3
BN (Pampc) e A B-IBE RIS A= 2 BRI PR K
J% ¥ 1 (Escherichia coli) SN0301, Jf HLE 4R
S IeF luxCDABE 3 % Pampe T IE, T IXHY
T B-NBERE A R M E L R X
(RS 2 Rl =R Sy & SN TS ALY NN 4173
BEEE . SRAVCAR . SLALVE T DL SOR M PG RS 2
i p-INBE DA R, JF HHRBUE R, X
W 37 PG ARSI e 5% B B9 A I BRAIK 22 2.5 ng/mL.

153l , Higuera-Llantén 85 P2R HIZE (U w44 {15 2
Jit i (Pseudomonas sp.) IB20 Y ampC-ampR %
55 A% E. coli SN0301 FA#k, (Ao
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mCherry YOG o SISk R FLITE (P. aeruginosa)
PAO!1 B #kAH L, Pseudomonas sp. 1B20 & #k X
B- PN ML Rz 2 it 25V S 5% , ampC 75§ 3R ik K
s AP AL AR BR S R S A I B- N
e RPUAE R, BT HERLE THEERMNR
THER). RMERIECAE RS MIE)
DL Rtk 5 B M 28 O e B pi A 36 %0 850 ), Hirp
X T g e 218 10 i [0 5L A B v Y R BRORE  BR A
K 8 pg/mL 3¢ % K% Fd A1 40 pg/mL W& 55/ ,
XT B R SR SK A R P A &R p A I R
1-10 ng/mL,

DAHE 22 FCPBH PR R E A I AL AR Y B- Pk
Wi R A A AE YL A T BlaR1/Blal
W R G0 . 4 B {018 25 BRI (Saphyl ococeus aureus)
T, it B- GG BlaZ JEH S blaR1l 4
TR, A B-NIEESEAF7Emy, BHiE & A
Blal £5 G7E Z 35 Z B RIFE X, i blaz £ K
MRIE; 4 B-INBEE b A RAAERT, PR
ZAREE M BlaR1 1Y C i SN 45 14 355, £, Tk
A, DT 8 S A4 i 5 4 A e Y 2R P G
P, B Blal P, blaz SR JF R,
Lautenschliger 25'"%% S aureus fit BlaR1/Blal
R G055 A M 52T 3 (Bacillus subtilis)fr, F]
F Poiaz T il #% 45 3£ K TuxCDABE HJik, M
P B-N eSS b A: R AE WL s A %Y
Tk RRCER P B- P Bk i Tl i A LA B 2 i Y
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A YA RS B N PERE , HERE RS R AR B-
WEBERCEPUAE R, IF Hoom A5 5 HA e B A
PE, 10 FAPTAE RIWSIASTERI D 7-53 £%;
E— DGR IR, A% A T [ A S A RN A
Br g e Y B R AR, AT T
WTER B-N BN R YU AE R A
1.2 M RFEMEREYERRSE

DU 3£ 2 2 (tetracyclines) bt A= 2 I 45 55
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P B R A Y — 2T LA R, Bl
TR B S PR . 22 IR T
SRR AREAR A7 R AR RN A 3h A
AW B AR E YRR, DU R PR E
TAFEUAR . L ER . SERME AR,
XK R R e M 25 O 20 T A BHA 308 T
L 16S IRNA, Ff-BH 1E Z B BEEE-tRNA 5 A fif
SEE A, DTS AR 4ET,
2 2 A0 M A A% IR 38 DL SRR s 1
TetR A0 ICIFHEATH HE, TetR J&— R iz U
WERHEEA, HAESRDHARN SRR
ARHEZR JE A tetA FR 90X &5 5 1M BH i 36 A 5
&, MM TetR 5IUMR RSG5 T tetA BBy %
K, (EAS AR AT PUFR K A R 2 RO

HET TetR /- R IE RS, Z 5 HI A
£ E. coli 115 A TetR VL J tetA J5 8 F (Piea) 5
AR 4 2 H (lacZ . luxCDABE Fil gfp)fili & 14 A
B, s at R S v i DU SR R R P AE R Y
S A A IR AR U IR S s A A R L
AR REUE, eI At fa R U
RIS Z R YRR R RTUE R, &
A BR 43591 A 2-35 pg/L. 20-50 pg/kg Al
5-25 pg/kg. Hansen %P0 A4 (4 440 i £ 4
IR 5 TR A o e H AR MRS A, LTl b
+ 48 b f0, 2L 5% 55 1 (Streptomyces  rimosus) = A
(A PURRZ A TALI . Ma %P4 ofp 1 mCherry
Ve N R A5 LR JC R FE E. coli DHSo H#g 2 T 1]
FH v 38 R 498 PO PR A R4
ML A= AR s, RIBR A T 5.32-10.80 pg/kg
ZIE); FEMCIERE I, R EE Y lacZ,
SR 5 P AL I TR e g4k, kR T —Fp
IRBGAS | i 38 5 0 46 4 0 4 240 i A W 4 TR
(whole-cell paper strip biosensors), H:Xf7KFl+
e o U BR 2 R R 43 50K 5.23-17.10 pg/L Al
5.21-35.30 pg/kg',
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JRUE A FH BT A 0 TetR #4219 42 40 i A 4%
JRES BRI N 2R UM R R AR, (HILTE
M 1o, % 470 6 % A4 TR 7 A 28U IO B R —— % i BR
Fo W, Li VDR A e X TetR 2K
FIHEAT 2R, BT 356 4 A% ) R B i B4 22 1) DY
R EYLIRAS; 5B AA TetR A HE ML R
FHLE, FIH TetR ZAR (A S (1) & ks HA AR
ARSI PR RN B 2 R ML WA 5 o FH AT L, ) g
LT 8% 25 B T4 4 L A ) A SR 14 Wi 7 P T
1.3 KHFRWEELRIE RE YR RKER

RIFNBER DU R ZBA RIFNBRA BT
WY, R RER . MaERMRHERS,
Hrp, 208 RAEPUA: KRB A 00 b 5 40 A%
WA 50S WP KL h G,k BH WA K AE A &
mRNA V£, 1T 30 i 2 15 4 2 A B

ST 8 F AL R AN M A Y% B 1 )
1 B H T SRR N F MphR, MphR J& —Fl &
T TetR ZEME M PHLEL AR 11, TodiA: = M R ER
PN G B R 5 R L IR (mph AV K3k, LF R
SR IR N ER A R AFTE R 5% mphA 3Rk,
FLERIA 77 W) B K 2155 28 AT Wl 1R A A8 i 2 1 7
A 2451140 Kasey Z:227E E. coli H# Jf] MphR
M T RN B DA R A YGRS, @t X
MphR FE17 2 A A 5EAE LA K BEHLEAE , fifi
T 0 X 18 2 USRS T 10 1% /9 MphR 58748
A, Miller Z27E E. coli W41 i #6315 MphA,
T o XL AT B R AL B i BH R L [ B L
FAAL, T AT RO AE A0 N AR AR R
i A ) 4 A L A ) A IR Y R R A T 4
10 fi5, FTLAKEIENEZE 13 nmol/L LI HH .
S5 G BT RE )R SRR W] LIRS MphR
PUNEY 0 R S, B4 A MphR TGk X 4341
HREMTPIRHR(C-6 HEFRANAFER), H
FIH MphR 28728 (& MOC4 #4) (1) 4= 41 o A= W 1%
AR REAS R e N e hi R R PRk
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B, MIC4 4ty 587 E R MphR + 53 AH{M,
Vi B o 55 B 54 2 S T LA I 2 oA e 1 B %
LR 1 25 B Pt P2

A& R 2 B 2B Bk A R (Streptomyces
alboniger) DSM 40043 ;A i —Fp R IR N RS f
PEIIHRIF], ZBE T TetR V5L SEP T PamR2 fEMS
M) 10, ‘Bl 0 5 25 0 I S AN HESE A pamWw 3R 56 5 2
F I, Rebets %5275 47% 55 i (Sreptomyces) Hh F4
W) 1 R R A A AR A R T
A AR B DA B SRR S AR
Z A Y SR RPERR T A% IR (8 e 1 M FE

ZIHRPUERWE T RIANERE, HE5H
o B 2 PR ORI N R AR, e
#HE B, HlIEEEMAMERSE; 2XPER
XA TCAER, XTEEAMEAEN, Hhmk
FE BIEIRITEREB R EEy U E R -,
B. subtilis "S> 58 LarJK BEMI Y 1R R
B 30 InrLMN 0 F193%58, H™H) LarLMN
M ELME 254 & linearmycins i Z5PEA
FHY ABC $5i2 2481, JEF I, Revilla-Guarinos
ZE27E B, subtilis H % luxCDABE & T InrL 3
gl FP))5, TFE T —FE X% E B
S5 2 ST A R 1 4 A0 A A IR
WX InrLMN #2407 iy, BT T1%
BEAS I e, XTI E R B AN R
R N AE T A A T 6 A5 36 i, AETE
AT RS 855 7 5 v 38 BT R 4 e iy A%
R, BB AShE MR R B AR
5575 7 (Sreptomyces nodosus) ATCC 14899; %
A IR A I 25 AT FH T 07 208 1 0k S TR D A 1) 3 7Y
ZIERPUER,
1.4 HERAEIME RE PR KSR

B Ik 2 B 42 & (glycopeptides) J& H 4% 7
J& FIE T A B IR AR T, A5
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Hefb . LSBT R 2
FF £ Eif 25 45 2% [ PH % 3 (40 Saphylococcus
aureus) W IG IKIGYT, BT HRER . BEHT
MER T BERED, Xy R UL S
A AT ) D-Ala-D-Ala —JIK MM BH 11
FEIRRNE , AT R 2R 4 A Y
X TR R AR L, T ER
REMS IO AL Z BRI VanS Fl s N A 8 A
VanR 41 W0 7 R 48, #ETMTAE S vanHAX 4
YT R FER, Hodr, VanH BERS S PR R 4 JiR
& D-FLIR(D-Lac); VanA f#fk D-Ala il D-Lac
FHi%E, JE L p-Ala-D-Lac —Jik; 1l VanX NI j2&—
Pl R, 67 B U0 RO A e R R o 1Y)
D-Ala-D-Ala JIKM, Kk, vanHAX i S %k
Jo 20 B R SR OBE TR KR OR s kR Oy
D-Ala-D-Lac, AHHMEIKEYUAERSS, Xz
Fepi RELH 25N

BT U7 8 R -0 & T RS VanSR,,
A ANBE 5 14T B T R RS T A TR R 2 e
H: R AL Y15 A o Fang S 38 i Bk
& (Enterococcus faecalis) ' i) VanSg-VanRg 1E
B. subtilis " 5 ISRk, JFAF LR £ A #E AL R
317 Puanvs 5 |UXCDABE Rl &, #4282 T K& 7+
TR NAEWR RS RIS SRS 3+
(Py)¥%E il VanSp-VanRp B3Rk, TG ANES
T (AP Py AS TSR i v s R A s
MR , 0.05-0.25 pg/mL J7 8 R AEFER A 55
SREEHR T2y 500 7%, RUFRATZE 0.01 pg/mL.

558 TN b (388 11PN 20 e oS TN Ei [N O N
4575 14 (Sreptomyces  coelicolor) M1146 1E i
B 20 MG EE T P FPRE IR ZE P AE R A0 AR Wi
JRARP, SRR R AR A K SRS #
AFAEFE B IR 1) A A SR 78 4 200 b A= A% Tt
IR & MG R, EHRE DAIA 5Tk
b B AR v 4 KA R Ui D-Ala-D-Ala B9-E L, 1%
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PN T DAIA RIEEMR, YBEIREPIER
FrERy, ZPidRiFEFA D-Ala-D-Lac % [
VanA KEFRL, i &H LB LM VanA 32
FERR B A A, S LIER ALK MK, 4
A BRI Z ), vanA B £k BRI,
A VI SCHFRRRBE SR, M T A R X
1 TP A R 1A ST A X oy B R AR
FRA 0.5 ng/mL, I ELAEME X HEIK P E R AEY
A B DR ) S VR R P B R
F A BL P luxCDABE #4281 A5 ) & 110 4
U AR, R TR Z T B RIS
T2 B 15 A B F (Pyang 1 Puannax) $2 il 4 45 2 [
MIFRIR; H R L AR R T BRI
Mg 107 24 S R B AR, L Panmax A8 19 15 J%
i ELAT T T 1) 2 A3 B R g g e 7 B
BT ST X 3 FOBE K B AR 2 AR TR A
T ol R R A e B B B R A R LA
R F AR A R IR R A £, D
o TR AT JEC A% AT A 1 4 0 L R R R
B T BB Kb AE A & P

1.5 HMHSEMmERELHEMREIE
Bk 2%

FRR IR —Fh 2R 2, HEZEN
MU AW e A B AN B mG B, M BH 1k H:
LR IR, AWM HIKREN Y&
B AT B IR 4 A0 i A 0 A R R A T
AR T 25 5 P R IRJAYE R4, E. faecalis
HOFE R IR BE 6% 0SB BerR BT S
ABC %132 24t BerAB KA, 0T 40 1 X%
PUA R 2. T, Fang 25250 6
E. faecalis i1t} bcrAB J3 8l T (Ppera) 5 IUXCDABE
B, SRS A B. subtilis Hr, [8 0 FIFH A BE
SR o PG berR BIFRIL, T EE T RERE G
DT T8 K 4 20 i A AL IR, At b s iz ag
JERAERTE T (AP A ARSI ¥ B2 AR S 0.3 pg/mL
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ZAERE TR TR AER, fEIRIK
IBIT B PR R gz A, e R
B sk By . 5 HAUAE R A g AR
WG RS AR R R, A0 5 R A G IR A
ATFARHORE T sk M 1, TR T —F A
Bk Y BR8N 2 41 75 2 17y RNA 751, B
MBI K (riboswitch) . M APLAERE, ZHE
F¥ % SD (Shine-Dalgarno) /¥ 51 5 anti-SD [+ 5]
MY, AR Ok TR ok MR
RAFFERT, RNA ML BUEIF kA ATY], SD
Fe NS AR, Ja shl 2 38 I i 5 51, Wang
AELOh N T RO A Z AT B E B RNA 51
A E. coli t, T RN R S EA I 2 A A
R0 AE YL s s e e, 4R
157 HA B AR P B A0 A= AR B, R
PRALZ 40 nmol/L.

2 JTHANERLERENE
R
PR 3 4 2L D R B K

M ZA PP R LAY (GR 2.
Kl 2), 38 XA TR e 22 5 ] i H A
[FVEH T A EE A A R R, X
PR AR B AE PG AR R D [, 36 H
TR AP G M =l w0 A, T
THUERAE DL 5
2.1 ‘AREEEER O RAE L AR

£ TR 4 A RE S 57 T 20 M RS B A — i W)
PERPRIPZ, B IR MR ZS M A A, B
A LR 20 MR A8 DL AR A i 50 5205 05 e 2L i
VR o A RE X T 48 R 22 B0 A TR DR Ul A R
SO | i BRI E 7 2 D R S i D g r N U
75 24 T A4t R oAy e o B ) B A 2 VR AR A
L BR A 20 T B9 <P g 3 7 2 8 (the - Achilles’
heel of bacteria). V12 F BB A R AR REFr 7 1
I v 240 PO RE P AR )5 G RR BRI SCRTR Y B-
WS RIS B A R 4h, R LFE D- 22 A
MR . FFRIAK . WA RS, MR bR S
£ J A= ) 2 SRR A T ) S 3 T 4 R A 4 S
HIFN A RS

F2 NERIMERLMMEEYERSE
Table 2 General whole-cell biosensors for antibiotics
Class Regulator  Promoter Host Reporter  Antibiotics References
Cell PghKR Puiaa Shewanella Lux Ampicillin, carbenicillin, [47]
wall-targeting oneidensis penicillin, vancomycin,
antibiotics MR-1 D-cycloserine
LiaFSR Pjia Lux Vancomycin, bacitracin [48]
oM Pywac Bacillus subtilis  Lux Cell wall synthesis inhibitors [49]
Unknown Py, Pmuz,  Staphylococcus  LacZ Cell wall synthesis inhibitors [50]
Psys aureus
Cell Unknown  Pgcozog9 Sreptomyces Lux Vancomycin, flavomycin, [29]
envelope-targeting coelicolor penicillin, ampicillin,
antibiotics M1146 polymyxin
oM Pypua B. subtilis eGFP Polymyxin B, polymyxin E, [51]
D-cycloserine, bacitracin,
fosfomycin, ampicillin
Others Unknown  Piypus B. subtilis Lux Fatty acid synthesis inhibitors [52]
Unknown  Pyyp B. subtilis Lux DNA synthesis inhibitors [53]
Unknown Py B. subtilis Lux RNA synthesis inhibitors [53]
Unknown  Pypg B. subtilis Lux Protein synthesis inhibitors [53]
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Figure 2 Schematic of general whole-cell biosensors for antibiotics. A: Biosensors for cell wall-targeting
antibiotics; B: Biosensors for cell envelope-targeting antibiotics.

LiaFSR R4 /& B. subtilis i 1 41 ity BE 45
in AR RS, AR LiaS. D& RE
H I LiaR DL ESS S MHI & LiaF Ha; 24
LiaFSR JEH B JT 8 REDUAERMENTEM
Y M REI I, £I0E lialHGFSR ¥R\ TRY R
ik, Kobras 2l b6t Pioy i 2 F 545
|lUXCDABE Fili 5, 1 i 4 S 1 4G 0 248 e B
A R WA YR RS, T ER
FFT B IR LA B i) R 5 i A WAE IR AR AE
[T A4S Al s e e 7 2 L BE R el AR R . ) —
Jiif, Czarny Z™H7E B. subtilis Hok fE 3h T
Pywac 5 IUXCDABE il &5 (ywaC 4 it 7 4 it B 1
BT FRB I S H A ), M TA A T 4 i B
e R AL G, RS R AL B vt
26 000 RFP/NFTHEATOH L, BZSEE 9 Fh
HT LN i BE A 4 A A ) . Galarion 25RO
B lacZ #4535 S, aureus 11 6 15 A 40 it BE
WA R G 3 F (Pgis Pivo « Pmurz Popps
Porro7es Fll Psgi) i 3, i A B 3 PR 817 (Pgis «
Prourz Fll Poge) 14 2 1) A 40 % JE% 48 BB AR S5 2 i
Y M RESE [ BT A 2, RS WEIE A R Pz A8 2

&: 010-64807509

A IRES EE ST T —Fh s 8 B IR e AT T,
Tt 9 000 43 KA = Py $ ) v i a5 Hh —
TSI A 240 B A 405 B o 75

AR, AR TE 5 22 [P s A
75 FL K (Shewanella oneidensis) 45 4 1 — &
T 0 1 SR R 25 200 e B 53 40 1) L2 53 R ¢
ARG 4 R BRI PehK IS 3R 5 2 1
PghR 41 %, REHE B 5 8 R 2 B- LR IS bt
AR RS ) A L BE i 4 075 B- A Tk Mg il 2 A
blaA 133k ; BJG IZF N #2400, 7€ blaA
55 3 F (Poan) J5 38 72 2 45 25 I T 14
|UXCDABE, H4# T 420 Ml 4 Wy 1L Jk i s iAW)
1% AR RE RS 5 SR me 8 B- PN B R R0 A R (T
HRRER) . MMRPUE R QT i & ) A b3
2 FRERBRRE SRR, MY ZHHES
AV 200 B B S 1) P AR R TE A Y AT A B- P bk
e i A R BB R AblaA FI XU 2> R 4
PghKR 5 i itk AampG, W58 7t T AE W%
JERAS H M N AR RIS OBLZ P A ST
T2 L RE R ) AR B R R TR,
A SFEEREE R e B 7 BRI ) 20 B S [ BT

B<: cjb@im.ac.cn



ISSN 1000-3061  CN 11-1998/Q =¥ T #2224 Chin J Biotech

AR PR A, O O — B 2% G
PR TR SRy JEC 25 240 L ) 8 P 40 Y B e B 2 R AR
fRgs , A R IR 22 G B T 24 747 38
AL/ IRECE 9
2.2 HAEMOESEIE RE R R

A0 R LI (cell envelope) e PR3r 200 1 200 it fie
ZANRARAEE R I Z 2450, B[R
H A TR R 9 2 T ) 4 TR LA [), T R 2 )2
JOR SR RO A ML RS 1, T JS R A TR A L
) R SR 2 R 4 B B2 ) BT MY R R g
21 T M ST 7 200 M R R BB, R T ] 2 TR
L HEE P e A 2R I ] 24 R o) 40 R 1)
PrAEZR o BA B A0 TR R P A R AR AR R
s 5 DA 22 UG P TR Ry G 48 400 O 35 T i oy
I8 N B IR R G AT

B. subtilis X 2 i i 5Btk 360 9 107 28 32 2 1h 48
Jitd J5i ¥ T fiE (extracytoplasmic function, ECF)[A
T oMo M I Z BT o T YhdL B H A
BYEE H YhdK 9T, 75 IEH & T M #idi o B
G YhdKL Z54G, JoIRUMTE T ry ik
YR AR, $T o T YhdL M5 K
AUl oM BRI, BN o S TR SE A
R0, ARUEIZ A B. subtilis i o™ A4
T 118 B B 300 1 2 R 4 R A e A L 2R P A
JRERPY, Bk, Xt oM IR B 2R R R 3
(Psigm~ Pypuas Pydari+ Pyack T Pypng) LA AN [F] 2 75
FEH T (egfp. sfgfp. lacZ F luxCDABE)#EA T
THEE, R T ERMER. FEmihShie
RIRIE AN R MR 31 ITlF Pypua DA S i
FER RS BE R TT egfps Bk T X LEA B TCIHAS
A 1) 4 24 A ) A R T A0 R S 42k i 1 5 | 4
MR8 AT AE 2, S 22 0 T 2 A5 A i
AP R AFF K . D-PR 2R DL S =R
B2 YRR A F OO R A ) 2 T A
FEE B A 2R (R I 28 RN S8 3R ) W TG vk e 3

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

BT o™ T i ek L M AL oM P
FE RS, BERIK T ERSNET =
MRS s 2 AEWE RSB ] T 2 R 2R AT
I (Paenibacillus polymyxa) % [ 1% 35 3t v £ 26
PRI 2 PRI, A R FH T A0 TR R RS R 4 A
7 T I e R

i, Wang 2120 S coelicolor M1146 &
P 355 200 R A A T 240 A PR R 1) P 2R R g R
PG IR A o L LU SR A 22 R IR 11 A Y
SRR TPZATHIK, BRinER . ZHEEX EM
Tty e AL B R, SRS R g
W36 72 B 5 v 1) Bl F Pscosose; %A shF5
|UXCDABE fill & , #4 1) 1% 84 DA bk R 6% 5 S5 Pk
R AL el AP B b AE R, IEE R, Sk
I EI ., MRk, BRinER. Z2FHE. 7
R RAGAICR R G, RG A R TT H T4
PR M FEE L ) 2 R P AR TR Y el R, O
2 399 MY UL 166 421 TH T A
TR S 17 VTR I 20 A R e BT A=
Egaaacyi
23 HiERmE REVIE RS

W I A% ARG 0 290 e R 0 4 e L [ 0 2E R
AP IRER SN, A — 28 S R Y AR s
FE % Aoz ) 8 ) FC At 55 AR ) B LR AR W B R
F. B, Hutter SFU2URHEIL 5 SRk £ T
ZNZIAERIEFNRS T, RE 5900
E B GF N @A, 76 B. subtilis I T
e 7 Ji 7 R A= 5 A i) 37 (fabHB J5 3l ) /Y
AL RS EIEIERE I, Urban 2605
WHIEE T BEUZ I, DNA (yorB J33hT). RNA
(yvgS JA 3h 1) LK H i (yhel 5 30 5) 35429
B AR Y 2 40 M AR AR g, TR T I 2
A= PR AR X 14 000 A3 F0 AR W) E 4T e il
Mk, AMEERER Al Z2—FaHE A B4
Y& Pt E R



gxm 2 | pezcanensnznetsoanztr D

3 REERE

g BTIR, LAGHCA: W A R G A A A
R YR IR E R AR — 2R
e R 2R BT AR B AR S B AR WA I AR
TR, Gl DIOZAR ISP A 2R 25 2 %
TR E H R ROT s T s o — KR
RGN Y PR B S ) ) R A R i, REREAGIIN
IR B SR Upew E T/ E S S R S |
IR A P A 2R R AR O R TR P2 R Ge b AT R
AN TR T Y B0 A 28 A W A5 et BAT AN TR B4
TR, Ry Sk AR AR TR T T 2
KT L AR PR P 5k B BT R AT S S
I, s AR RIS A B e
PEAT I O, ) 2 A A A A A B
HHUAE R A BTG Z A AP 7 T B A
REIPEH:

R R gAY e 28T T
— e R, (EANFEIF 2 A R Z AL, AR
(1) PUEREYRES RO RRT
A b RO AN 2 AR R I R 4% R 4
SR RIS T oA W0 A X e A 2R A 5 O -
e pLmr s B =, e R NPT AR R AY
BT SR P Y FERE DR 81 oofh ik A g
Z, WORMIRE T i R AU RE it S
DAl AR F S Bt bl g e 2
Fift - BeA2 4l 5 22 900 AR B IEROLE AR 310
(S NIIR> 82 WLE 2 NNE e S o ] R EZRTS A
(2) BUA B VR 2P0 A 3R A A S A I I A7
W 7 IS [0 L RSV LA L SRR AN e AR
EVEZESE /IR, T LR A E kAl . F S
VPR 45 Z2 Bl SR Xt 2 A FEAT AL, TR g
XA R A H S R R A, AR
PR NG | R R REE
5 LSRR SRR L AP A R A AR AR o (3) PiAk:
B W A S (T P 4 5 PR T A ) e A

&: 010-64807509

PG AR N SO, PR B TR Y /S|
KL 2 Al R AT AR A 4 il o
W TR R AT R, na 3 b 9 5258 R A
FEATAAE K IR P S I A AR RS, fEK
PRI AR SN S B 1 3% [T g%, AT s 6, TR
TEINSE TR B9, ZERIA BT RE % T AR P
RS ORI T (4) BHETE
A Z T R ST AR I A Rl Ak K5
GREAE X HUAE R BT P R I 5, AR 2T
YA R A AR R i T i A T e s
WEFER B, JEICRDAL™ ST A i 5 7 A R
UL RE . AR A ng Bl B, R 2B
RS A58 485 X A 1 Dt R 0 35 2 RS 14
K, AEYUAE R A Yy AR AR 5 6 M ] T AN [R)
E20 s ST RE S5 A2 D FOSAR 8

REFERENCES

[1] PHAM JV, YILMA MA, FELIZ A, MAJID MT,
MAFFETONE N, WALKER JR, KIM E, CHO HJ,
REYNOLDS JM, SONG MC, PARK SR, YOON YJ. A
review of the microbial production of bioactive natural
products and biologics[J]. Frontiers in Microbiology,
2019, 10: 1404.

[2] AARESTRUP F. Sustainable farming: get pigs off
antibiotics[J]. Nature, 2012, 486(7404): 465-466.

[3] Antimicrobial Resistance Collaborators. Global burden
of bacterial antimicrobial resistance in 2019: a
systematic analysis[J]. The Lancet, 2022, 399(10325):
629-655.

[4] HUANG YX, LI Q, ZHANG YL, MENG ZJ, YUAN
XX, FAN SF, ZHANG Y. Determination of six
eugenol residues in aquatic products by gas
chromatography-orbitrap mass spectrometry[J].
Journal of Food Quality, 2021, 2021: 9438853.

[5] MU SH, WANG CY, LIU H, HAN G, WU LD, LI JC.
Development and evaluation of a novelty single-step
cleanup followed by HPLC-QTRAP-MS/MS for rapid
analysis of tricaine, tetracaine, and bupivacaine in fish
samples[J]. Biomedical Chromatography, 2021, 35(10):
e5176.

[6] CHEN YQ, GUO YY, LIU YW, XIANG YP, LIU GL,
ZHANG QH, YIN YG, CAI Y, JIANG GB. Advances
in bacterial whole-cell biosensors for the detection of
bioavailable mercury: a review[J]. Science of the Total
Environment, 2023, 868: 161709.

[71 INDA ME, LU TK. Microbes as biosensors[J]. Annual
Review of Microbiology, 2020, 74: 337-359.

[8] VALTONEN SJ, KURITTU JS, KARP MT. A
luminescent Escherichia coli biosensor for the high

B<: cjb@im.ac.cn



m ISSN 1000-3061  CN 11-1998/Q =¥ T #2224 Chin J Biotech

[15]

[17]

[18]

[19]

[20]

(21]

throughput detection of f-lactams[J]. Journal of
Biomolecular Screening, 2002, 7(2): 127-134.
HIGUERA-LLANTEN S, ALCALDE-RICO M,
VASQUEZ-PONCE F, IBACACHE-QUIROGA C,
BLAZQUEZ J, OLIVARES-PACHECO J. A
whole-cell hypersensitive biosensor for beta-lactams
based on the AmpR-AmpC regulatory circuit from the
Antarctic Pseudomonas sp. IB20[J]. Microbial
Biotechnology, 2024, 17(1): e14385.
LAUTENSCHLAGER N, POPP PF, MASCHER T.
Development of a novel heterologous B-lactam-specific
whole-cell biosensor in Bacillus subtilis[J]. Journal of
Biological Engineering, 2020, 14: 21.

PELLINEN T, BYLUND G, VIRTA M, NIEMI A,
KARP M. Detection of traces of tetracyclines from fish
with a bioluminescent sensor strain incorporating
bacterial luciferase reporter genes[J]. Journal of
Agricultural and Food Chemistry, 2002, 50(17):
4812-4815.

HANSEN LH, SORENSEN SJ. Detection
quantification of tetracyclines by whole
biosensors[J]. FEMS Microbiology Letters,
190(2): 273-278.

MA Z, LIU J, LT H, ZHANG W, WILLIAMS MA,
GAO YZ, GUDDA FO, LU C, YANG B, WAIGI MG.
A fast and easily parallelizable biosensor method for
measuring extractable tetracyclines in  soils[J].
Environmental Science & Technology, 2020, 54(2):
758-767.

MA Z, LIU J, SALLACH JB, HU XJ, GAO YZ.
Whole-cell paper strip biosensors to semi-quantify
tetracycline antibiotics in environmental matrices[J].
Biosensors and Bioelectronics, 2020, 168: 112528.
BAHL MI, HANSEN LH, SORENSEN SJ. Construction
of an extended range whole-cell tetracycline biosensor
by use of the tet(M) resistance gene[J]. FEMS
Microbiology Letters, 2005, 253(2): 201-205.

LI SL, CHEN DD, LIU ZQ, TAO SP, ZHANG TY,
CHEN YW, BAO LZ, MA J, HUANG YE, XU SM,
WU LJ, CHEN SP. Directed evolution of TetR for
constructing sensitive and broad-spectrum tetracycline
antibiotics  whole-cell biosensor[J]. Journal of
Hazardous Materials, 2023, 460: 132311.

LIU YE, WU YF, WANG L, ZHU LJ, DONG YL, XU
WT. A ratiometric dual-fluorescent paper-based
synthetic biosensor for visual detection of tetracycline
on-site[J]. Journal of Hazardous Materials, 2024, 467:
133647.

KORPELA MT, KURITTU 1JS, KARVINEN IJT,
KARP MT. A recombinant Escherichia coli sensor
strain for the detection of tetracyclines[J]. Analytical
Chemistry, 1998, 70(21): 4457-4462.

VIROLAINEN NE, PIKKEMAAT MG, ELFERINK
JW, KARP MT. Rapid detection of tetracyclines and
their 4-epimer derivatives from poultry meat with
bioluminescent biosensor Dbacteria[J]. Journal of
Agricultural and Food Chemistry, 2008, 56(23):
11065-11070.

ULLRICH T, WEIRICH S, JELTSCH A. Development
of an epigenetic tetracycline sensor system based on
DNA methylation[J]. PLoS One, 2020, 15(5):
¢0232701.

MILLER RA, BROWN G, BARRON E, LUTHER JL,

and
cell
2000,

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

[22]

[24]

[25]

[27]

(28]

[30]

[31]

[32]

[34]

LIEBERMAN M, GOODSON HV. Development of a
paper-immobilized yeast biosensor for the detection of
physiological concentrations of doxycycline in
technology-limited settings[J]. Analytical Methods,
2020, 12(16): 2123-2132.

KASEY CM, ZERRAD M, LI YW, CROPP TA,
WILLIAMS GJ. Development of transcription
factor-based designer macrolide biosensors for
metabolic engineering and synthetic biology[J]. ACS
Synthetic Biology, 2018, 7(1): 227-239.

MILLER CA, HO JM, PARKS SE, BENNETT MR.
Macrolide biosensor optimization through cellular
substrate sequestration[J]. ACS Synthetic Biology,
2021, 10(2): 258-264.

MOHRLE V, STADLER M, EBERZ G. Biosensor-
guided screening for macrolides[J]. Analytical and
Bioanalytical Chemistry, 2007, 388(5/6): 1117-1125.
LI YW, REED M, WRIGHT HT, CROPP TA,
WILLIAMS GJ. Development of genetically encoded
biosensors for reporting the methyltransferase-
dependent biosynthesis of semisynthetic macrolide
antibiotics[J]. ACS Synthetic Biology, 2021, 10(10):
2520-2531.

REBETS Y, SCHMELZ S, GROMYKO O, TISTECHOK
S, PETZKE L, SCRIMA A, LUZHETSKYY A. Design,
development and application of whole-cell based
antibiotic-specific biosensor[J]. Metabolic Engineering,
2018, 47: 263-270.

REVILLA-GUARINOS A, DURR F, POPP PF,
DORING M, MASCHER T. Amphotericin B
specifically induces the two-component system LnrJK:
development of a novel whole-cell biosensor for the
detection of amphotericin-like polyenes[J]. Frontiers in
Microbiology, 2020, 11: 2022.

FANG C, STIEGELER E, COOK GM, MASCHER T,
GEBHARD S. Bacillus subtilis as a platform for
molecular characterisation of regulatory mechanisms
of Enterococcus faecalis resistance against cell wall
antibiotics[J]. PLoS One, 2014, 9(3): €93169.

WANG HY, SHENG Y, OU YX, XU M, TAO MF,
LIN SJ, DENG ZX, BAI LQ, DING W, KANG QJ.
Streptomyces-based whole-cell biosensors for detecting
diverse  cell  envelope-targeting  antibiotics[J].
Biosensors and Bioelectronics, 2024, 249: 116004.
LLARRULL LI, TESTERO SA, FISHER JF,
MOBASHERY S. The future of the p-lactams[J].
Current Opinion in Microbiology, 2010, 13(5):
551-557.

ZAPUN A, CONTRERAS-MARTEL C, VERNET T.
Penicillin-binding proteins and B-lactam resistance[J].
FEMS Microbiology Reviews, 2008, 32(2): 361-385.
ZENG XM, LIN J. Beta-lactamase induction and cell
wall metabolism in Gram-negative bacteria[J].
Frontiers in Microbiology, 2013, 4: 128.
ALEXANDER JAN, WORRALL LJ, HU ],
VUCKOVIC M, SATISHKUMAR N, POON R,
SOBHANIFAR S, ROSELL FI, JENKINS J, CHIANG
D, MOSIMANN WA, CHAMBERS HF, PAETZEL M,
CHATTERJEE SS, STRYNADKA NCIJ. Structural
basis of broad-spectrum p-lactam resistance in
Staphylococcus aureus[J]. Nature, 2023, 613(7943):
375-382.
CHOPRA I, HAWKEY

PM, HINTON M.

s



SR % | PR M RS R 5 & RS R

[35]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[47]

Tetracyclines, molecular and clinical aspects[J]. The
Journal of Antimicrobial Chemotherapy, 1992, 29(3):
245-2717.

BRODERSEN DE, CLEMONS WM, CARTER AP,
MORGAN-WARREN  RJ, WIMBERLY BT,
RAMAKRISHNAN V. The structural basis for the
action of the antibiotics tetracycline, pactamycin, and
hygromycin B on the 30S ribosomal subunit[J]. Cell,
2000, 103(7): 1143-1154.

MOLLER TSB, OVERGAARD M, NIELSEN SS,
BORTOLAIA V, SOMMER MOA, GUARDABASSI
L, OLSEN JE. Relation between tetR and tetA
expression in tetracycline resistant Escherichia coli[J].
BMC Microbiology, 2016, 16: 39.

HANSEN LH, FERRARI B, SURENSEN AH, VEAL
D, SORENSEN 8SJ. Detection of oxytetracycline
production by Streptomyces rimosus in soil
microcosms by combining whole-cell biosensors and
flow cytometry[J]. Applied and Environmental
Microbiology, 2001, 67(1): 239-244.

MA JN, HARPAZ D, LIU Y, ELTZOV E.
Smartphone-based whole-cell biosensor platform
utilizing an immobilization approach on a filter

membrane disk for the monitoring of water toxicants[J].

Sensors, 2020, 20(19): 5486.

VAZQUEZ-LASLOP N, MANKIN AS. How
macrolide antibiotics work[J]. Trends in Biochemical
Sciences, 2018, 43(9): 668-684.

NOGUCHI N, TAKADA K, KATAYAMA J, EMURA
A, SASATSU M. Regulation of transcription of the
mph(A) gene for macrolide 2'-phosphotransferase I in
Escherichia coli: characterization of the regulatory
gene mphR(A)[J]. Journal of Bacteriology, 2000,
182(18): 5052-5058.

s, FAZERE, BURE, BEARAY, MIRESR. 26 R IR
IR 2 B0 A R AR W6 I PR e 4 TR R F O
HERET]. A 2EE AR, 2019, 46(1): 172-183.
ZHANG B, ZHOU YT, HUANG K, FAN LG, LIU ZQ.
Research progress of regulators in polyene macrolide
antibiotic biosynthetic gene clusters[J]. Microbiology
China, 2019, 46(1): 172-183 (in Chinese).
STUBBENDIECK RM, STRAIGHT PD. Escape from
lethal bacterial competition through coupled activation
of antibiotic resistance and a mobilized subpopulation[J].
PLoS Genetics, 2015, 11(12): e1005722.

KAHNE D, LEIMKUHLER C, LU W, WALSH C.
Glycopeptide and lipoglycopeptide antibiotics[J].
Chemical Reviews, 2005, 105(2): 425-448.
HIRAMATSU K. Vancomycin-resistant Staphylococcus
aureus: a new model of antibiotic resistance[J]. The
Lancet Infectious Diseases, 2001, 1(3): 147-155.
JORDAN S, HUTCHINGS MI, MASCHER T. Cell
envelope stress response in Gram-positive bacteria[J].
FEMS Microbiology Reviews, 2008, 32(1): 107-146.
WANG ZZ, CHENG JW, DAI GM, SUN XQ, YIN XL,
ZHANG YY. The establishment of a tobramycin-
responsive whole-cell micro-biosensor based on an
artificial ribozyme switch[J]. Life, 2023, 13(7): 1553.
YIN JH, ZHU YL, LIANG YQ, LUO YK, LOU J, HU
X, MENG Q, ZHU TH, YU ZL. Development of
whole-cell biosensors for screening of peptidoglycan-

: 010-64807509

(48]

[50]

[52]

[56]

[57]

targeting antibiotics in a Gram-negative bacterium[J].
Applied and Environmental Microbiology, 2022,
88(18): e0084622.

KOBRAS CM, MORRIS SM, MASCHER T,
GEBHARD S. Application of a Bacillus subtilis
whole-cell biosensor (Plial-lux) for the identification
of cell wall active antibacterial compounds[M]//
Methods in Molecular Biology. New York, NY:
Springer US, 2022: 259-270.

CZARNY TL, PERRI AL, FRENCH S, BROWN ED.
Discovery of novel cell wall-active compounds using
PywaC, a sensitive reporter of cell wall stress, in the
model Gram-positive bacterium Bacillus subtilis[J].
Antimicrobial Agents and Chemotherapy, 2014, 58(6):
3261-3269.

GALARION LH, MITCHELL JK, RANDALL CP,
O’NEILL AJ. An extensively validated whole-cell
biosensor for specific, sensitive and high-throughput
detection of antibacterial inhibitors targeting cell-wall
biosynthesis[J]. The Journal of Antimicrobial
Chemotherapy, 2023, 78(3): 646-655.

YIN JH, CHENG D, ZHU YL, LIANG YQ, YU ZL.
Development of a whole-cell biosensor for detection of
antibiotics targeting bacterial cell envelope in Bacillus
subtilig[J]. Applied Microbiology and Biotechnology,
2022, 106(2): 789-798.

HUTTER B, FISCHER C, JACOBI A, SCHAAB C,
LOFERER H. Panel of Bacillus subtilis reporter strains
indicative of various modes of action[J]. Antimicrobial
Agents and Chemotherapy, 2004, 48(7): 2588-2594.
URBAN A, ECKERMANN S, FAST B, METZGER S,
GEHLING M, ZIEGELBAUER K, RUBSAMEN-
WAIGMANN H, FREIBERG C. Novel whole-cell
antibiotic biosensors for compound discovery[J].
Applied and Environmental Microbiology, 2007,
73(20): 6436-6443.

SILHAVY TJ, KAHNE D, WALKER S. The bacterial
cell envelope[J]. Cold Spring Harbor Perspectives in
Biology, 2010, 2(5): a000414.

MITCHELL AM, SILHAVY TJ. Envelope stress
responses: balancing damage repair and toxicity[J].
Nature Reviews Microbiology, 2019, 17(7): 417-428.
KEI A. Anti-sigma factor-mediated cell surface stress
responses in Bacillus subtilis[J]. Genes & Genetic
Systems, 2017, 92(5): 223-234.

LIU H, ZHANG LG, WANG WW, HU HY, OUYANG
XY, XU P, TANG HZ. An intelligent synthetic
bacterium for chronological toxicant detection,
biodegradation, and its subsequent suicide[J].
Advanced Science, 2023, 10(31): €2304318.

LAN JQ, ZHAO HW, JIN XT, GUAN H, SONG Y,
FAN YM, DIAO XP, WANG BM, HAN Q.
Development of a monoclonal antibody-based
immunoaffinity chromatography and a sensitive
immunoassay for detection of spinosyn A in milk,
fruits, and vegetables[J]. Food Control, 2019, 95:
196-205.

XU NF, XU LG, MA W, KUANG H, XU CL.
Development and characterisation of an ultrasensitive
monoclonal antibody for chloramphenicol[J]. Food and
Agricultural Immunology, 2015, 26(3): 440-450.

B<: cjb@im.ac.cn



