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Biosensor for B-Lactam Antibiotics Residue Detection-A Review

WANG Ming-hua, YE Zun-zhong, WANG Jian-ping”
(College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310029, China)

Abstract: B-Lactam antibiotics residue trace detection has proved to be an important safety
problem, due to its relationship of animal derived food safety and international trade. Biosensor
which would rapidly and automatically detecting B-Lactam antibiotics in convenient, has attracted
more and more researchers. Based on the different biological reaction, it can be devided into three
classes: enzymic, penicillin binding proteins (PBPs) and immune, Firstly, enzymic biosensor has
been took into practice, but their capacities were not enough to residue detection. PBPs were a
kind of B-Lactam antibiotics sensitive bacteria functional protein, which needs to be determined,
characterized, and produced through advanced biotechnology. Comparative advantage of
immunosensors was its low detection limit and systematic development. Recently, more research
concerned with the immunosensors and studied on the new transducer, nano-technology and
multi-residue automatically detection. New achievements and methodologies of computer,

molecular biology and bioinformatics had been used to design and screen bio-recognition elements
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for biosensors development, as well as to investigate the biosensing process. It hopes that

biosensor practicability would be improved though new biological research methods and findings.
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AREFKEAWEENREBANERE, %
BRHERERNERES, BRI AS B R FE
miiEEREERGEAGERSERKAS
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SR % E PR SR E R E B B KR
HEmERRE AR, BRERNFSERTTEL
HMRE"RMEAR AL, BT, Brikal
BARPERRES TR G E MG - Fk
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7= G B BEER S A A A A R T R Z B
REFH, Gl B R ML, (A FZE Xt
FERATRTAL I, BB H 22 HAUSS R B 1 22,
MELI R B TR R A oK . BRER e o AT A
ER—WHER, i ERNER LR L., 8K,
MRE—-EEXEEYEREFTERN 8- Bk
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B,

B B-HB R A ER BN EY RIS ER
B A 4 S 2 B g S R AT AR 3 2, B g A%
B FEERLAEOERES REERS EEE
TEXE R AT AR | LA, 4 AT AR 3R B 3R A SR Y
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1 B RS

EERBER BT EMNERESEAL B 20 i
250 ENBHERRREATEYERE " UR—F
EMRNES. ERBTEELRNYE 4,8
RIS R E/ FUR S BRI RN A &,
AFIE LR E A T BN BE R I A: BT BRI
R R [R] , DA A ZER A9 AE 4 4% R SRR T vk
FER#E R 107°~ 107 mol/L. BB FBRARE B
W EEEREEE ST ER S =R RS
HAELHEX.

L1 BHEREERfE AR

20 47 80 4E4t, Caras S Ml Janata ] 571015
U B B R B RS R
FER XRMERSHRNEENT .

penicillin+H, O penicilinase Peniciloic acid+H*

2001 4, Poghossian A U7 8125 A B p-p9 Bt
fee g L H2 R P B 78 pH-BUREY Ta, Os R, 4351
i85 B RN A% (EnFETs) | B, 78 1 o i Ji -4
24K~ 51K (capacitive eletcrolyte-insulator-semi-
conductor, EIS) #1334k 88 {37 11 (light-addressable-
potentiometric, LAPS) SEEI H* ¥ B 19 2 L s e
HEMES, KB EERENKRNEE Y 2.5~3.0
min, # MR & 5~10 pmol/L, BHE RS ] 3@ 1f fay 8
RER A BB H 1T A, 15 BER A0 {8 R BT T
ik 372 d, 2009 4E,Lee, S.-R.D%% A St - BERE
BB AR HEAT T HMOER PR TR s i s B 3
AR FBERERE MELTER KSR =LK
ST T 51 2 T A bk o S A TR
KA. R R B AERER, L 5 K
WA B 10T B 3 /K 8 BN 7™ A v o R A, FRORAR
] 1R DX 3 S 4 £ o T A M B R B S A
MATREHELES BRI RS R e,
TN B 0 R T L B R O R R R
BEATREMR ZHETESER, 0~25
mmol/L {EEINEE KM 60 IRFHREMT 1%, FE
J& »Siqueira ] R "4 i — 4 QR EA R S T
BE % AR, it TR AR P BE
1.2 (e Hes A ¥ 7 Bh A8 K Bl R 1 AR B AR

Rinken TV % A FH T 2L BR b E AL BEAE R
Kl B R A SRS A Y EURIT . BN
WA Em AL ER TR E AR L™ R AR,
R i o (6] 6 T B BR 3h B AL B b 2L R B L X
N5 53840, 7T LAS B 40 68 1 0T IR 58 i 9 K
N EEERREYREE AR R E&
BRI TEE R 0. 1~2.5 pg/mL. 1EH—fa £
R 7 b TEE LB B B ST T R 3 1 2 AR
B ARIETHEAKZFH#HITTHIE,

2008 4, Ferrini, A M AF R T —FET
B A E RS RES COZILRBI R & B R
BRI A YRR, U REEMHHREDAEK,
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HEm CO =&, Z LA EMER LSS
AHRARNE PSS B —HRmT & Nk
B RO HE FIRE & 22 8] CO, F= Z A9 AR 4k, I T 75 2l 3T
ARER. KRR AT AR EARE, B4 120 min
AR,
1.3 BMREfERH
RUMEEEAKFZHREERERGEE
RRAE, A — LR AN FERE S HER (PBPO) A
A RIKEEE M), Gustavsson. E % A UF| FH
B-PIBERE T A B X AR BRI M D I 1E A
SPR &8 B 15 5 AR 1 2 1l 7= ) & 3F B 4 4%
BHAERREARA. 4 HERES ZKARK
BETE 47 ‘CH&AM T 3SR 5 min, F 8] B 1k = BOK ##
HRK BYUE RN, BE HEREAR, = A M AR
k2 B . Bl BRB A A B OB i AR
RIGHERIIBEEYETEET ZIRAERBRE,
Rur=Y 5 NHS - EDC FHikiik G Ao E
MEER ZIKERFES Kbk, ERBREH
Gl N 5 MG 5 A Ak , 83 A i AT (R R AR AR
FFABRIIAEN SR, E5RNESHR/MR
R, ZIERSN TEERNWRIR Y 2.6 pg/
kg, 2004 B FEZEEN D —RREF, MR
B9 SR, 43 Bl A SPR 15 /Rk28 3% T [ 8 9 — ik K
SRR T RN R P RGP B =R U
YRS BEL, EEENRNRE LR, 4518
1.2 pg/kg M 1.5 pg/kg.

2 FEEALEQAYHAR

mTHBRRAE R SHE RN TIEE
EHR—FER4E4EH(PBP) BRIEMLES,
MM e AR TRARBYFETET
PBPs 83T 4 R R B M A P15 8% X R
ARG R A .

1999 4E, Setford S J™ ¥ & T M A REE 8- Bt
MR SEAM TAEER Ag/AgCl 2 H K
KR ATRMFFFHEEE G FEAKF, B
FRikE] 5 pg/ke, BT EIE 2~4 min MIFFRE
8] B WA 1~2 min BRI B, 2004 4F,
Cacciatore. GP1EAF & T —MAERESE T&
RHEVERBENEEEMLBERNRR Y
. B4, 8505 PBPs —®RIBS, RS R4
B BRI AR BRI PBP 44, AL G
PBP #: F ¥ —#¥ 5 DIG-AMPI(H & ¥ 4712 R
TEBEREAERELSY. BhEFRTENIkE
AR SENENERECEERELH

R, ARBEXERERM DIGAMPI-PBP 4478
BEEEY,Eid SPR RiiE Bt i RE %R 5
RABIEMESEN. FETRHRNSERT -
MBI A EN S BAUR . Rl FR K TR 45
.

2007 4, Lamar JI%) % A B Streptococcus
pneumoniae EHEEEEGEH PBP 2xx F R T —H
ZERBFEREUAMKERMHERPEERE B
NBEAEMNEERMLAEER. EoH+. 1
RATIRERS . PBP 2x » B EERE L, #
REHILATEEREERPHAERRESE R
PBP 2x * , R 5 F I A B ot E ALY 88 (HRP) 4
B3 & F Fab iy 5 PBP 2x * /DIG-AMPI-&
EYVRRELE S BRIEMA HRP KRY#TER
BB, SEESTIRA FABRER SR, i TR
RN AR £, LU PR B BB R R
B AR AXIRER, KRRAT 2 pe/ke.

3 REAMBERE

S (£ B 4% (Immunosensor) 2% %% fll F B
SR ARMES & AR —RH A YRR
RN B2, B—R A IRIE N E Y ik
WXL EY . B B RS R HITERERM
ERMAT T RUNURR R IR NG S RN
HERN . Sl RS A A SR E W R R A
My Rt B E (S B e REik L,
RN R B & A B A B A
a2 bR, 7 A R RTS8 O 0 8 A B
A F IR B . A JR3E AT 4 R dnic B
BB MIERIC B G A RER . BUE A AR S
FR(EHK) 5 B 7 15 B8 R E A BLIE (RHUFD
REFRRANEZE=EBESIRES. M
HREA—ERNRICY . %OLREA e xR
M ER B AAREEBIncFELER
R AR MES . G fh Rt RE ARSI i
BEEAEE.

1981 4, Miura TP % NBIFF & T —F0 L
REMBREABRSATRINFHTHEERR
B, CRBRFRAN AT E T 0.01 pg/kg AT
FAAMEREE. 2005 4, Samsonova® Z i RiE T —F
AMETHAREA RSN S RSN 4 1)
P BN T PR B [ 4 B A R 1R AR R I T L 10~
1 000 ng/mL, ZEXRGINAEGMRBER A TBREAT
2R PR DA PTG B BN » A B (R A & ) A T vk
775 ng/mL, M X T SEFRAE & Y 50 ng/mL., i
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BER, REARSNHRE KRR AR EEE
FRE 40 K B R 9 R L 36 R R T T vk 1 BB
B ZRE AR T RERETH . BMEKE T
AR R 45 2R

2007 4E, Thavarungkul PP % A #F il 7 —#
Jebmic B B AL o 0 AR 40 5 A R A T 4 3 Y
EERG. FEEGHAARERARAARR
BEEAES TAEHEM L, FARERZ 160 Hz LRI
WYL, ERMUREFATHE T ZHEHEL
Bl 1. 0X 10 ¥~ 1. 0 X 107® mol/L. 1 K fry &5 0]
BR 3.0X107" mol/L, BEFHPHHFER G Kk
KR E 1.2X107° mol/L. ERB/BELMA 45
W,k FEENEERNBRAL T REFMEE
HREE M, EXRERERT 4.

2008 4E, Jiang Z L AFF R BETHK &8
MEBE G RN SEIK S Cu 0115
RISLIR B AT 5 3R, RIBAR SRS
MR Cu** FIH % Z (8] 49 48 8L+ K2 B AN
(Au)nucleus(CUZO)shellE%#—L%E 608 nm 4k #y 34k
Bt BN RME AR IGES . EED 9 nm f9&
BRAGICIIBENE R R G 54, ERRE-ITE
MEWEPERH AT RER G WHETRERN, 28
LR FANSRE R AR bR kEL
BFEM BRI RBRES. SMAFURSTS

HEE G, LSRR R E L R, 1
RiEI5 12 608 nm 4b Y RS EIREE WD, AR AU
BEMEEE GREEMME/NNEELEN
0.09~21. 6 ng/mL, %M BR 0.01 ng/mL. [R)4E,1E
FORRR AL TR T —METHKELE 560 nm
RE BRI BN A S 9 K & SRR IR A D)
RS, MKERICMEBERMES AR LK

pH 5. 4 BERAEL-FrE R R h BT T. HIMAE
BEXGHL XA ESHRICHEREE S YT SRS
%. 560 nm ¥R ILREEGTRA 7.5~1 700 ng/
mLE5EEEGHREEREXER, KK 0.78
ng/mL, XMEESFHEMTHBTEERNE
EAARBNAEE,

2008 4, Duan H® 2 AFF R R F L RIB R
FIREHT . FER G5 Fe™ RWEM Fe',
MEBS5HEBT M Fe (CN)* £ B Fe; [ Fe
(CN)s * L, EAY . TEBUKIER AT e f 4k
AT . EAWBRER R FHRER 45 nm F 50K,
AT 58 T 4% 4% B A 8CST (RRS) #1 2 B 848
(SOS) [t (FDS) F AR LR MRl S, B R
B —E ML E N B SR R E LA
KR4 84, RRS: 2. 9~6. 1 ng/mL,SOS: 4. 0~
6.8 ng/mL,FDS;7.4~16. 2 ng/mL,

2009 4, Xie H L™ % A\ DI S EHUIKIE T
Fe A & URE AR R S B A0 AT A T i R
Bk E, 5 min AEEERNR 8BS, L8
FEFEMNLABEFTEARS MR B 0.5 ng/
ml), HAy 5 Ry R R Ik E W AR T 100 ng/
mL,

2009 4E, Katrin K7 ¥ 2 A FF % T —F7ER
Z. "B E g4 % L HCl-glycine (pH 3) %4
WORYE N B AR IR A B SR R S R ROt
T R B A AT 5 L A T SRR 2L R A 13 AR []
WAZR. BEES R RERIT AR B
B SEHALH THARNEHRE B3R,
ALLAEIEAEERA 40 KU LEWE D,

Enclosed flow-through microarray chip
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WEE R AN R B A& F R A AR
MR KBRE, W TR R 7k e
FR . X PP & B BT R 0 BUR X Ak 5
R, FEE R EA FR U EM
B ERA% BEARYE EYEERE¥EHER
BT —RIRZERR T EMER., EWEREK
BTAMFHNEEEAMRE, AR IR S, L
BT B A BLRAE J ZE R, 15 45 B 25 B 57 U ) B
RAF AR TFREEDERENERE. X—BH
IETES | BERSEMRERNKIE.,

4.1 E£YEBHFHEGT

AR XA T HAR MR AR EERF R
REFBTAY RN EERBESERE T
BREFSRINMNBFERRE B TR E,
Ht, G RENERERKEE LZB TAY
FEARMRKE W, EEEYERXTRPRFH
A BRRX FAEYERENF R WA B,

A 1% B2 i A A AL U B R R AR W A
F o REHLAAHAR. SR EDIIEE, IR TH
BRHNEYEARBREAGENED 440 E
FHRNFT RN G RBERFTRT FEEY
43F. 2007 4E Ryan B. J. P74 A B E M (Arg)
BT HRP &0 BB & B (Lys) T E A 5
TR EBIEESBEMNMHEERBE TEYE
RSB TELRRMNAERERE L, HRKETR
IR . 2003 4£,NATURE %% Looger L LI
ZAMARBER, FATENEAR BdXEm=
B S HRBTEARS S EQHITHEER
I RBREX W RIIRE, #ITREEUMITE,
Wit s T TNT.L- 2R s miE R AR E
ik, AT REYE R [F#, DeGrado W
FUUstib k% TS, BT HEEMESLE, ©rTLl
B s HUR R RS A . 2009 4E,Cao L MM
SANRHAEZEAGHERR P ZHEAMET
DFHEMBFHEBRN S FELIE, @&
Accelrys AR Cerius2 3448, BT EY F 2
MXBEBER I TEABENEFEHLERT
B DRZIR GRS R IRE X £ e
EEAAREA R 1T, BB ZRBRN. Hk
R R R IR NEBEREERTFH—

B, BB T HENBB SO EY S TR THEE

WIERBENEN. HEeetEdy o Finl ik
73T, 2009 4E, Giardi, M. T, & AEAET

B A RRE R TR U, 05 10 % Fp AR Rk st
it 0 T SBRERBARREERK R TE
#% Dl BHREEAERE. MEARSENET
—RIEREAE HE TREANSXEEREL
RAREAEA. LIS v ER, it T S5ERE
MAAER . BRIRGSHRKNERK, A THWEEY
fEREIF A TIOLRW. M F=FIRELXRERNH
RMFRTE 0. 8X 107" ~3. 0X107°, fe/RAF E R A
FRBH R R P BERR MK
4.2 SMERHAREEEERRL

TR AR A RN EYERS. CF
B IGE R MRS REY A TR, BAERRE
BEXETAYERBHORMIE, Chan, P
HUOSE AR T B-Ph ot A 8 1 4 045 IR R AT
THRAHRMBR. 2004 4, AEE B-HBERL
BRES AL RE RO TR BT 58 IR R T B AL S BE
R R A R BB R AR 18— 17 MR
FH Q-3 WTRE B VAT REAGIE tE AL AL, R BEIE T
DU EREX S, X~ XA EE - MREER
5RFE:Glul66, B S R S5 M R B X B R M
RIETEA A, SRR EETEREAR (Cys) AE
BIEHBT R, EH TR 1 800 15, B-EME S
PRERBIRR FAREERT THT TES
SEARBLERMRNTOERE SHHE(—SH),

KR R EEFR R E166CI(H 2).,

(b)
2 RHHRIE(a)El66Ct A ERE G(L)W. GG
Fm
Fig. 2 Molecular models of the fluorescein label (a) on
E166Cf before (b) and after binding with penicil-
lin G
ZARB TR A RME T £ Y1E R
25, 2008 4E] M F XS B-PI BERR I EEAIK it 1
TR A YR A AT BHEIT TR, 27
BB E166Ct BB R G WESYRUIOL
ZTRE S -9 BERR ANHL A R e T B L AR R
RTE AL X RS B A RS RIESERIFCA
TEHEOL SR ) 7 e AL 7 ISP RR KK BR IR o B ke
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EMBEZHK DT XAFBS TRAEERE
RYERMBRRE I T QRS XFE
" R SSH R P REREAME DS AR LR Y R =5

BB (B 3) . 3T BN Bt R B4 # A0 T RE KK
VEHIRAR A B TR A Wi Ra g

(b)

(a) Stereoview of the active site of E166Cf (with the fluorescein label staying inside the active site) docked with an intact penicillin

G molecule. Note that the xanthene ring and the benzoic group of the fluorescein label clash spatially with the thiazolidine ring and

the exocyclic R1 amide group of the penicillin G molecule , respectively. (b) Stereoview of the active site of E166Cf in the noncova-

lent ES state. The fluorescein label stays out of the active site to avoid the spatial clash with the penicillin G molecule in this state.

The Ser70 and Cys166 residues are shown in blue and magenta, respectively

3 EI66Ct ZEBFEE G5 TR
Fig.3 Molecular models of E166Cf with penicillin G
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