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To date, the majority of biosensor technologics use binding components such as enzymes antibodies, nucleic acids and
protein ligands. In contrast, the goal underlying the use of cells and tissues of animals and plants for a sensor system is to
obtain systems capable of extracting information based on the biological activity, mechanisms of action and consequences of
exposure to a chemical or biological agent of interest. These systems enable the interrogation of more complex biological
response and offer the potential to gather higher information content from measuring physiologic and metabolic response. In
these articles, some of the recent trends and applications of microbial biosensors in environmental monitoring and for use in
food and fermentations have been reviewed. This endeavor presents many technological challenges to fabricate new

microbial biosensors for other scientific field.
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oA 74 818 wiss A7alsE wgste] PFEshs ulo)
AMY FTHREE AA Eie 75E olE3 Fi ulolQ
AA, vJAE vto]Q4lA, 2 dlo]2AlA, 227 wlo]Q
AlA S22 biocatalytic biosensors} Hel  Hio]Q AlA,
receptor Hlo] 241X, DNA ule) 24149} -8 bioaffinity
biosensorZ W 4 vy 4% WEI)Fe EHd ulel A
T4 vl 2A4lM, thermistord  who] QAA, AEEshARY
vho] Q Al A, B8 ulo]lAlM, AzpHsl =AY wlo]| LA
283 RAY uolAlM Foz FHEHU a8y ol
of o BEg Ao ofe} vlol iAol FHFol wel ¥

By RS ASAPTE BE F olm 95 )R]
F9E Fo) Mol AN FH7 BRAKII). Hol2 414

| Boldn} kAl ofEstn
2 AEZ2AE Hbioactive surface)?] Az} SAE el olA
7150 BEL mlel A ApEelA g F2% FAo|ch
AA7E Zhgofobdt 97 Thi(sensitivity)7d E31, AdeiA
(selectivity)o] F31, oF E(stability)7} okt 389} BEAR
(reversibility), 42| =(reliability), ) A4} g(reproducibility) o)
£ 3Rol AR, 1 o RuaroRMdE AR 7H
A, 7154, A8, EA, BEAY, FEAdo] Folol itk
ol T MAE vl AlME Eiu P9 2 A A
EA(biological sensing elements)g AF&3EIA] ka1 A FE(cell)
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ulo] 2o} A, &4 4o Ul ME
g5 HIE =4, AlgY FE HEFe 7To lt} A)
¥ oA whole cellof| A} Zo] oa] 74| & g,;%o] %xﬂ
3, o] F & FA FFturn over)o] FIE ¥
£ 71RE0|, ZHsel1 3= Alxe oAl ST @ %
A a2 o dde B9 S, Eokolb} Eia
FEA 29 2HE SH3ed fE3A AHEET@).
B UAE HlolL /Eﬂ/ﬂ“ AEE o 9o AHIFENS)
Bz BAg Bghele] Ao AF Raste] AREFTHE).
284 whole cell& 7615%011 Ay nAZsteHe o8 7R
FA-F ] ATHT).
- Whole cell2 HFEHI AH T+
Fatojp BAAd £ 37| Wil
& &0 23R ¢doH <t "
- AREEE LREA 5}"2}%% Aol EAde] glook Btal, Al
%
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A (covalent) 0.2

solut nEdt 8

b
op
2
m]o
J@
]
At

R
[CRRES
g Fabdol B fAIEA

H}om AN } 7WE “yae muz =

"74011 Z4£0P“ 32‘3 7}213’_ ‘th}. T v]A S (microbes)E

& DNA AAF 7igelt Wol(mutation)ol] ©j3te] 32
A

1 3] (genetic modiﬁcaﬁon)o} 44 doptu g, o)E o]&3Ely
AX W a4d 75e, 380 B8RS F7F B Ia
A 5 8l

eEEA g aae 9% ojael HE ol EAjE}
7] W o] AE ol&xx 0431 7tA FRRAGNA A Eh
o tx BAz AMgEM, d&5FH0E B2 FHe A4S
g2 3= FHAAAE ‘3}%@ Zulg ZEEUE9). 4yt
Hog MEERE FHAE HAv B PHH SoA
(specificity)# Eo] & (activity) W&ol ule]Q AlA A&
7hd gy AHEEo)RA T GA| Alzte] geol A, H-§o]
], %‘:ﬁLi-‘)r 2o oy =4 EA T4 A Qg
HgAslE we 4 flu, BePslyl Wi A& Aol
&t

Whole cell - A &8 (viable form)o] = A} §l= ZH(non
viable form)o] g1z, MEHo] Qe AEgro] nlole 4lA]
Azl Fheslth(10-12). AE™Ee] & vAELS U1
(anaerobically) =¥ 3.7]3(aerobically) & 2 & 7}x 718
FES AL A1A HENE o831 £ V5T AHacids)
o} ¢tmuo}, ojibsteks g e JpA| HEEDE A4
AN AEEL o]43 nAE Hlo|Q AT BODEHH 7
$-9} o] FIQEY RE 7|4 FKassimilation)sHo) TFTH
A} ZA38(respiratory metabolic activity) 2 A EZH AREsh=
23109 87509 EAR 2o A3y 3l EHd
ol njAE-o FEAA EHL AXUDE AHEIE F
A Z7F ok

Whole cell AMEE ASdE AELE B3l 7d7 4
AME9] Fato] dohlE g, FAE o]&FT A vEY &

thal Laluaay AL E Zalzadadndsd =ol= akeh 3

Korean J. Biotechnol. Bioeng., Vol. 17, No. 3

ARV EADESA A EE EA(lysozyme, papain)
£ Hzjeted FE Aol T2 A F(permeabilised cel)Z 0]
AFE-31(9,14).

gatrog 71 g AFESl= $ES toluene, chloro-
form, ethanol I2]3L butanol®} N-cetyl-N,N,N-trimethyl ammo-
nium bromide(CTAB), Na-deoxycholate 121 digitonin 2
Ad AAE olgsta(l4) ALozHe xupdel AH
°ﬂ o3t 71FE AAAMAGY. oFE B Ax gel A

© Hao 22 gREY AdEAEE AX U adiE 7
Z]O}X]“P A BAEEQl 71 A(substrates) 2 A XL ¢to 2 Eof
7hat, Al AAAES wo g AfRo] FAbdn: Jeu HAE
T} (permeabilisation process){-& Al EE H| A (nonviable) o
2 tE $5 gouE glucose oxidase, J-galactosidase,
amino acid oxidase, invertase®} o] ThAE E{(metabolic respi-
ration)o]1} B &1 A (cofactor) AAYo] FRFIA] gk Bl
A Aol &5 AZITHY,15-17).

ule|g]o} <¢ho]l ureasel} phosphatase(18,19), &X  ¢He
invertaset} catalase(16) Z-& FH M ¥EZA 74 (periplasmic
enzymes)$l %ol whole cells AFIAE AXA &t
A

HZ A" WE F dhk= ME Wl & Ax(intracellular
enzyme)& %k‘c‘?}ﬂ Jale] NEE wES YAt ®e

FA7t tﬂo{x} # oA F¥ AIEA (periplasmic space)l]
Btk Z #7190 7lEsll A A(organophosphorus hydrolase,
OPH) #1-& 7M4 A ¢ E. coli xﬂEE 7§35l A}
£=HAT 0]‘: ATEL AxE W9 {712 Fe)EL(OPH)
2 239 AEe @2 @43013) o] glo] ¥ sEXHOE
F71 2 ERE wojd # °E‘r(2021) ol WAE Hol2

A Azl deiM 2T BFR FFE A &I,
gA% o o] 7 EAEE Folv FAT WS
agln Mzel A FAE(cell viability)d] A2S
sl A wwlo 2 whE 2B M) ¥(permeabilised cel)9b= Xo)
7} 9l

’ﬁ A Wge guld, =g Aus g 18R
01 AE 57 Aol @A (monomenE EajEe £
Aete A4 Z, BODAIA 22 AA A2 st ofF
33 whol Fth

Whole cell& A3l AA® &48 A|z2tgl nlojQ A
of Blatd BolAo] vt} olg} L& HAL FE HFE
e o2 fAhEd osd A & Hk-Z-(side
reaction)o] Yojulr] wjFEolu},

B EolA k& HAE 3r] f3te] E 7HA WHE
TEAC) = AEo HEAl(permeabilisation)© 2 o]
Balakel B ZQ A (cofactor) 52 Yo 2N YA &
W& izl & 4 th22).

HE ) B-galactocidaseE EFsls AT whole cell
lactose S ethanol# CO, =R H3}AIZILh 8y HEA AX
= X oA HZS)AMcofactor)e] AAE lactoseE ©A
glucose ¢} galactose 27+ 84| 71TH23,24).

AZ W o2 549 242 dojys PSS, Yy
3184 oo oaly, A4S BBAE do, FEE A4
Ziow HAE 3 S QuiiInn.

o

=

KN
=

o A m&

rr -[

=

L

il
A
H
B

rr fe



Kim, U.R., Microbial Biosensors for Environmental and Food Industrial Applications 215

duiRoz A FA ATE VEAH wele MM el
X, 53 28 228 a4 gt Ui FPol EE
EFAE AFA 7= Yoty & Bacillus subtilisol] 23]
glucose &4 dtollA glutamic acidE FFY wf glucose FY
2817 (uptake carrier)E  chloromercuribenzoate 9} #-2  thiol
wh3) Al(thiol inhibitor) & AHE-3E17}, NaFol| )&t glycolysis
E /b og WAIA glucosed] FIE ATAIUTHRS).

t-DNA 7|& /e 717he Ao BRI L8 oigF &
ety AEo) A Bubeg FHAANIE 49 ¥E F
ol ¥ &8-S & Aotk

HolQ Al Az AMEFAE o] nAE H(specific
microbial species)®] Al 7]Z(characteristic substrate) spec-
trumo] AlE ¢t EA)sle F§EQ spectrumd} AT £
A1, 2R &L 55 ez I ujokye] Hd=e

1 ZR3lth A93 7|dE xEste wjddel ofsto,
1e3 A BHE Fedhe vAEY] HEEo] TF I
Q51TH26,27).

Phenols¢) E3HE 2o B§v1del 4852 Esll(biochemical
degradation) & ¢]5te] H|4=%] 2] 5 (waste treatment plants)ol]
Al Ae B4 sludges o] 83HH, &4 dl Yol 23 vAER
o0 A B0 2EAR A7 7R FR/ vAEe] & 7
S ouuE EYERA 4EBT08).

%H sludgeE ©]83 BODZH & u}o]g AA7 Hz

Ath29). H7E & 5 SEES A A F RS
4021 SaEEe] ole 59 ArAdlEgoTE ol
71 84 sludgedl| M —rﬁlo}%{ﬁ}

SF 7p2 dE 59, F2Ug gestEY] H-& spectrum
< A @Zl(bxosensmg)g} =go] 9] actinomycetes S WA
E(30) 283 2ol AW B4 & npole A A%
A Hadt Ay 47 wA MEs B uHEGDH Fo 1
32714 vAE glele AMe AE AaE
FastA @gom ,_1- #t} Perfluorodecaline & A A4
-\%‘?}iﬂﬂ oA E uhele MM FgFH 4tae] F7iskhyper-
n) EAZ Iso] HTh32).

AN EE AL5HL ug Bad RE 48 O ¥
3z gomg EF vjAEe] wjYe] © #FYES RYU
& 5w sucrose®} lactose Hlo]le AlA AZ Al glucose
oxidaseE ¥ 3= Gluconobacter oxvdans® ¥ A L2 1
(periplastic) invertaseS X 3§}l Saccharomyces cerevisiae A
¥, £ AlE U(intracellular) S -galactosidased F = I
22 Kluyveromyces marxianus A EE3} Agste] AME-3it}
(16). Invertase®} S-galactosidase® E3eE w|AE 4 Fof
polyethylenimine(PEI)©]u} lectins(concanavaline-A)& A}&-3}o]
glicose oxidaseE HEA 7 A3} o] B-E3 545 Ay
gl AR ATl HE vhsAdel dLg HeHo
(33).

g dhe|gjol 2R E W HAE o] &3 WAE Hlole Al
Me o 7k A biological system)ell A E2 7o} W
2 Py BHEeE S-S0, A W e
ol Ad Z s\ AHvibrio fischeri) 0. 2 X-E] J-AKPhotorhabdus
luminescens)7M A B2 A4 HE 717tk fAEgHez W
A7l 1) A) E-(genetically engineered microorganism, GEM)$

o) &3 A % whole cell HlOl2 AMEL T35 29,
A, F718 2E% Astd AEEHUE o) F "ol AXE
Bysiee B4 oAse Z2R2E 9 xKpromotor) ] %
5 Bol7] $1te] % 3leode)dt FAA

EAsa, BA 20| 7Fsd, 44

w

ol 91% lu uferase~
Foll, ¢ B o}

0] FZ AJ-E]-/’*U] Z(plasmid)E 717 PIRYES AL
213 v AdEo] #7295 2 (organic pollutants)-S A} &

HFAZA7IFE By Z37)(luminometer)l] o]3}e] &=
£ Qe BE S luciferase2 A4 Flt)

XA} 2d SH(ranscriptional  activation)?] &3S EE_‘?’_H
L~ (promotor element)®] §3Hfusion) 0.2 #XE FHMR}
(reporter gene)ol] 2J3te] o] Foixik F LA ULHE F
23 2]XE Al(reporter system) 3% HEHF ol V. fischeri
BRE FE3 fdxe ¥4 48 Edll, A EE o
7 & (bioluminescence operon)&l Al 7}A FRe] 7SR,
luxCDABEZ HEo{ 7t} ixCDE #4104 Auhat Alo]&
(fatty acid cycle)Z%-E] A A|(precusors)E2 A8t lucif-
erased] VAR SHFE)E FAse B SEAHEY
A BUES, GAES agn AEal)e Y skencode)st
I luxAB §AHQAE luciferase f4 o] 93 3Hencode) 3t
(36).

ﬂﬁ.?_n Z3& A% & 37hA] wHe Y

1 HF2l(gene expression
patterns) 9] ‘i"‘iﬁ}e AEST plolok BT sy &4
oA F S E7HA)7)= vhE g o FE(bacterial strains)
£ AHA} -&(iranscriptional responses)®] 2] E Ei(reporter) 24
Atg FR A0S AMESEY Aakdith o dB2AE
naphthalene, salicylate 18]35 & 28 {d) et 3
& dhAEE Pseudomonas fluorescens HK44E ux2 ¢ Ak
% A2] ¥ E(bioluminescent bioreporter)e] TH37,38).

Abx A Wl (complementary approach) QL E& AtEE 29
Edo gt APARAA glo] frajzde dukdel AREH
e Eo] 1~E#|~ - H(specific stress responses)S ARE-EHCE
dzd B FHFY tres zgEie dF5ZESDtheat
shock response)2 YL 71th39). lux & FE(reporter)?] &%
¥ d%7 T ZXE|(heat shock promoter) grpE. dnaK W&
long TF3l= E coli 45w A 714 g8E5de] g3l
o g SUMAIICH40). AIE Ul AViEQl eEvREY
(organelles)i= whole celld} HAE Aol FHo R Tr)FA
AZa g 288k glom uie|e AlA AH ] o] &1 ok

9E /~(chloroplasts) o] ¥zt F 5 Aa} iAo
AAE Hdte AT ol5E # doh AxA, & 5
2o FHEAEL Yutror FAN 9F A3 E(photo-
system Ii-dependent flow)& wWaldlc). olejdk 4AE )83}
o] @E(chloroplasts)t} thylakoid % 22 HE W A7%
& ufe]Q MA] A Zpol] AREFHCR

AEv AEZ W A7) B (organelles)o] o] A ERALT u}
ol AlA AFo A Al HHE (biclogical recognition ele-
ments) 2.2 AHE 7Ms Aol Ed o & 5 Tyrosine &3
< Y3 AlERo 9l z7h glutamate =4S 8 Fuk
o] 23y ¢]& #ZZ(squash mesocarp slice), malate &3 &
T A9 FHEE AEAED, Larginine 788 9

2

ZZ(adverse

)
o,
Jo



Els —‘?—Lg‘i} Ewrx 22(42), L-glutamine %S 2|3t wistar
Z](43), L-ascorbate 1} phenol &74-& $13 Qo)
g a7 ]g o] &3l 22 ulo]Q A A(tissue-biosensor)7} &
T X F AT Polyphenol oxidaseE Zo] L3 Sle
A (solanum tuberosum)®] 9L ZZ}g ALaHFH AF5
o atrzined}t Z-& U} phenol{polyphenol) & ¥ phenol
(monophenol) &3 d] A8} TH44).

JAA FAHE st WARAE o &3 nfole AMAAF
Azl Buxa, H2o= 37 2 G4 (environmental waters)
E #Hon-site)ZHS 5t wigE Al hepatoblastoma
Herp G2 HXE o|&3ly mzZx, =7} 52 A& unt
o} 2~(bioassay device)?] 77} By A TH45).

foi

M2 X3 immobilization of biomaterials)

wlo]Q AlAMel e WEY| ofF s delA dofut
= A4 EZ(biological materials)e] &T]3}8ld WIS &4
e ol aerz AMEAe] uHd) JEd odd F
23017, 1A= BAEAL W] Alolg ofF A
3 gl olug} A AN Hste] AREEE M EEe
He AMEsoRt AAEES W8] ¢ AF nAgst
At tlBEE (membrane) <ol B HEY] $of
AHggit) 148l WS wAA3cross linking), FHA
H&Hentrapment), & ZHadsorption)S E3fe] EE o]E W
S M2 E83o 133 3KE).

043} vy AR EoxE AAERL 7)Ee] A A}
= WHEr9 FHd et ZAHEck 2 Az Ve
EZe] Male o abxidldiffusional resistance)E 7}
A= 52 E o]&gth46).

gutd oz Faot BEHE AL H(viability)o] %x‘E
EE AL o AgsoA L, FHARYL Eh 7 l
nZY wf AREEo] XAy 143 AREH] A= H
3l Hk-g-7)(potent reactive group)ol] =S HCIEY} w= A8
(viability)o]] gae F&= Ui whez7io R b EE FAE
7t a2 R UG B AE AREE B9 NETE}
QY iR HEo] offd, o2 <lEy AE U A4
A4S dogiA Fth o] WL Bioly thE W ¥
ste] HEY] o HES 4 AUe AEY o] Hrt

Glutaraldehyde 78 o|2}-&7)4(bifunctional reagents)A]oF-S
AMEE ma} AL gelatine(16), albumine(47), #A)TEAH48)
zo AREA Ho AEZ nAsEed dy o]&dth v
2 o] Y)zo) FRETHY e Heslrle AR 3
A nAGA e EE AF A (cell viability)ol] FEF
& v,

QT vEe) ool A 2 SelA AR g
SIEE AzE oo Atk A FozH AEAY L7H
(organelles)®] AH% ZZ(osmotic shock)(49), A<A(low salt)
TE Yealpo] gle A Sl 384 AES(halophilic
cells)2] £3(50), &34 EAl3te &34 a0 91‘3}
of vlgzel Bl 52 e 4 TG BRI FH1E
e e AEE 143 & o F2ANdialysis membrane)
e e AMREE, FHAE77 01~1.0 ym, FAH7 10~

1€ e E L2l ®RFAHO 7L F1AAP o7 oLAHAEL OluHinter

_IE m1m X

J
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membrane)S A}E3tC}. =3 polycarbonatet} polyphthalate
102 HE vl Agarl, FAARIN AR SAstol
oAy 7 §4 Ee HA B4 dEel)ER BEsld 1
BEECH8,9,52). o5 B¥VE F VAE vl dAAMde
polyacrylamide(53), polyurethane .= TH= (gel)(54), Fnl =}
Ago] 7153 A (resin)(55) 2e}3l polyvinyl alcohol(PVA)
(56) Fo] &l AHgEc 18y 8 BAES A2y A
g48E gA & sbedol ach FHuA Higel sted
styrylpyridinum>]& 712 PVAE HEZA(mild condition)d}
oA a7t AEE FEEt AAA R AEEJTHST).
B 3e) vlsAdol 2 polyacrylonitrile®}(58) 3} albumin
-PEG(polyethylene glycol)4=3}2(59)2 vjAEAMA =] 7}
40l AM, T AAAHEAo] F2 albumin-PEG &S
AW A vtolAdlA A& F&31TH59). MEETE A
3t AMEEOIA= HANEAZE alginate(60), carrageenan
(53), *§73 agarose(21), chitosan(61) Fo] AEA A E1H
3} A2ElE ded ] F85 AHEEHARAE AHom
ad# A Aot alginates= 271} 37} ko] &(cation)-S Al-§-3}<]
% ]EM 7110 u].501 :Lo}oﬂ H]EE_ 51‘613}1—_ H]-rgo xﬂ
AR5 Tl gy AFEEolAThe2). e} Ca-alginate
16, FAAA A(processing solution)o)r} HpEo| FEafls
a-chelators 2 ¢1&}e] who]iu} HIZ(bead)7} BoHA St R E7}
=E Zo] A7} @tk 1#{BE Ca-alginate Y3}
g AFRAV}E Fo] FHEHJAT 12X gammail oz
23135l polyacrylamide 2 H. 738l Ca-chelatorsol] of&te] <F

b o

e

opﬂ

gk AI7IRFTHE3). FRVIEAdAMY EAFE 7138
(open pore entrapment)-g ©]&3le] WEgX A
(porosity of matrix)S Z7}A7IEE, BFEHA o)sld Fof

A& 27} 444 (additional diffusional bamer)(64)~§— 7
Ans Aok aPsle} A% Ba7kA 2E weeor AT
=0 ;_g.)\p\] ]‘_:_ =0 1;}_:513 /\1;(]63 c}uﬂ;ﬂ u]]EQ}\E
AREHTHE8). AN = E49 A FH Ay
EAY AFAINERA SIS »1‘4(15) Whole cellof| A
= bRl AT wws AT s 48-2UE Yo
e Hslsh Alolo] dAE ewan. o
oxidase- S X3} Aspergilius niger?] whole cell#} carbon
pastes:o] B33l ferroscene & UH7H%7§§ o]2-&}ed sensor

i
o

E glucose

%'j“lﬂﬂb} 1}9~ ?”*(pores)iﬂ] |3 —% THEE7ehE
Y ATK15). &S 23 AEuA3LY FHe
% AR AH FEAE T FHol
o HIZ Azl AT EelEo], Aee) TN &
3lE B HES A|(mass transfer problems)E A A& AL
olx|g}, B-gtoly} FAWAIA UYehde FAHE A% AR

SR 40}04 ‘1]"7} MAA ‘474 7}*“0] A

LS <

2k ol Fﬂéi}’&}" W Eo] 7H“‘Q214(66) Urease % o
& e B FF AEEC] oA WY
afal, & Vé’g 3}012**“1% *ggﬁ(bloﬁlm)

=
oz _’{7_78]_‘&} 0]’31, Aan

ol 8-=led nhpnn\_Q- 270l mulEiElandine mnmtnnno\.ﬂ—
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glucose oxidase-2 PEIE cheeseclothEd 9ol ZAFAA glu-
cose sensor A|Ze] o] &3t tH67). Lecting o] &3t HME
o] 7} 1173} (biospecific reversible immobilization)©]
A systemell AEWE EYAIZICHOR). 7T oA AL
B0l A §-88HA(practical limits)o]5tE WolH-&
At 52471 4A SelClwed)d = A3, 2| HEIY
o EAo) zA 9EE mAA Fa, ARLET] ke A
2L 25 WHEY] xWold vl nAsde Fojth A%
A dEEEe] ot 7] —‘1 ngse] spgAdel ol
BAZAH9). DIAEAMNE AWds BEe AMEo] 3k
(biospecific affinigy) @i}olb} A Al (hydrophobic sites)
g I3 flenE uAdE dMs HEy] 2w oA
B AEE 79H 02 =it AHEE 4 SlE Flolth9).

M

AN ZNE njMSMA
E o) AME #4450l §7]E A organic compounds)

o Fo WASHE BOD 5 F2 8792% £4d ol4H
tH70-73). BOD AMAlE itagadel $4& ASdwHAA
1*&% ] 7}21 W2 WL TE o83 Aotk A Ui}
H ¥hA2l BOD Z4& sUojvt 20 HAT ve] M
l%v& Eﬁ? 158ol Z4o] 7}53lcH74). Karubed} 19
TRET5 3t uAE Hio] MM #HE At A

gy oldf Be w=EEo] WRHUCE Table 12 H L
TE #72d 548 VAE Hel MBIt

el F79 rIdEEC] &5 MIeZN Ee oy W
W Waste /iEEa glth29). ojE wAgE F utele Al
A ARgeR AdElEY] fEiMe W2 g 71dd o
g 7 i, 95 540 g ﬂ%‘i%"%é}ﬂl I
Hola) gow ordnh

A Aol o Al ol BODEAL 93
of Aalyel] el & o]F A (Fol¥(budding)s} FAME
(mycelial)) & ©.91 Arxula adeninivorans 1837} 7}sAdo] &
BRATKHI0,76,77). o] ARE )83 MAM7} siHs} dolA]
A& HA A|&e] BODFAC S&=o] HHIR). Zoly
(budding) EEE ¥ I3}= AMAM= 10% JE4712] BODZ
Yol AR E 4 UAT Ao W5k mycelial AAE 0% &
Ao G WA AITHTI).

BODAIM+= 1983% 2.9 Nisshin Electric Co.oll &3}
502 AHE3} & o2 Aucoteam, GmbH, Berlin; Prufgerafewrk,
Medingen GmbH Dresden; 212131 Dr, Lange GmbH, Berlino}]
A ulBES o] 43 BOD ulole AlMrt AEslse] Algs
ar itk

EoF utge]o} Pseudomonas pulidai AZE g2 2579
BODAIME 824, o]xj#)4 o] v BOD A3} 12
gk} Zj"oﬂ 9%}t Holﬁﬁ(lnhlbltlon)oﬂ 9&le], mA &
5 Uells 24040 £40) 7lede HYa80), A%
stElo] Al A= Stk d3E BODAAZ) Al
2@, © velrtr A5 A A7 FuiE BODA
M7 ALEQEE A% Clark-3 22 T2] AdHarray)S
wetyleg o] &5t HustA dFAAstA =HATkss). o
24 PVASH] DldES aAAI)R, Ak wlo]lan AR
(micro electrode)™ ZA%EE AA7) ’\b:} A E(oxic  sedi-

ments)&:¢l A FE  §7|gA(bioavailable organic carbon)?]
3L st AFEAY £ JIE Fo FE S
7)€k Ax(available dissolved organic carbon)< ©] 2F¢he|(micro-
scale) 2 ZGslAl HATHE2). FAHREIY EHAGB4) 22
HE7|2 BOD wvio]2 AlA Ao o]t E wAE
npe)Q AME AEA, SEA, ‘T"fﬂroﬂﬂ Q)kE Fo AR
HojA gz A5 Aol 7o OE 7 L9 ALY =Fd
T ol&5 9t alkyl-halidohydrolase—;:j E3}s}a1 d= Rhodococcus

MEe] MEE A vAdE AR A(bioassay)o] Hutter
(85)e} 18} FHE) 93l AT AL ol HE el

EAske Bavt §EAS S FLERE TED oL #
YAFIBE u|BE AM AFez = duekse). et Al
HNe 979 o 277KAlH ARBoR BY o & QA
A5 7)Fo] tgE @ Wiz oF 3087 dezol A B
oFsh= Zo] BHEITHE6).

0e HZoe T2As dasizEe & s u
L spectrum-$ R0)E actinomycete 22 gram-%$4d m A o),
G203} galrs A4S A% o He Sol4E yHAE B
o] MA AF} shEAdel ZA YeEbTH30). dAungE w
M E., Xantrobacter autotrophicus GI 10 AgG& &4 9y
o] #4933 Afge R 1,2-dichloroethane-& ©)-&3Hc}

g gjol ol % £F9 halogenase &47} 9l&o] ut
Ak 1 F hie €243 471y @ FEasig Eol
g 7HAe A g e @23 sjolEaig ghgs
3o 9t} tgEE ¢EH 2 oo P ]71
"holn

AEE FIEAF HlZ(chitosan beads) <ol A3}
HAF Alg el gEAS e Ale Bslehe o
of WrAEA Al2E] #Fe] ALgETHeL).

wer Edz 43z o wEEE ehalA(polyeyclic
aromatic hydrocarbons, PAH)E 53] £ IAE 7l2(gas)F
ot 23 S9E o, 1 9 =AM YA
Eof twtd] b = naphthalene2 Q¢ % Edoa] wbAag
t}. Polyurethane hydrogeloll 11483} Sphingomonas sp. Bl
L= Ps ﬂuorescens WW4 M EZ o]83}e Naphthalene =
g AFE vlole AANE AR} o] AME 5E A

b

Lo,

e
NN

93

of

to R

iy

(flow- through system)9} FIEl A EW(batch®]) FrollA] 7 %’8}
9, $89 % naphthalened] %8 2AHsedE 2o &
B Uede B 4 doln, BE SEe 20974 & 4

91 TH8Y).

Sphingomonas yanoikuyae B1-2 ©]-&3} ulo]lo AAzA=
naphthalene¥} phenanthrene& &3 4 9t} Phenol, |43}
Pherol, t}4:3} biphenyl £,
Egsh=

benzene 123l 3-chlorobenzoate S
xenobiotics Z4-& 23 AL AME Qrken.
Acrylamide, acrylic acid ZI¥]3l acrylonitrile® &} 7}A] 1
b slshE, A I8 o Riesing AAHE S8t stetd
Holl X g2l ALEEo] At} Brevibacterum sp®) & 5&F &
X (total respiratory activity)E& 0] 83l Q4 FolA
acrylamide9} acrylic acid7} B3E3IHES w) 159 %k =3
s M ARt o] &3tk Acrylamider} §1-& @& acrylic
acido ¥} 2F TAEE JePATKeS). 181 acrylonitrileo]
HelMe SEEAEE 7HAA ¥, Wellinterfere) = 814 &
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Table 1. 8§70 84' 292 9% VARANY FF

Analyte Microorganism Transducer immobilisation Detection limit Reference
BOD Trichosporum cutaneum Miniature oxygen 0.2-18 mg/L Yang et al.
electrode(UV cross-linking (1996)(81)
resin (ENT-3400)
BOD T. cutaneum Miniature oxygen electrode <32 mg/L Yang et al.
array(photo cross-linkable (1997)(55)
resin)
BOD T. cutaneum Oxygen electrode(entrapment) 10-70 mg/L Marty et al.
(1997)(74)
BOD Ps. putida Oxygen electrode (adsorption >0.5 mg/L Chee et al.
on porous nitro cellulose (1999)(80)
membrane)
BOD Activated sludge (mixed Oxygen electrode flow >3.5 mg/L Liu et al.
microbial consortium) injection system (entrapped (2000)(28)
in dialysis membrane)
BOD Salt tolerant mycelial yeast — Oxygen electrode(PVA) 2.61-524 mg/L Tag et al.
A. adeninicorans LS3 (2000)(79)
Bioavailable organic carbon  Yeast cells Oxygen electrode(PVA) Microscale Neudoerfer and
in oxic sediments Meyer (1997)(145)
Aniomic surfactants (linear ~ LAS degrading bacteria Oxygen electrode (reactor <6 mg/L Nomura et al.
alky benzene sulfonates(LAS) isolated from activated type sensor. ca-alginate) (1994)(31)
sludge
Acrylamice; acrylic acid Brevibacterium sp. Oxygen electrode (free cells) 0.01-0.075 and Ignatov et al.
0.0t-0.1 g/L (1997)(88)
Phenolic compounds Ps. putids Oxygen electrode (reactor 100 yuM Nandakumar and
with cells adsorbed on PEI Mattiasson (1999)(67)
glass)
Nitrite Nitrobacter vulgaris Oxygen electrde(adsorption >10 M Reshetilov et al.
DSM 10236 on Whatman paper) (2000)(93)
Cyanide S. cerevisiae Oxygen electrode(PVA) 0.15-15 nM Ikebukuro et al.
(1996)(94)
Chlorophenols Rhodococcus sp.; Tricho Oxygen electrode(PVA) 0.004-0.04 and Riedel et al.
sporon beigelii 0.002-0.04 mM (1991)(146)
3-Chloro-benzoate Ps. putida Oxygen electrode(PVA) 40-200 uM Riedel et al.
(1991)
Chlorinated and brominated  Rhodococcus sp. DSM 6344 Ton selective electrodes 0.22 and 0.04 mg/L.  Peter et al.
hydrocarbons (1-chlobutane (alginate) (1996)(53)
and ethylenebromide)
Polycyclic aromatic Sphingomonas yanoikuyae B1 Oxygen electrode 0.01-3.0 mg/L Koenig et al.
hydrocarbons (Naphthalene)  or Ps. fluorescens WW4 (polyurethane based hydrogel) (1996, 1997)(87,54)
Organophosphate nerve GEM" E. coli (organophos Potentiometric (adsorption on 0.055-1.8, 0.06-0.91  Mulchandani et al.
agents (paraxon, methyl phorous hydrolase) electrode surface) and 0.46-8.5 mM (1998)(20)
parathion, diazinon)
Organophosphate nerve GEM® E. coli (organophos Fiber-optic (agarose) 0.0-0.6, 0.0-0.03 and Mulchandani et al.
agents (paraxon, parathion, phorous hydrolase) 0.0-0.075 mM (1998)(21)
coumaphos)

Pollutants such as diuron and Synechococcus sp. PCC 7942 photoelectrochemical(photo 0.2 and 0.06 uM Rouillon et al.
mercuric chloride cross (1999)(96)
linkable PVA bearing
styrylpyridium group)

Herbicides"® Chloroplast/thylakoid Pt-electrode in microelectro  2X 107 and Rouillon et al.
(diuron and atrazine) membranes chemical cell (photo cross 2% 10* mM (1995)(57)
linkable PVA bearing
styrylpyridium group)

Mono and polyphenols® Potato (S. tuberosum) slices  Oxygen electrode (tissue 20-130 M Mazzei et al.
(atrazine) (polyphenol oxidase slice sandwitched between (1995)(44)
inhibition) membranes)
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=} 18} acrylonitriled  Pseudomonas pseudoalcaligenes
o] &3la] ME 27 7153}rH88,89).

AxA, 2FA zeln A oFAl(chemical warfare
agents) 2H4 ALE-Holzle {719 sHES del HgHo A}
450Xz, E4EHng, #7329 BFEA g2
thato] Ht). Acetyl choline esterase(90)e} 57191 7}14-E3)
3 Ax(organophosphorous  hydrolase, OPH)91)E o]&3%F o
7bA E2AM7E BaEe] gtk 5% 7]ee] OPH ¥9-%
M HHE 1 e AR IR T blele dME B4
f UlAE wholQ A9l Ze]20) Htolw HAR & nlo)
L AA Ao AMEFHATH21).

+HE JeARETE,  FF-7]FF(chemical armament
plans), A2A EE 9 G HeARIE 25 &
o] ZA8=  xenobiotics groupO E nitroaromatic  3}EHE
{nitrophenols, picric acid, trinitrotoluene 28] 31 FAME 33}
#)o] 9t} Nitroaromatic S1§H&9] vl E F R4 E 5
9] 3 nirile ) ol L¥EHY FEE ZUESE
AR50 T} Nitrobacter sp.<= %S nitrite oxidoreductase &
gl e ez 4EA UAth9). 28 F EHIYd
(mixotrophic) WS 3= H<F nitrite oxidoreductase’} A4
g 53U 4 E(mixotroph) &L nitrited] hEd Fe
A} g 7R

of B3 #AMY #44 s EPGUYYE( obligate
autotrops) ¥+ ] E39d%E e el oHmixotropic bacteria)

#Ha Alg Foll Bosls f7IgkdEd e e Ake-
w2 gtk olgd HelA B o N ovulgaris®] EFY
&3 (mixtropic) AEE 10 yM & AF FAE P4
=& AuA4E 717 nitrite ZHE TAE wlole A E
9] 71548 HYPUH93). S. cerevisine TEAREE JAEh=
cyanidets B8 cyanide ] Aol ol 85jo], o] 162
Bk g AME AABATH). 2 QoA dojute
Arge) AAAY 7 FE 248 vAE AT SEEY
TH95).

21 5= Al(phytotoxicity) ¢ &8 9|3}, f2] chloroplasts
(isolated chloroplasts)\} 334 ®Hphotosynthetic membrane)
o] olgHrt 22 of WA chloroplastE F-8]317]7}
ol ol#jst EAHE Synechococcus sp.o} #-& BHAE
3l cyanobacterium®] AR oldle] 3] AE] A TH96).
Styrylpyridinium  groupS  7}A32 e PVAR  A§
cyanobacterium®] BETol| @S ZEIV] Astd FHT)
313} celle o]&3toq mAE AAMAZY 7HEAdE EFrh
Diurony} g3} o] &4 B34 Az} 3 E(photosynthetic
electron flow)& Walsle L9EH ZAEo) ulo)e 24
(bioassay) 715432 o A1SFH THO6).

;O

to 1if

AlZT0IR O[ME HI0|Q MA
HZol= ) WA E4(fermentation analysis)S 9|5t
e, So] 2aWs] Bast Fvbsn ok
A . A3 AR Hoe HEAE BEY E
L
Al

o o

st} dgel e A gehvE, AEH7HA
2 A3k AE 2PEAE, vlA4E Smicrobial counts),

TRAF BEIRL U WA @leh 2 ¥4 A B

45 98 7MA ME g2 4% EAe] BAl¢ 2UY &
F A= Yo "asA HAu

A} H (electronic noses)S(97,98)3 o] &AL AHE o
3 o) 7HA] AAZE RaE s Qekls).

v dlele AATE AE B qlojdzm BHELY
A3 ol tieks] Fad YAE AT Ygo] By
AtK15). E 71 & Table 2¢ =231t}

A SHEL Y Psba, o AFs 7] i),
49 ZUHeE dve) Fasith

SR S AFEY F(rancidity)o} AAES] HojPL
#He Al AMMKCACr)el fElel sty dojdn vE
o) MEa @ X A, Arthrobacter nicotianaee F/-e AtE A
Wbl dlgle] w8 Bol4 g 7hxl 8-343l 7 Z(3-oxidation
pathway)oll 2t&3le 4 2@ty 5o v Ak -+
Zo FHE A fE At BE FY 4o ojF Ax
L AaSE Adgstd u9E AT A AM-HUAS
(99-101). A. nicotianaes 39 7)&(thick film thchnology)=
Ca-alginate ol 138 g A3 AA4LdT 9 o &
Aste] | YE AAE A A CH102). o] MM & &
Frel Aol & 8t bach systemol] AME-E$131, Al
9] Axe(pretreatment)7} IR ¢, ©X 38 o &9
A7Te Yok

Aeromonas phenologenes-& ©]8-8} tyrosine, Ps. fluorescens
< o] &3l uyptophan Ie]3l B subtilisg ©]83 glutamic
acid®} 722 o4t A4S 8 v|AE o] B AT
Harp  wo] WEEHACKIO0,12). Phenylalnined] 7L
phenylalanine WrEe] azd ok oz} Hujddeld &
Z(hyperphenylalaninemia)®] )] ¥-2](dietary management) 2}
AlAol Zthneonatal diagnosis)® ¢8te} 3t AaH=
Yol Ca-alginate = proteus vidgaris X E 13 E st =%}
g phenylalanine £74-8 TAE AlAe] #g AFZAAE &
F3H103). A|E ¢kell ZA)3l+= phenylalanine deaminase
= phenylalanine-2- phenylacetic acidZ E. coli L15 o] &8t
Vitamin B-12 72 BlE} 8} Enterobacter agglomeransS ©)
838} ascorbic acid FAHE uldE AT PLHATHIO0).
1A%} 3 Saccharomyces uvarum EES AAHZu AES)
o 3F SA=E Z4ste diE o Viamine B-6 3
& ng/mLo] w7tz wEs, &SH 23 & 4 99,
ol ZA4zhe V& AR EXNT 2 JASATH104).

AFTHAA PIEE vl A T 85 Thiobacillus
thicoxidans s o]48te HzH i 5& TEslY 40714
2% &o F sulphite UL ZHIHEK105,106). Glucose,
sucrose, lactose Z12]3l T. ferrooxidans& o] 83+ A A= B

subtillisE

A

ko

o]8-3} ammonia, Trichosporon brassicaeS ©]83+
acetic acid &% & 18]l pyruvate, phosphate, peptide, 7+1)
5% aspartame, ¢F AL wAE vlo]Q iAo g
T A3} KAyl ekl

oFsta} oBtol| M= Nocardia erythropolisZE ©]-£38F cholesterol
A4, N. ervthropolisE ©]-83} androstendione, N. erythropolis
o]-&3} testosterone 2 steroids =38 PJAWE A9} S.
cerevisiage s ©]-83h nystatin 28 PHEZ ZAL, B subtilis
& o]€3ly Hormoned W&A17)= A4 A= Hormone<!

i e
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Analyte Microorganism Transducer immobilisation Detection limit Reference
Alcohol Candida vini Oxygen electrode (porous 2X 10"’1 Mascini et al. (1989)
acetyl cellulose filter) 2x107 mM (73)
Glucose A. niger (glucose oxidase)  Oxygen electrode (entrapment  >1.75 mM Katrlik et al. (1996)
in dialysis membrane) (64)
Glucose, sucrose, lactose G. oxydans (D-glucose Oxygen electrode (gelatine) up to 0-0.8 mM  Svitel et al. (1998)(16)
dehydrogenase), S.
corevisiae (invertase), K.
murxianus ( 3 -galactosidase)
Sugars (glucose) Psychrophilic D. Oxygen electrode (agarose) 0.03-0.55 mM Nandakumar and
radiodurans Mattiasson (1999)(136)
Short chain fatty acids in A. nicotianae (acyl-CoA Oxygen electrode (Polyvinly 0.11-1.7 mM Ukeda et al. (1992)
milk (butyric acid) oxidase) alcoho}) (99,100)
Short chain fatty acids in A nicotianae (acyl-CoA Oxygen electrode (Ca-alginae)  9.5-165.5 yM Schmidt et al. (1996)
milk (butyric acid) oxidase) (60)
Phosphate Chlorella vulgaris Oxygen electrode 8-70 mM Matsunaga et al.
(polycarbonate membrane) (1984) (147)
CO- CO: utilizing autotropic Oxygen electrode (bound on 0.2-5 mM Suzuki and Karube
bacteria (Pseudomonas) cellulose nitrate membrane) (1987)(148)
Vitamin B-6 S. uvarum Oxygen electrode (adsorption 0.5-2.5 ng/mL Endo et al. (1995)(104)
on cellulose nitrate membrane)
Vitamin B-12 E. coli Oxygen electrode (trapped in 5-25 %10 mM Karube et al. (1987)
Porous acetyl cellulose (149)
membrane)
Peptides (aspartame) B. subrtilis Oxygen electrode (filter paper  0.07-0.6 mM Renneberg et al.

strip and dialysis membrane)

Phenylalanine P. vulgaris (Phenylalanine

deaminase)

Pyruvate Streptococcus faecium
(Pyrucate dehydrogenase
complex)

Tyrosine A. phenologenes

(Tyrosine-phenol lyase)

CO» gas sensing electrode
(direct immobilisation on
sensor membrane)

NH; gas sensing electrode
(direct immobilisation on

(1985)(150)

Amperometric oxygen electrode 2.5x107-2.5 mM Liu et al. (1996)(103)
(Ca-alginate)

0.22-32 mM Di Paolantonio and

Rechnitz (1983)(152)

8.2x10%1.0 mM Di paolantonio and
Rechnitz (1982)(151)

sensor membrane)

Enalapril maleate B. subtilis

(angiotensin)

Oxygen electrode -

Fleschin et al. (1998)
27

gonadotropin 2& B 348, Ak ¥4P Wl

o,

]
L3t 2w A=A, Altenaria tennisE ©]23F wAHuric acid) =
A&, Nitrobacter sp.5 ©]-8-3} creatinine &4, T. ferrooxidans
& o] 83 27k} 37} AH(ron) EE wAE AL ATH

ATH10).

Enalapril maleate(EMa)+<= acetylcholine esterase FEA W
A& WIA)F]E angiotensin® 2 L4 A A2 AL &
gotAlo] &3ttt §5 B subtilis AEE o]&3le EMa
A4 vAE AATE AEEATH2T). ©] AAE o] Ee]
o] AR F EHAE9 S S

dlole AAMel 83 VT AA ¥4 EUHHS &
¢ Qb= Holth. 2H4 Axe] F(wastewater biotreatment
plants, WWBP) 2} 8 Z(fermentors) 58] FUEH o) njo]e
M= Fa3tH107). 284 A FHA SEael Az
Alaiel tigk 4148 Aae TS H43 £ A M
@Ak, A AN W AR R ¥R ARS A § 9

=21 M2 A Srlsl 2o =]

&

dm e K

Z A7le Atae AEACd 54& vehis /7183

oy FE&E I3 EE EHEZEY FY(nflow)o]
L 27 Ao AlzEe] e ofEdt FAES dE &
th. AA 23 2} EE(bioluminescent reporter)E A4 9|
AHE-SHE Feol WER, TErF Fom, L wHE ©
AR AaLPe d&Ho= A& F 9da, & 85Y
g 57 2L AYE /AR Ak

3ok vl E, Photobacterium phosphoreumo] A 339
A2 AP A(metabolic death)S RUE St ulilE #4
S o]g3t “Microtox system”o] AE3EATH108). EFZH
3 AA B33 53 2-8FHheat shock gene- bioluminescence
gene fusion)& ©]&-3 A EF vlAE wole AXME o8
A QoA AFE oy 7AA oAl PR AHYgE AX A
zto] 7Med Aol B3k JrH109-111). x HH X
e 2559 I U (pathogenesis), 2B e]o] B Hie
2Jo} 2] x|(thizosphere bacterial colonisation), #-#2} &%}

HLF Al AFL 73170 i aAllematomanaeind 2 A2 - T

i ol

U

x2
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Table 3. 'B234& 88 AT vjdEIMY 57

Application Microorganism Reference
Monitoring toxicity of compounds to S. cerecisdae was genetically modified to Hollis et al. (2000)(126)
eukaryotes express firefly luciferase

On-line monitoring of microbial growth

Toxicity of Zn, Cu and Cd, alone or in
combination

Polycyclic aromatic hydrocarbons
luxCDABE

Ecotoxicity assessment of organotins and their
initial breakdown products (tributyltin,
dibutyltin, triphenyltin and diphenyltin)

fluorescens

Ethanol as a model toxicant
pGrpELux5

Monitoring of biocides

E. coli engineered for constitutive
biolumunescence

E. coli HB10! and Ps. fluorescens 10586
genetically modified with luxCDABE

Microtox and luxCDABE modified Ps.

E. coli TV1061, harboring the plasmid

Bioluminescent strain of E. coli produced by

Marincs (2000)(128)

Preston et al. (2000)(120)

Ps. fluorescens HK44 genetically modified with Webb et al. (1997)(153), Sayler et al.

(1999)(154), Ripp et al. (2000)(38)
Bundy et al. (1997)(122)

Gu et al. (1996)(110), Rupani et al.
(1996)(111)

Fabricant et al. (1995)(123)

recombinant DNA technology

Metals, solvents, crop protection chemicals etc

E. coli heat shock promoters, dnaK and grpE

Van Dyk et al. (1994)(109)

were fused with lux genes of V. fischeri

Identifying constraints to, bioremediation of
BTEX-contaminated sites”

Assessment of the toxicity of metals in soils
amended with sewage sludge

*Benzene, toluene, ethylbenzene, xylene.

o] ®okn EIEcH34,35).

A2 AgE gAFEdos WaANY D4R A4s
Table 3o VeERAICE FAF82 o2 HYAIZ] Ps. fluorescens
HK44E ©]-8-3} naphthalene®} salicylate 7 PAHS] F1]
HE 93l g8 A7t itk o] #FE salicylate Fi
A} Q3 B(operon) otoll nahG-lux CDABE -§$H(fussion)-& 3t
3 A g 2 2E Eeh2v] S(plasmid) pUTK217}F S0
ok A 23 vlgE wlo)e AAE Hg(112), Zn"(113),
chromate-copper-arsenate(114), Ni? 18)3  chromate(115),
antimonite9} arsenite(116) 18] Cd” ¢ Pb7(117) »e 2
F4(heavy metals)& AEFI7] S8t d8) dy-Hm Uk

HAZole & YA A9(ecological niches)o] =
Escherichia coli HB10l pUCD6073} Ps. fluorescens 10586
pUCD6072 & F FRe A #3 "AE Hole A
g o] &3t Zn, Cu 181 Cd 22 F5&5% 27 EE &
3Hcombination)dld 1E9 =4S =4 3YTH118-120). Zn
#} Cu, Cu$} Zn, Zn3} Cd9) EA7 o] FEEE A< Ab
Z}-&-(synergistic interaction)©] Yowdth120). Cd 2& &
#} pentachlorophenol Z-& #7|=2A4ES 35t Qld Zﬂ
4 &89 548 EFWHespiro metry)?h A o
glglo} By Oi st 2 2 94 t&T“é(luml-
nescence marked) -S4 dle|gjols T EF H4(respirometric
analysis) B} Zrze} ajddo] 1 lc‘?vf':}(ul)

F20 EY §9 o] £AGE 25579 f71FH 290E

Z(organotin  pollutants)} 1E-¢] }_7] FaatE  tributyltin,
dibutyltin, triphenyltin 28] 2 diphenyltinE9] =438 Microtox
oF xZ WEE AMAME o)B3le A A AR oE &
o kel UEI Microtoxs  triorganotinsol] thEted, P

1

foie

r
"ol
A i

r

luxCDABE modified Ps. fluorescens

luxCDABE modified Ps. fluorescens

Sousa et al. (1998)(143)

McGrath et al. (1999)(144)

Sfluorescens= diorganotinsol} 3t} ¢ Zmrl Zovl(122).
Cutting fluidsi} Y2t &ofl WBE WAS AAFY] st
TRAME AEE EH(biocides) S AMREIM, 189 BEE
Aas] 2UEFe 2N FEHE XS ¢ Ut

2 A AEE B distd A @3 Ald E colid

e A7e A dvkEel 19 vy HES B v&
e wasn, Pt ¥e& wAsAoiI23). A
£ ol&3ld wloz WEdE FHTEgHoE HEAZ
AE ¢S AESAUKI24). Fv S, FEAAE 3}
SHEAS ux FANE FYEE E coli 8FZ72 ZTZHE
(promoters) & 0] &3} 725 ATH109,110,111,125),

Ao AEEA  EX(cytotoxicity analysis)S 93 zldl
(eukaryotic microbial) WM& Ao st BHuEict &
B2 S cerevisiaew A WY H YT F(bioluminescent yeart
stain) & AJ A7) 913k ANER @) (firefly)e) TuciferaseS U}
Byl slste 3" wEe ok A e A
(eukaryotes)ol] 545 Jehlie EFZ ¥zl o) Ade 7
A3 gbehE A (strain senses chemicals)-S- $13%(prokaryotic) }o)
L Aol 2]Eted Bl EA(non-toxic) BB R ZA o A TH126).

o= delglol vk AlHE A} E(cellular metabo-
lism)& ZA3te whio] ol HXEHAUATHION B3t
oHSREE FF rlAE uikA dlAlEely w52 (growth)o)
Lb A& EH(viability) & ZA3Hc} 23 g AA wg &2
2 EASt Eo] wlglolyl 7ixE LEEA WAl
T2 238 4 glorz didd) Fa3dltk127,128).

A ¥ (indicator) 24 lux phenoryped o] &8}l E colie] wt
SHEE Y o wgo] B w7z 3§ $Adlight emis-
sion)o] WHEA F7}ste RAg ¥ 5 ok T2y Wiy F



8 FIoMe ol 2HY £+ 9L A ZasA
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