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ATP bioluminescenceZ o] 83}
hygiene monitoring

1. A&

BE AF AdAsdAE AF] 27 <A

Fellok ate AHAY Aol o Hojsleh
webA, AFAz Slo] fAel did AF}E A
&34 de e 4533 Z2aYPL Ao
Y3t A FS FAH AR S Frl=r 9o
7V 8% Zlo]th. ATP bioluminescence® ©|
&3t e AE5AY nAE A
vlwsle] AgE F glow FAucE w2A 2
#E & F 8o o FeAol ZA=xHx Yo
ATP bioluminescencet AA3 F3UPos
AlSEchd monitoringAl 71 F&e FEE A
38 F Aot o)A Azl i FAF 9
AR E Bkl 2H|AE9 recall campaine|yt
Bl E 52 oA & glo] @) 2 9 As)
g SEAoz BHE £ e ZYF PoiFA=
€% + 3o

3= HACCPE A8 o= ity 449 A
FE A A8 AL4 A8 WEeR Al
AHQA F5& A, ol A= A= T
4& ot PillsburyAte] H. Bauman ¥Ale}
FF+FT(NASA), 7l &3 Natick d+47F

)

=

P
T

w5

TEOR MEE AoEA, 1971d v|FAFES
Aslel ejete] 1 Fo] AF FEEOEA A
717} "4k, d7]dM = AF Aike] gad F
U 23yt S3He g 3 WY Ede AF
A FAl 2T & e Bo AT 3
Wo] e A

HACCP philosophy: 5% hazarde] &9 2
2 ogE 93 o Wy EFE xSt 3l
. 97]olA hazard@ HIB4H0 AESH, 3}
g, 2213 2dS ouidt. o|AL FHzx9| A
F AR wiA|gte] A F v A7EA] ol2=
& Al (critical control point)el &% <+
lem hazard® A WA 2 Z2AEd FHHS
3 3ltt. HACCP= AlAZCZ AHT 9o
o AAAQ] HE FEo2 ARHI e o
total management system %=+ ISO 9000
systemollAl F#3 & 4 ot Critical limits
9} monitoring proceduree critical control
pointell A 1 FEA S HUF FEE F+ e F
o2 gylHo] g}, o] A olgelx 9]
Aol o =3 74 AR ot AN RRRE
o] ko] F7HE L dom MRl &AL AF
o disixe g o 2T £ el S
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I e AFeln. 7] BAsde =t St
gl et 2FEA] £Y Tl AT A% At
g oiZe] AEFe 27t BrRleE 93 A%
2 E4E B FE U o] Wk AAHoR B
1H e AFE FEAHY HEo] hygeine
monitoring®] AEA WY R FYH U= A
EA (trend analysis)dl] & AEH & 71453} 5
I Aot oA FARASH ol APAN Kot
 AF Az AN A% 232 5+ de
Nz2E 71%0] 2F3A 2751 7] w&olch,

2.7%2]9] vb4 gl ATP biolumine-
scence

21F At AR ZAY AEY FAFse ¥
9 (food-production surfaces)e] A== 1
FA01HA AT AFAL FLI 2%lo|T.
Surface®] cleaning2 clean in place (CIP)
systemo| Al e]dle] dlojAA Hr}
Cleaninge #AEAE A A7 93
deterging stage® ©PIAES AlEA 7] =
sanitising stage® ¥ @AZ T4 Aot A
A3A] 23 cleaningS 23} njYES A
AsHA] RHER T-F batchel HIYPH & 2]F
A S "ol £ o}, FdEHo] EAjse
S 27] ¥ F2 EASIe vAEdAE FE
g dF2rt 2 F en surfaced] cleaning®}
AAHE Atole] AlzHEet FE3] AR 5 de 7t
574°] tt. Cleaning £&% Z4ste 1539
WL cotton-tipped swab2 & sampling &t
Aduzg, v d=gujz) & ASsle] 445 AlF
3l agar plate techniqueelt}y. 2y}, o] W

< surface WAE| it 3714 7 A
(retrospective trend analysis)ol| wl-¢- £
tho] ]9+ microscopical colony”} macroscopical
colony® £ 3t} nAE A7t 7HeE o 744
BE 1~T4 =9 21 Ajzte] a7dT}. welA
olg]gt WY surfaced] g vAE &4 2

= AlFskA &3 29¥ surface?] AAMES
WA 4 O UE wER FEsloes Aol FHue
Aot}

HEHoz AEE o] swabbing¥ plate
count procedure= ©A| 24]Fe] B2 surface?
HAYE 2dT AEY W surfaced A=}
AYPA| ARE AEF LFAe £k 2
21} ATP bioluminescencer =3}t e
t/de] A¥HAQl hygiene conditiong A|&3sH
ARE FEe] & 4 Utk od2A, Seegerst
Griffiths7} meat slicersel]l tig @A 2w
20 meat slicer blades®t food tray2 swab
g & plate count®} ATP bioluminescence=
ol &a HAPF A} AFo] Fo| o]FojR Fo
= 57K B B 22 £ Yt o
21U meat slicer blades AH&-3 ThA] 2A3 2
3} plate count= A3 Y& FAE YeRA3
gt ATP bioluminescence® @#3| A&3 4
A& Yehlo] AAZE7 A ¥ & &
ATk APAFEe] A&sHA Yex @evhd
249 surface®] AAHES 22 & floh. oA
olgjdt AFAHQ 7|&L FUAH ZHAA olgke=
Aol Bsln HZole 243 Auld uig
2771 84 712 YA AR

3. ATP bioluminescence

ATP bioluminescencet= V|3 53 243}
£ WG], Photinus pyraliso| 4] ZtAA 02 A
3= decarboxylation ¥Hgel| 71¥He T3 9ok
(¥ 1). Bioluminescence reaction 1940
g 27 =929 luciferin-luciferase system
< o83 ATP 3o Sy 194930 ¢x
HAt. 2 F ATP| 4& SHsk= wif A2
Y 5ol Al&A o wAsla glth. ATP assaye
% theFt T dhies de] ARSEo gt

ATP assay®] #Z o]€2 1960\dthe] NASA
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1381, ATP bioluminescence ¥+g 7]

oA T B AEA EAE 7] st
Agsgon] Ed S84 vAE NS 23
She WYoz 4l& ZHZEd o849 oo, ozd
N2E 7165 Wz 83 Eoks fAF A
o 2A Afd dF HAPIE 2 TN ALt
lined| Wit HAAAS AAs] B+ FAF
2 $f9] shelf-life A% o]&3tx it
ATP bioluminescence®] 2F33lre 242
B2 dAEdd 98 A7 9den hygiene
monitoring °|¢ldl= v|AEo] EAAY HA
3l gl sample(fermented liquor, activated
sludge, starter culture)®] VY& 34 & v
g ZofollA AHEE Ut

oA BE AollE AE7} thAlzHEol o] 4E
£ dluxe] 22 ATPE 7[A| 3 glon AEo
Bt 29d vAEd EASks ATPS non-
microbial ATP(free ATP)24] ZAjslnz =3
bt 53], whlEole] meld] EAste
enzyme-substrate complex? luciferin-
luceferase= 313 AUAE WelLA2 3 A
719 (28 1) webA dgd 2o F& ATPY &
=9} HlHstER AXY ATP2 %<& biomassE
AE7] AT FL2 AH E F QU 8 Ao}
Ae AEHe ATPFS Az wel fzie]
2ol UAT celllel ATP poole Uukdoz
JA3l7] w&oll (Stanley, 1989) cellular ATPE

2% 8l AL biomass® F2 indicator7} ©t}.

Higl ol o] Juciferases A EUW Ao RE
ATPE o] &3 & glon] ¥3 ATP ol99 t&
e Ao WA gerz ATPY HY:F
Aol F& el E & Stk ojue] HF wkg
2A& pHE 7.750]8 ex& 20~22¢old. @
Bzte] ATPE & 702 photone AJ4alsis] ujAl
o EAlshs ATPE 4Asteg dibd 9o <
Ao =2A B EA 2 1 5 53T
ek, ol wits= ¥W(Light output)
relative light units(RLUS)Z &A=& o] &
9l ATP %%& colony-forming units present
o] AAFS A7) Boke ZUEA vl A
28}t ¥ outpute luminometer® %% &
t] o] 7171 photomultiplier, recorder, 123
recorder®] 9Z2% amplifier2 Ao} 3o
o] recorder: direct current chart recorder

4 o wE o

£ purse counter F7HA7F i oA
luminometer”} direct current mode =+
photon-counting mode % #% =& Wd ot
g A9d £ sig. ZYFH oz o 4rsd
luminometer®} imaging A+ 22 %o WL
S et=d AHEET. $8" ZH}EL process
environment®] real-time control& 3]-&3l=
T8 Yol d&5 Ut

3.1 ATP bioluminescence applications
in modern food hygiene

ATP bioluminescence 7]&< dWtdeog =
Aslaal s W4 surfaceE swabbingd %
swabs 19 29 W ug FH I o]
ZAA 25 A8 IAlA] AAkE T glon FA
374 @H(cuvette-based, pen-based, swab-
based syetem)® AJ4HETE & ] A7HA
systeme] 2l FLSAT &9 protocolol <F
k] Apol7} At

ATP bioluminescenceZ hygeine monitoring
o Algstel® WA surface? cleaning A3-2
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Swab surface
|

Add extractant
1

Add luciferin-luciderase complex
i
Measure light output in luminometer
d
Result

|

Pass Uncertain Fail A

132, ATP bioluminescence technique

ATP #F& 343t 1 HHE A&sh=Ao] A5
Holtt, o 24 milk tank® reception
tanks(silos)2] cleaning efficiency® 27
&to] cleaned, rinsed vesselol W3ty 750
W o] 39 assayE A 7|EE FAT
(3£ 1). 27} #4 L 938t plate countd EA
o] AAlg A3} plate countollr HEEHA &
g R AHAH3I cleaned surface’t ATP
bioluminescenceol & 62 257t ©f A%
HAew o wde AeE 274 A7
At

AY == ¥4F #3E Y7 98 gt
sample site® FE 543 o] 2HAES g3l

# 1. ATP bioluminescence criteria for
assessing cleaning efficiency of mik tankers

and reception tanks.

Criteria ATP assay (PLU per assay)
Efficent clean (5
Moderate clean 5-15
Poor clean 16-69
Unclean )10

Swabbing area 10 cm: Kyriakides(unpubished data)

LJZ 23 sede £5F ol4do] 28€r)
olg| g A|ZHE<t contact time, solution
temperature, detergent® %= & 23}
3 sanitation programe 29 YA S
BA357] 98] monitor 8 & UL Aot}
HACCP ZA oA BW sampling sitex
random environmental sample %t ojyz}t
critical control point7} 8 = e BE FAE
¥33It}. Cleaned surface2] ATP level& surface
©] 77} stainless steel, polypropylene 5 Al
Aol wa} fFE5Fo|n =3 AMREE disinfection
chemical F/ wet 542 A + gl
ATP leveldl o3 71€S sk Aol 2
AE = olglgd W4EL clean surface?] 383
€ 3% 9 w=A] 318 gfof ). SystemS A
g3 o= ol9dx meslof & WSt el 9l
o, 4% sample 4ol Wa one-shot 7152
71 F¥ luminometer 7} AE3A Z&
g Z#o] 7158 laboratory-top lumonometer
7F AgAAE AAstok ok, E3I, data
handling system ©lA data®] A&3 A5
2 FEHozyrl BN F93 JI¥FE F
o} #473u] 2 A£%A<2 ATP bioluminescence
system®] 7HE AF A€o T3 mejAtgo]
gojol @t} Y systemFT $2H EE 59
HA &2 AT 240 7FedA, B4 Rie
AFANA FARAA T AHSAle ERo AP
system< Ag sz o] F83it}

3.2 ATP bioluminescence for raw
material testing

AEFA AFS Adetaz ohE EdHo
AFL 985 AHgslajof g}, HWEFAQ plate
count el ot mlAES AL ES M T
A% 98 7, 71F, AF AF YL L R F
o] FREo| AFe] AH|ANA HHE Fo 2
A37F Y& & 9t} Pasteurised 72 2
L dz24 & & ded AF A4 9 454 27
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1~290] 2849} welr o213 A9 ATP
bioluminescenceE ©]-&3k= Zlo] vf-$ F-&3lc}.

3.2.1 Raw milk quality

5] WAE 2HE A% WPHOR resazurin
test7} 9tk o= $foll EAlshe vAE <3
resazurin®| reduction o] WA= A7z "iﬂ-
Z AE F& FFsh= Yol 28y &
A R FEHEC] 2F A4 °]-r°17<]°i
Sl EAste F9d2 Gram-positive,
fermentative bacteria®l* Gram-negative,
Wwaly ez
resazurin®@e] ¥hg-o] HA3| dojupA] Yol o]A
€ d ol% guigle Wie] Hlt. 1 dite
24 ATP bioluminescence® ©]4& <+ 9l
. $fdl= non-microbial ATP7} vj-¢- &
FTER AR Mgl viE $fro EAldke
D yE FH o] &37lE oHT. ATP+ free
ATP, casein micelles® &4, somatic cell W
T 04T FEE EAS nAYE ATP S =
As71d o olglE deolt}k. Yy AL 28
A9l detergent® AMEFozA sAdT < 9
t}. WA weak detergent® AM&3le] somatic
cellgt Moz sx=7 g} 1 ¥ apyrase
£ AHE5te fEl® free ATPE ®33 &
strong detergent® #7}ste] microbial cellS
3% ¥ luciferin/luciferase enzymes °|-&
3l ATPE 335 /U9 S 8 33
& 4= it} Bossuyt(1981)2 Z# o)A Aakg 2
Fo] 7-(209 sample)® bulk milk tanker(48
sample)oll U= VAESES ATP assay® 33}
9= 7% plate count assayel Hlsle] 0.939]
coefficient”} 9ltiz Husldc). 208 A= 428
ge o] WYL 10° cfu/ml =9 sentivityZ}
Aty el ole Fo ¥ AE 28FHE
ATP platform testZ A=A, Filtration
< HAES ¥5 & & oy s Ed

(quenching factor) ¥ non-microbial ATPE

psychrotrophic bacteria®

AAE & glemz S/REHA Fad HHoltt
Waes 5., (1989)< filtration stepE =432
24] plate count assay$t ®lm3sle #2# <]
(r=0.865, n=247) A5 4L F ANy HA
Z4 nPEFE 2 x10' cfu/mlelgdn Hudks
o @Al 42 AHEE 3 e WL Griffiths &
(1991)ell ol3te] JfEHAE=E 28] nylon(13
mm) filterg °] &3t WHoIH. EF
Filtrationg 81# 2WA $-f9 nAYEFE =
g 4+ e WHol Promega Akl 7HEE Y
t}. 49, Enliten test® WHEHE o W
12,000g01A QA Eel8te] n|AETS deEAoR
st ATPE ZA st WHolH.
Martin(1991)el <313 o] ¥Wie] 371 M
£ 10° cfu/mlelgtzn SHAT dA 22 A7)
A= 3 A= g A 2.

3.2.2 Enzyme detection

Afole WA EF7E diks EA6 ol 59
50% A== Pseudomonasdl] 43tk del#] gtk
(Bramley and McKinnon, 1990). °] #F+=
protease®t lipase® EFIIF T LS AL
shedl gl digh FgAo] vegetable cell BT}
Zsltka 2214 9lct. Pasteurisation®} ultra-
high temperature(UHT) #2& & A%
vegetable cell> APE3A|G o]gd "ahE ¢
A3 ApdER] geriar 3t} High-temperature
short-time(HTST) pasteurization2 3t& 7
$ol= protease® 7% 66%, lipase® 7
59%9 HEAgAe] FAEIT: LA 3oy
UHT A& 39S A5ol= 29%9 40%< &
ol &I geix Aok (Griffiths et al.,
1981). ol# @ FAo| Fgo osle] F2el|A %
71 +55H¥E UHT $9 7% gelation,
bitterness7} LAETi 3 (Gilmourand
Eowe, 1990) X|=2] A4t&o] Astdria o}
(Hicks et al., 1986). ATP bioluminescence
g o| &3l #ES 1 e protease S 3
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3= We] Rowe et al., (1991)e <3 70+
At

o] protease®] €& luciferase®] ¥-ajol =

45 Fx Utk

%, luciferase’l E3l=¥ its]e We] ol
#ashl Bk webA protease FES WHiEE
4 Alol9] standard curveE ©]-83FH protease
o] 84E& S4E F o] shelf-life 4% Tl ©l
48 £ Qi

o] 3t protease kit Biotrace LtdollX <
slste] Algstar gl

3.2.3 Raw meat and fish

Meat®} fishe] A% o2 253 A2
non-microbial ATPE o9& gf3tw ot wa}
A AHZFQA Wy HoE 49 non-microbial
ATPE AAs= o] Fasi,

Stannard$ Wood(1983)= 94¥a. jon-
exchange, filtration® A%#<Q Ao <l
bacteria T #&lote S TEIAT

723 meat= WA 2000gelA 1037 94
w23t debrisE  AAT F BEAE  cation
exchange resin®l £3A|A @z 2 uk-g-A| 5
242 AAY ¥ filtrationdle] ATPE 3T
& dda 3gen 20~25% A= AQ8%HTw I
Ft.

old| resin®] pHel wahr n|AEo] F2H =7}
AR e2 pHE ALk 23 steof g},

Solid ion-exchangerZ ©|-83l4 &&= ©E W
o2& solubledt cation exchange polymer$!
Cat-floc 243%& ©°]&3= WHLZEA non-
microbial ATPE polymerol] &2 =45 v &
< FHHA ol YA PYETS s}
o 3% 5 AcH(Patel, 1984).

Ax7)9} Far)oA S E ATP level 2 plate
counts¢t ®lm¥ o "AYEF7E log 4~log 9
cfu/g Bl FaAldS W w2 FHBAAE Je
WA 3EHr=0.98 and 0.99, respectively).

3.3 Other applications

3.3.1 Starter culture activity

Starter culture activitye <2 /<9 =&
AEFE Adsted e T30 7S B¢ &
AA Feig FHEA 95t starter culture
A7o] A o] cheesett yoghurts A=A F2
ATE 7S F JeBR fd digd FPED
9] EARE FRIsk= o] dasit}. o]zl n|
A E(starter culture)® nutrient medi-
um(milk)e E3std BF 2543 o] 3
H %94 incubationstHA pHS At=w3lE
AEHo g FAFo2A v|AE S ST F
At vk @AEZ Y bacteriophage7l EA) g
oHE pHe Axe] W3} &xo 4FE X ER O

5 eldt 5= 9l pHARES Z3ske A gkl
ATP bioluminescence assayS ©|&3o 24 vl
AL gigd PSRl bateriophages] A 3|
3o FFE & & Ut o= B’ EFd
3 PAE o] A= AEWe] ATPS 7t
S HAstER AEde] EA ol dig FRE
AFet. Hawronskyj (1993) 52 Biotrace
Milk Microbial ATP kit(Biotrace Ltd)E °]
£3510] 154120 7ol ZAstes 2 T/ &
AEAZ 42T  Jvia BusiAn). Steptocoocus
themophilus= 2] 52 FAED dg 24
o] of1gt nAERA °o]F £F¢ MI17 brothS
3 & AFsd 1,543 8lgF ATP biolu-
minescence assays AAletd AzE A, oA
< FAEH TFEHA ¥ FhHod AT dix
Ao} vmFozA FYEAS EAARE &
F 9Rew 1mlZd 0.00481U H=z e
penicillingx=2% A& 7Fsatitia gt

3.3.2 Microbial mass

Biomass assay: °lH= ATP bioluminescence
assay & 7 ge Y Aot ol non-
microbial ATP7} &5t ¥2B2=2 filtration
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5o =7 Qo] AA assay7t 753tk Miller
5 (1978)2 brewery fermenter pitchingell]
yeastE A #stE WHol diste] Bt
Yeast sample acetone2Z A 2|t} A Euf
ATPE #2lA1A HIZ luciferaseE H71o2A
dE 238 4+ gk Ytk ATP assays
o] 8% biomass F% & P|YES] Tl Felyt v
AE TEA monitor® A& 75 Ed
(Stannard, 1989) 9A AHAe] EAF stet
dE AHe7lsE RAolgtn HauHrx gt
(MacLeod ., 1969)

4. Bacteriophage bioluminescence

ATP bioluminescence®lA] ©]-&5 & ¥l Eo]
9} Zo] g W3d £ gle HAET . oY
3t w| A EL F=2 Vibrio, Photobacterium,
Xenorhabdus$}; Alteromonas®l] 4:3}=H| baeterial
luciferase F3AE 7FA32 9l2en long-chain
fatty acid reductase complexZ 7IKa St}
Bacterial bioluminescencex reduced flavin
mononucleotide (FMNH,)E <UA| 2 o]-&3}o
long-chain aldehyde(do-or tetraecanal) &
bacterial luciferasedl] 9jaf AtgiA|zle A We
urARSHAl ®oh(2® 3). Bacterial luciferases
FMNH,ell 3t £2 5ol4dS 7= sd=
flavin mononucleotidex electron transport
chain(Hastings .. 1985)° <Ja] | ZujelA
F43] WEoJAY. Fatty acid reductase:

FMNH\ 0, /RCHO

FMN FATTY ACID
REDUCTASE IRFERE REDUCTASE
FMN / I \RCOOH
LIGHT

2% 3. Schematic drawing of bacterial bioluminescence

long-chain aldehydeZ $5°] ¥Hg-S Azl
t}. Bacterial biolumunescence®ll #A3h=
AL tig A+ FUsA AP=HA=
(Meighen, 1991) gw¥tdeoz FAHoz lux
genel 2 42A Utk A FAMTdQ] Vibrio fischeri
7% luciferase®] luciferase F+&2FAAk= lux A
9} lux Be]" aldehyde biosynthesisell #AIsH=
TFZ A= lux C, lux D&} lux Eo|tf, =3
ol59] A TAE LTAZHEL lux 9} lux
Ro] &38l lux F, lux G luxHE 539 4
g g3stn o H29 fAA 27 71E9
a2 nAE 24 il AlGsA dasta Ut

4.1 Detection of pathogen and
indicator microorganism.

rlo

Bacteriophage® targetel] tisle] & 5o
< 71X 3 & bacterial viruse|t}. 5o]A2
o

host range(several bacterial species)®]#

g0 ox

U mj$- F& host range(singel species or
sub-species) 2 TRET. wEhA 7]E9] LA
A= specificity’} #F& bacteriophage®l
luciferase F32= cloning 3t target
microoranism®-& transduction A|ZITFA host
cell WolA bioluminescence?} HAsHA = o
target microogransim® x| o= sed
sich. <24 bioluminescenceo] A" FHAL
7} cloning ¥ phage p22% o]l &3td
Salmonella syphimurium 1,729 £A|5E & &
1t (Meighen, 1991). §3=2% phage:
target bacteriumW2 W24 infection =]
lux gene® Wdo] ZP=o] host cellel
bioluminescence® 7}/ 3}, o]# =z of
A AE AREed oS A4 v HE
Wiolgla & 4 ot ol 54 vAE AE
el 71E 58 AL B3z 3la Jde VA
Eo| i3t AZE A9 (falsenegative reactions)
BEHog 3A &t vAEd dd uh(false-
positive reactions)< # 43} sh= Zlo|tH(Baker



1992). =3 lux f+AAE bacteriophagedl
insertiondh= Z9)S bacteriophage #32}
deletion % lux A9 insertiond 873}
gz FAdelZlz . FuEA=
bioluminescenced] #oidte ZE FAAE
insertion 3H* %1 luciferase%t codingslti $l
= %A cloning 3% bioluminescencesl]
Ggo] gl sFFEd (Meighen, 1991) o=
long-chain aldehyde= bioluminescence
assayAl 7Pt = AAAQ Aole 4TS 1|
A geda 9t Stewart $(1989)2 lux
FAAZ ¢ FL  host rangeE 7HAE
bacteriophage(p22)°l cloningsted Salmonella
syphimurium LT2E 1A1F Yo A& & 5 AN
tx d¥Ed 100 cell 7HA 7Fssidttn &k
th. Turpin %5 (1993)2 most probable number
718 o] 83l soil, water, sewage sludge©l|A]
Salmonella syphimurium-< 7 Z&= Wi ois}
o Hasgdd. 2I5L 24A T %o
enrichment 3224 100ml B 1 cell FE7H4]
AZo 7t5sdtdrn d9d. AL
bacteriophage® specificityel ol 3=+
bacteriazZl B°lstE2Z ol F FHLHL
Listeria monocytogenes\} Enterobacteriaceae =7
o= o] &2 & Ut

L fu o

4. 2 Detection of inhibitory substances

Bacterial bioluminescencet® FEA,
bacteriophage, ##EZ T 8% A el
g EAAF-E St 4 3o}, Lactobacillus
spp. Y} Streptococcus spp. 5ol plasmidE &
ate] lux FAAE FAAS S cell WA
luciferase7t AAr=w diAte] #AAH gle
FMNH,°ll ©]3ll bacteria= bioluminescences
ZHAA =Hw webd FAAFE cell9] light
outpute FHTLZA celle] APEAR-E TiotEt
o ki &+ tH(Stewart, 1990: Meighen, 1991).
Stewart 5 (1989} Lactococcus lactis, Lactobacillus

casei, Lactobacillus plantarumo| ©3+ plsmid
vector(pSB 154)& N¥3litia djgon A4
2 AHEE A %lE culturedl tiste] AASo] 7}
SIERE cultured] EAlde AFANERY] &
AARE gietst=t] o] 48 = S Aolgtx &
%th. Ahmad$}t Stewert (19912 J2AxsE
Lactobacillus casei®} Lactobacillus lactisE ©]83}¢
o] tetracycline(0.2 weg/ml)¥} penicillin G(0.05
units/ml)< 30~60%°] FHE 4 Atz B2a
stAen o 9% dalMx  <lgd o] 7}
Tt Y. 2L E3 FAASH
Lactobacillus lactis subsp. diacetylactisZ ©|-&3}
o] bacteriophage infectione #&& F UAE
g mld 100] EAT A% 5080 285990
10°0] ZA4& 7% 1008 229t &
t} o] Yrox FAASE bacteria® biocide2]
FE S AE3HA FF3s=d o188 £ ddn
39 th. BiocideZ serial dilution?d % &
AAZE bacteriast WAoo 2N FESE
£ A& 54E + Atz e o9

2 Wo| Listeria monocytogenes (Walker 5.,
1992)¢} Escherichia coli(Stewart 5., 1991)°]
283 o7t Xu H3 9o

5. Recent developments in ATP
bioluminescence

5.1 Amplication of signal

AEe A4S BAs] e AL v
== AE% 7 e W] Besig, a9 1
AEo] EAY de H2F9 ATP7I EAsiEz
bioluminescence ¥g-& FZA|Z B Ao
EATG. F2Fe ATPE ZHEs7] f8A
enzyme cocktail® AH&3lE Wilel U4,
Amplication system< luciferin, luciferase,
phosphoenolpyluvate(PEP), adenosinm-
onophosphate(AMP), myokinase, pyruvate
kinase5 o2 FAE0] gloen ol AMPE 2%
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ATPE AZAA ZHZEo] Lo|t=F =Hol Ut
°] systeme AMESINS ZA-F 26pM £ ©2
ATP %= HAET F AH%. °] system
enzyme cocktail 3 TAsE Hol9] light
output> A= AR gow diile Ao
light output®] A¥Ht1/2)e] Fste WHSAIZE
o ZA=o AAE TZE3It} ol& log ATP
concentration®]™ cleanliness®] H=E de}dd
4 9t} Enzyme cocktaildl Al&3sle TAES
zAgo vy oy 7Ix] ko] dojd & ot wEt
A, ik 7)%0] & luminometry system2 ©]
£317] BoE cocktaile] =4 W3 2 AF
designs Ao =N 5 =S T7HIE & U
t}. Adenylate kinase€ ©]-83h= amplification
system< chemical and biological defence
Estabilishmentoll 4] 24 = e},

o] g2l EE " g old] EAlste AEY &
491 adenylate kinaseZ} ADPE ATPZ %
slo] luciferin® luciferases] <Js] L2 @45}
£ A 7]0gt. o]2f g amplification system
< bateria®] level & FFE ¥ opz e
FF9 ATPE AEsheulx gxdolth, o|AL
# Celsis Contect Programme] 3HHEo=

2 H5Ao

5.2 Automation and other lumino-
scence techniques

1980 W & Foss Electric(Hill-erod,
Denmark)+ 2132 microbiological analysis
g 3337 A3l wAEsta systeme 7ot
BactoFoss2l &8]& ©] system AHEE lysis
g % o7ste] microbial ATP BHe A€oz
=8 £ A Ho 9en. 1 F luceferin-
luciferase 8- Aoz AP ol =
242 5% ojuld &8 "o s+ 2], =R
1715 ez AAe A7 plate countet =2
BFRABAF de Aoz 2FEAY. Biolu-
minescence®t= 82| chemiluminescenceE °]

23 247]ex /Me= 9= menadione &
Al light outputs ZA 3t PIAE<] electron
trasport systemo] €3] ¥Z% hydrogen
peroxide®] ¥& Z43k= peroxychemiluminescence
Wo] BaE 3 glow luminol® ABIE FviAl7]=
bacterial ferric protoporphyrin X7} 7A€l &
o}z wj WAshs WS o] 83k HE B Ha 9l
. olgd F 7kx] gL ATP biolumin-
escenced] Ma7he #AEE 7K Jot A3t
71E o8¢ Ao dEHA Ut

5.3 Future trends

ATP bioluminescence assay?7} 45322 o]
253 gE J2E assay WHol AE3 Hel ol
£ 2o}(UHT sterility testing)\ assay o]
eslel Rok(hygeine monitoring) S5°] At
gl FF SdUErl esA g dwdtE &
A kit A7te] A3t gu| 2] AEHQ] ol
2753 g, #EA enrichment brothe]
24 AAey waEAe AAZ g8 AYES
e, ¥ A 34 7l Mdd B =
o] 8753 3t

Salmonella®} food-spoilage yeasto] g
immunomagnetic assay o] HuHi o
v Salmonella$} Lisiteriad] &+ 494 kite %
=5n e AAl. o= solid, liquid
phase ion exchanger® V&S A& w2, ¥
Z3lele 9771 A8 gk, Bioluminescence}
chemiluminescence® 7] %¥ 2 &3} =
immunoassay= -5 943 ASAI 28 Az
+&T F JdoH THNLE YFeR d@5d 7
AL Ao}, ¥4 5taA}l &= sampled] T e
H g 2 39 A4S 7R e A 2HS
Ages AgA e A= E4dbHo] AdE
T I Aolg. &gFo] 71 Fag 4L oAF 7}
A A 71%9 A3 (combining advances) 22
A E8&Y Algsta AL 7|&S MEste Aol

g & 4 gieh
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