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The relaticnsiip between bicluminescence of immobiized Fhofobactanium phosphoretm and toxic substances was mveshigaled to
monitor foxic substances i agueocus solutlon. The sodium alginate was used as an immobilizaton malnx. A bioluminescence
mtensity was maximum when ODesg for cell concentrations were between 1.0 and 1.2 and the bioluminescence was stable at the
pH range of between 60 and 80. The optimum cancentration of algnate for mmobilizalion was found to be 5.0%(wA) In which
dilution was carried out with 2 5%(w/v) NaCl solubon that 15 an optimum environmental condition for the growth of 2. phosphorsum.
The bioluminescence intensity responded against the toxe substances was proportional to the concentration and a regressicn curve
were aestablished with bnearly by using specfic bioluminascence reduction rate and Gamma values. It was also found that the
rasponge was very rapid and sensitive. The response with such rapidily and sensitvity is & very imporant factor for the real time
monitenng. The immoblized cells showed higher sensitve response 1o the toxc substances than free cells.

Key Words © Photobaclenum phosphoreum, immahiization. bioluminescence, toxicily

M =2 {luminescent  bacteria)® ZA  Vibrio. Photobacterium,
Altenomonas, Xenorhahdus 47142 #5759 Y |uaferased] &3

8 23 Zoe HAFd Solrld Fadx g3 =2 4 W& A3 bioluminescence® LAEH(3) luminescent bactena
B} 24 2A0% 42¢ 46 A0 4 a9 e9d b 54 BAA %29 A% bioummescence % A7hIF
olzjEk gEtEA2 3 27|GAdME A 98-S R £ wike ol higluminescence?t ZrAsA "ol ol 72 wo
g Ay Iujgkolz| ¢ dude s golise o W 2 g NP e, obF ulgte]l B4 gdeln TIEiA o
o] AEAE AL B¢ A% EHAD FEHY oA AR A e eldld WEAdE o]dsld %4 EEE monitoring &
ol 2@ 717k A3skA A Ue] FHEo] FE] )= SheH4)

HeHD, wehy] Saeldlz &7l4 momtonngo‘rcf% Az =4 23 monitoring® luminescent bacleria® o44t7] §
27} HEH?%C’l st 3 oale geEe] RaEoh £ AFdde nAa ALe =

WA o33 FAEEe] T4 dEe) glam mr AEDY g5 4% d¥L pdsdnt gy oAES 3
SHAME, ghgo] w=m 4 uj-fo] A Sofd Hub offzt Agtete] ol B¢ dZ= Vibrio fischeriz F 38 153
Fge] §71 dEel g2 £5L ¢u vk 2% n4E polypropylene 9 Alole] nAElste]l A4 sensor24 ol &8y

32{8) Beneckea harveyiE alginate gel®] TR 3sle] AE9
* Corresponding  Author © Dept. of Food Technology and F23F oty HO.28E dd5:= 48 & Sd8nE
Science, Instilute of Life and Resource Science Kyung Hee A hydrogen peroxide®} =& AAF&tHrhs Bt Soke),
Unrversity, Suwon 449-701, Korea %= Photobacterium phosphoreums ol&étd 4%F 2 myco-

el 1 {0331)201-2626, FAX © (0331)204-8116 foxines 43 Hy Fo| UrhA), A& F2 mycoloxin 24
e-mall : uhchun@nms.kyunghee.ackr, 2 24z & @35 vAEL elET A olgdE BH Az

693



634

P. phosphoreum®] o-BE AFE 7). E483 AAE ¢
3 PlAEE 24 2 o mamix AHo] dl$ Fadm o
E T E&eejel sl S4B sE e ded)H
U EBajselE ohEm EiAde] Felel d, nln Ed
monitoring® wHE u]4o] AP} g wtd ojage] o]i
sb7] flalAle 9 F3bge] Felob #ulg). Yoz 1A
matrnxEA4 calowm  alginate(®), strontium  alginate(4), « -
carrageenan(10), polvacrylamide(11), glass bead{12), cellulose,
collagen, agar &< polymer?t AREEz ARyE o] &
alginate® ol ALFE ol 2AE Aol viuz v
T ME7F matrix ol A5 FEdo] Aoy Fajela geld
E&o] AT & olje} 4Fe] vmH ALelr] fReluy,
13). %3¢ lummescent bacteria®l bolurminescence #4189
# metabolism& #AA gkxn 93® FRAMH2Y Benecken
farveyl M EE caloum  alginated] 2GS =L
bioluminescence S48 BSrHE). Alginate® AxmslAl 3
£ oliozA guiEoer go] ASHE AL Calolold
T P phosphoreum2 #1324 TeE|Eel2A wim £ Nall
9 w7 g2 ol{ AS Ca 7t Na' 2 tialse] giken)
@l webs 2 BYE svontum alginate®) olda] et
B3 gt 8

& el 54 P phosphoreum® stronuum dginate
= ngsy] g A% pHsd = AL BHHET monjtonng
7beat S4EEY F5 ¥o2 xAlegnh E free celldt ©
A& AF ZAEEY 98 hwluminescence Hils} 2w
AL 2485 F4 24 monitoring € HE lneartyE BY3

S

Az o
oF Y vjokuiy
£ el o]&3F hiolunmnescent bacterial Photobacterium

phosphoreumn KCTC28322A4 NaCle] &85 wixejA] vfof
o, NaClel 359 WiAlg Z=4L nutrenl broth No2
(meat peplone 4.3g/l, casein peptone <.3g/L, sodium chloride
6.4g/L} (Fluka, Switzerland) 125g/1, sodwm chloride 25.0g/L,
yeast mtrogen base (without amno acid) (Sigma Co., US.A.)
50g/L. glycercl (Difco Co. Lid, USA) 30mL/Lo|lZ pHEe
100mM potassium phosphate buffers ©]§38lo] 7008 73
g A A6 HE $EZE QD 08~1.09 =g
d7tA) dlgaiden) o HRE(10vvISE ARl 1507
100rpms] @Ykl 337} {Vision Secientific Co, KM.C.- 34808F,
Korea)oll 4] ejekaldnt 42 52 UV wsible spectroph-
otometer (Shimadzu Co., UV-1201, [apan)E o] &3dte] 660nm
o4 28],

M=z T Hs}

TA8 matrix 24 sodium alginates AME54 HEd &
12~1441 % ok ks AEZ 25% (w8 495 100 B2
A4 F ME 995 50%(w/ 2 sodium algimate(Hayashi
Co. Ltd, Japan)Z 1:82 8|82 #o] 2AFsIEC)l Sodium
algmate= Ca™, S 222 Kot e woled Adstd 2

Korean J. Biotechnol. Bioeng., Vol 13, No. 6

‘

REj Ay ZE JHdME %ole2 ArElA @31 sodium
alginate$} cell jAdvtg Tataje] A

Bioluminescence2| £&

Free cellyl 2% & § 12~1447 A MEP phosph-
reum)Z 25%w/v) A 10'9) g2 M T cyvette
o 1.0mLE F&e] bicluminescence EHe] A} &3fHy u
A48 Axs] AL XS} alginale BT 9L 1.0mL = Ee]
luminometer (Berthold Lumat LB 9507, Germany)® 23
g% Bioluminescence® @$1E RLU(Relative Light
Cmtsi2 10mLe A Roelx sl o okl qVa 4
el Aeloh

Luminometers] ==}

Luminometert  BertholdAHGermany)22¢  Lumat LB
9B07E Tuber SarstedtAHGermany) ZHE] Rohren-Tubes No.
SHA75(GmL. 75X 12mm)& F-YUstel AMEs4Th Free celloly
248t A% 2% | 0mLe] 243 volumed HE BE2 A4
aEth Akl d¥ds BE A2E AL 23 A7k 01
= 8o} 3§,

=M 2o o3 w2

7t E4240] biolrnescenced] PR S HES S| 95
o 5454 7he8 phenol(Tedha Co Inc.), p-mutrophenal (Sigma
Co. USA), PhlliKokusan Co. Ltd. Japan), CdCls » FeO(unsui
Co, Ltd, JapamE A=5te] 208 %9 hioluminescenced] #IHE
ATt 7 BAAEUE SRS AT stock £HE AT
Akt 498y Ade] FEdE f4sy AgsEct
free celldt 2B A3 o] kre SHE2AL Hrlalo
biolummescence ntensity?] H31S lumnometerd o] 881y &3
&t3it}. Boluminescence 23 2% 25°0e] A abarl.

Ao} A

=4E5Ed dg vrg 23 bicluminescenced! intensity 7}
A5 Ineany & A 98t specific oluminescence
reduction rate(2), holuminescence intensity® ratio(2} 9
ECautl4)2 o]Lel5lct

A AZEEQt  bioluminescence® el  thE  specific
bioluminescence reduclon rate® the o] o)ale] FAbapsdch

_ Ly W L) )
# (f; - 1))
7] z¥  boluminescence®  specific  bioluminescence

reduction rale®]™ ¢ & 0N W0%o|m, [, L= 0A7HE
20504 288 holuminescence? intensity ] T
=& Buoluminescence inlensity® ragos thea) zto] uUeld
T 2
&
“AFKIOD @)

ol W L s Iz 77 BAERS WoEA ggkg Yt @t



Lee, H -J., The bioluminescence response of P. phosphorewrn with toxic substances

P& g2 moluminescence intensily®2Ad B
specific rateit® WE57] fge] JE EAEDE AHsleln 20
Tl F48  bioluminescence intensity 2 A& K, =
Fol2 [Qle FYEIY otk

AUNE ohA] Ad

I .
AEA9 T2 bioluminescence?l

ECxpe €4 Al ol $4FE 50%E £017] A3 £

a8 =4 EH19 & 2.2 boluminescence
9 #HAE HAsE 3 WE9l Gammalr) valueRHE ¥

H 1
gtk Gammat ) valuer FF S bicluminescencee] )&
o T4 bicluminescenced] v 2A Th& Ao g]dhe] A4t
& & glch
_ Light Lost RO — LD RALID

YT TLight Remanung L{A = L{f -1
gy,

FOEE AR O] Gamma value®] T R{t)& tA| 7%k hl-
ank®] bioluminescence® HIZ tA]ZFE2] blank?] biolumine-
7Y oy geg uFold FErk L)

scence mtensity = (4]
OAlTH A sample®] bioluminescence, & E4 2 4o 24

of 82 vzl okgbS ol biclummnescence intensityel ™ Lit)
AT biclummescence, & 4 EHo] tAHES w3
H T2 holuminescence mtensitye]th 2 FRo|A|e] » 32
Tt 54529 ¥&2% #7T log-log graphel webdlE
AHLE Yela y=lo He BAREY FE2F Al B
o] ECxft) 3olth,

Zdn 2! H

M H&E bolumnescence2 2HAH
*]]‘T A& biloluminescence® F48 8424 4%7} 4
el bioluminescence® mtensity?t Aldlg Aeg
& = v} Phatobacterium phosphoreum KCTC2852
bioluminescence intensity f\ﬂ ze Ao A #F
2487 #Ete A= ek A7 F¢b bolurunescence
A& Hey Figure 19 \-]-ET—IHR}\Q- Bioluminescence
=3 A AREZ #d HETE W0WE s atd Abgstalch
ODew #°l 02914 1.04e]el Az vk HEF ¥ 10
Az A7EE-S o bicluminescenl umenley?} 2 2.7k
Teddx o W ODgo 32 1194tk 1083 o Fehe
o Adze A2=HAT hicluminescencer £.8]3 FHd
e HAIE 29t

al= AE7 Adsel wel bioluminescenced 771 Bl
shagh Mz fmad AgdEdtel £ "WEsb UR EolAd
2387 holumunescence’t ZHAattE AL dract ok,
860nmel A2 optical density# bioluminescence? #AZ
g w5g AZ HA9E e 2AEYT Figure 24
A BEol ODwpel ¥4 2o Egd WAz hiclu-

+13
O.F,D'
a2 B

lo,

.IIN T ]

695
minescence intensitvii F7FEMA| R I o] o] HW 23]
biolummescence?t #4d= 4L £ F dg, oA
Al

lummnescent bactleria?t hioluminescence® ®48H71 % o
T ES k= B4ty fEo g A R E15). luminescent
bacteria?l bwluminescenced A Ed #AAsE lucif-
erase % EAEAM Z7MdE AZr Al we %
& Ao Z7HSA T We] on g3 mgEd A7)
=0 2late] 28y st 01 AL gape] g
Fell 4 bioluminescence}

—
o

75}
(1)

Time (h)

g
& Sy
(=] %F:‘
15 B
o £X
1 5
=]
[<5)
! 05
‘t
001 %= —— o
0 5 10 12

Iime (h)

Figure 1. The relabionshm between cell growth and hiclum-
mescence emission. The hicluminescence was measured with
10° times diluted solution of Photobacterium phasphoreum
Cells were culuvated in the NaCl medmum containing 12.5g
of nutnent broth No.2, 25g of sodium chlonide, 50g of yeast
nilrogen base (without amino acid), and 3.0mL of glyceral
n 1 0L of distilled warer at 157TC.
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Figure 2. The relationship between optical density of P
phosphoreum In 660nm and a bioluminescence mlensity, A
various cell concentrations were prepared from the cells
harvested grown for ldhr.
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Figure 3. The cffect of pH on bicluminescence intensity of
P. phosphoreum. Bioluminescence was not affected between
pH 6.0 and 8.0 after 20min.
Symbols : {ll}), bicluminescence intensity measured at Omin ;
(@), bicluminescence intensily measured after 20min with
distilled water of each pH.
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Figure 4. The elfect of various alginate concentrations on
the hioluminescence miensity. The bhiclumnescence was firstly
monitored at § time and compared with bioluminescence
measured at 20mun.
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Figure 5. The effect of dilute solutions on biolumnescence
for 20min When diluted wath ordinary medium, the bolum-
inescence intensity slightly increased for the [irst S5min and
stayed constant for the last 1hmin. When cells were diluted
with 252%{w/v) NaCl solution which is same as NaCl con-
centration of culture medium for P. phosphoreurn, a stability
was shown for 20min with shght decay of bioluminescence
Symbels : Bioluminescence of cells mixed (4), with distilled
water ; (). with 0.9%{(w/v) NaCl solution ; (A}, with
25%(w/v) NaCl solution ; (@, with 30%(w/v) NaCl solution ;
{*), with medium.
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various toxic substances. The concentration unit of toxicant
1s ppm. The eflect of CdCl: ;
obilized cells, the effect of nitrophenol ; (c} on free cells
{(d) on immobilized cells, the effect of phenol ; (e} on free

cells {fY on immobilized cells, the effect of PCla 5 (g) on free
cells (h) on immebilized cells.
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Figure 7 The specific biolummescence reduction rate of
each toxwe substances The relationship between concentration
of toxic substances and specific higluminescence reduction
rate (a) with free cells and (b) with immobilized cells.
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Figure 8. The relationship between concentration of loxic
substances and the ratic of minal miensitv{ly) and hilensity
with toxic substance(I) {a} with free cells and (h) with
immobilized cells.
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Figure 9. The gamma value of each toxic substances The
relationship between log concentration of loxic substances
and the log gamma value (a} with [ree cells and () with
immobilized cells.

Symbols @ (). the gamma values with phenol . {4), with
mtrophenal ; (I, with PbCls . (4), with CdCle
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Table 1. ECs{ppm) of each toxic substance on [ree cells
and immobihzed cells at 3min. 10min and 20min

Free cells Imimohilized colls
Toxle
substances  ECy ECa ECz ECa ECx ECx
(Bmn) (10min} (20mn) (3min)  {10mmn)  (20min}
PuCla 215 1.19 6718 6.23 006 018
[henct 17771 9700 4101 2.01 (69 040
CdCl; Hoo 2751 231 165 0.04 0 0.02
Mitrophenol 1771 047 743 0.80 162 1.33
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