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Respones of Photobacterium phosphoreum to toxic substances. Chung, Kye-Hun, Sung-Je Jung, Yong-Je
Lee, Moon-Suck Her, and Uck-Han Chun*. Department of Food Technology and Science, Faculty of Life Sci-
ence, Kyung Hee University, Suwon, Kyungki, 449-701, Korea — Photobacterium phosphoreum was used for
the study of bioluminescence response to toxic substances including phenol, As,O3;, SeO,, and CrOj; in view of
developing monitoring system. Measurement of inhibition of bioluminescence in P phosphoreum has been
proposed as a sensitive and rapid procedure to monitor toxic substances. The concentration of toxic substance
causing 50% light reduction(ECso) in bioluminescence intensity was determined with free and immobilized
P. phosphoreum. The minimum inhibitory concentrations(MICs) for bioluminescence emission were found to be
400 ppm for As;03, 800 ppm for phenol, 60 ppm for SeO, and 60 ppm for CrOs, respectively. The linear correlation
between Gamma value and the concentration of toxic substances was obtained and ECso was calculated from the
linear correlation. The free cells were shown to be more sensitive to toxic substances than cells immobilized on
Sr-alginate and Ca-alginate. However, the linear regression curves were derived from the Sr-alginate immobilized
cells indicating the immobilization method is a useful tool for monitoring of toxic substances under the more stable

condition of bicluminescence.
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Fig. 1. The relationship between cell concentrations of P
phosphoreum and a bioluminescence intensity. A various cell
concentrations were prepared from the cells harvested after
15hr growth.
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Fig. 2. The effect of reactivation time on the bioluminescence
intensity of both free and immobilized P phosphoreum stored
at 4°C Bioluminescence showed maximum value at 11min and
stable condition for 20min. () free cell, ((J) immobilized cell.

RESPONES OF P. PHOSPHOREUM TO Toxic SuBSTANCES 47

ek APHY ATZA WP Z4E 2 5 9o
113 A} & free celld} A3 A E 25 biolumin-
escence?] FHoizte Bgoh 113 A% ¥ 2F Aslge
v 208712] vl A bioluminescence’t R
o} giebd B QFeiME 4°C A" AES 15E E¢
AFAGAZ F SRR 2 WS 2AkgE

Minimum inhibitory concentration(MIC) &8

B dpoMe 4 BAE26 A’ P phosphoreum®]
FaAH s ESE SAHIEY 3 42A 8% = (minimum
inhibitory concentration, MICy= RS A sl|gh= 49
54 TEE A3 BAg MICHS ARSI 4,
AEH, iRl 24, wiAIZY, &5, pH, ¥7] 5 wWiUE
ol wiel ZElxlzmz MIcES AdAd = doh
£ dvelMe 3 FHAE ©]87 solid methods}
A3 SAEE o83 liquid methods °[-831%iwt. MIC
£ Sk v AN SHERE A o2 veE
7kt WA e 4o A RS FHF Sl
B ke A= W3} gy Feld MIC
T3}, 7 SAEEL MICEHS Table 1, 2, 3, 4 o
vehNglc}. Table 1, 2= phenol} As)O35 200ppmel| A
1000ppme] FE=2. =FAZE wo MESe AEXFE
a2 dbgeke] W3S FARSIGIYE. Phenol?] MICZER-
M Egxet Tgego] 0.021% 672 AEAAN AsE

2 o

Al

o=

i

Table 1. Minimum inhibitory concentration(MIC) of phenol
measured at 24 hr

Toxic Solid method Liquid method
concentration  Colony <1 oD Bioluminescence
(ppm) (CFU/ml) ~660 intensity

0 1.22x10° 0.571 242491
200 8.45x108 0.510 131635
400 1.13x108 0.472 55372
600 1.07x107 0.455 47113
800 - 0.021 67

1000 - 0.011 20

Table 2. Minimum inhibitory concentration(MIC) of As,0;
measured at 24 hr

Toxic Solid method Liquid method
concentration  Colony <~ oD Bioluminescence
(ppm) (CFU/ml) 660 intensity

0 9.95x10® 0.527 66,540
200 1.65x107 0.475 39,647
400 - 0.038 68
600 - 0.017 97
800 - 0.019 78

1,000 - 0.011 26
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Table 3. Minimum inhibitory concentration(MIC) of SeQ,
measured at 24 hr

Toxic Solid method Liquid method
concentration  Colony 4~ oD Bicluminescence
(ppm) (CFU/ml) ~-660 intensity

0 1.09x10° 0.447 115395
20 7.5%108 0.415 104942
40 5.8x10° 0.334 81310
60 - 0.020 85
80 - 0.015 65

100 - 0.016 20

Table 4. Minimum inhibitory concentration(MIC) of CrO,
measured at 24 hr

Toxic Solid method Liquid method
concentration ~ Colony oD Bioluminescence
(ppm) (CFU/ml) o8 intensity

0 9.95x10® 0.435 382784
20 7.5%107 0.353 335767
40 1.1x108 0.308 | 203448
60 - 0.018 52
80 - 0.012 53

100 - 0.010 26

vehd 800 ppmAS < 4 Qlth(Table 1). Table 2014
As;0:9] MICES 2™ Colony:7F 93 Al X F=7)
0.0382] 400 ppmAE & 4= vl Table 3, 4= SeO,%}
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A dgkem g MICE-S 60ppme|=t (Table 3, 4).
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Fig. 3. Kinetic response of bioluminescence in various toxic substances.

The effect of As>O3 ; (a) free cell, (b) strontium alginate immobilized cells, (¢) calcium alginate immobilized cells, the effect of phenol ;
(d) free cell, () strontium alinate immobilized cells, (f) calcium alginate immobilized cells, the effect of SeO; ; (g) free cell, (h) strontium
alginate immobilized cells, (i) calcium algiante immobilized cells, the effect of CrOs ; (j) free cell, (k) strontium alginate immobilized cells,

(1) calcium alginate immobilized cells.

valueE 73l o] FeEHE] ECsoS T8 3k Table
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(a) Asy03, (b) phenol, (c) SeO;, (d) CrO; : ( @) strontium alginate immobilized cell, ( B ) calcium alginate immobilized cell.

Table 5. EC5y of immobilized cells on strontium alginate at
10min, 20min, 30min

Table 6. ECsy of immobilized cells on calcium alginate at
10min, 20min, 30min

. ECso . ECso
Toxic TOmin 20min 30min Toxic TOmin 20min 30min
substances substances

(x10%ppm) R* (x10°ppm) R? (x10%ppm) R? (x10%ppm) R? (x10?ppm) R? (x10°ppm) R>
As;0; 2570 087 1995 087 257 087 As;0,  2.187 076 1949 079  2.187 0.76
phenol 1778 095 1995 095 2041 0.93 phenol 1148 083  1.905 080 1949 0.79
Se0,  0.18 097 0234 093 0245 0091 Se0,  0.154 088 0181 089 018 0.88
CrO;  0.199 095 0245 087 0257 087 Cro; 0186 079 0213 072 0218 0.75
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