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Bicluminescence of Phofobacterium phosphoreum has been used for the detection of pollutants in the environment,
Immobilization methad was used to maintain the stability of bicluminsscence of P. phosphoreum. The carboxymethylceliulose
was investigated to find out whether 1t was suitable for the immobilization of P. phosphoreum as a matrix without disturbing
the hicluminescence emission, A maintenance of bioluminescence was delermined from the P phosphoreum immobilized on
the various concentrations of carboxymethylcellulose. A relatively high bioluminescence intensity was shown with immobilized
cells on 1%(wfv) carboxymethylceilulose. The effect of carboxymethylcellulose concentrations on the sensitivity of Cr-

campounds including NazCrOs KaCrQs CrOs CrK(S0.):

and CrClz to the bioluminescence intensiy. The calculated ECs

showed that the linear relations betwsen such substances and bicluminesence intensity were established.
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Figure 1. Decay of Bioluminescence at different CMC concentrations

X 25%CMC

o

Table 1. pHE values of CMC at vanous concentations

CMC concentration(w/fv)

1% L 5% % 25% 3%

pH 692 6.65 6.48 6.25 6.02

FAE B o zlon, 3%(wi) AL 325602QRLUGIA 308
& 116581(RLU)§: 7hA b CMC—] c_lj’] Z71442 biolu-
minescence intensily/} o] ZHAE 9T o]= |, P plos
phoreurn @] pHE| Q% WEOZ AI2EH, Lee. H. I(13)9] O]ﬁ}
A P phosphorern-& pH 4.0~10.0 ®W$lo) 2
pH 70004 FHHolgem, pH 605 pH 80042 biolumine-
scence intensity7} 50% #adT BEAS AT 9iich adE
2 Table 1204 & 4 v AN 1%(wfv) CMCE pH 6920
T 3%((wiv) CMCe pH 6022 CMCE%r) Fr7|leke2 CMC
A7 pH 608 248l7] wEe] biclminescence intensity7}
raslg e 54, CMCkL:_ﬂ- 27182 Axrt 278,
= P. phosphoreum - 3712l A BA80E luciferine] Ah4g)
luciferasesl] 2]&] WgelA 5ed Zod Adihzdde] 2o Ax
of ola) LEsA] FEahr] o]l 30E 2] bioluminescence
o) etAAL [~-3%3 CMC ZalelA WEe Tase wyd.
JHEE EARUHHES ] g3t d4E bdioluminescence]
FAE 1~-3%e0 A Bl=AAT 27 7h3ke] 1% CMC 2ol
P. phosphoreym2 TAEE S 1] bioluminescence intensity?} 7+

% e 2age wgt

0 *ZH%E 1

ECso

P phosphorenme] TAE 22 10%(WH),  13%(wiv),

2.0%(wiv), 2.3%(wiv) B 30%w/v)2] CMC 2o Cr §328
1105, 1310, 1210, 1%10° mgle] Fed 208 =247
bioluminescencz®] intensity?} 30% ZrAEE EAE T ECqdt
& ArEsidlrh 7 CMC gl A 9] ECoghs o7 flelAMe
log (Cr-E45%) 9 log rghell o5l 44 FA4H8 71g78
HA abzdleior &, ey F4 g 270 B2 log (Cr
)9} log 7te] AASRHE vlug 4 99T 7 o
ik log-log L) A bioluminescence intensity 7}
S 7340 FANES B 4YAE S99 UeE 1
10° myle sod URFF =547 CMC =49
o]-t Ld-’“ﬁ] nE Z2FHoZ #7) W&o A=H
L& loglog 2 == YBETh -y #
35:_,401])\1 205 %o} bioluminescence?] 7hA-£o]

gae-g HrjEch SAERe)

4
wzhe loglog “'EHJOM 1%10°~1%10° mgLE4s] tha
B HeR EA FAH 2= G@AFs) 10009
del b0 dAlas Ao B4y
= bioliminescence intznsity 7} Y3 bl-ﬂu_ & aa
gemz WAL Fol 109 7ESE ¥ ge] FAA
T e g 2 anc gAses) S45
Fol4 7 E42d
17 HL%%} CMC dz‘] O] FEE ﬁm}oiu} 7 Cr-B)13
& ECsodtmh A@A5®)% 712 7] Table 2] ek
, log(Cr-=45 %) log ro] IS =& Figure 2¢] Wehgich

1
o
s
7
el

P = N N

=)
o
kil
il
nh‘.

;
N
)
e
z
E
+
\>
é.

g 4o
r=

il

o rle
Jl-ﬂ

R =

FJ°~' bt

)

.i

o
o [
=5
il
e =
El
roo
J'-.J
i
&'ﬁ
=
L
o
B
ligl

£,
=
-

ot B = A R L A
iy .
0,
=i
m |
|—|‘r
%

Ty

(T} NaxCrQy  NaCrOgs=e)] u)dl oMC 243 A
» ECogte] W8, 7| 2778 B 10~2.0% CMU %MH
A ss 106 7T 0987-0.9920]W, 25%9) 3.0% CMC
—r 39l 1% 10 mgLe) Naqclo.ﬁm:g}g A2Em 1% 107~
% 10° mg/L2] NEhCTOq%Eoﬂ o]l gkel 0.9942} 08089
E5E NaCrQ,d =& 3 2089 Ecsuaw Wags o 10~
20% CMC 2ol ECs o] 54~75 gLE <8 oo
PEEHJA L0% CMC FH7 71 e 54 gLE AEEE
T, 1.0% CMC247} 13%, 20% CMC 2kt He xng
NaxCrO, o 5| WizbstA] dh-28ke) NaoCr0ygl 1210 me/lLel log
y kel E21E90] Wil FlE7|E 04712 71 A AEE
Hvh 5% 30% CMC €xlel e 25% CMC @A) ECagt
o] 17.9 L& ¥7EE5, 1x10° mgLe) NaCrO sz 4 log
¥ el FA AERe] FlETige] 08572 =54 AEEglen,
LO% &} 2.5% CMC <) = 1.0% CMC 937+ ECqike] =)
A AEEY, 10% CMC SA¢ tlgh NaCro.2] 1x10°
mg/Lel log ¥ Fol EA @2 g 717k 253% CMC
27} A AEEHNG 28EE NaCOe| e ECaoghe] 7+

e 4»

Tuble 2. ECsp of NuCr0y, KoCrQy, CrO,, CrK(S04): and CrCly of immobilized P phosphioreum with ditferent CMC concentrations at 20 min

MO NﬁzCI’O‘( K2CrOy 0, CI'K{SO.\ )g CICla
(Fwiv)  ECs e 51 ECs e g ECs R’ S ECs I Slo ECs R g

(/L) ) g @ e o
1.0 54 0992 047] 13.8 0.911 0.391 04 0.990 1.760 163 0514 0717 53 0931 1.164
15 6.2 0.959 0587 14.8 0950 0523 0.5 0,909 1.679 360 1.000 0.199 20.1 Lo 112
2.0 73 0.987 0.660 359 (952 0.576 0.9 0,989 1.332 450 1.000 1 663 376 1000 G542
25 17.9 0694 0857 36.9 0.901 0.627 08 0,986 1.680 792 0.993 1.150 44.8 o 1276
3.0 5559 0.803 0564 302 0038 0821 1.4 (.950 1.377 1721 0.878 063 64.8 Loy 2181




52 Korean J. Biotechnol. Bioeng. Vol 13, No. 1

1.5 " 1 R
L oR® =0.002 NazCrO4 a oR% =091 KOO, . b
oR? =0.989 05 F Rr?=poaw /5
05 F Aﬂj ={.987 //i 0 “R? =095 K ;//
= xR® =0.994 é// = L xR® =0901
= OV .R=0808 BT X E .
T . aﬂ. // §4]5 - *[{° =00938
>c_0'5 - - ‘//’ N i /’/
z A 2o
g —1r A | o,
A [m] /_/ X X 3 X
15 1 A ’ - 1.5 A
-2 ’ -2 N
2.5 ' 2.5
0 2 4 6 0 2 4 &

Loa(Toxic concentration) Log(Toxic cencentration)

5 2
eR? =099 Cr0; o 1 CrK(SO4)2<> w d
4 oR® =0.908 % I s
[+ D
4 L <R=0080 /B 0t . ///E
@ XR” =0.986 X = o -
= 7 = 0.950 : = 57X
g 27 : . T A K
v > o+ X ,
Z 4k =z y R =0914
9 X 2 3 - CR = 1.000
- af § - /R? =1.000
p ! 4 ¥R* =0.999
1 g 5L +R = 0.878
%
_2 L _8 L
0 2 4 6 0 ) 4 g
Log(Toxic concentration) Lag{Toxic concentration)

3
o L oR®=0.831 crois e
| SR% =1 000 X
1 5 g
AR =1.000 P
<+ O | xR?=1.000 =
2 1| RP=1000_- 5
> ,2 - /“:‘ ’ X
o e L
5 =3 F
@]
— _4 _
75 -
_6 i
_? !
0 2 4

Log(Toxic concentration}

Figure 2. The log(y value) and Tog(toxic concentration) graph of NaxCrOi, K:CrOs Cr0; CrK(SO:), and Ci1Cly on immobilized P.phosphorewn wilh
1% CMC, () 15% CMC, (&) * 2% CMC, () : 2.3% CMC, (")

diffarent CMC concentrations, () :

3% CMC



Lee, Y.-I', Sludies on the Use of Catboxymethyleellulose Sodium Salt Matrix for the~ 53

A 93 NaCr0,9 7 92 w9l 1%10° mp/LelA fog r
kol é%}ll NEHIT @2 AE7E e 10% CMC EHe)lA
7h4 NAE G chFigure 3 a).
) KCro4  KoCr0, %me] g CMC 25 %e] BCsdhe)
watey, AaArs 12018 8 on 1.0~30%9 CMC EHM
AmASEE 100 3o, Brd KO =% £ 208
ECo7te 9wdL of 1.0-3.0% CMCYAe BCyiie 1.0%
CMC7}H 3.8 g/lo] T 30% CMCE 39.2 g/LE 1.0% CMC7}
A AEHe] 30% CMC 2AEc 1.0%e CMC 247 K00,
FoolA W7El A @esid®, 1.0% CMCe)A] 14107 mgle)
KLriosZe 4] log rghe] =4 5907 did] 71&71s
LOBCMC7} 03912 30% CMC] 08218 w7 s25gjeon
2 KO0 A 1% CMC 2471 71 917085 0 Figure 3. b),
D 00 G0 FEol] g CMC 2528 ECoike] 3
@, ATk 1"91- NeNE w8 B o) 10~25% CMC 24
2] AEA4E 000909902 % 10¢] SHEFOY 3.0% CMCE
)ﬁﬂ?ﬂfm, 00502 -y 731 1% 10° mgLe] CrOEE 7he 7]
8 1x10°~1210" mgLe] A Zd) 2g CrOERFe]
Ly ~25% CMC & 2] log-log TE)ZelA CrOsEx 2] 1)

\.I
3
\J

o

T K10° my/LARlE] log fgm Ti/} ~42 2

o} CiO;3 CMC FAle] 9has] age AL 4 & gon,
log- Tog inHioﬂﬂ B 4 iRe| FA4Le 7187 FHe|7) g
207 1.0~30% CMC ol 107~ 1% 10° mgLe] Cihe s
EE F AR ECxIE vlualgs o) L.0% CMC el A
04 gL 714 @) B2H50h 30%CMC 24 14 gL=
A = ahEEHL =R GOyl tig CMCel Flgze] A4
o glefa] 1.0% CMC ZalelA 7l Wdel g chFigue 3. ).

@ CIK(SOe OGSO el el CMC =H19] ECoite] Vg
Ao &5 dlms] 2Y FEE OMC Y
Cr(SOe] ulg A 15%e 2.0% CMC P L
2 1w 10t 110 mg;le CrE(S0): EBE7) -7 ¢ko] 197
wlRo] 108] ghe] AEHYI, 10~25% CMC d#2] BCwak

= 10% CMC &5 f} 163 g/Lo]glal, 2.5% CMC 7} 792
ofL7l AZue] 1.0% CMCHA 714 =izEd dsdgc
10% CMC 2&7F 12 10° mg/Ly) Crk(S0h% o] odl 1og r
ol 0792 A AEEol 0717 717 F& 7[E7(gha] 4
) Qlii, 30% CMC i ECygto] 1720 g2 714 7 2
Zgddon, 1x10° mg/Le] OEEONEES - 712 423 4
Hol g 71L47)7F 08782 A AZue} 110~ ¥ 100
mg/LEEE] CrR{SO04-¢ ] F7leld yhealdeme Cr(SOh
dds L% CMC a7} Hgetd vhdshdhiFaue 3. 45,
iy CICI Zh CMC el g ke ECy3le wslah
bl 22st 7172 HRE B, BT OMC 48 Crel)
t;ﬂ— wj A 10% CMC g2 zni]a 15~30% CMCE
, 110" mplle] FEAA -y o] AEFgenE B orr
9y 513— ula]J_ 1= 10" 12007 mgLe!l el olg 4845
gtk 15~3% s5dM ABAFrT LiolRE 4o
Aol log r& vRY £ GAER ECopiwht2 nwdle u
10% CMC g8le) ECqitel 3.5 glLE 7H3 vkl d-gs)o]
Ccheld Agta] 988 5 sle CMC 249 $E2 10%
olelh(Figme 3. e

rﬂ{w

o ok
a

iﬁ

LO0%(wjva CMC 2= 245 s §4

T F s AEE
7AW 01 M o8] gojed ol ?]f’- L €& 5 Us =
Zaltl Luminometer tubet]2l AlZ2eo) f59 HiaFozw

]

el FFE dAEA & P phmphmcrmi
bioluminescence ensily7} <1 He] w2 =
2 743 29T 1%why CMCRHES pH 6928 F&ZE79) pH
700 ZAFom, 072 g MAF D oxyeen iransler)
al 13%(whv)~30%(wh) CMCHEA R} HojL] Bioluminescence
intensity 2] <492 Hedgigiv) Cr-ghaboel NaCrdy K-Cr0,,
Cr0;, Cr(SQy: B Crlhe] CMCEe] el 9iges » 2he
ol &a A ECyEte 2 vEhfels W NaxCiOy, KaCr0y CK(SO.)-
20 CiCLe) Ecim,}o] LO%(wNICMCa A 54~163 gLo

L5%(wiv) ~3.0%(wly) CMCE]A% 62-5559 wLo| Wz )
el Bl“% 1.0%(wfy) CMC?) W =73 F=o4 biohmme-
scence intensity7} 50% ZATE oF & 9lm, ARASERY)
0.011~090002 =4 A&tk WA [%iwy) CMC o)
7l P phosphorenn:2] bioluminescenced] 9HAS Z9lon &

deael 7P it 3 & 5 2dsich

oza
G
i

REFERENCES

{. Alberl, L. L, D, L. Nelson and M. M. Cox (1996},

Principles of Biochernistry, 2nd cd, p. 407

Bronsiein, 1., I Foatin, P. E. Stanley, G. § A, B. Stewart

and L. J Kncka (1994, Chemiluminescent and Biolumine-

scenl : Reporter Gene Assays, Anal. Biochewm 219, 169-181.

Baker. ] M, M. W. Griffiths. and X. L. Collins-Thompson

(1993}, Bacterial Biolumninescence Applications in Food

Microbiology, J Foed Prot. 53(1), 62-70.

4. Hasting, I. W., J. Mademsom and D. Paul (1987), Rcview,

How are Growih and Luminescence Regufated Independently

m Light Organ Symbionis?, Symbosis. 4. 3-24.

Chumg, K. H, H. § Kim. E. 8. Lee, 5. I. hmg, I. G Lee,

E K Kim, and U. H. Chun (1999, Response of Photobeac-

terium phosphiorerm 1o Heavy Metal, Korean J. Biotechrol.

Bioeng, 1403}, 342-350

4. Michacl, L S, and K Fikel (1992), Bioprocess Engincering,
P 278-282, Prentice-Hall, Inc,, New Jersey.

7 Cumbur. C. and E Murat {1995), Stability and Controlied
Release  Properties  of  Carboxymethyleellulose-Encapsuiated
Bucillus thurmgiensis var, 1w eelensis, pestic. sci. 45, 351-353

§ Prasad. M. P and M Kalyanasundaram (1995). Scanning
Eleclron Micioscopic  Analysis and Swelling Behaviow of
lonotropically Crosslinked Carboxymethylcellulose and Carbo-
xymethylcellulose-gelatin - Mairices, Carbohydrate  Polumers.
26, 35-41.

4. Horner, 8., J. Puls, B Saake, E. A. Klol, and H. Thiclking
(1999), Enzymc-Aided Characterizadon of Carboaymethyleel-
lulose, Carboliydrate Polymers. 40, 1-7.

10, Elein, Y. M., C. Comhur and § C. Sacilik (1993), Aluminum
Carboxymethyleelhilose Encapsulavon of Bacills sphaercus
2362 for control of Culex spp. Larvae, J. Econowmic
Entomology. 88(4), 830-834.

[1. Mallak, F P and R. L. Brunker (1984), Dectermination of
lhe Toxicity of Selected Melalworking Fluid Preservatives by
Use of the Microlox System and an [n Viwo Enzyme Assay,

(%)

|5

L



54

In Toxicity screening procedures using bacterial systems

(Dickson Liu, B. I. Dutka eds), p. 65-76, Marcel Dekker
Inc., New York.

. Kim, H S, S. J. Jung, K. H Chung, and U. H. Chun

{199%), The Effect of Storage Temperawre on the Viability
and Bioluminescence of Photobacierivm pliosphoreum, Kore-
an J. Bwfechnol. Bioeng, 14(1), 523-327

Karean J. Bigtechnol. Biceng, Vol. 15, No. 1

13, Lee, H. 1. (1999, Studics on lhe Stability of Bioluminescence
Produced from Photobacterivin phosphorewni and [ts Linear
Relationship with Toxic Substances, M. 8. Thesis, Dept. of
Food science and Technology, Kyung Hee University, Suwon.



