Kor. J. Appl. Microbiol. Biotechnol.
Vol. 27, No. 2, 136—144 (1999)

= 2

Strontium AlginateZS

st Photobacterium phosphoreum

DEs A9 ™S}
OlEF - Zeis - BHE - 0|2% - Mol
Zz|ohstm MRl eiDlsts AlEy @ st}

Optimization of the Condition of Immobilized Photobacterium phosphoreum with Strontium Algi-
nate. Lee, Hong-Joo, Hyun-Suk Kim, Kye-Hun Chung, Eun-Su Lee, and Uck-Han Chun®*. Dg-
parfment of Food Technology and Science, Institute of Life and Resource Science, Kyung
Hee University, Suwon, Kyungki 449-701, Korea - Since the condition of immobilization must be op-
timized, it is very important to know whether and on how conditions bacterial cells retain their meta-
bolic activity during immobilization process. A bioluminescence intensity had the maximum value
when cell concentrations were between 1.0 and 1.2 measured at O.Dg,. The strontium alginate was used
as an jmmobilization matrix and two independent factors for immobilization of Photobacterium phos-
phoreum with strontium alginate were optimized with the response surface methodology(RSM) con-
thc optimum concentration for immobilization was
found to be 2.4%(w/w) for sodium alginate and 0.31 M for strontium chloride, respectively. A dilution
was carried out with 2.5%(w/v) NaCl solution that is an optimum environmental condition for growth
of P. phosphoreum. Under the such condition of immobilization, hardness could bc predicted as 4.66x
10* N/m* and it took different time according to the volume of matrix to be immobilized completely.

sidering degree of bioluminescence. As a result,
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Fig. 1. The relationship between cell growth and biolumine-
scence emission.

The bioluminescence was measured with 107 diluted solution of
Photobacterium phosphoreum. Cells were cultivated on the NaCl
mediom conlaining 12.5 g of nutrient broth No.2, 25 g of so-
dium chloride, 5.0 g of yeast nilrogen base (without amino acid),
and 3.0 ml of glycerol in 1.0 L of distilled water at 157. @, opti-
cal density of cell at 660 nm; M, bioluminescence intensity.
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Fig. 2. The relationship between cell concentralions of P.
phosphoreum and a bioluminescence intensity.

A various cell concentrations were prepared from cells harvested
after 14 h growth.
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Fig. 3. The effect of dilute solutions on bioluminescence for
20 min.

When diluted with ordinary medjum, the bioluminescence inten-
sity slightly increased for the first 5 min and stayed constant for
last 15 min. When cells were diluted with 2.5%(w/v) NaCl solu-
tion which is same as NaCl concentration of culture medium for
P. phosphoreum, a stability was shown for 20min with slight decay
of bioluminescence. Bioluminescence of cells mixed ¢, with dis-
lilled water; M, with 0.9%(w/v) NaCl solution; A, with 2.5%(w/v)
NaCl solution; @, with 3.0%(w/v) NaCl solution; *, with medinm.
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Table 1. Fraction factorial block of experimental design for hardness of strontium alginate matrix and hardness

Treatment Process variables” Hardness Treatment Process variables Hardness
No. X, X, (X 10'N/m®) No. X, X, (X 10*N/m®)
1 1.0 0.5 - 26 5.0 2.0 5.1835
2 2.0 0.5 - 27 6.0 2.0 6.1554
3 3.0 0.5 - 28 7.0 2.0 6.9653
4 40 0.5 - 29 1.0 2.5 -
5 5.0 0.5 - 30 2.0 2.5 1.6198
6 6.0 0.5 - 31 3.0 2.5 3.0777
7 7.0 0.5 1.4579 32 4.0 25 3.8876
8 1.0 1.0 - 33 5.0 2.5 5.1835
9 2.0 1.0 - 34 6.0 2.5 6.4793
10 3.0 1.0 - 35 7.0 25 6.1554
11 4.0 1.0 3.2397 36 1.0 3.0
12 5.0 1.0 2.7537 37 20 3.0 2.1058
13 6.0 1.0 2.5917 38 3.0 3.0 2.9157
14 7.0 1.0 1.1339 39 4.0 3.0 4.5355
15 1.0 15 - 40 5.0 3.0 6.1554
16 2.0 15 1.6198 41 6.0 3.0 7.9372
17 3.0 1.5 3.2397 42 7.0 30 76132
18 4.0 1.5 2.9157 43 1.0 35 3.2397
19 5.0 15 4.6975 44 2.0 3.5 1.6198
20 6.0 1.5 6.3174 45 3.0 3.5 3.8876
21 7.0 1.5 4.0496 46 4.0 35 5.5074
22 1.0 20 - 47 5.0 3.5 4.0496
23 20 2.0 1.9438 48 6.0 3.5 8.0992
24 3.0 2.0 2.9157 49 7.0 3.5 9.2331
25 4.0 2.0 8.0992

VX, : Sodium alginate concentration(%), X, : Strontium chloride concentration(M)
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Table 2. The result of ANOVA test of models for the hardness

Table 3. Values of regression coefficients calculated for the
hardness

Independent Parameters
varibles Coefficient  Standard error t-value
CONSTANT 3.50 0.28 12.38
X, 2.51 0.43 5.84
X 205 0.4 4.69

Aate] obE 27 FA3skdth ANOVA testdt H3=
Table 29} Zgkon} F9j#} 5% o WellA zt «lzte] H
o gt HA AG= 13 AY Exe) uhg- EHe] &
Mg o] 2= 22 mye] A a BAXet 7 232
b Abaabgo] gluirh F Ak o A2 (0.1
%) e 7WA = 12 ARAAE oF 37] BAE SR
A} t-value?] Aeizte] 1.75 o]4kal d-& vhF 27 &
A melalo] AL t-valued] Aeigke] 1.75 mlwkal
gr-& 717skack(Table 3). $3 He F 7145w &
fglenz thée] mdd) Y=350+2.51X+2.05X,(r'=
0.99)-2 Aglr} ol ZA3 =AA strontium alginate
9] A% sodium alginate®} strontium chloride F ¥
7l mT 2 gks F= 7102 sodium alginated] &
%9} strontium chloride®] %7} =453 v A
A3 2AE AL 5 AL Fig. 4). o] = v A
A42] AFY ¢ 10009 F9 +5F& AA s
A4} F-value® 99.9% G4 (P<0.001) f-2l4
£ Vo] ohe 53] £ sle] 2 Mgrt AMEE
o] AAHE mdAe] 99.9% FEIA FoAde] alith
A E A7 WE Aaspd A AE o] & A 7]
Ao AB7} LoslA] ke = Z sodium alginate®} stron-
tium chloride”} 13| 2 5= 9l 0.3%2 0.1M°]
Abet =W w5 oA 24 o] 8e] Zhgsldnh o] W =
sk wEiol o 7 9213 pAstE 7] Hele Al
tolg) AerdfZ o B Agle] K7HEER o|4ke]
FAL NEAATE HA A3 Feg 2= 2o F
3k}, el W v AR 39 A5 U A} F
QuclE Fadk gle|ng wARN} 7led 3%
sodium alginate®t 0.1Me]4¢] strontium chloride®
AE wd SR et 28 g 4 TAREY AR}

A Loh

o f

Source Sum of squares DF Mean square F value prob.>F
Mean 698.6 1 698.6

Linear 100.0 2 50.0 22.66 <0.001
Quadratic 26.9 3 9.0 5.86 0.003
Cubic 11.7 4 2.9 2.23 0.093
Residual 34.2 26 1.3

Total 8715 36
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Fig. 4. Response surface of the hardness(x 10'N/m”) of matrix
immobilized at sodium alginate concentration(%) and stron-
tinm chloride(M), respectively.

The hardness increases as concentration of two materials incre-
ase. ‘The hardness of optimum condition, 2.4%(w/w) of sodium
alginate and 0 31M of strontium chloride, could be predicted as
3.66x 10°N/m* and the model equation was Y=3.50+2.51X+
2.05%,(*=0.99).
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Table 4. Fraction factorial block of experimental design for
maintainment of bhioluminescence test and the ratio of biolu-
minescence at 20 min to 0 time

Treatment Process variables The ratio of

No. X, X, bioluminescence
1 1.50 0.20 0.3756

2 3.50 0.20 0.2215

3 1.50 0.40 0.4211

4 3.50 0.40 0.3459

5 1.00 0.30 0.3604

6 4.00 0.30 0.3685

7 2.50 0.15 0.4000

8 2.50 0.45 0.4397

9 2.50 0.30 0.4808
10 2.50 0.30 0.6055
11 2.50 0.30 0.7112
12 2.50 0.30 0.5855
13 2.50 0.30 0.6171

2279l sodium alginate 2.5%%} strontium chloride
0.3M% of ek G2 ATrt 71.12%2 7V Eo gk
= B3low, 29 =]l 3.5%2 0.2MY W 22.15%=2
74 e g4 R sodium alginate®] ¥=7}1 1.00]
A 2.4%(w/w)7}A], strontium chloride®] %% 0.01
A 0.31ME Fx Z7ld uja} JF BF 4257} =
ofont 7 o)Ak FEr) HW 058 AE dago] 7

Response: BL

r T AR
BN AN LR
a'c ’0 TR

.‘\\

-0.88302

0.45000
039000 > " dgoo0
0.27000 208

1.6000
0.15000 1.0008

B: stontium A: alginate

Fig. 5. Response surfaces of the maintenance of biolumine-
scence on sodium alginate concentration(%) and strontium
chloride(M), respectively.

At any concentration the maintenance of bioluminescence incre-
ases as concentration of two materials increase but beyond the
optimum point it decreasc. The model equation was Y=0.60+
2.83X,+16.65X,+19.42X; (1*=0.99).
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Table 5. The result of ANOVA test of models for maintenance of bioluminescence test

Source Sum of squares DF Mean square F value prob.>F
Mean 270723 1 27072.3
Linear 117.8 2 58.9 0.28 0.765
Quadratic 1653.3 3 5511 7.91 0.012
Cubic 94.2 2 47.1 0.60 0.585
Residual 393.4 5 78.7
Total 29331.0 13
L A7E Jebgick(Fig. 5). o]+ T F BAo| Response: BL
O%L AR et Folde s Ast B7keled A 040 n =
29 AfEE o]Be H3 AT JAEE A ’ 2
YA RSt Folat 1 olake] Hul 23]2] Axe 040001
2717 Axe) 2 uke-g whsshy] dEelstn AlEE 0.3500.
fil- Sodium alginate$} strontium chloride®] &%=& £
Y Wz Ay 203 Eke) Wkl WsEE & E oswof
& W5 Y2 A4kl o 39 #4e —rﬂﬂw}aiﬂr z
ANOVA testgt 23+ Table 52 Z9kom #4aF 5% 0.2500
ol A Z} °17<]-——] el gt 39 A= g _LL‘:d
o] FHL o] F& 23 =y T4 3} & H“ 19} 2 & 0.2000--
A9 FEZLe *&l"—}%—" 1 slgie}, 23 AAFAE o5 1% W2 A 2‘:‘/
3]7] ¥4t t-valued] Avigke] 1.75 olakal &2 o 01500600 15000 2oboo 25000 5.0000 3.5000 4.0000
Z 57 24 mdad st 1.75 rlRkal 32 7|7 A: aiginate

3t} (Table 6). 53 Hd-r = X, ¥4 sodium algi-
nate-f] ol AaA-S VelilE ASr) 714 o
£ =94 Y=0.60+2.83X,+16.65X{+19.42X; (r* 0 99)
< AHFig. 5). B A 24 AA 3k &
o] Axt vh Ak Al AlFe 1653.3°1°*~°—
o] 2422} F-value® 98.8%(P<0.012) #-2143-S v}e}
WA o 5] B4 9sted 2k Wiz} AdEe] AA
g =l Ao] 98.8% FEA FAde] KTk t'—l—’e?— il
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Table 6. Values of regression coefficients calcalated for main-
tainment of bioluminescence test

Independent Parameters

variables Coefficient  Standard error t-value

CONSTANT 0.60 2.01 0.30
X, -2.72 1.59 -1.72

X, 2.83 1.59 1.78

X7 16.65 1.70 9.78

Xa 19.42 1.70 11.40

XXy 1.97 2.25 0.88

Fig. 6. Contour plots of the maintenance of bioluminescence
at sodium alginate concentration(%) and strontium chloride

(M), respectively.
The optimum condition of sodium alginate was 2.4%(w/w) and
of strontium chloride was 0.31M.
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Fig. 7. The profile of bioluminescence and lightness of im-
mobilized cell.

The strontium alginate was used as an immobilization matrix
which is composed of 2.4% sodium alginate and 0.31M siron-
tium chloride. The cell concentrations used were between 1.0
and 1.2 measured at O.D660. The measuring time of biolu-
minescence inlensity and lightness was cvery 30s. 4, lightness;
®, bioluminescence intensity of immobilized cell as immobiliza-
tion process goes o1.
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Alzbe mA st AEY Z 371 0.5 mLYE * 60+ 0.2
mLe wf 15%e)gdth wlekx 2.4%(w/w)2] sodium al-
ginateoll 0.31M9] strontium< A7}sle] A 3= 7
o] 71 A gket 7o F ATHT

ZAL &

B A7 199795 TS5 AEEEEE dedTx
AU (AZE-E 96-4-F) 2 27|74k A7) (Project
No. 971-327('97.11.1)) ] &j3}e] edF-=gHuc).
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