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Abstract

Our works performed for preparation of oligosaccharides from carrageenan, seaweed polysaccharide, and one
active sfrain for carrageenan was isolated from sea water and identified to Pseudomonas alcaligenes. Carrageenan
degrading enzyme was purified from the culture fluid of isolated strain-Pseudomonas alcaligenes JCL43, by
DEAE-Cellulose, Sephadex G-100, Q-Sepharose and CM Sepharose CL-6B column chromatography. Two enzyme
-F-I, F-II- was identified this purifying process, and the molecular weight of the purified carrageenase were
estimated to be 23.6kDa and 30.2kDa, respectively. The optimum pH and temperature for two carrageenase activity
were 7.0 and 40, These enzymes were stable in the pH range of 6.0~7.5 and lower than 50°C, and required 1.5%
NaCl for optimum activity. And these carrageenase were inhibited by metal ions such as Cu”, Zn™*, Hg", but
increased by Ba’* and Ca*, and showed specificity on x-carrageenan.
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Fig. 1. DEAE-Cellulose chromatogram($ 3.0 x50cm)  of
crude enzyme obtained from acetone precipitation.
The enzyme were eluted with a gradient of 0.01~1.0M
NaCl in 30mM Tris-HCI buffer, pH 7.0. The flow rate
and fraction volum was 30ml/hr and 6ml, respectively.
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3. CM Sepharose CL-6B chromatogram(¢p 2.0 x100cm)
of the carrageenan positive fraction(F-I) obtained
by the Sephadex G-100 chromatography for
purifying the carrageenanse.
The enzyme were eluted with a gradient of 0.1~1.0M
NaCl in 3mM phosphate buffer, pH 6.0. The flow rate
and fraction volume was 30ml and 6ml, respectively.
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Fig. 2. Sephadex G-100 chromatogram(¢ 2.6 < 100cm) of
the carrageenan positive fraction(F-I) obtained by
the DEAE-Cellulose chromatography for purifying
the carrageenase.

The enzyme were eluted with 30mM Tris-HCI buffer,
pH 70. The flow rate and fraction olum was 40ml/hr
and 6ml, respectively.
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Fig. 4. Sephadex G-100 chromatogram{$ 2.6 X 100cm) of
the carrageenan positive fraction(F-If) obtained by
the DEAE-Cellulose chromatography for purifying
the carrageenase.

The enzyme were eluted with 30mM Tris-HCI buffer,

pH 7.0. The flow rate and fraction volume was 40ml/hr
and 6ml, respectively.
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Table 1. Purification of carrageenase produced by Pseudomonas sp. JCL-43 (F-D
. Protein Total activity Specific activity ) Purification
Fraction Yield(%
(mg) 0 (U/mg) ® e
Cul.broth 7,800 1632 0.21 100 1
Acetone pre. 1,043 511.8 0.49 31.36 2.30
DEAE-Cell. 2278 1825 0.80 11.18 3.81
Sephadex G-100 479 57.9 1.21 3.55 5.76
CM Sepharose CL-6B 109 264 242 1.62 11.52
(F-1D)
: Protein Total activity Specific activity . Purification
Fraction Yield(%
(mg) © (U/mg) W o
Cul.broth 7,800 1632 021 100 1
Acetone pre. 1,043 511.8 0.49 31.36 2.30
DEAE-Cell. 198.2 1419 0.72 8.69 342
Sephadex G-100 319 522 1.64 3.20 7.81
Q- Sepharose 81 274 3.38 1.68 16.09
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Fig. 5. Q-Sepharose chromatogram($2.5%50cm) of the
carrageenan positive fraction(F-II) obtained by
the Sephadex G-100 chromatography for puri-
fying the carrageenase.

The enzyme were eluted with a gradient of 0.0~1.0M
NaCl in 30mM Tri-HCI buffer, pH 7.5. The flow rate
and fraction volum was 30ml and éml, respectively.
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Fig. 6. SDS-Polyacrylamide gel electrophotogram of the
purified F-I and F-II enzyme.
The letters of the photographs; MP: marker protein,
EI fraction I enzyme, F-II. fracction II enzyme.
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Fig. 7. Estimation of molecular weights of F-I and F-II
enzyme by SDS-PAGE.
Molecular weight of markers
B-Galactosidase: 116 kDa, Bovine serum albumin: 66
kDa Ovalbumin: 45 kDa, Carbonic anhydrase: 29 kDa
Trypsin inhibitor: 20.1 kDa
Regression equation: M.W.=5.12-0.99X(r=-0.989)
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Fig. 8. pH dependence of the carrageenase.
The used buffer in the reaction mixture were 0.1IM
sodium acetate-acetate(pH 4.0-6.0), 0.1M Tris-HCI(pH
7.0-9.0), 0.IM sodium carbonate(pH 10.0-11.0).
Substrate concentration: 0.6% carrageenan(contain 1.5%
NaCl), Enzyme concentration: F-I-46pg/ml, F-1I-114u
g/ml, Reaction condition: substrate 2.0ml, buffer soln.
20ml, enzyme soln. 0.5ml, temperature 40°C, reaction
time 90min.
Symbol: @-F-I, - F-IL
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Fig. 9. Temperature dependence of the carrageenase.
The used buffer in the reaction mixture were 30mM
Tris-HCI buffer, pH 7.0.

Substrate concentration: 0.6% carrageenan(contain 1.5%
NaCl), Enzyme concentration: F-I-46ug/ml, F-11-114pg/
ml, Reaction condition: substrate 2.0ml, enzyme soln.
0.5ml, buffer soln. 2.0ml, reaction time 90min.
Symbol: @-F-I, {*-F-IL
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Fig. 10. Stability of the carrageenan at the different pH
under preincubation condition.
The enzyme were preincubated for 60min by dia-
lysing in the different pH buffer solution.
Substrate concentration: 0.6% carrageenan(contained
1.5% NaCl), Enzyme concentration: F-I-46ug/ml, F-II-
114ug/ml, Reaction condition: substrate 2.0ml, buffer
soln. 2.0ml, enzyme soln. 0.5ml, temperature 407,
reaction time 90min.
Symbol: @-F-1, O-FIL
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Fig. 11. Stability of the carrageenan at the different
temperature under preincubation condition.
The enzyme were preincubated for 60min at different
temperature.
Substrate concentration: 0.6% carrageenan(contained
1.5% NaCl), Enzyme concentration: F-I-46ug/mi, F-II-
114ug/ml, Reaction condition: substrate 2.0ml, enzyme
soln. 0.5ml, buffer soln. 2.0ml, reaction time 90min.
Symbol: @-F-I, C-F-L
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Fig. 12. Effect of NaCl concentration on the carrageen-
ase activity.
The used buffer in the reaction mixture were 30mM
Tris-HCI buffer, pH 7.0.
Substrate concentration: 0.6% carrageenan
Enzyme concentration: F-I-46g/ml, F-1I-114ug/ml, Reac-
tion condition: substrate 2.0ml, enzyme soln. 0.5ml, bu-
ffer soln. 2.0ml, temperature 40T, reaction time 90min.
Symbol: @-F-I, O-FIL
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Table 2. Effect of metal ions on the enzyme activity

Relative activity(%)

Metal ion*

Fl )|
control 100 100
K* 107 91
Li* 2 98
NH,* 94 88
Ba®" 124 102
Ca*? 107 103
Cu®? 9 6
Mg 107 86
Zn*t 16 11
Mn®* 68 59
Hg™* 34 30

*chloride form(ImM)

Table 3. Substrate specificity of carrageenases

Relative activity(%)

Substrate

E-l F-l
Control* 100 100
K-C* 86.9 85.7
x-Carrageenan 914 90.2
t-Carrageenan 25.6 191
A-Carrageenan 19.7 125
Soluble starch - -
Agar - -

Na-alginate - -
Carboxymethyl Cellulose - -
Dextrin - -

* commercial carrageenan(Myeong Shin Co., Korea)
**prepared carrageenan from seaweed(Chondrus ocellatus)
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