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Abstract We isolated a cellulase from the digestive

organs of the short-spined sea urchin Strogylocentrotus

intermedius using a combination of ion-exchange chro-

matography and gel filtration together with an assay for

carboxymethylcellulase activity. The isolated cellulase was

stained as a single band by Congo red. The molecular

weight of the isolated cellulase, as determined by sodium

dodecyl sulfate-polyacrylamide gel electrophoresis under

reducing conditions, was 59 kDa. The isolated cellulase

exhibited hydrolytic activity toward carboxymethyl cellu-

lose, with an optimum temperature and pH of 30 �C and

pH 8.0, respectively. The thermal stability of the enzyme

was characterized by determining the temperature at which

activity decreased by 50 % with treatment for 30 min at pH

7.0 and found to be 32 �C. Cellulase activity remained at a

high level at 5–20 �C, which is the growth temperature of

the short-spined sea urchin. These results confirm that the

short-spined sea urchin should preferably be reared at a

water temperature of \20 �C.

Keywords Cellulase � Digestive organ � Enzymatic

properties � Protein isolation � Sea urchin

Introduction

Cellulose, a major cell-wall component in plants, is a linear

polysaccharide consisting of b-1,4-linked D-glucose resi-

dues that hydrolyzes the b-1,4-glycosyl linkages of the

cellulose chain to produce cello-oligosaccharides, such as

cellotriose and cellobiose [1]. This enzyme family is

grouped into endolytic (endo-1,4-b-glucanase, EC 3.2.1.4)

and exolytic (cellobiohydrolase, EC 3.2.1.91) enzymes.

Complete depolymerization of cellulose to glucose requires

another sort of cello-oligosaccharide-degrading enzyme,

1,4-b-glucosidase (EC 3.2.1.21). Thus far, cellulolytic

enzymes have been isolated and characterized from bacteria

[2], fungi [2], plants [3], molds [4], microbes [5], arthropods

[6–11], nematodes [12], mollusks [13–19] and sea urchin

[20].

The sea urchin is a well-known marine organism dis-

tributed widely from the rocky intertidal areas to the abyssal

depths in all of the world’s oceans. The gonads of sea

urchins are a high value seafood product, and considerable

research is being undertaken worldwide on the development

of sea urchin aquaculture. More recently, considerable

attention has been directed toward the development of

artificial diets that enhance the quantity and quality of roe

produced from sea urchin aquaculture [21, 22]. To develop

such artificial diets and aquaculture systems, it is important

to understand the digestive physiology of sea urchins.

Although numerous edible sea urchins are kelp feeders, a

surprisingly limited amount of information exists on the

biochemical characterization of cellulases in the digestive

system of sea urchins, although several reports have been

published on the detection of cellulase activity in the

digestive organs of sea urchins [13, 23–29]. In the respec-

tive studies, cellulase activity was analyzed using crude

extracts from the digestive organs and, therefore, the exact
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biochemical characterization of the cellulase has remained

unclear. Nishida et al. [20] reported the isolation, bio-

chemical characterization and cDNA cloning of cellulase

from the digestive organs of the Northern sea urchin

Strongylocentrotus nudus. However, these authors focused

on the biochemical characterization of the cellulase at a

temperature that is not the considered to be the growth

temperature of the Northern sea urchin. Thus, the isolation

and biochemical characterization of digestive enzymes at

the growth temperature of sea urchin is an important step

toward understanding the digestive physiology of this

organism and the development of efficient aquaculture

systems. To the best of our knowledge, there has been not

study on the biochemical characterization of cellulases from

sea urchin at its growth temperature.

In the study reported here, we isolated and biochemi-

cally characterized a cellulase from the digestive organs of

short-spined sea urchin, Strongylocentrotus intermedius.

We also compared the biochemical characterization of the

cellulases from the short-spined sea urchin and Northern

sea urchin and discussed digestive physiology in terms of

the biochemical characterizations of the cellulases at

physiological growth temperatures.

Materials and methods

Materials

Digestive organs from the short-spined sea urchin were

obtained at the local fish market in Hakodate, Hokkaido

Prefecture, Japan. The pooled tissues (1.5 kg) were thor-

oughly rinsed in sea water to remove the intestinal contents

and then dehydrated by the addition of 1.5 l acetone at

-20 �C. Precipitates were collected by centrifugation at

10,000 g for 15 min, rinsed five times in 0.5 l cold acetone,

then rinsed again in 0.5 l acetone at room temperature and

finally collected by centrifugation at 10,000 g for 15 min.

The acetone-precipitated tissues were dried at room

temperature, and the acetone-dried powder was stored at

-20 �C until use.

Purification of cellulase from the short-spined sea

urchin

Crude enzyme was extracted from 2.5 g acetone-dried

powder from the sea urchin digestive tracts with 100 ml

sodium phosphate (10 mM; pH 7.0) at 0 �C for 30 min with

occasional stirring. The enzyme extract was centrifuged at

10,000 g for 15 min and the supernatant then dialyzed

against 10 mM sodium phosphate (pH 7.0) at 4 �C for 24 h.

The supernatant was then applied to a TOYOPEARL-

DEAE 650M column (2.0 9 26 cm) (Toyo Soda Mfg Co.,

Tokyo, Japan). After unadsorbed materials were washed out

with 10 mM sodium phosphate (pH 7.0), proteins were

eluted by a linear NaCl gradient from 0 to 300 mM (total

volume 700 ml) in 10 mM sodium phosphate (pH 7.0) at a

90 ml/h flow rate. The eluate was collected in 8-ml frac-

tions and carboxymethyl cellulose (CMCase) activity was

determined. CMCase activity was detected in the fractions

eluted at approximately 0.2 M NaCl (pooled as the DE-1

fraction). The DE-1 fraction was subjected to the same

chromatography procedure after dialysis in 10 mM sodium

phosphate (pH 7.0). The active fractions (pooled as the DE-2

fraction) were concentrated to 1.2 ml with a Vivaspin 20 ml

centrifugal concentrator (Sartorius, Goettingen, Germany).

The DE-2 fraction was subjected to ion exchange chroma-

tography using a Mono Q 5/50 GL column (GE Healthcare

UK, Buckinghamshire, UK) after dialysis in 10 mM sodium

phosphate (pH 7.0). The retained proteins were eluted with a

linear NaCl gradient from 0 to 300 mM at a 60 ml/h flow rate

using a fast protein liquid chromatography system (GE

Healthcare Biosciences). The active fractions were con-

centrated to 1.0 ml with a Vivaspin 5 ml centrifugal con-

centrator (Sartorius) and then subjected to gel filtration

chromatography using a Superdex 75 column (GE Health-

care Biosciences) at a 60 ml/h flow rate. A 59-kDa protein

with high CMCase activity was eluted as a single major

peak.

Cellulase activity assay

A standard assay for cellulase activity was performed with a

reaction mixture containing 0.52 % carboxymethyl cellu-

lose (CMC; medium viscosity, Bio Medics, Orange, CA) in

10-mM sodium phosphate (pH 7.0) at 30 �C. Reduced sugar

produced by the reaction was determined using the method

described by Park and Johnson [30]. One unit of cellulase is

defined as the amount of enzyme that produces reduced

sugar equivalent to 1 lmol glucose during 1 min. The

temperature dependence of the cellulase was determined

over a range of 5 to 60 �C and at pH 7.0; pH dependence

was determined at 30 �C in the following reaction buffers:

10 mM HCl-glycine (pH 3–4), 10 mM CH3COOH–

CH3COONa (pH 4–5), 10 mM NaH2PO4–Na2HPO4 (pH

5–7), 10 mM Tris–HCl (pH 7–9) and 10 mM NaOH–gly-

cine (pH 9–10). The thermal stability was characterized by

incubating the isolated enzyme at different temperatures

(5–60 �C) and pH 7.0 for 30 min followed by assaying the

activity as described below.

Effects of metal ions on the cellulase activity

The effects of several metal ions and EDTA on the activity

of the purified cellulase (1.5 units/ml) activity was deter-

mined in a reaction mixture containing 1 mM (final
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concentration) of AgNO3, CaCl2, CdCl2, CoCl2, CuSO4,

FeCl2, MgCl2, MnCl2, ZnCl2 and EDTA in 10 mM sodium

phosphate (pH 7.0) at 30 �C for 60 min, followed by an

assay of the activity as described below.

Sodium dodecyl sulfate-polyacrylamide gel

electrophoresis

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE) was performed with 3 % stacking and 10 %

separating gels as described by Laemmli et al. [31]. Sam-

ples were treated with equal volumes of sample buffer

containing 4 % SDS, 14 % glycerol and 10 % 2-mercap-

toethanol at 100 �C for 2 min or equal volumes of sample

buffer containing 4 % SDS and 20 % glycerol. Gels were

stained with 0.1 % Coomassie brilliant blue R-250 in

ethanol, acetic acid and deionized water (DW) (40:10:50),

then destained in ethanol, acetic acid, glycerol and DW

(200:50:25:725). Molecular weights were estimated using

Broad Range Standard Markers (New England Biolabs,

Ipswich, MA).

Detection of cellulase activity in polyacrylamide gels

Cellulase activity in the polyacrylamide gels was detected

using a modification of the method reported by Beguin [32].

Briefly, enzyme samples were treated with equal volumes

of sample buffer containing 0.25 % SDS and 10 % glycerol.

After SDS-PAGE, SDS was removed by washing the gel

twice for 30 min in 10 mM sodium phosphate (pH 7.0) and

25 % isopropanol, followed by another two washes for

10 min in 10 mM sodium phosphate (pH 7.5). Agar gels

(2 %; thickness 5 mm) containing 0.1 % CMC in 10 mM

Tris–HCl (pH 7.5) were prepared. Excess liquid on the

polyacrylamide gels was removed by wiping the gel sur-

face, and the gels were then laid on top of the agar gels and

incubated at 37 �C for 3 h. After incubation, the agar gels

were stained with 0.1 % Congo red solution and then

destained with 1 M NaCl. All procedures were performed at

4 �C except for the incubation.

Thin-layer chromatography

Thin-layer chromatography (TLC) for analysis of degrada-

tion products of cellulose and cello-oligosaccharides was

performed on a TLC-60 plate (Merck, Darmstadt, Germany)

and a developing solvent consisting of n-butanol/acetic acid/

water (2:1:1, v/v/v). The sugar developed on the plate was

detected by heating at 120 �C for 15 min after being sprayed

with 10 % (v/v) sulfuric acid ethanol. Cellulose powders

were purchased from Advantec (San Diego, CA) and Merck.

The 0.1-ml reaction mixture (0.5 mg of phosphoric acid-

swollen cellulose and crystalline cellulose, 5 mM sodium

phosphate, pH 7.0, 0.26 U of purified cellulase) was incu-

bated at 30 �C for up to 24 h. The supernatant of the reaction

mixture was subjected to TLC. The reaction mixture of the

0.05 ml containing 0.05 mg of G2 (cellobiose)–G6 (cello-

hexaose), 5 mM sodium phosphate (pH 7.0), and 0.13 U of

purified cellulase was incubated at 30 �C for 20 h, then

subjected to TLC.

Protein concentration

Protein concentrations were determined with bovine serum

albumin fraction V (Wako Pure Chemicals, Osaka, Japan)

as a standard protein using either the biuret method [33] or

the method described elsewhere by Lowry et al. [34].

Amino acid sequencing

The N-terminal amino acid sequence of the intact protein

was determined by electrophoretically blotting a sample

onto a polyvinyldifluoridine membrane (Advantec) and

performing the sequencing in an ABI 492HT protein

sequencer (Applied Biosystems, Foster city, CA, USA)

following the manufacturer’s instructions.

Results

Cellulase isolation

A cellulase was isolated from the acetone-dried powder of

the digestive organs of the short-spined sea urchin. Isola-

tion was performed using a combination of ion-exchange

chromatography and gel filtration together with an assay

for CMCase activity (Fig. 1). The isolation procedures

resulted in a target protein that was purified to a 1,156-fold

concentration with a 5.4 % final yield and 28.9 U/mg

specific activity (Table 1). The purified short-spined sea

urchin cellulase showed a single band with an apparent

molecular weight of 59 kDa, as determined by SDS-PAGE

under reducing conditions (Fig. 2a), and was stained by

Congo red (Fig. 2b).

Enzymatic properties of short-spined sea urchin

cellulase

The basic properties of short-spined sea urchin cellulase

were investigated and compared with those of cellulase

from the Northern sea urchin [20]. As shown in Fig. 3, the

optimal temperature and pH of short-spined cellulase was

30 �C and pH 8.0, respectively. These properties differ

from those of the Northern sea urchin cellulase, which are

35 �C and pH 6.3, respectively (Fig. 3a, b). The thermal

stability was characterized as the temperature at which
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activity decreased to 50 % with treatment for 30 min at pH

7.0; this temperature was found to be 32 and 37 �C for

short-spined sea urchin and Northern sea urchin cellulase,

respectively (Fig. 3c). Table 2 shows the effect of metal

ions and EDTA on the activity of the short-spined sea

urchin cellulase. The activity of cellulase was strongly

inhibited by the addition of Ag? and Cu2?. The TLC

analysis showed that short-spined sea urchin cellulase has a

higher degradation activity toward phosphoric acid-swollen

cellulose than toward crystalline cellulose (Fig. 4a, b). The

short-spined sea urchin cellulase degraded the phosphoric

acid-swollen cellulose to produce cellotetraose, cellotriose

and cellobiose as major products (Fig. 4a). It also degraded

the crystalline cellulose to produce cellotetraose, celloo-

triose and cellobiose; however, the degradation activity on

this substrate was very low (Fig. 4b). Figure 4c shows the

degradation of the cello-oligosaccharides. The short-spined

sea urchin cellulase readily degraded both cellohexaose

and cellopentaose to cellotetraose, cellotriose, cellobiose

and glucose, and slowly degraded cellotetrose to cellotri-

ose, cellobiose and glucose. However, it scarcely degraded

cellotriose and cellobiose.

Fig. 1 Purification of short-spined sea urchin (Strogylocentrotus
intermedius) cellulase. a First TOYOPEARL–DEAE 650M chroma-

tography. b Second TOYOPEARL-DEAE 650M chromatography.

c MonoQ column chromatography. d Superdex 75 gel filtration. The

chromatography conditions are described in the Materials and

methods. The fractions indicated by solid bars were pooled and

designated as the DE-1 fraction (a; fractions eluted at approximately

0.2 M NaCl), DE-2 fraction (b; active fractions obtained after DE-1

fraction was subjected to the same chromatography procedure after

dialysis in 10 mM sodium phosphate), MonoQ fraction (c) and

Superdex 75 fraction (d)

Table 1 Purification of

cellulase from the short-spined

sea urchin (Strongylocentrotus
intermedius)

a The chromatography

conditions are described in the

Materials and methods

Purification stepa Total

protein (mg)

Specific

activity (U/mg)

Total

activity (U)

Purification yield

Fold %

Crude extract 1,677.8 0.025 42.12 1 100

Fist DEAE fraction 24.9 0.743 18.53 29.7 43.9

Second DEAE fraction 5.08 2.27 11.53 90.8 27.3

Mono Q 0.20 16.9 3.39 676 8.0

Superdex 75 0.08 28.9 2.31 1,156 5.4
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N-terminal amino-acid sequence

Using a protein sequencer, we determined the 15 residue

N-terminal amino acid sequence of short-spined sea urchin

cellulase to be SDYXDVLHKSILFFE. This sequence

showed 86 % identity with the Northern sea urchin cellu-

lase sequence at amino acid positions 18–32 (Table 3).

Discussion

To date, cellulases have been isolated and characterized

from various organisms. However, biochemical character-

ization of the cellulases in marine organisms has been

limited. In sea squirts and sea urchins, cellulase primary

structures have been analyzed by means of genomic and

expressed sequence tag analyses [35, 36]. In more recent

studies, cellulases have been isolated from abalone and sea

urchin for biochemical characterization and primary struc-

ture determination [18, 20]. In our study, short-spined sea

urchin cellulase was purified using a combination of ion-

exchange chromatography and gel filtration together with

CMCase activity assays. The molecular weights of cellu-

lases have been reported from various organisms, such as

plants (50–70 kDa [3]), molds (42 kDa [4]), arthropods

(40–47 kDa [6, 10, 11]), nematodes (49 kDa [12]), rotifer

(62 kDa [37]), mollusks (44–70 kDa [15–18]) and sea

urchin (54 kDa [20]), and the range has been found to be

quite wide. The molecular weight of purified short-spined

sea urchin cellulase was estimated to be 59 kDa, a value

which falls well within the range of previously reported

cellulases from marine invertebrates, including abalone

[18] and Northern sea urchin [20]. Furthermore, the N-ter-

minal amino-acid sequence of purified short-spined sea

urchin cellulase showed 86 % identity with that of Northern

sea urchin [20], providing good proof that the purified

protein is actually the cellulase of short-spined sea urchin.

In this study, we investigated the effects of metal ions

and EDTA on the activity of short-spined sea urchin cel-

lulase. To the best of our knowledge, this is the first such

report in marine organisms. The activity of the enzyme was

strongly inhibited with the addition of Ag? and Cu2?. To

date, there are very few published studies on the effect of

metal ions on the activity of cellulase. In Bacillus sphae-

ricus, the activity of cellulase was inhibited by adding Fe3?

and Hg2? and stimulated by adding Co2? and K? [38].

Working with various Bacillus strains, Mawadza et al. [39]

isolated and characterized two types of cellulases (HR66

and CH43). The activity of HR66 and CH43 was stimulated

by adding Co2? and inhibited by adding Hg2?. The activity

of CH43 was also inhibited by adding Ag?, but that of

HR66 was stimulated by adding Ag?. Other metal ions (K?,

Mg2?, Cu2?, Ca2?, Ni2?, Zn2?, Fe3?) had no effects on the

activity of either HR66 or CH43. Based on their results,

the authors suggested that the effects of metal ions on the

activity of cellulase was different depending on the type of

cellulase and organisms. We found that the short-spined

sea urchin cellulase showed a higher degradation activity

toward phosphoric acid-swollen cellulose than to crystalline

cellulose. Moreover, the degradation pattern was similar to

that of the Northern sea urchin [20]. The short-spined sea

urchin cellulase scarcely degraded cellotriose and cellobi-

ose. b-Glucosidase activity was reported to be present in

crude extracts from digestive organs of the sea urchin [40,

41], leading to the suggestion that in the sea urchin cellulose

is first degraded to cellotriose and cellobiose by the cellu-

lase, followed by the possible degradation of these cello-

oligosaccharides to glucose by b-glucosidase. However, no

data have been published on the isolation and biochemical

characterization of b-glucosidase in sea urchin. In addition,

in another study a cellulase was purified which raised a

specific antibody against the enzyme from abalone; this

antibody reacted with three protein bands by western blot-

ting analysis, suggesting that there are several types of

cellulase in marine organisms (Ojima, unpublished data).

Further studies are being contemplated to determine the

degradation mechanism of cellulose in sea urchin.

In echinoderms, less attention has been paid to the

relationship between digestive enzymes and digestive

physiology. Almost every study performed to date has

Fig. 2 a Sodium dodecyl sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE) of short-spined sea urchin cellulase from various

purification steps. b Detection of cellulase activity in polyacrylamide

gels. Gels were stained by Congo red. Crude Crude extract, DE-1 DE-

1 fraction, DE-2 DE-2 fraction, MonoQ MonoQ fraction, Superdex 75
Superdex 75 fraction, MW molecular-weight marker proteins
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focused on the biochemical characterization of digestive

enzymes at temperatures not considered to be the growth

temperature of sea urchin. Consequently, enzyme activity

has been assayed at temperatures ranging from 25 to 35 �C

in various studies [28, 42–45], but few studies have focused

on assaying digestive enzyme activity at the growth tem-

perature of echinoderms. Klinger et al. [46] showed that

there was no difference in digestive enzyme activity

between polar and subtropical sea urchins at 15 and 25 �C

after sea urchins had been reared at 16 or 23 �C. Thus far,

there are several reports on the detection of cellulase

activity in the digestive organs of sea urchin [13, 23–29],

and the activity of digestive enzymes from sea urchins has

been analyzed using crude extracts from the digestive

organs. However, the physiological function of digestive

enzymes in the digestive system of sea urchins remains

unclear. The isolation and biochemical characterization of

the digestive enzymes is an important step towards

understanding the digestive physiology of the sea urchin. In

echinoderms, the isolation and biochemical characteriza-

tion of a cellulase from the digestive organs of Northern

sea urchin was first reported by Nishida et al. [20]. How-

ever, this report also focused on the biochemical charac-

terization of a cellulase.

Fig. 3 Temperature, pH dependence and thermal stability activities

of short-spined sea urchin and Northern sea urchin cellulases.

a Activities of the cellulases were measured at various temperatures

in a reaction mixture containing 0.52 % carboxymethyl cellulose

(CMC) and 10 mM sodium phosphate (pH 7.0). b Activities were

measured in the presence of 0.52 % CMC at 30 �C in various reaction

buffers at varying pH, including 10 mM HCl-glycine (pH 3–4) (filled
triangles), 10 mM CH3COOH–CH3COONa (pH 4–5) (solid lines),

10 mM NaH2PO4–Na2HPO4 (pH 5–7) (filled diamonds), 10 mM

Tris–HCl (pH 7–9) (filled squares), 10 mM NaOH–glycine (pH 9–10)

(x symbols) . c Thermal stability of the purified enzyme was measured

by pre-incubation at various temperatures at a constant pH, and the

activity was assayed in a reaction mixture containing 0.52 % CMC,

10 mM sodium phosphate (pH 7.0). Filled circles Short-spined sea

urchin cellulase; open circles Northern sea urchin cellulase (Nishida

et al. [20])

Table 2 N-terminal amino acid sequence of the cellulases

Organisms N-terminal amino acid

sequence of the cellulase

Strongylocentrotus intermedius
(short-spined sea urchin)

SDYXDVLHKSILFFE

Strogylocentrotus nudus
(Northern sea urchin)

YDYXDVIHKSILFFE

Table 3 Effects of metal ions

and EDTA on the activity of

cellulase of Strongylocentrotus
intermedius

EDTA,

Ethylenediaminetetraacetic acid

Compound Relative

activity (%)

None 100

AgNO3 5.5

CaCl2 97.0

CdCl2 100.5

CoCl2 95.2

CuSO4 43.5

FeCl2 83.6

MgCl 96.1

MnCl 106.7

ZnCl2 101.7

EDTA 93.9
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In our study, we isolated a cellulase from the digestive

tract of the short-spined sea urchin and found that the opti-

mum temperature (approximately 30 �C) for short-spined

sea urchin cellulase activity was lower than that of Northern

sea urchin cellulase (approximately 35 �C) [20]. Moreover,

the enzyme activity remained at 20–40 % between 5 and

20 �C, which is the growth temperature for short-spined sea

urchin. In our previous study, we isolated and biochemically

characterized the proteolytic enzyme subtilase from the

digestive tracts of the short-spined sea urchin, which is a

major proteolytic enzyme in sea urchin, and determined that

the optimum temperature is approximately 50 �C and that

enzyme activity remains at 40–50 % between 10 and 20 �C

[47]. The thermal stability of the short-spined sea urchin

cellulase was also characterized, and although the enzyme

activity remained at a high level between 5 and 20 �C, it

decreased abruptly above 20 �C and was 50 % at 32 �C. In

contrast, in the Northern sea urchin, the enzyme activity

remained at a high level between 10 and 30 �C and was 50 %

at 37 �C. Gonadal growth and growth rate are significantly

suppressed in the short-spined sea urchin when rearing

occurs at a water temperature of[21 �C versus\20 �C [48].

Also, the value of assimilation efficiency in the short-spined

sea urchin was found to be 55 % at approximately 5 �C after

kelp Laminaria japonica was supplied as food [49, 50]. In

addition, gonadal weight in the short-spined sea urchin

increased at approximately 5 �C after the kelp L. japonica

had been supplied as food (T. Kayaba, personal communi-

cation), but it did not change in the Northern sea urchin under

the same feeding conditions (K. Ura, unpublished data). In S.

droebachiens and Tripneustes esculentus, both residents of

low-temperature water zones, the value of assimilation

efficiency is 50–60 % in winter [51, 52]. Other sea urchins

(S. droebachiens) which live in water zones characterized by

the same low temperature as the habitat of the short-spined

sea urchin are known to undergo a decrease in survival rate at

water temperatures of [19 �C, with the lethal temperature

being approximately 24 �C [53]. In comparison, in the

Northern sea urchin, which can live at higher water tem-

peratures than the short-spined sea urchin, the value of

assimilation efficiency is approximately 50 % at 10–25 �C;

Fig. 4 Degradation of phosphoric acid-swollen cellulose, crystalline

cellulose and cello-oligosaccharides by the short-spined sea urchin

cellulase. The reaction mixture of 0.1 ml containing 0.5 mg of

phosphoric acid-swollen cellulose (a) or crystalline cellulose (b),

5 mM sodium phosphate (pH 7.0) and 0.26 U of purified cellulase

was incubated at 30 �C for up to 24 h. The supernatant of the reaction

mixture was subjected to thin-layer chromatography (TLC). The

reaction mixture of 0.05 ml containing 0.05 mg of G2–G6, 5 mM

sodium phosphate (pH 7.0) and 0.13 U of purified cellulase was

incubated at 30 �C for 20 h, then subjected to TLC (c). G1 Glucose,

G2 cellobiose, G3 cellotriose, G4 cellotetraose, G5 cellopentaose, G6
cellohexaose, M marker sugars

c
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however, assimilation efficiency is approximately 10 % at

5 �C after kelp is supplied as food [54]. From these results,

we conclude that the activity of the short-spined sea urchin

cellulose is weaker at high water temperatures than the

Northern sea urchin cellulose.

The pH of the food canal of the sea urchin in an unfed

state food is around pH 7.0 [55]. In the short-spined sea

urchin, the optimal pH of purified cellulase was found to be

pH 8.0; in contrast, that of the Northern sea urchin is pH

7.0, although enzyme activity was high at around pH

6.0–9.0. In our previous study, we isolated and biochemi-

cally characterized the proteolytic enzyme subtilase from

the digestive tracts of the short-spined sea urchin and found

that the optimum pH for subtilase activity is approximately

pH 9.0. These data suggest that the digestive enzymes of

sea urchin function under weak alkaline conditions. How-

ever, to date there have been no published studies on the

changes in the pH of the food canal of sea urchin after

feeding. Further work is needed to determine the physio-

logical conditions of the food canal and the role of each of

the enzymes in the food canal of sea urchin.

In Northern sea urchin, although cellulase activity has

been detected in the esophagus, stomach, and intestine

(T. Ojima, unpublished data), the localization of the cellu-

lase in the digestive organs is still unclear. In our previous

study, we isolated subtilase and raised a specific antibody

against the enzyme [47]. Moreover, we found that subtilase

is localized in granules in the anterior and posterior stomach

and the anterior intestine [56]. From these data, it is likely

that the localization of subtilase and cellulase may differ.

Further work is needed to determine the localization of

cellulase in the digestive organs of sea urchin.

In conclusion, we isolated and biochemically charac-

terized a cellulase from the digestive organs of the short-

spined sea urchin. We demonstrated that cellulase from the

short-spined sea urchin possesses a physiological function

at low temperatures, which is the growth temperature of

this organism. Further work is in progress to confirm the

localization of cellulase in the digestive organs in order to

gain an understanding of the digestive system of sea urchin.
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