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Algal Cell Wall-Degrading Enzymes from Viscera of Marine Animals

Kuniko Yamaguchi,** Toshiyoshi Araki,*2* Takahiko Aoki,*?
Chao-Huang Tseng,*2 and Manabu Kitamikado*:

Polysaccharide-degrading enzymes were assayed for the extracts from the viscera of marine
animals. Agar, alginate, r-carrageenan, CM-cellulose, fucoidan, -1,4-mannan, porphylan, -1,
3- and 8-1,4-xylans were used as substrates. Most of the tested viscera showed only low activity of
the enzymes, and were useless for the source of protoplast-isolating enzymes to algal thalli, How-
ever, the hepatopancreas of marine snails, topshell and abalone, possessed high activity of alginate-,
CM-cellulose-, and $-1,4-xylan-degrading enzymes. The extract from the acetone powder of
topshell hepatopancreas isolated protoplast from thalli of many species of green and several of
brown and red algae tested. The imperfection of protoplast-isolating activity in the extract may
depend on the lack of agar-, fucoidan-, porphyran-, and $-1,3-xylan-degrading enzymes. An
addition of several microbial enzymes increased the protoplast-isolating power of the extract.
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Table 1. Activity of polysaccharide-degrading enzymes and protease in viscera of marine animals—I
(units/wet weight g)

NTT— Origins Aigo Ur?lazgra— Kyusen Madai
Average T Siganus Nafoga;on Halichoeres Chrysophrys
body weight (g) \ fuscescens modestus poccilopterus major
Substrates 425 135 152 520
Agar 0.039 0.016 0.086 0.007
Alginate 0.009 0.011 0.074 —
s-Carrageenan 0.036 0.007 0.014 0.006
CM-Cellulose 0.028 0.022 0.035 0.013
Fucoidan 0.021 —_— 0.024 —
§-1,4-Mannan — 0.004 0.013 —
Porphylan 0.107 0.102 0.109 0.065
B-1,3-Xylan — — 0.007 -
B-1,4-Xylan — — — -
Casein 0.309 0.280 0.124 0.573

— : negligible activity
Viscera: liver.

Table 2. Activity of polysaccharide-degrading enzymes and protease in viscera of marine animals—I1I

(units/wet weight g)

\\\ . Origins Akagai Usukinuta- Magaki Murasakiuni Mokuzugani
- T agemaki
"~ Average body T Anadara Solecurtus Ostrea Anthocidaris  Eriocheir
“““ ~—_ weight (2) i — broughtonii wilsoni gigas crassispina  japonicus

Substratess e 146 49 30 85 77
Agar 0.004 0.104 0.008 0.031 0.092
Alginate 0.011 0.144 — — —
#-Carrageenan 0.044 0.056 0.047 0.047 0.083
CM-Cellulose 0.229 0.234 0.388 0.220 0.255
Fucoidan — 0.155 — 0.028 0.182
B-1,4-Mannan 0.053 0.163 — 0.004 0.484
Porphylan 0.047 0.087 — 0.006 0.023
B-1,3-Xylan — — — — 0.009
B-1,4-Xylan 0.213 0.233 0.138 0.069 0.834
Casein 0.206 0.289 0.218 0.072 0.147

— : negligible activity
Viscera: all digestive organs.
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Table 3. Activity of polysaccharide-degrading enzymes and protease in viscera of marine animals—III

(units/wet weight g)

\ Origins Kuroawabi Sazae Tenggnishi Nishikiuzu Bai
—W Haliotis Turbo Hemifusus  Trochus Babyloma
T &aight (® discus cornutus ternatanus  maculatus Japonica
Substrats ~  T——___ 389 311 448 20 79
Agar 0.032 0.171 0.082 0.109 0.029
Alginate 0.366 0.482 0.007 0.295 —_
x-Carrageenan 0.119 0.189 0.065 0.043 0.111
CM-Cellulose 0.616 1.384 0.191 0.415 0.157
Fucoidan 0.103 —_— 0.041 0.134 0.052
B-1,4-Mannan 0.204 0.529 — 0.277 0.070
Porphylan 0.110 0.079 0.101 0.041 0.136
B-1,3-Xylan —_ 0.106 0.005 0.117 0.002
B-1,4-Xylan 1.686 1.477 0.105 0.720 0.128
Casein 0.873 0.018 1.084 0.345 3.271

— 1 negligible activity
Viscera: hepatopancreas.

Table 4. Activity of polysaccharide-degrading enzymes and protease in the acetone powder of
topshell hepatopancreas and commercial enzyme preparations.

(units/dry weight g)
\ Origins Topshell Abalone Cellulase Driselase Macerozyme
T acetone acetone ONOZUKA- R-10
Substrates \ powder powder RS
Agar 0.153 0.153 0.200 e —_
Alginate 1.192 2.015 — — —
x-Carrageenan 0.693 0.447 0.570 3.388 0.877
CM-Celluose 2.544 2.056 23.610 21.844 12.472
Fucoidan 0.120 0.100 — — —
$-1,4-Mannan 1.201 0.839 8.294 6.339 2.523
Porphylan 0.269 0.087 0.056 — —_
£-1,3-Xylan 0.071 — 0.174 0.349 —
B-1,4-Xylan 5.258 2.893 37.604 108.979 62.506
Casein 0.078 — 38.880 9.474 e

—: negligible activity.
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Fig. 1. Protoplasts isolated from algal thalli.

Aosa Ulva lactuca ( < 210)

Anaaosa Ulva pertusa (% 210)
Fukuroaonori Enteromorpha bulbosa ( < 420)
Kayamonori Scytosiphon lomentaria ( < 210)
Wakame Undaria pinnatifida (< 420)

Fi
G: Tsurutsuru Grateloupia turuturu (- 420)
H: Mukadenori Grateloupia filicina ( - 420)

I:

Watamo Colpomenia bullosa ( <210)

Susabinori Porphyra yezoensis ( x 210)
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Table 5. Isolation of protoplasts from algal thalli by topshell hepatopancreas extract (Enzyme A)
and its mixture with microbial enzymes (Enzyme B)
Number of protoplasts isolated*
Algae Enzyme A Enzyme B
Chlorophyta
Aosa Ulva lactuca +++4 ++++
Anaaosa Ulva pertusa + 4+ ++++
Hitoegusa Monostroma nitidum + 4+ + + -+ + -+ +
Fukuroaonori Enteromorpha bulbosa +++ + -+ -+
Phaeophyta
Arame Eisenia bicyclis — -+
Umiuchiwa Padina arborescens —_ -+
Kayamonori Scytosiphon lomentaria + ++ -+
Wakame Undaria pinnatifida +++ +
Watamo Colpomenia bullosa ++ 4+ +
Rhodophyta
Tsurutsuru Grateloupia turuturu 4 + A+
Mukadenori Grateloupia filicina + 4+ 4 + 44+
Susabinori Porphyra yezoensis ++ 4+ + + 4+
Sujiusubanori Acrosorium polyneurum — —
*  Number of protoplasts isolated from ca. 100 mg of algal thalli in 8 m/ of enzyme solution.
0
+ 100-103
++ 103-104
R 104-105
44+ 105-108
4+ 4+ 1084107
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