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Abstract

Dietary effects of sea tangle on immune functions were investigated in diabetic mice. Four groups of ICR mice
weighing 33.36 1 1.01 g were fed either an AIN-76 diet only (control), or with additional sea tangle powder, sea tangle
water extract, and alginate at the level of 13.6%, 4%, and 1%, respectively hy weight. Cellulose was omitted in
sea tangle powder and alginate dicts. After 10 days of feeding respective experimental diets, all mice were made
diahetic by five consecutive intramuscular injections of streptozotocin (40 mgfkg body weight per day) and fed the
diets for four more weeks. Plasma IgG concentrations but not those of IgM were significantly higher in mice fed
sea tangle powder, extract or alginate than those on the control diet. Plasma TNF ¢ levels were, however, lower
in those fed sea tangle powder or water extract than control and alginate fed groups. TNFg releases from macro-
phages isolated from four groups and cultured with 5 pgfmL LPS for 24 hours showed a similar tendency to the
results of plasma concentrations in the respective groups, but IL-1p releases were not different among four groups.
Lymphocyte proliferation in response to LPS (10 pgfmL) measured using splenocytes cultured for 3 days was highest
in the alginate fed group (594 +38%) and those of sea tangle powder (53647 %) and extract (547 =34 %) fed groups
tended to be higher than the control (323 +30%). It is concluded that sea tangle contains immunomodulatory com-
ponents besides alginate that could enhance humoral immunity of itself. The immunomodulatory effects of sea tangle

constituents is regarded as beneficial for diabetic subjects.
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INTRODUCTION

The autoimmume response against islet P-cells leading to
insulin-dependent diabetes mellitus (IDDM) is believed to tesult
from a disorder of immunoregulation. A current hypoihesis
is that Thl cells and their cytokine products, interleukin
(IL)-2, interferon ¥ (INF v), tumor necrotic factorp (TNFR),
active macrophage (M¢) and cytotoxic T cells destroy P cells,
causing IDDM, whereas Th2 cells and their cytokine products,
1L-4 and 1L.-10 suppress Thl cells and cytokines and thereby
prevent IDDM (1), On the other hand, diabetes, either IDDM
or NIDDM, increases susceptibility to various infections, which
implies reduced immune functions (2-4). Numerous investi-
gators reported that the susceptibility of diabetics should be
ascribed to malfunction of polymorphonuclear leukocytes, al-
though Rayfield et al. (5) stressed the importance of glyce-
mic contrel and McElhaney et al. (6} reported that [L-2 ac-
livily was not affected by NIDDM. In streptozotocin-treated
mice, weights of lyrnphoid organs were lower along with redue-
tions of delayed type hypersensitivity and antibody-forming
activity (7).

Many nutrients and other food components have been rec-
ognized as playing roles as immunomodulators in the body.
In addition to protein-energy malnetrition, deficiencies of mi-
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cronutricnts, vitamins, minerals and essential fatty acids impair
immunity, among which Zn is a prime example (8). Among
other food components, various types of complex polysac-
charides have attracted attention for their immunomodulating
effects (9-15) . Algal polysaccharide that comprises 30 ~70%
of dry weight of seaweed is various in kind {16-19}. Glyco-
protein and fucan extracted from. seaweed have been shown
to affect immune functions such as increasing phagocytic
activity (13), B lymphocyte proliferation, TNF ¢ production
(14) changes in activitics of complement system (15}, and an-
titumor activity (20,21). Most of these studies were done by
the addition of whole or partially purified extracts from sea-
weed in vitro. Moreover, it has been rarely tested whether
these components from seaweed could restore immune func-
tions altered by diabetes. In our previous studies, we reported
that whole sea tangle in the diet enhanced LPS-stimulated pro-
liferation of splenocytes and macrophage production of IL-1p
derived from normal mice but these changes were not found
when diabetic mice were used (22,23).

In the present study, we tested effects of seaweed either
as whole sea tangle (Laminara supp.) powder or as its water
exiract and its major component, alginic acid in diets for dia-
betic mice on serum levels of antibodies and TNF ¢ as well
as on the proliferation of splenocytes and IL-1§ production
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from macrophages.

MATERIALS AND METHODS

Materials

Streptozotocin, g-cellulose, dl-methionine, choline bitar-
tarate, lipopolysaccharide (I.PS), Hank’s balanced salts, phos-
phate-buffered saline (PBS), 3-[4,5-dimethylthiazol-2-y1]-2,5-
diphenyl tetrazolium bromide (MTT), goat anti-mouse [gG Ab,
goat anti-mouse IgM Ab, bovine serum albumin (BSA), mouse
Ig(G, mouse IgM, alkaline phosphatase-conjugated antiglo-
bulins, and p-nitrophenyl phosphate (pNFP) tablets were put-
chased from Sigma Chemical Co. (St. Louis, MO, USA}. Ca-
sein, vitamin mix and mineral mix were purchased from Teklad
Co. Madison, WI, USA) and sodium alginate, from Bioserv
Inc., (Frenchtown, NJ, USA), Com starch was obtained from
Samyang Genex (Seoul, Korea} and sucrose, com oil, and
lard, from a local market. Eagle’s minimum essential medium
(EMEM), penicillin-streptonycin and gentamycin were from
GIBCO BRL Co. (Gaithersburg, MD, USA) and fetal calf se-
rum (FCS) from Hyclon Co. (Logan, Utah, USA). ELISA kits
for determination of IL-1f and TNFz wete purchased from
Genzyme Co. (Cambridge, MA, USA).

Animals and diets

Torty male ICR mice (Korea Research Institute of Biosci-
ence and Biotechnology, Taejon, Korea) with average weight
of 33.86 £1.01 g were divided into four groups and fed respec-
tive experimental diets for 35 days before sacrifice. The ex-
perimental diets were based on an AIN-76 diet (24). One con-
trol diet consisted of 15 g com starch, 50 g sucrose, 20 g ca-
sein, 1.7 g corn oil, 3.3 g lard, 5 g cellulose, 1 g vitamin mix,
3.5 g mineral mix, 0.3 g DL-methionine, and (1.2 g choline
bitartarate in 100 g diet. The sea tangle powder diet contained
L3 g of dry powder of whole sea tangle instead of 5 g of
cellulose to have same level of dietary fiber in the resultant
total of 110 g diet. Sea tangle water extract and alginate diets
were formulated simply by adding 4 g and 1g of each
material to the coniro]l diet. Dry sea tangle obtained from
Taegu Marine Product Co. (Taegu, Karea) was washed 1o
remove salt and dried at 40°C until its water content was
8% (wfw). The clean and dry sea tangle was ground to a
30 mesh powder. About 500 g of the dry sea tangle powder
was extracted with 1.5 L. of methanol by refhixing at 70°C
for 5 huis. To the resultant residue after methanol extraction,
5~7L of water was added and it was soaked for 40 hrs at
25°C and concentrated under vaccum and finally freeze-dried
to obtain the water exiract of sea tangle for the respective
diet. At 10th day after feeding the diets, diabetes in mice
were induced by intramuscular injections of STZ at the level
of 40 mg/ke for five consecutive days (25) and by detecting
blood glucose from tail vein using One Touch® from Johnson
and Johnson Co. (Milpitas, CA, TJSA).

Lymphocyte proliferation
The spleen of each mouse was removed and the suspension

of splenocytes was prepared at a concentration of 5 x 10°
cells/mL in EMEM containing 5% FCS, 100 U/ml. penicillin-
streptomycin and 10 pgfmL gentamycin. Triplicaie cultures
of splenocytes on a 96 well plate were treated with 10 pg/mlL
LPS for 72 hours. Lympocyte proliferation was then deter-
mined by the MTT assay (26).

Macrophages

Peritoneal macrophages were obtained from mice 4 days
after injection with 3 mL sterile fluid of 3% thiogiycolaie (27).
Peritoneal exudate cells (PEC) were collected after injection
of 6~7 mL of Hank’s buffer, centrifuged and resuspended
in EMEM with 5% FCS containing 100 UjmL penicillin-strep-
tomycin and 10 1g/ml. gentamycin, Hundred microliters of PEC
suspension were placed on 96 well plates at a conceniration
of 1 X 10° cells/mL and incubated at 37°C for 2 hours. After
removing non-adherent cells by rinsing with Hank’s buffer,
200 1L of EMEM containing 5 pg/mi. EPS was added to the
remaining adherent cells. The macrophages were cultured
for 24 hours and culture supernatant was used to determine
TNF g and IL-1f.

Immunoglobulin and cytokine assays

A sandwich ELISA was used to determine total plasma [gG
and IgM levels (28). Hundred microliters of goat anti-mouse
IgG or IgM antibody was loaded in each well of 96 well
plates, respectively. Afier one-hour incubation at 37°C, wells
were washed five times with 0.05% Tween 20 in PBS (TPBS)
and added 300 uL of blocking solution (0.3% BSA/0,.05 M Tris,
pH 9.5). After another hour of incubation and rinsing with
TPBS, 100 1L of the appropriately diluted plasma was placed
and incubated for one hour. After washing, 100 uL alkaline
phosphatase-conjugated anti-mouse IgG or IgM was added.
To this 50 UL of p-NPP (1 mg/mL diethanolamine buffer) was
added and absorbance was measured at 405 nm. TNF ¢ and
IL-1f from plasma and culture media were measured using
ELISA kits,

Statistical analysis

Data were analyzed by analyses of variance and group dif-
ferences were considered statistically significant at p<0.05 by
Tukey’s test.

RESULTS

Body weights and blood glucose

Average body weights of mouse groups fed sea tangle pow-
der and water extract were slightly higher (34.9+1.9 g and
34.432.0 g, respectively) than those of the control and alginate
groups (32.8 X 1.4 and 33.4=1.5 g, respectively) but it was not
statistically significant. This trend was maintained all through-
oul the diet period. All groups increased their bady weights
up to 39.5 to 42.1 g until STZ. injection, which stopped further
body weight gains {Fig. LA). Two weeks after the final STZ
injection body weighis of mice decreased by 1.2 to 2.7 g to
give a final average body weight of all mice of 39.0+1.6¢.

Bload glucose levels were significantly elevated to 366 &
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Fig. 1. Changes in body weights (A) and levels of blood glucose
(B) of mouse groups during experimental diets. Arrows in panels
A and B represent injections of STZ (40 mg/kg bw) for five con-
secuitive days.

12 mg/ 100 mL on 5th day of STZ injection and continued
to tise up to 497 £28 mg/100 mL on 11th day and the blood
glucose level was maintained until sacrifice (Fig. 1B). Changes
of blood glucose during and after STZ injections were al-
most the same as reported by Like and Rossini (25). There was
no significant difference in the blood glicose levels among
experimental groups afier induction of diabetes.

Concentrations of IgM, IgG and TNFe in plasma

Plasma TgG concentrations were significantly higher in mice
fed with sea tangle powder, extract or alginate than control
diet, but IgM concentrations showed the reverse trend between
conirol and three other experimental groups (Fig. 2).

Plasma TNF o concentrations were changed in a different
mammer compared to immunoglobulin concentrations as shown
in Fig. 3. Mice groups fed with sea tangle powder or water
extract had lower TNF ¢ levels than control group but those
fed alginate maintained a sitnilar or slightly higher plasma
TNF ¢ levels compared with control group.

In vitro cytoking productions from macrophage and

splenocyte proliferation

Peritoneal macrophages were obtained from four experi-
mental mice groups and cultured in the presence of 5 pg/mL
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Fig. 2. Concentrations of plasma IgG and [gM of STZ-induced dia-
betic mice fed four sxperimental diets. Values are the mean-
SEM and those with different alphabet letters are significantly
different each other at p<0.05.
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Fig. 3. Concentrations of plasma TNF-alpha of STZ-induced dia-
betic mice fed four experimental diets. Values are the mean=
SEM and those with diffcrent alphabet letters are significantly
different each other at p<0.05.

LPS for 24 hours. The productions of TNFe and IL-1f of
the cultured macrophages are shown in Fig. 4. TNFa releases
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from macrophages from four groups showed a similar tendency,
although only those of group fed with sea tangle exttact were
significantly lower than control group (Fig. 3). On the other
hahd, [L-1P releases from macrophages were not much differ-
ent among four groups, even though those from three other
experimental groups showed increasing tendency compared
with the control group.

Effects of dietary sea tangle and its constituents on lympo-
cyte proliferation were determined using splenocytes and
LPS (10 lg/mL) as a mitogen. As shown in Fig, 5, stimulation
of splenocyte proliferation in response to LPS was higher
in alginale fed group (394 £38%) than the other three groups.
Those of sea tangle powder (536+-47%) and extract (547 -~
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Fig. 4. Effects of dietary sea tangle and its constituents on TNF-
alpha and II-1beta production by macrophages. Adherent peritoneal
macrophages isolated from each group of diabetic mice were stim-
ulated with 5 pg/mL LPS for 24 hrs. Values were means = SEM
and those with different alphabei leliers are significantly different
each other at p<0.05. NS represents not significant..
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Fig. 5. Effects of dietary sea tangle and its constituents on LPS-
induced lymphocyte proliferation. Splenocytes iselated from each
group of diabetic mice were cultured in EMEM with FCS and
10 pgfmlL LPS for 72 hrs. Lymphocyte proliferation was determined
by the MTT assay. Values are mean=SEM and those with different
alphabet letters are significantly diiferent each other at p<0.03.
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34%}) fed groups tended to be higher than the control (523
30%).

DISCUSSION

The present study demonstrates that whole sea tangle, its
water extract and its major component, alginic acid change
immune activities of diabetic mice in vivo but the effects of
the three different materials were differeni. Elevation of plas-
ma Ig(G under three different conditions is comparable to a
report from Lim et al. (9) that soluble dietary fiber such as
pectin and Konjak mannan increased serumn IgG and IgA con-
centrations, although IgA was not measured in the present
study. Therefore, alginate, a soluble dietary fiber of sea tangle
appears to be a major factor for increasing plasma IgG levels,
Alginic acid conlent was, however, higher in the whole sea
tangle powder diet (4.3%) (han in the pure alginic acid added
diet {1%). This is due to the fact that the sea tangle powder
was analyzed (o contain 28,7% (w/w) alginate. A smaller in-
crease in the immunoglobulin in whole sea tangle powder fed
mice may be due either to a low release of alginale from sea
tangle tissue matrices in the gut or to other components in
the powder. Effects of dietary fiber on production of immuno-
globulins have been shown to be more pronounced in cecum
contents or mesenteric lymph node lymphocytes than in the
serum (9,10). This seems plausible since the intestine is the
very site where dietary fibers exert their actions on. To elucidate
the effect of alginate on serum IgG in detail, it is required
to examine intestinal production of immunoglobulins including
secretory IgA. Splenocyte proliferation in response to LPS
was increased only by alginate although it tended to be in-
creased also by whole sea tangle or its water extract. The ef-
fect of alginate is regarded to contribute IgG production pos-
sibly from B cells which have been reported 1o be respond
well by seaweed extracts (14).

Components other (han indigestible polysaccharides includ-
ing fucan in whole sea tangle cannol be excluded for their
toles in stimmlation both in humoral and cellular immunity,
Dietary sesaminol and sesamin (29}, curcumin {30) and lutein
(31} have been reported to increase plasma IgG in rats and
cals, respectivley. Tocopherol and tocotrienaol in the diet have
been also shown to enhance the production of TgA and IgG
from spleen and mesenteric Iymph node lymphocytes (32). Sea-
weeds contain constderable amonnts of carotenoid, vitamins
C, calcium (33), trace minerals (34) and vitamin By, (35). It
needs to be evaluated wheiher ihese compounds are related
10 the production of immunoglobulins. Whatever the mecha-
nisms may be, enhancement of humoral tmmunily by sea tan-
gle will alleviate susceptibility to infection in diabetes.

In contrast to increases in TNFe production from mesen-
teric [ymph node lymphocytes by soluble dietary fiber in vivo
(9) and from macrophages by seaweed glycoprotein in vitro
(10), we did not find any increase in plasma conccentrations
of TNF g or its produetion by macrophages but some decreas-
ing tendency by dietary sea tangle or its components. The dil-
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ferent results in the present study may be due to the lack of
direct contact between algal polysaccharides and macrophages.
Komaisu et al. (36} reported that some effective component(s)
absorbed from oral administration of cabbage juice stimulated
TNFea and IT- I production from resident peritoneal macro-
phages, implying that low molecular weight compound(s) could
affect cytokine production. On the other hand, extract of Evodia
ruiaccarpa had biphasic effects on production of the cytokines
depending on concentrations. At present, it is not known how
sea tangle component(s) are involved in cytokine production.
But the tendency to reduce TNFe production by sea tangle
is of significance since it could be beneficial to diabetic pa-
tients whose high TNFe level is not desirable.

ACKNOWLEDGEMENTS

This work was supported by KOSEF grant 96-0402-0901-3.

REFERENCES

t. Rahinovitch, A. and Suarez-Finzon, W.L. : Cytokines and their
toles in pancreatic islet f-cell destruction and insulin-dependent
diabetes mellitus. Biachem. Pharm., 55, 1139 (1598)

. Mowat, A.G. and Baum, J. : Chemotaxis of polymorphonuclear
lenkocytes from patients with diabetes mellitus. N, Engl. J. Med,
284, 621 (1971)

3. Bagdade, I.D., Root, RK., Bulger, R.I. : Impaired leukocyta
[unction in patients with poorly controlled diabetes. Diaberes,
23, 9 (1974

4. Bagdade, J.D., Stewari, M. and Walters, E. ; Impaired granulo-
cyle adherence. A reversible defect in host defense in patients
with poorly controlled diabetes. Diabetes, 27, 677 (1978)

3. Rayfield, E.T, Ault, MY, Keusch, G.T., Brother, M.J., Nechemias,
C. and Smith, H. : Infection and diabetes: the case for glucose
control, Am. J. Med., T2, 439 (1982)

6. McElhaney, 1LE., Pinkoski, ML), Au, D., Lechelt, K E., Bleackley,
R.C. and Meneilly, G.5. . Helper and oytotoxic T lymphocyte te-
sponses 1o influenza vaxceination in healthy compared to diabetic
elderly. Vaccine, 14, 539 (1996)

7. Ishibashi, T., Kitahara, Y., Harada, Y., Harada, S., Takamoto,
M. and Ishibashi, ¥. : Immunologic features of mice with strep-
tozotocin-induced diabetes. Diabetes, 29, 516 (1980)

8. Chandra, R.K. : Nutrition and immunity: from the clinic to cel-
lular biology and back again. Proc. Nutr. Soc., 58, 681 (1999)

9. Lim, B.O., Yamada, K., Nonaka, M., Kuramoto, Y., Hung, P.
and Sugano, M. : dietary [bers modulale indices of intestinal
immune function in rats. S Nutr., 127, 663 (1997)

10. Kudoh, K., Shimizu, J., Ishiyama, A., Wada, M., Takita, T.,
Kanke, Y. and Innami, S. : Secretion and excretion of immuno-
globulin A to cecum and feces differ with type of indigestible
saccharides, J. Nutr. Sci. Viamine, 45, 173 (1999)

11. Kim, §-W. and Kim, E-S. : Studies on the immunomodulating
effects of polysaccharide extracted from ganoderma hicidum
on macrophage. J. Korean Soc. Food Sci. Nuir., 26, 148 (1997)

12, Kim, B-H., Kweon, M-H., Lim, W-I.,, Sung, H-C. and Yang,
H-C. . Structural characterization of anti-complementary and ma-
crophage activating polysaccharides isolated from agaricus
bisporus. Korean J. Food Sci. Technol., 30, 709 (1998)

13. Tich, R., Noda, H and Ito, H. : Immunological analysis of in-
hibition of lung metastasis by fucoidan (GIV-A) preparcd from
brown seaweed Sargassum thunbergii. Anficancer Res., 15, 1937
{1995y

b

14.

15.

le.

17.

18.

19.

20.

22.

23,

30.

3L

32.

34,

Liu, IN., Yoshida, Y., Wang, M.Q., Oka, Y. and Yamashita,
U.: B cell stimulating activity of seaweed extracts, fnt J.
Immunopharmae, 19, 135 (1997}

Blondin, C., Fischer, E., Boisson-Vidal, C., Kazatchkine, M.D.,
Josefonvicz. : Inhibition of complerent activation by natural sul-
fated polysaccharides (fucans) from brown seaweed. Molecuiar
Immunlogy, 31, 247 (1994)

Kim, E-H., Macng, Y-S, and W, $-1.; Dietary fiber contents
in some vegetables and seaweeds. Korean J. Nuir,, 26, 196 (1993)
Koo, I-G,, Jo, K-8., Do, I-R. and W, S-I. : Tsolation and puri-
fication of fucoidans from Laminaria refigiosa and Undaria
pinnatfida in Korea, J. Korean Fish Soc., 28, 227 (1995}
Nishine, T., Nishioka, C., Ura, H. and Nagumo, T. . Isolation
angd partial characterization of novel amine sugar-containing fucan
sulfate from commercial fucus vesiculosus fucoidan, Carbofy-
drate Res., 255, 213 (1994)

Caceres, P.J,, Caricucci, M.I., Damonte, E.B., Matsuhiro, B.
and Zuniga, E.A. : Carrageenans from chilean samples of Steno-
gramme inferrupta (Phyllophoraceae): struchural analysis and bio-
logical activity, Phytochemistry, 53, 81 {2000)

Teas, 1., Jarbison, M.L. and Gelman, R.S. : Dietary seaweed
(Laminaria) and mammary carcinogenesis in rats. Cancer Res.,
44, 2758 (1984)

- Yamamoto, I. and Maruyama, H. : Effect of dietary seaweed

preparation on 1,2-dimethylhydrazine-induced intestinal carcino-
genesis in rats. Cancer Lent., 26, 241 (1985)

Cho, S-H., Yang, K-M., Bae, B,, Im, S. and Yu, R. : Effect of
sed tangle intake on proliferation of splenocytes from normal
and diabetic mice. Korean J. Nuwtr., 31, 973 (1998}

Cho, 5-H., Yang, K-M,, Bae, B, Im, 5. and Yu, R. : Eifect of
sea tangle infake on cytokine production in macrophage from
normal and diabetic mice. J. Korean Soc. Food Sci, Nutr., 27,
952 (1998)

. The Asmerican Institute of Nutrition: Report of the American

Institute of Nutrtion Ad Hoc Committee on Standards for Nutri-
tional Studics. . Nuer.,, 107, 1340 (1977)

Like, A.A. and Rossini, A.A. : Streptozotocin-induced pancreatic
insulitis: new model of diabetic mellitus. Science, 193, 415
(1976)

- Mosmann, T.I. - Rapid colorimetric assay for cellular growth

and survival: application o proliferation and cytotoxicity assays.
Trmunol, Methods, 65, 55 (1983)

. Yu, R, Park, I-W., Kurata, T, and Erickson, K L. : Modulation

of select immmune responses by dietary capsaicin, Internal, J.
Vit Nutr. Res., 68, 114 {1998)

. Engvall, E. and Perlman, P. ; Enzyme-lmked immunosorbent

assay (ELISA), quantitative assay of immungluboulin G. frmmuno-
chemistiv, 8, 871 (1971)

. Nomaka, M., Yamashira. K., Tizuka, Y., Namiki, M. and Sugano,

M. : Effects of dietary sesaminol and sesamin on eicosancid
production and immunoglolniin level in rais given ethanol. Bio-
Sci Biotechnol. Biochem., 61, 836 (1997)

South, E.H., Exon, JH. and Hendrix, K. : Dietary curcuimin
enhances antibody response in rats. Irmnunopharmacol, Immuno-
toxicel., 19, 105 {1997)

Kim, HW., Chew, B.P., Wong, T.S.,, Park, J.S., Weng, B.B,,
Byrne, K M., Haydi, M.G. and Reinhart, G.A, : Moduvlation of
lumoral and cell-mediated immune responses by dietary Tutein
in cats. Vet Immunol. hamunopathel., 73, 331 (2000

Gu, LY., Wakizono, Y., Sunada, Y., Hung, P., Nonaka, M.,
Sugano, M. and Yamada, K. . Dietary effect of tocopherols and
tocotriencls on the immune function of spleen and mesenteric
lymph node lymphocytes in Brown Morway rats. Biosci. Bio-
technol. Biochem , 63, 1697 (1999)

. Food composition table. 5th ed., National Rural Living Science

Instilure, Korea.
Lee, I-H. and Sung, N-J.: The content of minerals in algae.
J. Korean Soc. Food & Nutr., 9, 31 (1990)



224 Sung-Hee Cho, Supa Im and Rina Yu

35. Yamada, S., Sasa, M., Yamada, K. and Fukuda, M. : release and ulaiion of tumer necrosis factor and interleukin-1 productivity
uptake of vitamin Bz by Asakusanori (Perphyra tenera) sea- by the oral administration of cabbage juice io rats. Bipsci, Bio-
weed. J. Nutr. Sci, Vitaminol, 42, 507 (1996) technol, Biochem., 61, 1937 (1997)

36. Komatsu, W., Yagasaki, K., Miuta, Y and Fuanabaki, R, - Stm-
(Received August 25, 2000)



