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SPAD502

PE PC,
APC

SDS-PAGE

Chlorophyll a (ug/ml) = 11.6Ages — 1.31Ag45— 0.14 Agazo
Carotenoid (ug/ml) = 4.0A4g

Phycoerythrin (ug/ml) = 119.4As65 — 53.6As15

Phycocyanin (ug/ml) = 164.5A615 — 0.14Ases
Allophycocyanin (ug/ml) = 204.0Ags0 — 51.9A620 — 1.52As¢s5

A nm
05¢g 01lg HNO;-H,0,
ICP ULTIMA2
ICPS7000 9 Fe, Zn, Cu, Mn, Ni, Cd, Ca, Mg, P
Table 1 F5 F6
D5 D12 PE
PC APC
Fig. 1a
Fig. 1b F1 F5
D1 D11
Table 2 Fe Mn Zn Cu P, Mg, Ca ICP
Mg, Ca Fe Mn
Zn Cu,P
Fig. 2
Fig. 3 Fe Mn Zn Cu

- 334 -



ppm

Fe, Zn, Mn, Cu

I

20%

pH 8

-335-



ESP1

Fe
20°C 5,000
3
2-3
pH 5-6
ICP
1 Fe
Table 3 Fe
Fe FeCl;
7
Fe
2
Fe
Fe 10°M
Fe 10°M
Fe
Fe
2004 11 (
No.5C

- 336 -

Fe
12

(Fet+) Fe

Fe

0.5 mm

MP1

Fe

Fe

12

Fe

Fe-

Fe

Fe

14

Fe

Fe



vario EL Elementar ICP
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C N P Fe
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Table 1 Content of pigments in nori collected in Ariake Sea (mg g™)

No. Sampling site Date Chlorophyll a Carotenoids PE PC APC
Fresh nori  (fresh weight)
F1  Kumamoto Jan.2003 0.505+0.033 0.085+0.033  2.60+0.27 2.16+0.23  0.349+0.040
F2  Kumamoto Jan.2003  0.489+0.020 0.069+0.033  3.66+£0.72  2.50+0.84  0.547+0.100
F3  Kumamoto Jan.2003 0.462+0.116 0.081+0.033  2.60+0.27 2.47+0.30  0.353+0.026
F4  Kumamoto Jan.2003  0.419+0.090 0.116+0.033  2.82+0.62 2.60+0.45 0.363+0.059
F5 Saga Jan. 2003  0.298+0.033  0.067+0.033  1.19+0.13  1.10+0.04  0.188+0.039
F6  Saga Jan. 2003  0.240+0.049  0.055+0.033  1.43+0.22 1.10+0.11  0.171+0.027
Dried nori (dry weight)

D1 Saga Nov. 2001  4.56+0.46 1.060+0.107  29.0+4.3 16.6+2. 3.64+0.34
D2 Saga Dec. 2001  2.83+0.26 0.697+0.064  30.2+1.5 14.8+1.8 3.44+0.31
D3  Saga Jan. 2002 2.61+0.34 0.741+0.092  30.6£0.6 19.2+0.3 4.7610.21
D4  Fukuoka Dec.2001 3.63+0.41 0.984+0.104  27.8+0.9 17.1+0.6 4.45+0.08
D5 Saga Jan. 2002 1.58+0.20 0.526+0.065 13.1+0.1 7.8+0.2 1.70+0.06
D6 Saga Feb. 2002 2.29+0.33 0.781+0.115  19.2+0.4 16.2+0.3 2.99+0.06
D7 Kumamoto Mar. 2002  0.46+0.11 0.039+0.010 9.6+0.2 6.7+0.2 0.98+0.06
D8 Fukuoka Feb.2002 1.40+0.11 0.496+0.035  10.0+0.3 8.2+0.2 1.58+0.09
D9 Fukuoka Apr.2001 0.67+0.04 0.218+0.005 5.910.2 3.8+0.2 1.3610.11
D10 Kumamoto Mar. 2001  0.36+0.07 0.030+0.006 4.2+0.5 4.1+0.5 1.08+0.61
D11 Fukuoka Nov.2001  1.28+0.05 0.510+0.027 5.9+0.4 3.7+0.3 1.0040.10
D12 Fukuoka Feb. 2002 0.78+0.03 0.311+0.013 4,5+0.1 3.440.1 0.96+0.03

Discolored samples: F5, F6 (fresh nori) and D5 D12 (dried nori). Values, triplicate+ error,

PE:phycoerythrin; PC:phycocyanin; APC:allophycocyanin

Table 2 Elemental composition of nori collected in Ariake Sea

No. Fe Zn Mn Cu p Mg Ca SPAD
(ug g™ dry weight) (mg g~ dry weight)
Fresh nori
F1 510 100 130 38.1 20.1 22.0 6.25 —
F2 550 160 130 19.4 21.4 21.8 6.70 —
F3 440 81 90 29.9 17.4 21.3 6.94 —
F4 350 81 100 28.6 20.9 23.9 7.06 —
F5 260 64 54 11.9 14.0 22.0 6.82 —
F6 250 61 55 9.2 13.2 20.5 6.64 —
Dried nori

D1 144 73.9 42.1 19.4 8.56 3.46 1.60 89.1+4.6
D2 157 73.1 34.6 26.1 7.63 3.42 2.32 85.5+5.6
D3 121 40.3 26.7 8.6 9.60 4,76 1.89 74.446.1
D4 102 39.8 58.9 6.0 4.84 3.06 3.44 67.5+4.5
D5 56.7 24.0 15.2 7.6 5.04 4.03 3.06 37.2+55
D6 59.4 25.2 21.3 8.1 4,98 4.66 3.92 34.845.4
D7 80.2 36.6 21.7 7.3 4.38 4.68 3.28 34.7+43.7
D8 58.3 19.9 25.6 4.0 2.10 3.65 2.37 31.3+4.3
D9 60.2 30.9 16.2 75 1.59 3.71 2.12 25.8+2.0
D10 66.2 28.0 15.1 10.6 1.82 2.38 2.12 24.5+3.1
D11 68.5 28.0 29.0 6.6 2.06 3.18 2.76 23.5+4.1
D12 56.5 15.8 21.7 5.2 1.65 3.14 2.28 21.5+7.9

Discolored samples: F5, F6 and D5 D12,
Chlorophyll meter.

SPAD: chlorophyll content measured by
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Table 3 Effect of Fe added to discolored nori (mg/g fw)

Chla Carotenoid PE PC APC  Fe mg/g dw
Control 0.492 0.119 2.47 2.02 0.61 86
Fe- 0.410 0.533 0.36 0.14 0.08 59
Fe+ 0.532 0.088 1.24 0.71 0.38 137
Table 4 Elemental composition of sediments and detritus in Ariake Sea
C N P Fe Mn Zn Cu Mo Co B Cd Pb Hg
mg/g d.w. mg/g d.w.
Sediment
1 957 092 0321 192 041| 332 460 176 6.2 nd. 39 120 0.025
2 19.6 2.83 0.143 31.2 1.60 100 20.7 75.1 104 769 54 37.3 0.190
3 26.7 294 0.647 36.4 1.47 101 172 580 95 n.d. 6.3 33.2 0.195
4 223 264 0.672 395 1.72 103 175 63.4 10.6 59 58 359 0.206
5 20.7 238 0590 372 133| 982 16.8 633 9.9 45 58 36,5 0.201
6 20.2 264 0540 326 1.34 86.5 13.3 520 85 n.d. 5.4 30.2 0.192
7 6.06 0.87 0.503 119.8 1.06 140 7.20 105 22.7 157 16.3 23.1 0.063
8 21.0 230 0521 29.6 1.03 108 23.4 417 99 120 53 304 0.191
9 31.3 3.38 0.057 35.6 0.30 193 249 16.7 5.0 351 43 31.7 0.424
10 28.1 284 0.178 325 0.69 198 46.1 56.7 98 77.3 6.6 43.4 0.247
11 124 145 0.133 314 0.66 78.7 234 373 104 775 57 253 0.116
12 246 321 0.166 323 1.81 949 348 61.7 101 788 6.0 352 0.203
13 18.0 2.12 0.138 314 1.01 711 341 448 107 73.8 55 26.4 0.176
14 22.7 262 0.102 418 1.14 62.0 21.3 31.0 91 613 39 251 0.237
Av. 20.2 237 0.336 39.3 1.11 99.6 220 450 10.2 61.0 6.2 30.4 0.190
Detritus
a 243 335 0.701 314 1.45 106 31.7 565 99 61.0 48 36.1 0.110
b 211 3.04 0.049 384 156| 49.0 8.10 154 47 279 35 184 0.166
c 23.2 344 0089 39.1 158 | 856 182 469 74 544 47 294 0.168
d 17.2 255 0.067 36.7 1.66 75.1 115 346 6.0 409 3.8 249 0.178
Av. 21.4 3.09 0.226 36.4 1.56 79.0 174 38.3 7.0 46.1 4.2 27.2 0.160
) 2 3 ( ) 4 (
5 « ) 7 ( 8 ( ) 9
) 10 ( ) 11 ( ) 12 13 (
14 ( ) a
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Fig.1. Absorption spectra of (a) chlorophyll a and carotenoids and
(b) phycobiliproteins in normal and discolored samples.

F, fresh; D, dried nori. F1 and D1, normal; F5 and D11, discolored samples.
The pigments were extracted from the same weight of a set of samples:

0.3 g fresh weight for F1 and F5 and 0.1 g dry weight for D1 and D11.

PE, phycoerythrin; PC, phycocyanin; APC, allophycocyanin.
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Web in Relation to Fe Deficiency
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Study on the trace element nutrition and its protective effect
on the discoloration of sea laver “nori”

Sunao Yamazaki, Yuji Fujita’, Yuji Takao and Jinghua Zhang
Faculty of Environmental Studies, Nagasaki University, 1-14 Bunkyo-machi, Nagasaki
852-8521, Japan
" Department of Fishery, Nagasaki University, 1-14 Bunkyo-machi, Nagasaki 852-8521, Japan

Summary

To understand the cause of discoloration of the sea laver ‘nori,” which was occurred severely
in the Ariake Sea in 2001 and 2003, the concentrations of pigments and elements in the normal and
discolored laver samples were determined. In the discolored samples, a decrease in all of the
pigments, chlorophyll a and carotenoids, and proteinous pigments, phycobiliproteins (complex of
phycoerythrin, phycocyanin and allophycocyanin), was clearly observed. In addition, it was
accompanied by a decrease in the content of trace elements, Fe, Zn, Mn, Cu, and a major element P.
Good correlations between these elements and chlorophyll a, as well as between these elements
and phycobiliproteins, were confirmed, indicating that, in addition to the deficiency of nitrogen
and phosphorus, the deficiency of trace elements, Fe, Zn, Mn, and Cu, which are specifically
required for biosynthesis of photosynthetic pigments, could be a reason for the discoloration of
nori. This phenomenon could be the same as “lime-induced chlorosis” of terrestrial plants in
calcareous soil where the soil water is heavily alkaline and therefore Fe** ions turn to insoluble
precipitates.

To confirm the relation between the loss of the elements and the discoloration, discolored nori
obtained at Ariake Sea was cultured in the laboratory under the Fe-deficient and Fe-supplemented
conditions. Discoloration was clearly observed in the Fe-deficient condition, in one hand, and an
increase in the contents of pigments and Fe was in the Fe-supplemented conditions, on the other.

To look for the source of trace and nutrient elements, the sediments and detritus (floating floc
composed of silty clay) were collected from 14 places in Ariake Sea. Both gave the similar
elemental composition and contained appreciable amount of C, N, Fe, Zn, Cu, Mn. Since free Fe
ion is negligible in sea water, Fe in the detritus could be thought as a good candidate to serve Fe to
nori, even though it is not yet known how nori absorbes trace and nutrient elements from the
surface of leaf.

An effective way to supply the deficient micronutrients, especially Fe, is in progress to protect

the discoloration of nori.
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