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To study the possibility of bacterial int oxication in ma rine
organisms, three strains from each group of high-, low- a nd non-toxin
p r odu c i n g bacteria were cultivated in media containing infusions of sand
clams collected during high-(Jan-June) and low-(July-Dec.) toxicity p e r i od s ,
non-toxic ridged venus clams, and non-toxic heart clams. Sodium c h a nn e l
blockers (SCB) produced by the bacteria were compared with their SCB
p r o d u c t i o n s in artificial liquid medium. Amount o f SCB and their derivatives
were determined by tissue culture assay and HPLC, r espectively. No t only
SCB p r od u c t i on in six strains of high- and low-toxin producing bacteria
cultivated in high toxic sand clam infusion were higher than other media but
tetrodotoxin and saxitoxin, the paralytic shellfish p o i s on derivatives, also
did. Similar amounts of protein, nitrogen and carbohydrate were found in
all bivalve infusions, whereas the lowest concentrations of p hosph a t e and
some amino acids were found in high toxic sand clam infusion only. SCB
determination in the surrounding sand and seawate r collected during high
toxicity pe r i o d showed that sonicated samples contained h i gh er amounts of
toxins t h an unsonicated samples.

.fIlTIl 'lfl ~J:ll!l'.:l!l1'lU.2 .

ij'1'Ull'lfl ~.al!l'.~!!Y'...tl2.m.~-\ltil .,h1<l.n~.i.JJ .

iftlld' iii tl 'Hl ~.~.~.?: .

• tI l -:I

al[lijtl tlfBUif\?l ~~~1ffi ~.~~."0..m£ .\.!S:~ .
•• cf} ¥.

a 1[l i'j tltlftltlllll'j~fiill tl 'H1 l.1)§j.p.f!J1 (1'f:!f:(!Jl..0 Y., .

al[lijtl~tltllllTJ~~illtl'Hl.hll !ff-!f .



1VlmU~'Wfi'Uu1Jd~IL19~~(N~~lJlJl'dtJ~1~tJ1Jlf1Jfl'dlJ.Jm'ruI91n'Vh'W'El191~tJ~mm~n
q q

~'El~ f11~1?l~191~tJ ~~,mbbl9ru1 9'WVl'El'l9'WLL~~'El191~tJ~mmn1'dJ.J~'El'lf11~ 1?l~191~tJ ~~,UflJ.J

-rtJm ~lJlm'rul1,x~ILL'W~t11 LL'W'dVll'11'Wm~Vll'11'W19tJ-ir'El~~L~'WI?l~'El~9'WLLm"IJ1Vlmu~'Wfi
q

'UU1Jdll~~J.J\!~ru~'1~'W -irl~ V~I"IJ'El m'11J"IJ'El1J~~~~ru dJ'W'Elth'l~'1H ru .~d

"IJ'Elm'I1J"IJ'El1J~~~flru~'El'lf11~1?l~191~tYh~'d~ J.J~IJ.J'WI?l1- ~'El'lf11i'11?l~191~tJ ~~,l~L~I~
q q

tJ'W~IU"Jlm~ LL~~r~"Ji'dtJPll~I?l~191~tJ~"Jl'W1 1LPl~~'1i ~lJlm'rulf1JLU'Wlh~fil'Wm'~J.Jm~ bb~~"'11 q q

m'~J.Jm~~'El1J LLm"IJ1VlmU~'Wfi1,x~ J.J1J~ru~'1~'W

"IJ'El"IJ'El1J~~~~ru Professor Masaaki Kodama Laboratory of Marine Biological Chemistry,

School of Fisheries Sciences, Kitasato University , Sanriku,lwate 022-01, Japan. ~1,xfl'dlJ.Jm'rul
q

"Ji'dtJ m~'Ell'WJll'Wm~1 Lfl~I~~1~tJ~fiL'El"Jl~ LL'El~~

"IJ'El"IJ'El1J~~~fl ru V~I~U1 ~Vl nvll'W"IJ'El'l (.il\'WtJLfl~'El'l ~'El19tJ1VltJl Pll~ I?lfLL~~LVl fll'W1~~,
q q '.1

flru~~I?l'dLL~VltJ 9'v'h~'1m'ruJ.J~11Vlm~tJ, ~rnU'W19tJ1VlmPll~l?lfmnL~VltJ LL~~n'El'l~'d1l1~
q

m'J.J1VltJ1Pll~l?lf1J1'm~ Vlnvll'W~l,xfl'dlJ.J"Ji'dm~~'Ell'WJll'Wm~1 Lfl~l~vfm~l.jfLfl~'El'l~'El 1?l~'El~
q

9'Wm~~I'W'dtJ fl'dlJ.J~~~'d n1'WJll'W~1'11J.Jl ru.~d

"IJ'El"IJ'El1J~~~flru:91~Ul~1l1fl1"Jl19~~'d1VlmVlnvllt!~lJl1,xfl'dlJ.J~~~'dn1'WJll'W~1'11
q q q

"IJ'El"IJ'El1J~~~flruflru~m'~J.Jm~urusiliI?l1VltJl~tJ 9~1~'1m'ruJ.J~11Vlm~tJ~1,xVl'W'El~~'W'W
'II 'l q CI fj

m~19tJl?l~'El~9'WL91~Ul~"IJ'El'lurusiliI?l1Vlm~tJ~lJl"Ji'dtJ~I'W'dtJfl'dlJ.J~~~'dn

"IJ'El"IJ'El1J~ruL~'El'W1 ~1 LL~~U'El'l1 ~1Jl1,xnl~'119 bb~~iJ~'d'W"Ji'dm~~'Ell'W'Il'W19tJd

vhtJd "IJ'Elm'I1J"IJ'El1J~~~flru flru~'El flruLL~ ~ ~1Jl1,xnl~'119 "Ji'dm~~'El LL~~~,r1J~'W'W
q 'l 'l 'l



...
'Vl'W1

<v , 1lJ'Vlfl(?jtJ'ElJl l111 'VltJ '1

lJ'Vlrl(?j 8'il Jll111 'fJ'I n ~11 9

n l?l ~n~~~U~::;nl Fll : 'U

~1~Uryl?ll~I'1 "1l

~1~UryZ U ry

I,{ry~n11rulll:1 ::;~18'il .£]
.d

lJ'Vl 'Vl

1.lJ 'Vl Ul 1

n l ~ ~~ o .e. .c::r. ev

2 . 'El umrulll:1::; 'd fi (?j ll'W'Wm~'d9 tJ 17,

3 . e-I l:1 n l~'Vl (?j I:1 'El 'l 39

il "" e:4 . ~~ lbl:1 ::;'d91~rue-ll:1m~'Vl(?jI:1'il'l 70

IV ""
~ltJnl~'ill'1'El'l , , , 78

Jl lfle-l'W'd n n , 87

Jl l!Ple-l 'W'd n "II 91

Jllfle-l'W'd n fl 98

U~::;~~l~tJ'W 115



..,
'VI'W1

1. m'J'l91'bJd ll~~tfhJ1ru~'l'Jnl?1m'l'l6Ji'El'll"lll~m.J (SCB) ~~¥'l'l9'lmlUfPlVl~m~'El

l~t./'ll 'W'El '1'VI '1'Jl'VI~'J (L-mediuml .40

2. fi'lfPl'J'l~lU'Wml?1l'i'l'l (pH) 1'W'El'l'VI'l'Jl~t./'l l~'Ell~'Ell~t./'lllUfPlVl(~t./1'W'El'lt:n'JlH~'J
"

ll~ ~U1~nl?1 9 'l n 'VI 'El t./ ~ 'El 'l eJ 'l .47

3. "1lUWlJ'El'l'El'W-n'WfiLYl1Yl'J1l?1Y1'Eln6D'W~Y'lu!11t./1 'Wl"ll ~~L~'Ell~t./'l LLU fPlVl (~t./1 'W'Ell'V11'J'l'VI~'J,
"

ll~~Ul\;'lnl?19'ln'VI'Elt./~'El'leJl , , , 55

4. 6JlUl?1on'El'l'El'W-n'WfilYl1YI'J1l?1Y1'El n6D'W~i"lU!11t./'W'Eln l"ll ~~L~'El L~t./'lllU fPlVll1-t./1'W'El'l'VI1'Jl'VI~'J,
'"

LL~~Ul~ n l?19'l n'VI'Elt./~'El'l eJ'l 56

5. "1lUl?1on'El'l'El'W-n'WfilYl1YI'J1l?1 Y1 'El n 6D 'W~ Y'l u1'W~'l'J\;'ln l?19'lnl~'El'VI'Elt./\;'l'El'l eJl1l?1t./l~Ylfil'W'El~,
"

Ll~ ~Ul~nl?191n'VI'Elt./~'El'leJl 57

"" "' '- 1 1 "",," 1 ~6 . "1l'Wl?1on'El'l'El~Y'l'WfilYI YI'J l?1Y1'Eln"ll'WYlY'lU 'WYI'Jlt./l.L~ ~'W1Y1~l~ 57

7 . "1lUl?1on'El'l'El'W-n'Wfi~~~~Y'l11919'l n'VI'Elt./~Y'lu!11t./1 'Wl"ll ~~ll~~!1'lt./'W'El n l"ll ~~L~'Ell~t./'l,

"'" "'" 1llUfPlYlL'Jt./ 'W'El'l'VI1'Jl'VI~'J 60

8 . "1lUl?1on'El .]'El'W-n'Wfi~~~~Y'l119191 n 'VI'Elt./~Y'lu!1 1t./1 'W L"ll~~l.L~ ~!11t./ 'W'El n L"ll ~~L~'f:l l~t./'l,
'""'" "'" 1 0 '" ""uu fPlYll'Jt./ 'W'Wl~ nl?191n'VI'Elt./YI'JIt./'J~t./~Y'l~~ 'l 60

9 . "1lUl?1on'El'l'El'W-n'Wfi~~~~Y'l119191 n'VI'Elt./~Y'lu!1'lt./1 'Wl"ll~~lL~ ~!11t./'W'Eln l"ll ~~L~'Ell~t./ 'l,
" ,"'""'" 1 0 cv ..::::ilt. 0llUfPlYll'Jt./ 'W'W'l\;'lnl?191n'VI'Elt./YI'Jlm~t./~Y'l~19I1 " ., , , " , 61

1O. "1lUl?1on'El'l'El'W-n'Wfi~~~~Y'l119191n'VI'Elt./~Y'lu!1'lt./1'Wl"ll~~ll~ ~!11t./'W'El n L"ll~~l~'El L~t./'l,
""'" "'" 1 0 '" • IllU fPl Yl l'Jt./ 'W'Wl\;'lnl?191n 'VI'Elt./m ~lJn 61,

"'""'"1 ~ '" tJ "'lllU flYll'Jt./ 'W'Wl~nl?191n'VI'Elt./~ 'VI'J 9 62

12. "1lUl?1on'El'l'El~-n'Wfi~~~~Y'l'l19l91 n'VI'Elt./~i"lu1'WJ1~ nl?191n'VI'Elt./YI'JIt./~'l~'El'l'J~t./~ 62
, "

13. "1lUl?1on'El'l'El~-nUfi~~~~Y'l119191n'VI'Elt./VlY'lu1U~I'J~ nl?19'lnYl'Jlt./ll~~U1Y1~l~ 62

14. ~ filf1'Jl~ lU'Wml?1l'il'lll~~f1'Jl~'VIi1l?1on'El'lJI~nl?191n'VI'Elt./~'El'leJllLI?1~~"1lUl?1 68



'"Vl'W1

"' 0 '"VI'EltJ~'EI'Iw1lll?ll.'1~"1lUi?1 " .,.." ,." , , ,.., ,.." ." , " ,., , ,..,." " " ,.68
e-

6 "~ "''i'' '" 1 0 ~ " I1 . u~:W1n.m~i?1'E1~:W bUlll?ll.'1~"1l'Wi?1 U'W1~ni?191nVl'EltJ~'EI'Iw1 69

17. r.Jl.'1n1nmtJUlVltJUrt'J1:Wlll?lnI?i1'1~~hrtJ~1~ry'Vl1'1~Ci~"1I'EI'In1~~h'l~ 1~ni?1"11'J1'1 -
"o 'i' cI 'i' cIci 1 0 ~ "I

"1l'El'l b"ll l i?1 tJ:w bi?1 tJuurt'Vll~tJ 'W'El1V11nVll.'1'J lll.'1~'W1~ nI?l91nVl'EltJ~'EI'I w1 73



...
Vl'W1

1. Lflj'-:I ~~1-:1Vl1-:1L~ b~n~"lI'fl-:l bVlLVlj'Lr?lVl'fln~'W , .4
q

2 . Lm-:l ~ ~1-:1L~ b~n ~"lI'fl-:l bVlLVlj'Lr?I'{I 'fl n~ 'W1'W~1j'~~~1 tJ 5
q

3 . Lflj'-:I~~1 -:1 'fl'W~'Wjf"ll 'fl -:l bVlLVlj'Lr?lVl'fln~'W , 6
q

'i' ... 'i' "" "" ..4 . bflN ~j'1-:1Vl 1-:1 b~ L~ n ~"lI'fl-:l "ll fl"llVl'fl nsu 10
q

<i' !.I _tr ~ _

5. bflj'-:l M1-:1'fl 'W'Y'I 'Wfi"ll'fl -:l'Y'lM'fl ~ 'Y'I1 1?1 '"l 1n ~'fl tJ 11,

7 . ~ 'fl tJVl j'1 tJ (sand clam, Asaphis violascensl 16

8 . ~ 'fl tJm~un (ridged venus clam, Tapes turg idus ) 16
q

9 . ~'fl tJtu~'"J 1'"l (heart shell, Trachycardium f1avum l 16

1o. uBrntJ1 j'~~~1-:1n\jLfl~n1J bb'fl 'WLVl j''W1'Wm(?) 36
,

11 . b b~ 'Wer-:l j'~1J 1J "lI 'fl -:l bfl1-'fl -:l ICP " 37

12. m~1ru~1j'n(?)"lI'"J1-:1"Ji'fl-:lL"ll b~tJ~1'WLd'fl~'fltJVlj'1tJ ~'fltJm~umL~~~'fltJ j'u~'"J1'"l~
q u

,
a 1 """" "" "" 0 "" 'i' 1"inu 'Wj'~tJ ~~'fltJVlj'1tJ~'Y'IM~-:lbL~ ~~'fltJVlj'1tJ~'Y'IMI?I1 (~n r?l br?ltJ "llb~Vlfi1'W'fl~ ) 43

13. m~1ru~1j'n r?l"ll'"J1-:1"Ji'fl -:lL"ll b~tJ ~1'W~ 1 j'~ nr?l'"l 1 n Vl j'1tJbb~~J1 Vl~b~~ bn1J1'Wj'~tJ ~
,

~c::. q.e:::tlo 0

~'fltJ Vlj'1tJ~ 'Y'IM~ -:I bb~~~'fltJVlj'1 tJ~'Y'IMI?I1 .43

14. m~1ru~1j'n(?)"lI'"J1-:1"Ji'fl-:lL"llb~tJ~1'WJ1~n(?)'"l1n ~'fltJVlj'1tJ ~ 'fl tJm~umb~ ~
q

~'fltJtU~'"J1'"l~ bn 1J1'Wj'~tJ ~~'fltJVl j'1tJi:J~M~-:I bb~ ~~'fltJVlj'1 tJi:J~M~1

(~ n(?)L(?)tJ1.jfJ1Vl~ b~~-:I b fl j'1~yf) .44

15. mj'b'"l1'ru"ll'fl-:llb1JflYl(~tJn~~~~1-:1~M~-:I b~'flb~tJ-:lb~'fl1'W'fl1~1n~~'"Jll~~
~ q qJ

...
U1~n(?)'"l1 n~'fl tJ~ 'fl-:le.h 48

16 mj'b'"l1'ru"ll'fl-:l LL1J flVl C~tJn ~~~ ~1 -:1 ~M~1 b~'fl b~tJ -:I L~'fl1'W'fl1 ~1 j'm~ '"J LL~~
~ q

...
U1 ~n(?) '"l1n~'fltJ~'fl-:l~1 , .49

17 mn'"l1'ru"ll'fl-:llL1JflVl~tJn~~I.~~~1-:1~~ l~'fll~tJ-:ll~'fl1'W'fl1~1n~~'"J LL~~
~ ,

...
o "" . 1

'W1~ n(?) '"l 1 n ~'fl tJ ~ 'fl -:l w 1 50



y

'Vl'U1

18 m~1ru~1~n£?1m1~oJiT)~l"llL~m.J"lJT)~UUrl'Vl(~Un~~ ~11,rYh~~~ LriT)L~U~L~T)

1'UT:l1V11~ LV1~'".l Lb~~~1~n£?1 linm!jT)U~T)~tJ1 51

19. m~1ru~1~n£?1"lJ(n~oJiT)~l "llL~U~"lJT)~ UUf)Vl(1Un~~~11~Yi'jj'~1 briT) b~U~ L~T),
"1'UT:l1V11nV1~'".l u~ ~U1~n£?1 iOl 1 n Vl T)U~ T)~ tJ1 : 52

20 . m~1ru~1~n£?1"lJ'".l1~oJiT)~ l"ll b~U~"lJT)~bLU f)Vl (~U n~~l~~11~Yi'jj'briT) L~U~ b~T),
"

1'UT:l1V11~LV1~'".l LL~~U1~ n£?1iOl1 nVlT)U~T)~ tJ1 53

21 . lm~1ll?mm~"lJ T)~ ~1~~1 l?1 ~~1 'Un ~~LYllYl ~l£?1 Y1 'fl n~'Wbb~~~1~l?1'".l'flth~ 58"" ,
«i' "Y lCV ~ ~ CV I

22 . bf)~~1 bl?l LLm~"lJT)~~1 'j'~1l?1~~1'Wn~~"ll f)"llYl'fln"ll'WLL~~~1~l?I'".lT)U1~ 63

1 1 , '" '" Q/ '23. m~1 l?I L bm~"lJ T) ~ ~ 1~~1 l?1 ~~1 'Wn ~~n T) 'WT) T) Y1 T) n "ll 'W bb~~~1~ l?I '".l T) U1~ 64

1 1 ' '" Q/'24 . f)~~1 l?I LLm~"lJT)~~1~ ~1l?1~~1'Wn~~"ll LL~ ~~1~l?I'".lT)m~ 65
" ,

25 . m1yj~1l?1~~1'W~~V1~1~1T)U~~"lJT)~ L"ll~~b'Y'11 ~L~U~Vl i(~ iJ~~ l?InUm~1 ru bY1l Y1 ~l£?1-
"" " " ,'" It ')' .." It ')' '" "'''' '" C/ C/Y1T)n"ll'W (b~ bf)~m~l?I'fl 10 b~ bm~l?I~) iOl1mfH'Y'1 1~L~U~b'WT)bUT) 98

26 . m1yj~1l?1~~1'W~~V1~1~ f)'".l1~ boif~oif'W"lJT)~lu~'W~f~'fl~\l~'Wnu r11n1~~ £?1 n~'WLb~~

.J d ')' 'I "" " 0 r;: ')' 0 I '" ')' "'''' .J
Y1f)'".l1~U1'".lf)~'W 650 'W1 b'Wb~l?I~ b'Wn1~'".l Lm1~V1u~~1ru bu~l?I'W b£?1U'".lfi~T)~ 99

27. m1yj~1l?1~~1'W~~V1~1~ f)'".l1~ boif~ oif'W"lJT)~n~If)~nU r11n1~~ £?1n~ 'W bb~~~ f) '".l 1~ 

U1'".lf)~'W 620 'W1l'WL~l?I~1'Wn1~~ bf)~1~iXm~1ruf)1fi:Ulfj b£?1~Y1

l£?1U~fibbT)'WlYl~'W 100

28. ~n'jj'ru~"lJ 'fl ~L"ll~~L 'Y'11~ b~U~ neuro-2A ATCC CCl 131 ~lfl'Wn1~l?I~'".l iOl Vl1
'" 11 I I

m~1ru ~1~n£?1m1~oJiT)~l"llL~U~ l£?1U~fib'Y'11 ~ b~U~d'l'fl L~T) d~T) ~ J)'".lun ~T) ~

"'j ~ Y1 ~~~ oJLbU jJ phase contrast n1~~".lImU 500 b'Vl1 101
,

0/ .o::::!rl Clt. r .oC:lt.<}'
29 . LLj;,J'WeN"lJT)~LmT)~'".l Lf)~1 ~V1m£?1T)~~ ru 104



~n , =~~~nf~

~~ , = ~~~~ I?!~

"1l~ , = L"1l'W~L~I?!~

~~ . = ~~~L~m

• I" ..% = Lu-em"1l 'W 1?!

M = t~~lf

mM = ~~~t~~lf

/-lM = l~tr1 ~t~~lf



d
1J'VI 'VI 1

~'fltJ

"
i:'l::;i:'l:WL~t?1tJi:'lI~~~,r'WhILtJ'W~'WI?l~ltJl?l'fl~1?l1

-ri'fl'l1"ll L~tJ:W (sodium channel blockers, SCB) ~'1 LtJ'Wi:'lI~~hn -ri1U~~'WLL~::;iJe-J~I?l'fl~::;1J1Jlh::;i:'lI'Vl

(nonpeptidic neurotoxin) 1t?1tJiJn~Ln'flr.h'l91 Lvn::;1'Wm~n t?1"lJ'Jl'1m~eJl'WL-nl'fl'fl n"lJ 'fl '11"ll L~tJ:w

~'fl'fl'W (Na+) Y11'1-ri'fl'l1"llL~tJ:WI?l~'11J~L'JruL~'fl~:WLL'fln"ll'fl'W"lJ'fl'lL"ll~;U~::;i:'lTVl (Bower et al., 1981),

vll1~hjLn t?1 m:,:;u'J'Wm~~l 'V'I~1Ln"ll-r'W (depolarization) "lJ'fl'lm~Ln t?1 m:.:; LLi:'lU~::;i:'lIY1iJ e-J~1~n~l:W

d~'flvll'11'WhJL~ Lnt?1 LtJ'W~:W'V'l11?l L~'fl~:W t?1~Y1i11'1 mtJ9::;~'W~i:'l1l1'V'1 L~:W I?lI:J.JU n ~ LLl?lthL~fu

i:'l1~~1'Wm:Wlru:Wln'fl19n'li'WL~tJ~"i'JI?lL~ (Kao, 1972) i:'l1~nt?1"lJ'Jl'1-ri'fl'll"ll L~tJ:wU~:.:;n'flU~'JtJi:'ll~

~~ltJn~:w LLI?l~~lflblm~::;~n~ln'W:WlniJ 2 n~:WL~uri i:'l1~n~:w LYl1Y1~1t?1Y1'fln~'W (tetrodotoxins,
q cv , q

" "
Tlxs) LL~::;i:'lI~n~:W~~~:W'V'l11?l91n~'fltJ (paralytic shellfish poisons, PSPs) i:'l1~~~Y1'1i:'l'fl,:m~:w.w, ,

u~::;n'flu~'JtJ'fl11~'Wf~~ltJ"llUt?1 ~'1 fi'Jl:W LtJ'W~~~'1:Wlni1'fltJ usn1?l1'1 rl'Wl1J

6Y11Y1~1t?1Y1'fln~'W'V'Iufif'l66~ntJ fil'1l .1964 l'WU~I'J'Ifl Tet raodontiformes ~'1 dlw

U~191'V'1'JnU~lumUI (puffer f ish) (Tsuda et aI., 1964) 'W'fln91n~i1'1'V'1ul'Wu~li:'lfJ~~'W1 ~n

6-ri'Wi:'ln~ Diodontidae, Canthigasteridae LL~:':; Molidae LtJ'W~'W (Mosher and Fuhrman, 1984) I?l'fl-,

:Wl'V'1U6Y11Y1~1t?1Y1'fln~'W~1'flYlI~mYl'fln~'W (tarichatoxin) 1'W California newts (Taricha torasa)
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"
(Mosher et aI., 1964) bb~:;~1?I'd1'Wn~~"Jl1~1~ 1'Wb(?l'f)ftl1'l"Jl il(?l (Wakely et aI., 1966) 'j'':I~Vl'l'Y'ltl,

1'W~I?I75'W1~nVl~1tJ"Jlil(?l l~bbriU ~1~ (Gobius criniger) (Noguchi and Hashimoto, 1973), nu

(Atelopus chiriquiensis ) (Kim et aI., 1975; Pavelka et aI., 1975) bb~ :;m'l An (Atelopus

oxyrhynchus) (Yamashita et aI., 1992) dj'W~'W 'W'f)nr.nn~if'l'Y'ltlbVlLVI'j'L(?lVl'f)n~'Wl'W~1?I1V1:;b~~n

V1~1tJ6J!il(?l l~bbri V1nmJn'; (blue-ringed octopus ; Hapalochlaena maculosa) (Sheumack et aI.,

1978), ivory shell (Babylonia japonica) (Noguchi et aI., 1981), trumpet shell (Charonia sauliael

(Narita et aI., 1981), frog shell (Tutufa lissostoma) (Noguchi, Maruyama et aI., 1 9841.~ (xantid

crab; Atergatis floridus ) (Noguchi, Uzu et al., 1984) bb~:; lined moon ·shell (Natica lineata )

(Hwang et al.,1990) dj'W~'W l'Wu'j':;bVlPllVltJ'Y'ltlbVlLVI'j'L(?lVl'f)n~'Wl 'Wbb~'l(?l1V1:; b~ (horseshoe crab;

Carcinoscorpius rotundicauda) (Kungsuwan et al., 1988) u~:;u~1umihJ19(?l~r:]~ Tetraodon 2

~1tJ~'W£~'f) T. fangi (Laobhripatr et aI., 1990) bb~:; T. palembangensis (Saitanu et aI., 1991), .

mnn(?l~Ml'W~1?I1V1:;b~ bb~b~~dh19~1bn(?lr.nnm'j'~~1?I1~~1'l;'W~1b'f)'l b~'f)H

1'Wm'j'U'f)'ln'Wl?1fJ (Fuhrman, 1986) bb~ ~'f)~1iJmrn~1'W~1n~1tJ~,rtl~'W'W~1~1 bV1l?1mnn(?l~M1'W
as "

~1?I1V1:;b~m9 bn(?l~191mbVl~'l1l1tJ'W'f)n (Hashimoto et aI., 1990) b'Y'l'j'1:;~1?I1iJ~Mbb~~:;6J!il(?lhi

b~tJ':I.jf'f)'ln'WVl1'l~'Wfin'j''j'~ 9'lhJtl1bu'W~nMru:;~AfJtlA~L(?ltJ~'W ~'l~'f)(?lA~'f)'lntl Yasumoto, ,
" ,

~ " ""l """' '' 'i' 'i' .. ~ " , """,
bb~:;flru :; (1986) b(?l bbtJm"ll'f) Pseudomonas sp. VlM1'lbVlbVl'j'b(?lVl'f)n6J!'Wb(?l91n~1V1'j'1tJ~U(?l'l

(Jania sp.) ~'lbU'W'f)1V11'j'"lJ'f)'l~ (Atergatis floridus) bb~(?l'l1,xb~'W~1~l~ftl~1'j'~M91n~1V111tJ L(?ltJ

m'j'n 'W~1V111tJ bu'WmVl1'j' bb~:;~1V111tJiJm'j'~:;~~~MHbti'f)'l91n1'WL6J!~~~1V111tJiJuuAVl ~tJ

~~1'l~M ~'l t!'W9'l ~'l 1:um~~1'W~1 bbtl AVl b~tJ~~1'l~MbU'W~1 bV11?1~vh1,x~I?I{VI:;b~iJ~M, as ,

Noguchi bb~:;A ru:; (1 986) ~1~1'j'mmm~'f) Vibrio sp. ~~~1'lbVlLVI'j'L(?lVl'f)n~ 'W

U~ :;bb'f) 'WleJL(?lnVlLVI'j'L(?lVl'f)n~'Wl~91nihl ~~ (xanth id crab; Atergatis floridus ) A1 1?1~1 bbtlAVl b~tJ

m9 bU'W~'Wfhbil(?l"lJ'f)'lm'j'~~1'lbVILVI'j'L(?lVl'f)n~'Wl 'W~1?I1"Jlil(?l~1'l1 L(?ltJ9:;~1'WVl1'lvh'l t6JimVl1'j'

(food chain)

I '" t/ I I

.. """'.. """'""'" ~ • I ""l , ""l ~ " """' ""'"
6J!'W(?l~ 'Y'lM (Fugu rubripes) Vlb'Y'l 1 :;b~tJ'l b'W~1l1 'Y'l lJ~ 'f)(?l b"Jl 'f) (axenic culture) bbl?l b~ 'f) bVlmVl1 'j'VI ~

~':I'Wt:-I ~~"lJ'f)'l~1nVILVI'j'L(?l Vl 'f)n~'W 9 :;1?I'j'':I9'Y'ltl bViLVI'j'L(?lVl'f)n~'W l~'Wu ~nun bU1

,rn~VI tJ1 Pl1~ I?IfVl~1tJY]1'W~1~1nl uun bbtlAVl b~tJ ~~~1'l ~1 'j'~Ml~91n~1?11V1 :;b~
", "

V1~1tJ6J!U(?lVl'l"Jlil(?lVliJ~Mbb~:;hjiJ~M ~'li1
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~ ,
"" ""' '' 'i' 'i' ""Yotsu llfl:;rlCU:; (1987) llt.Jm"ll'tl Pseudomonas sp . Vl~~I'llVl bVl~b~Vl'tln"1l'Wllfl :;

'tl'W~~fi"IJ'tl'llVllVl~l~Vl'tl n~'Wl~91 nU-;l'JCU~'J'vnr'l"IJ'tl'l1Jfllun liJl"llU~~iJ~M (Fugu poecilonotus),

Narita llfl:;rlCU:; (1987) llt.Jm~'tl Vibrio alginolyticus ~~;<I'llVllVl~l~Vl'tln~'Wllfl :;

!l 'W~'W1l1~91n~11~"lJ'tl'l~I 'JVl:;lfl (starf ish ; Astropecten polyacanthusl,

Hwang llfl:;rlCU:; (1989) ~1~I~mlt.JmlUrlYl~t.J~~;<I'llVllVl~l~Vl'tln~'W~~fl

I?i l 'l 1 1~9 1 n vd~mJmf (blue-ringed octopus; Octopus maculosusl llUrlYlL1t.J~~;<I'l~M~llt.Jnl~

l~mi ~ n fl Vibrio, Alteromonas, Bacillus llfl:; Pseudomonas dJ'W~'W,

~

"" 0 ""(deep-sea sediment) (Kogure et aI., 1988; Do et aI., 1990) llfl:;~'Wl?l:;n'tl'W91nVl:;lfl~IU'W19~

(Do et aI., 1993) llfl:;'V'lU~1 dJ'WllUrlYl ~t.J~nfl Bacillus, Micrococcus, Acenitobacter, Aeromonas,,

Moraxella , Vibrio l lfl :;~'J ~l1J ii 'l Actinomycetes (Do et aI., 19911
~ ~

o.cr.l ICf ev.o::Y

Simidu llfl:;rlCU:; (1987) 'Wll"ll'tl~19lmLVlfl'lmUmM1l"ll'tl (culture collection)

llfl:;l?l~'J9'V'lUm~~;<I'llVllVl~l~Vl'tln~'W'l'WllUrlYl ~t.Jm:;1Jfl Vibrionaceae l~mi llUrlYl L1t.J'l'W~~fl

Vibrio, Aeromonas, Photobacterium, Alteromonas Ufl:; Plesiomonas dJ'W~'W ~'llu'Wn~~"lJ'tl'l
, ~ ,"'" "'" "'" 1 Q/ e: 0 ::1 q ClI.o:::::.1 \1,!:"'\ Q/ e: ClIClo ..::9;

llUrlVl L~t.JVl'V'lU ~ln 'W~l?l'JVl:;LmLfl :;'W1Vl:;Lfl llfl:;m9 L lJ 'W llU rl Vl l~t.J Vl 'V'l U L~ b'W~mVl :; lfl ~ 'V'lM 9'l

lu'Wl1Jl~~ llu rl Yl ~t.J lu 'W~l lVll?l"lJ 'tl 'lnlnn~~Ml'W~l?l1Vl :; lfl 1~t.J~'WUM~I'W~1~191nm~m~t.J, ~

'tl~~'JW1'W (symbios is) ~:;Vl~I'lllUrlYl~t.J~;<I'l~MnU~l?l1iJ~MVl1'tl~ml~fu~I~~M91nvh'lleri

mVll~ 1~t.J~~I~~MJ'Whhu'W'5'Wl?l~It.JI?i'tl~l?l1 (Jun tongjin et aI., 1993)

lVllVl~l~ Vl 'tln~ 'WiJ~ 'tl L1t.Jn ~I~bJ.! Vlfllt.J~!l 1~ lLrl ~1 ~lflVl!ln~ 'W (macu lotoxin ),

~H~m'tl t.J ~'W (spheroidine), Vll-;rllVl'tln~'W (tarichatoxinl llfl:;~M91mJfllumiJl (pufferf ish

0"'1 "poison) LlJ'Wl?l'W

~

U1VloJnl~ Lflnfl : 319.28,

lrl~'l~;<I'lVll'll~lfl~fl: 1J~:;n'tlU~'Jt.J rllfU'tl'W 41 .38%, lfjl~~l9'W 5.37%,

1'W'll?l~l9'W 13.16 % llfl:;'tl'tln~L9'W 40.09% (Budavari et al.. 1989)
, ~

rilrl'lYl"lJ!l'lm~lLl?ln~'J (pKa) : l'WUl 8.84 lLfl:;l 'W 50% l'tlVl1l1'W'tlfl 9.54
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~ "'''''I "" "" dj ~ '" ,
n!;j'~ ~~ntJ (solubility): ~~~ltJ L!?1 !?1 L't.m;j'!?1'fl ~"1ll?lflL9'fl91'1ll~~~ ~~ltJ L!?11Jl'1 ~'".l 'W

1'WJl L L'fl~ nml 'fl~ ll~~~l'Yl'flf llI?1L~~~~ltJl'W~'".l~I~~~ltJ:a'W'Yl1tT"1lUrr1~'W

fl '".ll~ l~nm (stability): tJn~I~ltJL~'Wm!?1 lLrllL~ ~l?i l'1

fl'".ll~lU'WYi'jj' (toxicity) : f11 LD50 L~'fl:U!?1dhYl'fl'lVl'tJ (mice) ~'fl 10 L~Lfl;j'nf~

l?1'Elrn~nf~ ~'".l'Wf11 LD50 l~'fll~Vl'tJn'WiJf11 322 L~Lflmf~I?1'Elrn~nf~ (Evans, 1972)

~IVlf1J~n'jj'ru~LflN ~~I'1'Yll'1L~ L~ n~"1J'fl'l~I;j'nlfi~ L'YlL'Yl;j'L!?1'Yl'fln~'W9~iJ~n'jj'ru ~, ,

~l'tl'Yil ~~'".l (unique structure) ~'1hJ'Yi1Jl'W~I;j'tl;j'~n'fl1J"1lUrr1~'Wl Lrr1tJmflN~~I'1ll1J1J iminoper

hydroquinazoline tl;j'~n'fl1J~'".ltJVl~n'".lU~li1tJ~ (guanidinium) 1 Vl~ ' ll~~~'Wfi~le1iJlL~fl~~

(hemilactal linkage) ~'1ll~rr1'1Lfl;j''1~~I'1L~l~n~"1J'fl'll'YlL'Yl;j'L!?1'Yl'fln~'Wl'W;j'tl~ 1.. "
LflN~~I'1"1J'fl'll'YlL'Yl;j'L!?1'Yl'fln~'W~I~I;j'mn!?1 zwitterion ~Vl~Le1!?1;j''fln~~ (hydroxyl

group) ~fllf1J'fl'W'fl~I?I'fl~~I11VlU'l~ 10 L~ (Bower et aI., 1981) ~'1ll~rr1'11'W~tl~ 2.

1'Wu99u'W'Yi1J'fl'W~'Wfi"1J'fl'l~1;j'1'Wnlfi~ L'YlL'Yl;j'L!?1'Yl'fln~'W~lnn~1 6 'fl'W~'Wfil~uri
'i Cl q q

l'YlL'Yl ;j'Lrr1 'Yl 'fl n~'W (tetrodotoxin;TIX), l'YlL'Yl;j'L!?1Uflll'fl~fl (tetrodonic acid), ll'fl'WLe1Lrr1;i'l'YlL'Yl;j'Lrr1'Yl'fln

~'W (anhydrotetrodotoxin; anh-Tlx). 4-epi TIX, 6-epi TIX ll~~ 11-deoxy TIX lU'W~'W ~'1 lll?1~ ~

'fl'W~'WfiiJml~~I~I;j'n1'Wn!;j'nrr1"1J'".lI'1"J1'fl'lL"1ll~tJ~L~ lll?lnl?11'1 n'W ~IVlf1J'fl'W~'Wfi~~ In!;j'~ n'jj'l, ,

~lniJ 4 'El'W~'Wfi~'fl TIX ~'1Lu'W'fl'W~'Wfi~iJfl'".lI~LU'WYi'jj'~ln~~!?1;j''fl'l~'1~I~'fl 4-epi TIX lL~~, , .
anh-TIX 1?I1~~:h~1J ~'".l'Wl'YlL'Yl;j'L!?1Ufll L'El~ flL~iJfl'".ll~ lU'WYi'jj' (Nagamura and Yasumoto , 1985)

Lrr1mll?1 ~ ~'fl~~'WfiiJfl'".ll~ lll?lnl?h'ln'Wm'l1J1L'JruVl~cih'll~m (side-chain group) Lrr1tJiJ91'W'".l'W 4

Vl~ ~'El Rl -R4 ll~rr1'1Lfl;j''1 ~ ~I'1'fl'W~'Wfi"1J'fl'll'YlL'Yl;j'Lrr1'Yl'fln~'Wlll?1~~''1lUrr1~'1;j'tl~ 3 ." , "

~tl~ 1, Lm'l~~I.:l'Yll.:lL~l~~~"1J'fl'll'YlL'Yl;j'Lrr1'Yl'fln~'W

(Kao and Walker, 1982)
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OH o

HO J

H~Ofi
H»>I~OH _0

....-M ~\ '-- H
~N--<""'N""""'- \T --

H H I

IH
H

fl . cationic lactone form

".tI . cationic hemilactal form

rl . zwitter ionic hemilactal form

(Evans, 1972)



R1 R2 R3 R4

tetrodotoxin H OH OH CH20H

4-epi tetrodotoxin OH H OH CH20H

6-epi tetrodotoxin H OH CH20H OH

11-deoxy tetrodotoxin H OH OH CH3

6

H
0 0 OH

H~IOH "l"HZ
/ I H / R.l

R-1~HR?H
R3

HOH.zC
HO

anhydrotetrodotoxin

tetrodonic acid

~1J~ 3. lr1~'1~¥1'1'f]~~tJfi"1J'f)'1 bVllVl~ll?lVl'f]n~'W

(Naqashirna et aI., 1988)
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~17n~3J~'tt'e13J'V'l1191~1nVl'fl£l (paralytic shellfish poisons, PSPs)
q

bbfl~'EI'W~'Wfin~~n'El'W'El'ElVl/EJn~'W (gonyaytoxins, GTXs) 'l"/uflf,m~nl'WVI'Eltlf;'l'El'l~1 (butter clam;
• •

Saxidomus giganteus) (Kao and Nishiyama et al., 1965) l?i'El~1'1"/Uf;'l1~~~~1'Wltrlt'Wbb~flnV"lmfll?l

U1'l6JlUtrl ~'lbu'Wltrl t'Wbb~flm~flbfll?lf;'lnfl Gonveulex (Proctor et al., 1975) V11-'Elf;'lnfl Protogony-. " ., , ,

au/ax l?i'El~1 bU~t1'W~'Elf;'lnfl bU'W A/exandrium (Shimizu et al.,1990) ltrltW.b~flmfOlmfll?lVl'l"/U~1iJ•
I .Cl, cv ~ ,

f;'l1~nm.J'I"/~'EI~'I"/1l?lfOl1nVl'Eltlfl'EI A. tamarense, A. catenella (Harada et aI., 1982) bbfl~,

Gymnodinium catena tum (Oshima et aI., 1987) bbfl~'I"/ul'Wf;'l1V111t1~ b~t.I'J bbn~J1b~'W (blue-green

algaeHKodama, Noguchi et al., 1983) 'W'ElnfOl1n~i{'l'l"/U~~'fl~'I"/1l?lfOl1nVl'Eltll'W~l?lrfVl~bflVlfl1t1

6JlUtrl 1~bbfiVl'Eltlf;'l'El'l~1 (soft shell clam; Mya arenaria) (Shimizu et al., 1975), V1'E1t1U~~bJlVlVl'Elti

bb~fl'l~ (Myti/us sp.) (Shimizu et al., 1978), California sea-mussel (Myti/us ca/ifornianus) (Bower

et aI.,1981) bbfl~V1'E1t1f;'l'El'l~16JlUtrl~'W1 ~nVlfl1t16JlUtrl (Kamiya and Hashimoto, 1978) ~'J~lun'l

ufl1tfmih6Jlutrl~iJ~~ (Takifugu parda/is) (Kodama, Ogata, 1983) bbfl~~ (xanthid crab;

Zosimus aeneus) (Noguchi et al., 1985)

b~'EliJm~~n~1l?i'El~1'1"/U~1f;'l1 bV1l?l~'Vl11~~l?lrfVl~bfliJ~~'El1fOl bti'El'l~1fOl1n~l?lrfiJ•

m~n'Wltrlt'Wbb~fl n bfOlfl bfll?l~iJ~~b-ir11ul 'W"lJ ru~bn trlmn~W~1'W'J'W'Elfi1'l~'Jtrlb~'J"lJ'EI'lltrlt'Wbb~fln

bfOlfl bfll?l6JlUtrliJ~~91'W'J'Wd-J1 nVl1-'EI b~t1 n~1Jl1'J~ ms bloom ttrltl~l?lrfVl~bfl'l"/'Jnn'W'EI1V11~ttrltlm~

m'El'l (filter feeding) b6Jl'W V1'E1t1f;'l'El'l~1U1'l6JlUtrlfOl~f;'l~f;'l~ltrl t'Wbb~flmfOlflbfll?l~iJ~~'llJnm'El'lbu'W

'El1V11nbfl~f;'l~f;'l~~~1'W~'J (Fallon and Shimizu, 1977) iJr.Jfl'Vl11~bntrlJl1'J~'EI1V11nU'W~~ (food

poisoning) 1'WU~~6Jl 16Jl'W~U~tJl flVl'Elti ~'l bfltl'l"/U1'WU~~bVlI"1 f;'lVlf~'EI b~~m bbfl'W1 trl1 bbfl ~i)j~'W

(Kodama and Ogata, 1988) ttrltlf;'l~~~~1'W~f;'l'Eltrlfl~'EI'lnU~1t1'l1'W"lJ'EI'l,rn1Vltl1I"11f;'ll?lfVlfl1t1vh'W
, d.9

, ~

di ..:::l .c::l I _ .c::l

6jj'l~~1t1fl~b'Eltltrll?l1'l1 trl'l'W

Buckley bbfl~flru~ (1976) ~n~mnntrl~~l'W soft shell clam (Mya arenaria)

1'WJl1'J~ red tide bbfl~f;'l1~1~mbtlnltrlt'Wbb~flmfOlmfll?lf;'l1t1~'Wfi A. tamarense ~f;'l¥1'l~~n~~~~. ,
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"
rn'j'u1'tnflVl1.ltlU~~'1~"lI1.l'lu'j'~"1l1"1ltJltJ9'1Vl.ri?lU'j'~IOi'JufflitJf 1] fl .~ .1983 Y/u~11tJt1TVI~L~

U1'L'J ru~ 1.l ~"lI 'fN Vl 1.lmL~~'1~mi?lttJ LL~ ~mlOi ~ L~ l?l "1l Ui?l~ iJ~~ (Alexandrium. sp.)

Boyer LL~~flru~ (1985) Pin'Wl?i'lUlOi9t1~L~m-n1.l'lnurn'j'~~1'1~1'j'~M'fl~Y/1l?l

IOi1nVl1.ltlti?ltlli?lttJLL~~mlOim~l?l (A. tamarense) Y/U~1n1'j'~~1'1~M"lI1.l'l1i?lttJLL~~mlOi~L~l?l"1lUi?ld

~tJ1.l~ num~1 ru"ll1.l'l~1'j'mVl1'j', ~ruVlJJn, fl'J1~ L-n~"lI1.l'l LL~'1'j''J~~'1'j'~tI~L 'J~11urnsiIOi1'fJd

Ogata LL~~flru~ (1987) Pin~1rn'j'~~1'1~M'fl~Y/1l?llOi1nVl1.ltlti?ltl A. tamarense
• I t/ I

Y/U~1 A. tamarense ViLIOi1'fJd~11Oi1m"1l~;L~mntJ LLIr1 L~1.lt11~1 L~tI'Il tJ~il')'J~ViIr11'1ntJIOi ~iJrn'j'

~~1'1~1'j'~MIr11'1 ntJ1.lth'l L~tJl~ii?l LL~ i?l'l1,xL~tJ~1 rn 'j'~ ~1'1~~'fl~ Y/ 1 l?l lOi 1 n Vl 1.l tl ti?ltlli?l t tJLL~~n

LIOi ~ L~ l?lhn"li~nMru~Vl1'1~tJfin'j''j'~~'1~'1 ~~~~~1tJ~1~~"JJ1.l'l1i?lttJLL~~n LIOi~ L~ l?l1.l11Oi~11Oi1 n
, • d.9

LLVlI:'l'l1l1t1tJ1.ln ti?ltlli?l ttJLL~~n LIOi~ L~l?lmlOi1~fu~11Oi1nvh'lt"JimVl1nL~~Lni?lrn'j'~~~~ ~'1~1.li?l

fl~1.l'lnurn'j'Pin~1"JJ1.l'l Kodama (1985) ~1~LLtlm;1.luuflVi(~tlIOi1nli?lttJLL~~mLIOi~L~l?l"1lUi?l~iJ~j~

(A. tamarense) LL~~Lri1.lt11~1 LY/1~Litl'l1tJmVl1'j'LVl~'J Y/U~1LLuflViL~tI~1~1'j'~~1'1~~'fl~Y/1l?l

IOi1nVl1.ltll~ ~'1titJ~'1mlOi LU tJlul~~Vl 1.l tl ~ 1.l 'l ~ 1 iJ~~Lti1.l'l~11Oi1n LLU flVi L1-tl~~1'1~M~m ~tl1.l~lu

li?lttJLL~~mlOi~L~l?l

Kodama LL~~ Ogata (1988) 1~~'1~~~~~1tJ~1rn'JLni?l~MltJli?lttJLL~~mlOi~L~l?l
• as

A. tamarense hjl~Lni?llOi1nrn'j'~~1'1"l11.l'l1i?lttJLL~~mlOim~l?l LLIr1 Lni?llOi1 nLLUflVi~tI~m~tl1l1t11u

L6Jl~;"JJ1.l'lli?lttJLL~~mlOi~ L~l?l ~'1titJ~'1'Vl11l1fll?1i?l"JJ')1'1 (section) "JJ1.l'l A. tamarense ~iJ~MLL~~~

~'J tI n ~1.l'llOi~VI'j''j'~~ ~~ fll?l'j'1.l tJ Y/u~11l1t11tJL6Jl~;iJ UU flVi~tI~ n~ Moraxella ~~~1'1~~'fl~Y/1l?l• •

", "cv .el..c::l <j' 0 ~.erI .el '1
1.l~Y/1l?llOi1nVl1.ltl"ll1.l'lLLUflVlL'j'tI bi?ltltJ1L"1l1.l Moraxella sp. nuunvin A. tamarense ~1L~tI'I ru

, " "
~1l1fJ~Vi"ll1 i?l LLfl~tJ~1'j'mVl1'j' Y/U~1 L~1.l~1~1'j'rJ~~1'1~~'fl~Y/1l?llOi1nVl1.ltll~\l'l~tJ LL~~~'JtJl Vlb1!

IOi~ LutJ1.ltJ~tJ filtJn l:'l ~n1.l U1.l1.lVl1.ln ~tJ (GTX1 U~~ GTX4)• •

~1VlfultJU 'j'~LYl ~1VI ti Y/ULLU flVi L1-tl~ ~~1'1~'1 1.ltJ~tJ1fn I:'l ~ LVIt VI'j'ti?lVl1.l n~tJLL~~• •
"I .Q, <V 4. ~ ..:::1..::::1 Q/ r

n~~Y/M1.l~Y/1l?llOi1nVl1.ltl rn'j'~n~1"l11.l'l Juntongjin LL~~flru~ (1993) Utlm"1l1.lLLUflVl L'j'tlIOi1n~l?l'J

Yl~L~ J1Yl~L~LL~~~tJl?l~n1.ltJltJVI~L~ u1'L'Jru'fl1fJ1Ylti l~L~'El~'1Vl~i?l 489 ~1t1~tJ1f Lri1.lt11~1•
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~1d-Jlj'rl~~I-:l~Ij'ni?1"l1'Jl-:l-D'f)-:ll6Jll~m-ll~ bb~~ml'il.d-J (2534) lltJm~'f) Vibrio sp. ~~~I-:l~Ij'ni?1

"lI'Jl-:l-D'f)-:ll6Jll~tml~91m!j'f)mld-J~-:l~ (Perna viridis Linn .)

~ lj'~M'fld-J'Y'I1l?l91 n'l!!'f)tJ dju~lj'n i?1"l1'Jl-:l-D'f)-:ll6Jl l~tJd-J~iJ'l!!~ltJ'f)U~ufibbl?1'f)u~ufi, ,

~1.jfdju~'J bb'VlU"ll'f)-:l~Ij'n~d-J~~'f)'f)'4~ufi-nfl~'Vl'f) n~u (saxitoxin, STX) ~-:liJ~'f)~1 d!b1J~U1~ n1~uri
' ."'1 '"mussel poison, clam poison, gonyaulax toxin bb~~ paralytic shellfish poison LuUl?lU

...
t11'l!!Unld-Jl~n~ : 299.30,

rollfl-:l~"lI'f)-:lntnll?ln~'J1uJl : iJroll 8.25 Ll~~ 11 .60 (Kao, 1986)

ntj'~:;~ltJ : ~~~ltJl~uJlbb~:;Ld-J'VlD1U'f)~ Lb~~~:;mmJl-:l~'Ju1uL'a'VlD1U'f)~

ll~~mi?1'r.l:;~~flb-nd-J-nU (glacial acetic acid) LLl?1hJ~:;~ltJ1u~'Jvh~~~ltJl"l1d!u (lipid solvents)

fl'Jld-J b~eltJj' : L~elm1U~Ij'~:;~ltJmmLI?1'Jn'Yll~ltJ'f)th-:lj''J i?1 L~'J1U~Ij'~~~ltJ

~1-:l LL~~L~'f)t11hJ~d-J1uJl~iJfl'Jld-JbUunj'i?1~I-:ll'VhnlJ 3.0 bUUL'J~1 3-4 -B''Jld-J-:l 9:;b~tJ~Jll'Y'1

fl'Jld-JLUU~M : roll LD50 L~'f):Ui?1L-nlYi'f)-:l'l!!i.J~'f) 10 ld-Jlflj'nfd-JI?1'f)nL~nfd-J ~'JU

roll LD50 b~'f):Ui?1 b-nl'Vll-:l L~UL~'f) i?1 ~I"l1'f)-:l'l!!i.J~'f) 3.4 ld-Jlflj'nfd-J l?1'f)nL~ nfd-J Lb~:;roll LD50 l~'f)1~'l!!i.J

nu~'f) 263 ld-Jlflmfd-JI?1'f)m~nfd-J (Budavari et al., 1989)

~nMru:; lflN~~I-:l'Vll-:lld-J l~ n~"lI'f)-:l'f)u~ufi-nfl~nfl n~u9~iJ~nMru:;L'il.'Y'II:;~hj, ,

'Y'I1J1u~lnJj'~n'f)lJDj'j'd-J6Jll ~6JlUi?1~u11Jj'~n'f)1J~'JtJ'l!!~n'JU~Li1tJd-J 2 'l!!~ ~-:l'l!!~n'Ju~ l'WtJd-JiJWWl

~b.jjl11J91JnlJ-D'f)-:ll6JlL~tJd-J (Kao, 1986) li?1tJ'l!!~n'JU~bi1tJd-Jlll?1~:;'l!!~9~L~'f)d-JnU~'JtJ~UD~'f)l6Jl~~~

(aza ketal linkage) ~l~elm (Bower et aI., 1981) lflj'-:l~~I-:l'Vll-:lld-Jl~n~"lI'r.l-:l'r.lu~ufi-nfl~'Vl'r.ln~U, ,

bl~i?1-:l1uj'1J~ 4. LL~~~Ij'n~d-J~M'fld-J'Y'I1l?l91n'l!!'f)tJ1Jj'~n'f)1J~'JtJ'f)u~ufi~~I~ru 2 n~d-J i?l-:l~n~I'J
qJ C\ Cl 0.1 <t

d-Jl bb~'J.jjl-:l ~Ull~:;'f)u~ufiLll?1~:;n~ d-JiI-:liJ'f)u~ufitJ'f)tJ 1?11-:l1 ~n 1~LLn, "
'f)u~ufin~d-J-nfl~'Vl'f) n~U(STXs) 1Jj'~n'f)lJ ~'JtJ'f)u~ufi-nfl~'Vl'f) n~U(saxitoxin ,STX), , ,

m'f)-nfl~'Vl'f)n~U (neosaxitoxin, NSTX) Ll~~~fllflJlld-J~~-nfl~'Vl'f)n~U (decarbamoylsaxitoxin,

DSTX)
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GTX4, GTX5, GTX6, GTX8 V11-'El C1 ll~~ epiGTX8 ll~~ C2

~,ml?i~~'El~~'Wjf~~~r?1Uf1'Jl~lU'WYi'l1llf?lnl?h\ln\.l1~tJ STX ~f1'Jl~lU'WYi'l1~\l~~
~ 0 ~

~'El\l~\l~If1'El GTX1, NSTX ,GTX4, GTX3, DSTX, GTX2, C2, GTX5, C4, C3 ll~~ C1 f?l1:W~I~U

(Oshima et al.,1987) l~mll?i~~'El'W~'Wjf~f1'Jl~ llf?lnl?il\lrl'W~V11.i;rl\ll~tJ\l l~tJ~~I'W'J'W 4 V1~ ~'El, .~ ~

R1 n\l R4 vii1'lX~f1'Jl:W~I:Wl~n1'Wm~n~"lJ'Jl\l"li'El\ll"lll~tJ:wl~ lLf?lnl?il\lrl'W lL~~l~'fl9~n~:W"lJ'El\l

~1~n~:wYi'l1!l:W~1 f?l"'llnVl'EltJf?lI:WVl~;rl\l L~tJ\l~ llf?lnl?il\lrl'W~I~I~mLtJ\l'El'Eln 1~LU'W 4 n~:w 1~u

'El'W~'WjflLI?i~~"llU~"lJ'El\l~lm~:wYi'l1!l~~If?l"'l1 nVl'EltJ r?1'1lL~ ~\l1'WnJ~ 5., , ~

NH
7~,+. 8 ' - -NH .

" 2. 9
NH

OH

(Kao and Walker, 1982)
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~1'j'n~"lJ'J'N6Jl'El-.:lt"lll~t.J~~-.:I~'El-.:ln~~~'El lVltm't~Vl'Eln6Jl'Wll~::;~~~~~1IW"llm-l'flt.J9::;n
q

n~lnVll-.:1mtJlll~~ f1 ~ltJ f1~-.:I rl'Wlti'fl-.:l9lnnVl~rl'JU~ l.wtJ~1 'Wt~ l~ ~~ l6Jl'Wl~m rl'W ~-.:I'I.-I~rl'Jtl~ -

l.wtJ ~ 9::; lifl hJ9'UVll-.:16Jl 'fl-.:l t"lll~t.J ~'flt.h-.:l9ll ~l::;l?lNU~l'J ru l~'fl-?1~ ll'fln"ll 'fl'W"lJ'fl-.:ll"ll ~~1.h::;~lVl
q

(Kao, 1986) t~ml~~-.:Illl~9l~'fl-.:l tf1~-.:I~~l-.:1"lJ'fl-.:l6Jl'fl-.:l t"lll~tJ~ l~'fl'Jni~"lJ'Jl-.:1~'Jt.J~l~n~"lJ'Jl-.:16Jl'fl-.:l-

t"lll~tJ~1'W~u~ 6.
-u

Extracellular

Ion Channel

_~~l~_
~ti=r

!U~ 6 . tf1~-.:I~~l-.:1"lJ'fl-.:l6Jl'fl-.:lt"lll~tJ~~'Jni~"lJ'Jl-.:1~'JtJ~l~n~"lJ'Jl-.:16Jl'fl-.:lt"lll~tJ~

(Catterall, 1985)

fil~l l?l~l?l~::;m~ ll~::;f1ru::; (2523) ~n~leJ~"lJ'fl-.:llVltVl~t~Vl'fln6Jl'WI?i'fl~U"lJ ~U~l~U"lJ~
q q

l~fu~lnVltVl~t~Vl'fln6Jl'Wm~lru 5 h.ltf1~nf~ t~t.J~~ liflVll-.:1l~'Wl~'fl~~19::;nmm~'fl'fl'Wll~-.:I8'W

hjl~ "lJ1V1~-.:I~-.:I~'fl-.:lifl-.:1hj~1~1~n~t.J-.:Il?l'J1~ l~'Whjl~us::;n'fll mruVl~n.jf'El'W~'flf1~'Wl~ m 19tJ'W
q

~-.:ImmnVl~ldln~9lnm~~~~~lVltVl~t~Vl'fln6Jl'WliflVll-.:1
,

m::;ll~t~~l?lll~::;neJ~Wl'fl~::;UUU~::;~lVl~'J'Wn~l-.:1 (central nervous system) ~-.:I~1~1~nt.11~1
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Kao bb~~ Nishiyama (1 965) 'Y'Iurh~~n'J U~bi1tJ~~dlw~'J'\...!u~~n!lU"1J'f}'1~1~nWIJ'J1'l

"ll!l'lL"ll b~tJ~iJu~~9U'Jn (cationic charges) ~bb~'l 9'l vih lu9unu"ll!l'lL"ll b~tJ~U'\...!b~!lb"ll~;U~~~1Y1,

~iJu~~'1~U (anionic charges) Ll?ltJ!l1~mb~'l~'l~I?IYl1'l1'WYh~nlmr (electrostatic attraction) bbl?ihJ

~1 ~1~bI ~1Wojhlul~ b'Y'I~1~iJ"1J'\...!1I?1L~ b~ n ~1~ru bb~~~h'l~'\...!n~!lt.h'l91 b'Y'l1~9un'\...!~~~~1'l, ~

L~ b~ n~"1J!l'l ~1~n 1?I"1J'J1'l"ll!l'lL"ll b~tJ~ nu b~m~~ b"ll ~;U~b'J rut11?1 nu"ll!l'lL"ll b~tJ ~vl1l~lun 1?I"1J'J1'l, ,

U~b'JruYl1'l~1'\...!"1J!l'lL"ll b~tJ~~!l!l'\...!

Kao bb~~ Walker (1982) ~mn~~"1J!l'l~1~nl?l"1J'J1'l"ll!l'lL"llb~tJ~~vl1l~bnl?lm~nl?l"1J'J1'l

"ll!l'lL"ll b~tJ~!l~1'l91 b'Y'l1~ Ll?ltJ'Y'IU~1~~n'JU~ bi1tJ~ 2 ~~"1J!l'leDfO):nYl'f)n:nU!l19 b'ihlu9unu"ll!l'l

L"ll b~tJ~ 1 ~~ ~~!l 2 ~~Ll?ltJ~~n'JiJ~bi1tJ~~9u nu"ll!l'lL"ll b~tJ~~!l U~b'JrufO)1fU!l'\...!!l~I?l!l~

1?i1bmU'l~ 7, 8 LL~~ 9 LL~~~~le:rI?l~!ln:n~ (hydroxy group) ~fO)1fU!l'\...!!l~I?l!l~1?i1bmU'l~ 12

~ 1~fu LYlLYI~LI?IYI!l n:n '\...!~'J'\...!"1J!l'l~~ n'JU~ Li1tJ ~~ Lih lu9unu"ll!l'lL"ll L~tJ~~!l fO)1fU!l'\...!!l~I?l!l~

1?i1 Lb~U'l~ 1, 2 bb~~ 3 bL~~~~1e:r1?l~t'fln:n~~fO)1fu!l'\...!t'fl~I?l!l~1?i1LL~U'l~ 4 , 8, 9 bb~~l 0 "1J~N

L~ b~n~ bb~ 1?I'l1~b~'\...!~1 m~9U~~~~1'lL~ b~n~"1J!l'l!l'\...!~'\...!fi~1~n 1?I"1J'J1'l"ll!l'lL"llb~tJ~ bLI?i~~"llUl?lnu, , ,

"ll!l'lL"ll L~tJ~ bLI?l n1?i1'l riu vl1l~iJfO)'J1~~1~1~bll'\...!m~n1?I"1J'J1'l"llt'fl'lL"ll b~tJ~ LLl?ln1?i1'l ?l'\...!lu

~~U~Yl1'l LJl~"ll1Y1tJ1 LL~~Yl1'l LfO)iJ"1J!l'l bYILYI~L I?I YI !l n:n '\...! LL~ ~~ 'jj''fl~ 'Y'I 1 1?l 9 1 n~!ltJ fO)~1tJ fO)~'l

<V ~ 0 '1 V el ~ '1 el ''i' el ~ <Vnu (Kodama ,Noguchi et aI., 1983) fO)!lYl1 b~~n~ tn b'\...!m~nl?l"1J'J1'l"ll!l'l b"ll Ll?ltJ~b~~!l'\...!n'\...!Lb~~

91nn~In1'\...!m~n 1?I"1J'J1'l"ll!l'lL"ll b~tJ~!l~1'l91 b'Y'I1~"1Jt'fl'l~1~n 1?I"1J'J1'l"ll!l'lL"ll L~tJ~~'l~!l'l!l'\...!~'\...!1N'liJ,

m~U1~1~n 1?I"1J'J1'l"ll!l'lL"ll b~tJ~~11.jfu~ ~LtJ"ll'\...!1 '\...! ~1'\...! 1?i1'l1 b"ll'\...!1oJf1'\...!m~~n'W1 ~1'\...!U~ ~~1Y1

1Y1tJ1 (neurophys iology) Lb~~U~~~1Y1 LJl ~"ll1Y1tJ 1 (neuropharmacology) ~'l1if'l'\...!rn~UU91'\...!'J'\...!

"ll!l 'lL"ll L~tJ ~"1J!l'l b"ll~;U~~~1Y1 Lb~~n~1 ~ L~t'fl"1J!l'l ~Wr"llUI?l1?i1'l1Ll?ltJm~9U"1Jt'fl'l~1~nu"ll!l'lL"ll L~tJ~
, , ,

Cl , Cl 0 'l !:"l Cl . 1 ... V .... 1 ~

bLUU~'\...!'lI?l!l ~'\...!'l LL~~'\...!1~1 b"ll b'\...!m~~n 'jj'1lJ~1n!J m~rum~~nm ~~'\...!"1Jt'fl'lb"ll~~lJ~~~ 1Y1LL~ ~btJ!l

b"ll ~ ~1 ~'\...!!l n91 n~tJ'l!l19U~~tJn~U1~1~"llUI?I ~~11.jfdJ '\...!tJ 1~~.rU fO)'J1~~~n~~t'fltJ1"ll 1 VU'Y'l1 ~~, "
(local anesthet ic drug) (Kao and Nishiyama, 1965) ~iJ fO) 'J1~91b'Y'l 1~~'l ~'lLU'\...!U~~LtJ"ll,rYl1'l ~1 '\...!

,
6'" IV I ~

m n L'Y'I Yl tJbb~ ~LJl ~"llm~~!ltJ1'ltJ..:l
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Yasumoto lll:'l~flru~ (1986) l~tJ'Iumumlh~1tJ~'Wfi~~Yh~lW~1l1Y'lUI:'l'ElI?H~'El9~hj,

Y'lU n1'j'~~1'1 ~1'j'~'l1 ll~ l~ml1n ~Ud-J1 l~tJ'I1 'W~1l1Y'lD'j''j'd-J6]j1 ~ 1?l1d-J l~d-J9~Y'lU~1'j'~'l1ln l?l~'W
,

I .a.I.o<:::lI 'lI <C:lt, al 1
Kodama, Ogata, Sato lll:'l~flru~ (1990) Y'lU'".J1llUflVll'j'tJM1'1Y'l'l1 Moraxella sp . VlY'lU 'W

J1Vl~lI:'l9~~~l:'Ivh 11XVi'EltJ~l?l (scallop) ~fI".nWU'W~'l1d-J1n~'W ii'lll~~11'WU1l'".Jru,r'W9~~~'".Jn

1l?l1'Wll~l:'Im9ml:'ll?l~~1'1~'l1 (A. tamarense) 91'W'".J'Wi1'EltJ ll~l?l'l11Xl~'W~1lluflVl~m119~lu'WllVi~'1

"Jj'El'l~1'j'~'J16]jUl?l~ Vi1-'El fl1l?l~1'El19~U99tJ~ l~mir'El'l'j'~Vi~1'1llU flVl C~tJnu~1?lr)~~'l1
I it tt I

Kotaki lll:'l~flru~ (1985) ~U~1l~'El1.Jd-Jl~'El Pseudomonas sp. lll:'l~ Vibrio sp . 1'WlU'ElltJ'El

~~~'l1 (Altergatis f1oridus) ~1d-J1'j'mU~tJ'WllUI:'I'l'El'4~'Wfi GTXs lulu'W'El'4~'Wfi STXs ~'1~fI'".J1d-J

lU'W~'l1~'1 n~11rJ1
"

~1Vifu1'Wu'j'~lVl~lVltJ Juntongjin lll:'l~flru~ (1994) lltJmlUflVl(~tJ~¥1'1~'l191nVi'EltJ

Vl 'j'1tJlll:'I ~~U~1'j'~tJ~~Vi'EltJVl'j'1tJ~~'l1~'19~~U llUflVll~tJ~~1'1~'l11 'W~'".JVi'EltJlll:'I~~'WI?l~n'El'W~Vi'EltJ

'El~1'Wmd-J1ru~'1 n~1Vl~u1 'WVi'EltJVl'j'1t..1~1:t~1 ll~hjVl'j'1unl:'lln~ ml'W'El'W~vh 11X'j'~~u fI'".J1d-J lU'W

~'l11 'WVi'EltJVl'j'1tJlll?l n ~1'1 n'W1'W~'El'l'j'~tJ~l '".J1:'I1 ~'11rJ1 ~'1~d-Jd-J ~i51'W~1l ti'El'l91nVi'EltJVl'j'1tJ~m'j'n'W
, d.9

'El1Vi1':i'llUU m'j'm''El'l (filter feed ing) 1l?ltJm'j'm''El'ln'Wl?l~n'El'W9'11rJ1fu uuflVll~tJ~~1'1~'l1~'El~ 1?l1d-J

~'WI?l~n'El'WVi1-'Elll Y'll:'l'ln1?l'El'Wlir1hJ~~~d-J1l1tJ1 'W~'".JVi'EltJ9'1~ l:JI:'IVh11XVi'EltJVl'j'1tJ~~'l1 ll~~U~1Vi'EltJ

~'El'l eJ16]jUl?l~'W1 l"ll'W Vi'EltJm'~U n UI:'I~Vi'Elt.J'j'ulX'".J19~'fl1 ~tJ1 'WU1l'".Jru l~tJ'".JnUVi'EltJVl'j'1tJ, ", ~

1'Elme n'W'El1VI1'j'Vl~ uu flVl ~tJ~~1'1~'l1U'W'El~ l"ll'Wl~m nUVi'EltJVl'j'1tJhj~~'l1ln l?l~'W1 'W~'".J

~6]jru1 (2536) uunuuflVl ~tJ~~1'1~'l1ViI:'l1tJ~1tJ~'WfilrJ191nVi'EltJVl'j'1tJlll:'I~~~1'1~'l11rJ1
~ ,

md-J1 ru~'1 ~'".J'W1'WVi'EltJm'~~n~'1lu'WVi'fltJldJ~~'l1lll:'1 ~'El~U1l'".Jrul~tJ'".JnUVi'EltJVl'j'1tJ~U llUflVl~tJ

~~1'1~'l191'W'".J'Wi1'EltJlll:'I~~~1'11 'Wmd-J1 ru~1

mry9ru1 (2536) ~n'l11U99tJ"Jj'El'lJ1~nl?l91nVi'Elt..l'Vl'j'1tJ'j'~tJ~~'l1~'1lll:'l~~'l1~1~'Elm'j'

~~1'1~1'j'nl?l"Jj (:n'l"ll'El'l1"ll l~tJd-J1'WllUflVl ~tJ~~1'1~'l1 Y'lU~1l~'Ell~tJ'Il~'El1 'WJ1~nl?l91nVi'EltJVl'j'1tJ

~'l1~'1 50 % uuflVll~tJ~~1'1~'l1~1d-J1'j'n~~1'1 ~1'j'~'l11rJ1~'1 n~1m'j'~~1'11 'W'El1 Vi1 'j'lViI:'l'".J~1fl'W1X'El'l

UD1J~ n 1 'j'lll:'l~~U ~1 'El'l r1u'j'~n'El U"Jj'El'l'El '4~'Wfin ~ d-J lVl1Vl 'j'1l?lVl'El n~ 'W9 ~~'1~ 'Wn~1n1'j'l~tJ'I1 'W

'fl1Vi1'j'lViI:'l'".J lll:'l~l~tJ'I1 'WJ1~nl?l91nVi'EltJVl'j'1tJ~'l1~1 50%

91m'1 tJ'I1 'Wir1'I~'Wll~ l?l'l11Xl~'W~1'W'fln91n uuflVl ~tJ~~1'1~'l1~9l?l~1 dj'WllVi~'1"Jj'El'l~1'j'

~'l11 'W~I?lr)Vl~ll:'lll~'".J5'1'El19~U99tJU1'1'flth'l~'El19Vh 11X~'l191mlUflVl ~tJ~tJI:'I1'Wm'j'vh 11XVi'EltJ

Vl'j'1tJ1'W"ll'".J'I'j'~tJ~l '".J 1:'11~'l1~'1~fI'".J1d-J lU'W~'l1~'1~'W ll~ uu flVl ~tJ~ldJ~ ~l:'InuVi'elt..lldJ~~'J16]jUl?l~'W
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~'1J'W1'W'Il'W~9tJ~9'11~~m~nn'l~llV1IWlJ'fN n1nn i?1~'jj1'W~1?l1Vl:; l~ li?1tJVI1 n1'J~ n'jjl,

1'WVI'f)tJVl'JltJ~ lU'WVI'f)tJn~'jj ~'1 u~i?1'11'W'Ju~ 7 . V1'f)tJm:;un ll~:;V1'f)mU~1J19~ lU'WVI'f)tJhln~'jj
" '"

~'1 l,l~i?1'11'W~U~ s.uae 9. li?1tJVI'f)tJi'l~Id-J"1lUi?1'f)~1'W~'W~'f)~ l~tJlJrl'Wll~:;n'W'fl1V1 1nllJlJnI'Jm'f)'1

uu fl VI L1m'l~I'1~'jj'fl199 ~ lU'W~llV11?l"lJ'f)'1 n1nn i?1~'jj1'W~1?l1Vl:;l~ Ll~~fll i?1~1'fl19 nlf99tJlJl'1'f)~I'1,

'J:;V1~I'1lllJ flVl l'1m'l~I'1~'jjrllJVI'f)tJVl'JltJ~ne.J~ 1~UlJflVl ~tJ~~I'1~'jjl~~'1n~1 LllJflVl l'1tJ~ l~tJ'I1 'W

~'f)'1unlJ~ n1'Jli?1tJ9~l,mtJlJlVltJlJ rllJVI'f)tJ"1lui?1~'W~l~n~'jj~'f)V1'f)tJ m:;un I,l~:;V1'f)tJ'JU~1J19 l~'f)'1
dJ , "

91 nfllJld-JLU'W~'jj1'WVI'f)tJVl'Jlm:;tJ:;~'jj~'19~n~I'J~'jj1'Wl?lIJVI'f)tJ~'1 d-Jln illuuflYll'1tJ lU'W~1 LV1l?J
I 1;' I 11 1;'

1~V1'f)tJn~'jjri'll19~n~I'JlJl'1"1lUi?1V11uim.'1I1~LllJflYll'1tJ~~I'1~'jjl~~'1~'W . 'd:j !l Vl 'f) tJ ~ :; ~ d-J l~'f)ilri

9~vh1~V1!ltJn~'jj~'1~'W ~'1J'W'Il'W~9tJ~1~~n'jj1n1'J~~I'1~I'Jni?1"lJ1J1'1"Ji!l'l1"1ll~tJd-J"lJ!l'llLlJ flYl ~tJ
I 1;' ", '" I

Lij'f) l~tJ'Il ~'fl1'Wt11~ rli?191 nVl'f)tJVl'JltJ Ll~:;V1'f)tJl~n~'jjYln~!lT'I'''Il V1~'f)'Wfi'J'Jd-J"1l1 ~ lmtJlJ lYltJlJrllJ
I 11 "'" I I

n1'J~~1'1~1'J~'jj1'W'fl1V11'JlV1~IJVlHi. 'W~'f)'1ulJminl'J ~'1illYl'f)~~9U~d-J~ ~~1'WYl fll i?1~1'fl19n

~1'JlJl'1'f)~1'11'WVI!ltJVl'JltJ'J:;tJ :;~'jj~'1~ n e.J~ ~'1l~1d-J1ifl,llJ flYll'1tJ ~ ~1'1 ~'jj1~~'1 ~'WLl~:;lU'Wll'WlJ

Vll'1l,rl!l'l ~'W1'WnI'JVll ~1LV11?l"lJ'f)'1 n1'JLn i?1~'jj1'W~l?l1Vl~l~ mru~l?l1lV1~IJ'Wl~flJuuflVl l'1tJ~~I'1,

~~'1 lU'WUb1JVll ih ~b1JVll'1 ~1'W~ lfil'Jru~"lJ I?l~!l i?19'W lU'WoIf'f)~~~'W~I'W1'WnI'JU'f)'1 rl'Wn1'Jln i?1

~1'Jni?1ml'1"Ji!l'l1"llI,~tJd-J1 'W~1?l1Vl~l~l7i'f) 'hl

1. ~n'jj1e.J~"lJ'f)'1Jl~rli?191nVl'f)tJ~'f)'1eJl"1lUi?1n~'jju~:;1~n~'jjl7i'f"lnln91b1J u~ :;n1'J~ ~I'1
" " ,

~1'Jni?1"lJ1J1'1"Ji'f)'11"1l L~tJd-J"lJ'El'l LLlJ flVl l'1tJ li?1tJl?l~1J9~'f)lJ ~lJtJ~fh'Y'n:;l~tJ'I LU!ll,~'f)

2 . lmt/lJ lVlt/lJ'f)'W~'Wfi~ lU'W~IJ'WU'J:;n'EllJ"lJ'El'llVllVl'Jli?1Vl'Eln~'WLl~:;~'jj~m"l11?l91 nVl'f)t/,
Cj' ~...::::lI .c::l .c::l

bi?1mfil'f)"1l'Y'm'f)~"ll

3 . ~n'jjl~n'jjru:;Vll'1n1t/!lI~ Ll~ :;'f)'1 ~U'J:;n'EllJVll'1lfln~ ~1 ~b1J1'WJ1~rli?191nVl'f)tJ

~'El'leJl"1lUi?1n~'jjl,l~ ~l~n~'jj



o 1 2 3 4

~u~ 7. VI'EltJ'Vl~1tJ (sand clam; Asaphis violascensl

01234567

~u~ 8. VI'EltJm:;un (ridged venus clam; Tapes turgidus)" ,

0123456789
(eM)

~u~ 9. VI'Elmu'lX"l19 (Heart shell ; Trachycardium flavum)
" \J



d
'UYlYl 2

1. ~f1~'fl'l ~"lIth"1lutr1f1'JU'1~~ruVlJJiJ (controlled environment incubatorshakerr[u G-27

"lI'fl'lU1M'VI New Brunswick Scient ific, USA.

2. lf1~'fl'l{rU~VI~tJ'l (centrifuge)

- ~f1~'fl'lJUlVl~tJ'l"1lUtr1f1'JUf1~'flruVlniJ (refrigerated centrifuge) 1u J2-21 "II'fl'l
~ q "'\I l\

U1M'VI Beckman Instrument Inc., USA.

- lf1~'fl'l{rUlVl~tJ'l"1lUtr1tk'l'i:~:; (bench-top centr ifuge) 1u 0-7200 "lI'fl'l1J1M'VI GS,•

W .Germany.

HERMEL, USA.
, , ,

- ~f11'fl'lUUlVl~tJ'l"IlU1tr1ltn (microcentrifige) iu KM-15200 "II'fl'lU1M'VI Kubota,

Japan.
,

3. lf11'fl'l.-rtr1fhn1~~f1n~Ull~'l (spectropnotometerl'[u Spectronic 21 "II'fl 'lU1 M'VI

Baush & Lomb, USA.

4. lf1~'fl'l.-rtr1ri1f1'J1~ltJumtr11'i1'l (pH meter) 1t.! 240 "II'fl'lU1M'VI Corning, USA.•,
.diI .oQ, 2.1 I q _

5. lf1~'fl'l~ :;lVItr1l~VI'l (freeze dryer) ~t.! FD-1 "II'fl'lU~M'VI Eyela, Japan.

, ,
- lf11'fl'lri1~Utr1l~tJ'lf1'J1~nl3'l (microtube) it.! W-385 "II'fl'lU1M'VI Heat System

Ultrasonics, USA.
, ,

- ~ f11'fl'lri1 ~Utr1l~tJ'lf1'J1~nl3'l ("1l U tr1 oel1 'l ) it.! FS4000 "II'fl'lU1M'VI Decon Ultra-

sonics Ltd., England.
,

7. lf11'fl'l~:;lVlml'lX'll3bYbY1n1Pl (rotary vaccuum evaporator) tt.! N "lI'fl'lU1M'VI Tokyo

Rikakikai, Japan.
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8. Lfi;'fl'l~'W (homogenizer) 1'W AM-T "IJ'fl'l1J1MVl Nihon Seiki Kaisha, Japan .,

9. 6Jl irl Lfli'fl'l~'fl~IVlf1J LI?l1tJ~~I~Hlirl91m~'fltJ~'fl'l~1,

- ~~ll~'l~'W~'l (high pressure pump) t'W B-169 "IJ'fl'l1J1MVl Buchi, Switzerland.

- 6Jlirlm'fl'l "IJ'fl'l1J1MVl Sartorius, USA.,

- m~irll1j'm'fl'l (membrane filter) 6Jl'Wirl cellulose acetate ~n fI'dl~n11'l"IJ'fl'lt

"IJ'Wlirl 8, 5, 3, 1.2, 0.45 ll~~ 0.22 l~fI~'fl'W t'W GS "lJ'fl'l1J1MVl Millipore Corporation, USA.

,

~ 91'W'V'l~I~~nVlnVl~~"lJ'Wlr?1l~n 96 Vl~~ (96-well microtiter plate) "lJ'fl'l1J1MVl, ,

Nunc, Denmark.

Becton Dickinson and Company, USA.

Becton Dickinson and Company, USA.

i/ ~ Q.o' . • I ..r:::::..Q/

- n~'fl'l'~Vl~~~'Wll1J1Jn~1J (Inverted microscope) ~'W C.K "lJ'fl'l1J~1j'Vl Olympus,

Japan.

chromatography, HPLC)

- ~flfjr?1'i:fI~~1'i:l?lml~ (liquid chromatography) 1'W LC-3A "lJ'fl'l1J1MVl Shimadzu,,

Japan.

'"
- U~ll~'l~'W~'l (high pressure pump) t'W A-30-S-2 "lJ'fl'l1J1MVl Eldex Laborato-

ries, USA.

CV' fi' ..r:::::.. <lO"

- fI'fl~~'W (column): Senshu Pak ODS-3251-D "lJ'Wlr?1 8.0 x 250 ~~ . "lJ'fl'l1J~1j'Vl

Senshu Scient if ic, Japan.

...
- lfl~'fl'lI?l~'d9~'fl1J (detector)fluoromonitor 1'W 4100 "lJ'fl'l1J1MVl LDC Analytical ,,

USA.
,

- lfl1-'fl'lU'W'~n (recorder) chromatopac t'W C-R1A "IJ'fl'l1J1MVl Shimadzu,

Japan.
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- l'Yh.J:U~tJ1"IJ1.Jll?H~n (microsyringe) ~1.J MS-R50 "IJ'fl~U~MYI Exmire, USA,

12, SEP-PAK C18 cartridge ~1.J classic "IJ'fl~U~MYI Waters, USA,

13, ~'Jn~'fl~ "IJ1.Jl~~'Jl~n~I~"IJ'fl~Z 0.45 hm~'fl1.J ~1.J HV "IJ'fl~U~MYI Nihon Millipore

Tokyo K,K" Japan .
s-

14, ~~lm91'flllUU larminar flow ~1.J BV-124 "IJ'fl~U~MYI ISSCO, USA.

cv 4::J ~ .e:::to olV

1. C,J~~n(w;;nnm~(;I (yeast extract) "IJ'fl~U~1j'Y1 Difco Laboratories, USA.

2. ly.j~ly.jtll(;11.J (polypeptone) "IJ'fl~U~MYI Becton Dickinson and CO" USA.

3, n~l~~ (glucose) "IJ'fl~U~MYI E,Merck, Germany.

4 , l.~l(;11.J (phytone) "IJ'fl~U~MYI Becton Dickinson and CO" USA.

5, ly.j~l'fl~ly.jtll(;11.J~~lm~"IJ 3.(proteose peptone No,3) "IJ'fl~U~MYI Difco Labore-

tories, USA.

~ ~ ~ ~-

6. 'J(;Il~'W U 12 (vitamine B12) "IJ'fl~U~1j'Y1 Sigma Chem ical, USA.

7 . l.ul'fl~'W (biotin) "IJ'fl~U~MYI Sigma Chemical, USA.

8. l~~1.JYI1.J'fl~~l'fll~'W1?1 (folin phenol reagent) "IJ'fl~U~MYI E.Merck,Germany,

9. lu~'W~f~~~\JiJ1.J (bovine serum albumin) "IJ'fl~U~MYI Sigma Chemical, USA.

10, l"1ll~tml.e1~~ltlnl."Jll?1 (NaOH("IJ'fl~U~MYI E.Merck, Germany,

11. Y1~~ (1.e1~~'fln~l~Y1~~) 'fl~m1.JihYl1.J (C4H11N03) "IJ'fl~U~MYI Sigma Chemical,

USA.

12. ll'fl'W1Y1~1.J (C14H100) "IJ'fl~U~MYI Sigma Chemica l, USA.

-C:::il ~ ~ IV

13, 'fllYl'fl~ (C2H5)20 "IJ'fl~U~1j'Y1 J ,T, Baker, USA.

14. I.nl'fl~b~tJ (Cs(NH2)2) "IJ'fl~U~MYI May & Baker Ltd ., England .

15, Y1~tl~1.J-~~Yh'fl (trypsin-EDTA) "IJ'fl~U~MYI Gibco, USA.

16. b~Y1fil1.J'fl~ (CH30H) "IJ'fl~U~MYI E.Merck, Germany.

~~ 2.1 !.I. or::::." cv

17, m~'fl:;"1l(;lm"IJ~"IJ1.J (glacial CH3COOH) "IJ'fl~U~1j'Y1 E.Merck, Germany,
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18, 'El~~11711'W'Vl~~ (CH3CN) "lI'El'l1J~~'Vl E,Merck, Germany,

19, fl'j'l?l~f1iJWl'l"~~'El'El1'j'1l'Jl'Vl~n (C4HF702) "lI'El'l1J~~'Vl Sigma Chemical, USA.

20 , 'J'El1J1tJ (ouabain) "lI'El'l1J~~'Vl Sigma Chemical, USA.

21, ~'J'El'j'1171~~'W (veratridine) "lI'El'l1J~~'Vl Sigma Chemical, USA.

- ~'Vl1'Vl'j'1l?l'Vl'Eln~'W"lI'El'l1J~~'Vl Sigma Chemical, USA.

- ~ 'Vl1'Vl'j'1l?l'Vl'Eln~'W f1'J1~~ii~if'W 130 mouse unit 1?1'El~~, ~'l1~"'l1n Department

of Domestic Science, Shikoku Women's University, Japan.

23 . ~ril~11J~'W~f~ (fetal bovine serum) "lI'El'l1J~~'Vl Gibco, USA.

24. RPMI 1640 "lI'El'l1J~~'Vl Gibco, USA.

25. tJ1iJlJ~'J'W~~Yl'WU~~'W-~~17l'j'iJ1mrtJ~'W (penicillin-streptomycin) "lI'El'l1J~~'Vl Gibco,

USA.

1~~~rilb1JflYlC1tJI?11-l1l?l'ld
,

•• • • .a,I ~..:::,!Q/ Q/ Q/ <II:::iI • •

1. vibrio algmolytlcus 'Vl~~tJn"'l1m!j'EltJ'Vl'j'1tJ1J'j'~'Jn.Hm~~"Jl-l "'l'lVl'Jl?l"Jl~1J'j' (Juntongjin,

et aI., 1993)

,
~ ""I"::::" ~Q/ Q/ Q/ .c::l

4. B. megaterium 'VllbtJnr.nnVl'EltJfl'j'~l.,ln1J'j'~'Jn.,Hm~~"Jl-l "'l'lVl'Jl?l"Jl~l.J'j'

,
.Cl/ .«::::l.. ~Q/ <V <V .e;::,j

5. Corynebacterium matruchotii 'VllbtJn"'l1n'Vl'j'1tJ 1J'j'~'Jru~m~~"Jl-l "'l-lVl'Jl?l"ll~l.J'j'

, ...
.c::l 0 ~ ClI<V <V Q/ .c::l

6. V. harveyi 'Vl~~tJnr.nn'W1'Vl~~~ 1J'j'~'Jru~m~~"ll'l "'l-lVl'Jl?l"ll~1J'j',

7 . C. paurometabolum ~~~tJnr.nnVl'EltJfl'j'~iJn1J~~'Jru~m~~i'l 9'lVlrrl?l"ll~1J'1, ,
,

.c::l .r:;::".0:::::,1_ Q/ cv .c::l

8 . C. matruchotii 'Vl~~tJn"'l1n'Vl'j'1tJ 1J'j'~'Jrum1~~"Jl'l "'l'lVl'Jl?l"Jl~1J'j',

9. Escherichia coli TISTR NO.780 (~mu'W';j9tJ';j'VltJ1~1~l7lf ~~~~~'Vlfl1'W1~Ulbi,i'l

th~~'Vl~'l'VltJ (TISTR))
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llUflVll~tJVI~lm~"ll 2-8 lltJntf?1tJ~"i1rul lVltJ'W'Vl'El'l~ (2536) ~'J'Wn1191ll'Wnl.'ln~ll~ ~
~ ,

l.'ltJ~~"ll'El'll~'ElVI~lm~"ll 1-8 vhtf?1mUblJ"Ul1ru t'l~Y1n'jj'l"i1tJ (2535). 'I!'W'Vl1''W ~'Vltlf?1"i1 (2536)

, " "
lb~~'J1V'l1n1'1 V'l9'Wl.'l'W'Vl1 (2536) ll~:::ll'Vl'W~'Ell.'lltJ~'Wfi"ll'El'll~'ElYI'I 9 l.'lltJ~'Wfi ~'JtJ~n'jj'1 A. S, C,, , ,

n1 'iVllPl ~'tl U n'l 'i~~1...:1~1'in1PI1J'J1'1-rl'tl,:!'L"ll L~lt:J ~1J'tl..:l LL '1J fl Vi L-;m v1'tl r.r1PI n~ ~ LL '1J fl ViL-;~ lPl1 ~
q

fl'J1~~1 ~1'itl1'1.m1'i~~1...:1~1'i~~

'I11 llUflVll~tJ~lltJn91nVl'EltJ'Vl11tJ VI'EltJm:::un Jl'Vl~l~ 'Vl11ml~~ E. coli 91n TISTR,

~1'Vl f?1l.'l'ElUl.'l~~nl1l.'l~I'1l.'l11n f?1"1J'Jl'1"ll'El'lt"i1l~t.I~ If?1tJvh n11'Vl f?1~'EI'I1?1'E11u;1

ll?l~tJ~,x,)l~'EI (inoculum) If?1tJl.jf~ul~m~'ElU~~'Vlt~'1 9 l.'lltJ~'Wf ~'1l~tJ'I'EI~U'W

'EllV111ll-n'l ORI (1l1fll:-J'W')n n VI~lm~"ll 2) (Simidu et al., 1983) 91'W')'W 1 ~u u~n~'11'WmVll1

bVl~,) L-medium (1l1fll:-J'W')n n VI~lm~"ll 1) (Juntongjin et al., 1993) m~Il?l1 50 ~~. lU"ll')f?1Zu

"i1~~"llUlf?1 250 ~~ . 'I111ul"llt.llUUlfli'El'll"llt.h"i1Uf?1fl,)1JfJ~~ruVl1Jn (controlled environment

incubator shaker) ~'JtJfl,)1~l~'J 200 1'E1'1JI?1'E1'W1Vl ~~ruVl1Jn 28°"i1 'Wl'W 24 -i')t~'1 ll~~l~tJ'I
" ,.

llUflVll~tJ (cuitivation) If?1tJ'I11,x'Jl~'EI~I1'f?1rllfl,)I~"1JU (turbidity) "ll'El'll"i1~~VlW:n~tJl'Jfl~U 660,
tJ' "" '" I

UllU l~ l?l nl~~ l9 'E191 '1 ,x,) l~ 'Ell,n~ml~"1Ju 0.3 91n'l!'W'I11,x,)l~'ElVll9'E191'1ll~')m~Il?l1 50 ~~ .,

,htJ~'11umVll:rlVl~')m~Il?l1 150 ~~ . lU"ll'Jf?1ZU"i1~~"llUlf?1 500 ~~ . 'I111ul"llt.ll tf?1tJl.jf1l1,) ~

l~~ dJUl,)~1 48 -i,)l~'1 ll~~'I11l~'EI~I1'f?1rllfl'Jl~lUUmf?1l?il'1 (pH) ll~~n1n9~blJ If?1tJ1'f?1rlln1:r
, I I 11

~f?1n~Ulbl.'l'lVlfl,)l~m'Jfl~U 660 UllUl~l?l1 ll~~VlI91'W'JUlb1JflVll~tJVl~~~l?lYl'lVl~f?1lf?1tJ~fi

spread dilut ion plate count '1J'WmVl11ll-n'l ORI ~,)U~ lVl~'EI'I111ul.'lnf?1l.'l11~'jj'91m"i1~~

"
1.~U1 21 ~1LLt.lnb6]~~'f)'Eln"1n'f)1Vl1~L~'t.J~
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l~'fl l(r)tJ't11h.Jir'iHVI~tJ'l ~'JtJfi'l'Jl~.Jl1'J 8000 ~'flUlr1'fl'inY1 dJ 'Wl'J~1 20 'W1 Yl ~~ru Vl1Jn 40 6jj d iu

I e: <Qj .0<::::11 <i' 2.1 If''2.1 ~..:::l ~ f$" 9..1 2.1

l'U'V'lI:;~'J'Wl6jj~~ llUfi'lYll~tJ b(r)tJn1~~I'lI?l:;n'fl'Wl6jj~~(r)'JtJ~I~~:;mtJ b6jj l(r)tJ~fi'l~'fl b~(r) l"1J~"1J'W 0.3M .

(Jllfi'le.J'W'Jn "1J V1~lm~"1J 2) ll~ :;'t11h.Jir'WlVl~tJ'l~Jll'J:;l~~ dJ'Wl'J~1 20 'W1Yl lltJm'h'WJ,1~~'l
~ ~ ~

o I .o:::::llo 0 oC:II ev I If''.o:::::llo 0 'V

ll~ :;Ylll6jj'Wl(r) ~6jjl'flnfi'l~'l ~'J'WI?l:;n'fl'W l6jj~ml?l~m(r)'Wl~~ 0.1% (Jl l fi'l e.J 'W'J n "1J V1~lm~"1J 1)

m~ll?l~ 10-20 ~~ . 9'Wl~rllfi'l'Jl~lU'Wm~rrh'l 3-4 y'h1~l6jj~~llUfi'lYl(j.mll?ln ~'Jmfi'l~'fl'lrlllU~

fi'l~ 'Wl~tJ'lfi'l'Jl~~~'l (ultrasonicator) 'Wl'W 6 'W1Yl ~'l~:;V1~I'lvh 1~l6jj~~lll?ln ~'fl'lfi'l'Ju ~~1~l6jj ~~

'fl~1'W~ruVl1Jn ~, l~tJn1nl"JiVl~'fl ~~U~~, l6jj~~1'WJ'llojj'lI?l~'fl ~ l'J~1 ll~:;'t111tlir'W~'JtJ lfi'l~'fl'lir'W

1VI~tJ 'l l~ 'fl lltJ n n1m6jj ~ ~'fl 'fl n~'J tJ fi'l 'J l~ l1'J 8000 ~'flUlr1'fl'W1Yl lU'Wl'J~1 20 iJ1Yl~~ruVl1Jn 40 6jj

lnu l'U'V'lI:;~lh'WJ,1~ltlvl,1~ll~'l~l'JtJl fi'l~'fl 'l ~:; l~ (r) ll~'l (freeze dryer) ~'J'We.J'l~1~~'fl~I~~n~91n

l6jj~~llU fi'lYll1-tJ ~'l't1,lui'lJ'V1uml~'l~'lVl~(r) ll~:;lnu~~ruVl1Jn -200 6jj ~1V1fu't111tll?l~'J9 V11

m~lru~l~n(r)"1J'Jl'l"Ji'el'll6jj l~tJ~

3 . n1nl?l1-tJ~~I~~:;~ltJ"1J'fl'l~I~~n(r)91m6jj~~llU fi'lYl l1-tJ l~'fl't111tl1fl'Wn1~I?l~'J9V11

m~lru~l~n~"1J'Jl'l"Ji'fl'll6jj l~tJ~

't11~1~~n(r)91m6jj~~llUfi'lYll1-tJl'Weif'fl 2. V1Ul 21 1~V1~'fl(r)ir'W1VI~tJ'l"1J'Wl ~l~n
11 I '" 11

ll~:;~:;~ ltJ~'JtJ't11n~'W~'fl'lfi'lf'ltl~If"l91m~'fl l~tJ1m~fi'l'Jl~ loir~oir'W"1J'fl'l~I~~n~ 1 un .I?i 'fl 10

l~lfi'l ~~ I?l ~ 't111tlir'W~'Jmfi'l~'fl'lir'W1VI~tJ'l~fi'l'Jl~ l1 'J 10000 ~'flU lr1'fl 'W1Yl lU'W l'J ~ 1 5 'W1Yl lnu~
I ~ ~ •

~ruVl1Jn -200 6jj l~'fl'il1~11?l~'J9V11m~1 ru~l~n(r)"1J'Jl'l"Ji'fl'll6jj l~tJ~ l~tJ';Jfi l'V'l1:;l~tJ'l lU'fll~'fl

~ ~ ,
.e:J. I <i' .<:::II ')'.o:::::llo al c:l/ ~.dl

4. n1~I?l~'J9V11~I~n(r)"1J'Jl'l6jj'fl'l b6jjl(r)tJ ~ b~tJ'Jfil'V'll :;l~tJ'I l'W'elltJ'fl (tissue culture assay)

~ ~.e:J. ev~
'flfiUltJl?l l~'Jfi"1J'fl'l Kogure ll~:;fi'lru :; (1988) ~'l'W

~

"" '-n I
l~tJ'Il6jj~~u~:;~IVlVl\t (mouse neuroblastoma cell line, Neuro-2A ATCC

CCl 131) l'W"1J 'J ~ 'V'l ~I ~~n6jj U (r) fi'l 'fl l~ tJ 'l ~1 V1fu l~tJ 'I l6jj ~~l'V'l l:; l~tJ 'l (plast ic cell cultu re canted
~ .

flask) l(r)tJl.jfmVll~l~tJ'll6jj~~ RPMI 1640 Yll~~ lu~'W~f~ 10% (Jllfi'le.J'W'Jn n V1~lm~"1J 4)
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.,
ll~~UlhJu:w~~ru'VI.1Jn 370 6jj 9i,..d:hR:Wlrul6jj~~:Wln'V'1'f) ll~~~Jll'V'1~:WU~nr 91ml'W~(?j'f)1'V11~

l~tJ~l6jj~~'f)'f)n91mJ'J(?j9'Wllif~ ll~~l~:W~I~~~~ltJVlhJ~'W-~~Vll'f) (Jllfle.J'W'Jn on 'VI:Wlm~on 3,3)

m:Wll?l~ 2 :W~, ~(?j~~l~'f)~I~l6jj~~1~~'f)'f)n l~:W~I~~~~ltJVl~U~'W-~~Vll'f) m:Wll?l~ 3 :W~ , ~~11

U~~:Wlru 5 'W1Vl lojfiJ'f) lfll~olfl~"lJ'J(?j'VI1-'f) lU1J)'JtJU lUl?ll'f)(?j lUll l~'f)1ifl6jj~~~~(?j'f)~u'W~'J"lJ'J(?j

'VI~(?j'f)'f)n:Wl l~:wm'VI1~l~tJ~l6jj~~RPMI 1640 m:Wll?l~ 5 :W~,l"lJt.hlUll ~(?jl6jj~~~ll"lJ'J'W~'f)tJl~

'VI~'f)(?jJ'Wl'VI~tJ~'V'1~I~~nU~IP\91m~'f) Ul1uJ'Wb'VI~m~htJfl'Jl:Wl~'J 800 ~'f)UI?1'f)'W1Vl dJ'Wl'J~1
"'" 11 1

5 'W1Vl (?j(?j~'J'Wul1~Vl~ l~:wm'VI1~l~tJ~l6jj~~''W'VI~'f)(?jVl~I?l~n'f)'Wl6jj~~ m:Wll?l~ 5 :W~ , lojfulul?l
"

~ (?j~'W~~'VI~ltJl flf~ l~'f)m'~91tJ l6jj~~ ~ (?j ~'J'W'VIti~lUI?l~'J9i1U91'W'J'Wl6jj ~~l'V'11~ l~tJ~ J)'JtJlfli'f)~

i1Ul6jj~~ (haemacytometer) JlltJl~n~'f)~'~Vl~~p\i1lluumrU (inverted microscope) lojfril~~
., ., ,

I .dl r ClI v .£::II tr'" .dI '1~tI $I 9,.1 tr

onmtJ 200 lVll ll~~l9'f)91~l6jj~~L'V'11~L~tJ~(?j'JtJm'VI1~L~tJ~L6jj~~ L'V'1'f) b'vH(?jfl'Jl:WLon:W"lJ'W"lJ'f)~L6jj~~

1,0-1 ,5 x 105 L6jj~~I?1'f):W~,

., ,
o r ClI.c::l.c:::.l ~ 2.1 2;' 2..1 5" ,
'Wllml6jj~m'V'11~l~tJ~VlLI?l~tJ:Wb(?j (fl'Jl:Wl"lJ:W"lJ'W 1,0-1,5 x 10 l6jj~~I?l'f)

:W~,) 1~1'W'VI~:W91'W'V'1~I~~n (96-well microtiter plate) VI~:W~~ 200 l:wl:m~l?l~ Ul1UU:W~
q q

,

~ru'VI.1Jn 370 6jj dJ'Wl'J~1 24 i'JI::w~ LL~~Ul:Wll?l~'J9~~Jll'V'1l6jj~~JlltJl~n~'f)~'~Vl~~p\i1LLuun~u
.,

n'f)'Wul1ulojf ~(?j'f)1'V11n~tJ~l6jj~~'f)'f)n91n'VI~:W1~~ 40 l:wl:fl~~I?l~ Ll~~l~:W~I~~~~ltJ"lJ'f)~~I~
.,

~n(?jJlltJl 'WL6jj~t1'V1~:W~~ 1a l:wl:fl~~I?l~e.J~:wliflolfln'Wl:(?jtJlojfU lUI?l~(?j~'W~~ LL~~m'WLUll L~:W~I~

~~~ltJ'J'ElUltJ (ouabain) Lolf:wolf'W 10 mM (Jllfle.J'W'Jn "lJ VI:w1m~"lJ 3,1) VI~:W~~ 20 l:wl:fl~~I?l~
q

c::r..ClI V 2.1

ll~~~I~~~~lm'J'El~II?l~(?j'W (veratridine) l"lJ:W"lJ'W 1 mM (Jllfle.J'W'Jn "lJ 'VI:Wlm~on 3 ,2) 'VI~:W~ ~ 10
q

l:wl:fl~~I?l~ e.J~:wliflolfln'Wl:(?jtJHLfli'f)~e.J~:W~lntJ'Wl'J~1 5 'W1Vl ~~vhm~Vl(?j~'El~~'f)~~11'Wlll?1~~

#l'Jm.h~ ll~~vh m~Vl (?j ~'f)~6jj (?j fl'JU fl:W fl'JU f11U J)'JtJ l:(?jtJ1ojf~1~:Wlm~I'Wl Vll:Vl~I:(?jVl'f) n~'Wlolf:wolf'W
q C\ 'U d.9

,
, ""~ '"130 MU, 1?l'El:W~ . Vl b(?j91n Department of Domestic Science, Shikoku Women 's University,

~ .c:::l '12.1Cl1 2.1 9,.1

Japan. b(?jml?l~t.J:w b'VI:Wfl'Jl:Wl"lJ:W"lJ'W 0, 0,011, 0,022, 0,044, 0,088, 0,176, 0,352 ll~~ 0,715

l:wl:fl~nf:wI?1'f):W~. 1?11:W~I~U Ul1UU:W~~Jll'J~l~:WltJ'WL'J~1 6 .r'JI::w~ ll~'J9~Ul'f)'f)n:Wll?l~'J9i1U
11 I " '"

91'W'J'WL6jj~~l'V'11~L~tJ~ Neuro 2A VltJ~~~';Jl?lll~~i1U91'W'J'Wl6jj~~l'V'11~L~tJ~Y1~'VI:W(?j1'Wlll?1~~'VI~:W
q
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" ,
iJ~";)l?l9 :;iJ~'l.H1'l~ ~1'fln~~ i:J,)l"1l~~l~ULJ ll~:;~'fl'llih'!"IJ'fllJl"1l~~il11l9'W ~,)'Wl"1l~~ly.n:;l~t1'lYl

'lJ

hj iJ~";) l?l 9:; iJ ~'l.H1'l n ~~lJ ,) ~ i:J,) l"1l~~"IJrn~ :; ll~ :;~ 'il 'l l~ 'W"IJ 'fl lJ l"1l ~ ~l~iI11l9'W ~'lll~~19:;'!.J flJ

~:;t1:;i111"IJ'fl'ln~'fl'l (111f01t-J'W')n fOI ~'!.J~ 28.)

" 0

~1'W,) ru~1~'fltl~:;"IJ'fl'l l"1l ~~l '1"11:; l~t1'lYltJ'liJ~";) l?l ll~'Ju11'!.J lYltllJ~1m~1 ru~1~

n 111"IJ,)1'l-n'fl'l1"1ll~t1~~~~1'l91n uufOIYll~t1lll?i~:;~~1t1l~"IJnlJm1~~1l?l~~1'W"IJ'fl'llVl1Vl~1I11Vl'fln~'W
d.9

1) 1111t11-iflVl1Vl~1I11Vl'fln~'WdJ'W~'JllVl'W~1~1 'Wn~~~dJ'W~1~nl11"IJ'J1'l-,

uufOIYll~rJ~~~1'l ~1~n 111"IJ'J1'l-n'fl'l1"1l l~t1~l'Wm~1 ru~'l ~~1'l~1~n 111"IJ'J1'l-n'fl'l1"1l l~t1~l'Wm~1ru

~1ll~:;1~~~1'l~1~n 111"IJ,)1'l-n'fl'l1"1ll~t1~ l~'flU1lllJfOIYl l~t1lll?i~:;n~~~1vl1m~";)4't11'Wi'Wl?l'fl'W~'fll'!.J,

ll?l~t1~J1~ n 11191 n~'fltl~'fl'l ~1l~ml1~11-if l~tI'llllJfOIYll~t1~1~l?l~'J9 ~'fllJm~~~1'l~1~

nl11"IJ'J1'l-n'fl'l1"1ll~t1~ ~'lI?i'fll'!.Jd

dJ'W 2 ~:;t1 :; ~'fl~:;t1:;~'fltlVl~1t1iJ.yh~~'lll~:;~:;t1:;~'fltlVl~1t1iJ~1j'~1 91nlJ~l'Jrulm:;~'i'l ~1'W~

~l11nlJ ll~'W~'Wlm1J 4''l~t)I11''1l~'l.J~ ~:;t1:;~'fltlVl~1t1iJ~1j'~'llnlJl'W l~'fl'W'I"I~1j'111f01~ 'I"I .Pl.2536 1111 t1

lfilJ~,) 'fl th'll'Wl,)~ 1~J1l~~~'l lnlJ l'il'l"l1:; ~'fltlVl~1t1~iJ"IJ'W1111~1 ~')n~1'l~:;vd1'l 3 .0-3 .5"1l~ . ll~:;

tI1 'J~ :;~~1'l 5 .0-5 .5 "1l ~ . ~ 'J'W~ 'fl tl m:;'!.Jml~:;~ 'fl m'!.J,x'J19 iJ "IJ 'W1111~1~'J n~1'l ~:;~~ 1'l 2 .2-2 .5 "1l~ .
, 'lJ

ll~ :; 5.0-5 .5 "1l~ .l?l1~ ~1 ~lJ ll~ :;t11'J~:;~~1'l 3 .0-3 .5 "1l~ . ll~ :; 5 .5-6 .0 l?l1~~1 ~lJ ~'J'WmnnlJ

~'J'flrJ 1'l~'fltll 'W~:;t1 :;~'fltlVl ~1t1iJ~1j'~1vl1mnnlJlJ~l 'Jrul~m n'WnlJ~ lnlJ~'fltlVl~1t11'W~:;t1 :;~1j'

~'l l~'fl'W~'l~1f01~ '1"1 A2536 1I11mnlJ~'fltl~iJ"IJ'W1I11f01,)1~n~1'lll~:;fOI'J1~t11,)ln~l~t1'lnlJ~'fltl~
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cs '1 .c::.I.c::..
inu bU'j'~tJ~V1'fltJ'Vl'j'1tJj.J'V'lM~'1

~~~U'j'1~91nb~'flj.J1~1n1'j''Vl~~'fl'l~~tJ

'"
- t11V1'fltJ~'fl'l~11,1,1?i~~<]U~j.J1~1'11ut11'Vl~I,~~'1l,fOl'j'1~'tf (1l1fOl~urJn n

v '"
'" • I ~ • I~ "" "'. I ~
~'fl 3) (Schroder and Van ES, 1980) 1J'j'1~91m<]'fl I,bn~I,1J~'flnVl'fltJ'fl'flnmtJj.Jtrl1J'j'1~91m<]ml,~~

t11I,d'flVl'fltJj.J1~1'1~~tJJ1'Vl~b~~'1l,fOl'j'1~'tfU'j'1~91m~'fl 3 fOlf'l t111u.r'llm~J1V1'l1n 20 nfj.J #Itrl

, ,
ci 9J ~ ..Of 2J' l;t 1..::::.1 .,'*'I .<::lI 0

~~I,'fltJ~trl~mfOl'j''fl'l1JU (homogenizer) trl~tJfOl~1j.J1,'j'~ 5000 'j''flUl?l'flU1'Vl I,1JUI,~~1 5 U1'Vl 1,1,~~U1

j.J1~11~'fl~1l1fOll,l,l?ln~~mfOl~'fl'ln1I,U~fOl~UI,~tJ'IfOl~1j.J~~'1dJUI,~~1 12 U1Y1 1,1,~~~U~'JmfOl~'fl'l

~UI,j)j~tJ'I~fOl~1j.J1,~~ 8000 'j''flUI?i'flU1Y1 U1U 30 U1~ ~~ruVl1JiJ 4°"11 bnU~Ubj.J'VlD1U'fl~~1~

~~Ul?l~n'flU~'fl'lbd'flVl'fltJ~I,V1~'fl t11j.J11,~j.Jn'JtrlJ1~j.J1UI,j.J'VlD1U'fl~ 0.1 % mj.J1l?l'j' 30 j.J~ . I,~th

~~tJtl'flU1U 5 U1Y1 1,~'fl~n~~1'j'~MI,I,~~t111u~U~~1l1~~I,~j.J bflU~~UI,j.J'VlD1U'fl~ ~1~1~n 1

fOlf'l I,nu'j'~u'j'~j.J~~Ubj.J'VlD1U'fl~lun1'j'~n~vY'I 3 fOlf'l 1~"lJ~~'j'~l,j)jmUn~j.JI,I,~~'j'~l,j)jmj.J'VlD1U'fl~
'lJ

'fl'fln~~mfOl~'fl'l'j'~l,j)jml,~'1 (rotary evaporator) ~~ruVl1JiJ 60°"11 1,~j.Jn'J~J1~j.J1UI,j.J'VlD1U'fl~ 0.1 %

~'11u~n 30 j.J~.I,"lJthl,l,~~~Ul,l,tJnl?l~n'flUI,~'fll,nU~UI,j.J'VlD1U'fl~I,I,~~'j'~l,j)jtJl,j.J'VlD1U'fl~'fl'fln~1l1~ ~

b~j.J~1n1'j''Vl~~'fl'l~1~n 1 fOlf'l t11~~Ul?l~n'flUj.J1b~j.JfOl~'flhyj'flfj.Jmj.J1l?l'j' 50 j.J~. l,~t.h~~tJtl'fl

t11~~Ul?l~n'flUUUn'J~~1Mn'J'fl'lj.J1~~~1tJ~~tJn'J~J1~j.J 0.1 % mj.J1l?l'J 15 j.J~. I,b~~~.hulu

fOl'fl~mr~11,~9'JUI,"1I'V'lI,I,'V'lfOl ~ 18 (1l1fOl~U'Jn fOl -IJ'fl 5) 1,~'fll~~1';i'~~~1tJiJfP1'J1j.JU~~'Vl1f~uu1'1~'JU
'lJ q
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bb~~Uld-Jlvl11i1bbi1'1~'"JtJ brl~'El'l~~b~1?1 bbi1'1 i'lJl'wwn~'1"lJ'El'l~l~~nl?1~l~ bb~~bnu~~ruVl.lJ~ -20°"]

b~'ElUl1tjl?l~'"J9~~~Url'J1d-JbUU~M ~'1bb~I?1'1bb~Uer'lf11~~nl?1~1~~M1U1l1fl~U'"Jn fl . olf'El 9.

"lJ. Vl~ltJ

i'lVl~ltJ 2 ~'"JU1 ~~ 200 n1d-J ~'"JU~ 1 1~1U"lJ'"Jl?1t1J"lld-J~"lJU11?1 500

d-J~ . b~d-JmI?1Jl~d-J1Ubd-JVlfilU'El~ 0 .1 % md-Jll?l~ 100 d-J~.b"lJr.h~'"JtJ~'ElU1U 5 U1Vl b~'El~nl?1~l~

~M'El'El n91nVl~ltJ bb~~u111Jvll1 i1'El~1l1 fl~1JU'El~ bbl?ln~'"JtJ bfl~'El'ln1 bUl?1fl~u L~tJ'I fl'"Jld-J~~'1 dJu

b'"J~l i 2 U1Vl ~'"JU~ 2 vl1f11~~nl?1~1~~Mb9iub~mnu bbl?lh]~f11~vll1i1'El~1l1fl~1JU'El~bbl?ln

'El'Eln ~'"Jmfl~'El'l nl bUI?1 b~~N fl'"Jld-J~~'1 bb~~u111J~u~'"Jmfl~'El'l~UbVI~tJ'I fl'"J1d-J b~'"J 8000 ~'Elu1?l'El

U1Vl dJUb'"J~1 20 U1Vl ~~ruVl.lJ~ 4°"11 bnU~'"JUbd-JVlfilU'El~ ~1V11UI?l~n'ElU~bVI~'ElU1d-J1b~d-J

0.1 %mI?1J1~d-J1Ubd-JVlfilU'El~md-J1m 50 d-J~. b~'El~n~~1~~Mbb~~thl1J~U~1l1'"J::;b~d-J vl1f11~

~nl?1~l~~~l~nVl'n'lflf'l bnU~'"JU~'"Jd-Jb:WVlfi1U'El~~'1 3 flf'l 1~1uml?1~~bVItJt1Jn~d-Jbb~~~~bVItJ
, , "

bd-JVlfilU'El~'El'Eln~'"Jmfl1-'El'l~~bVlmbi1'1 ~'"JUI?l~n'EluVll~U1d-Jl~~~1tJ1umI?1Ul~d-J 0.1 % md-J11?l~

15 d-JR u~~~lU1Ufl'El~d-J,r~lb~9t1Jb"]'Ym~fl ~ 18 b~'El1i1~1~~~nI?11~~fl'"J1d-JU1~Vljf~UU1'1~'"JU

U~~Uld-J1vl11i1bbi1'1~'"Jmfl~'El'l~~b~1?1 bbi1'1 i'lJ1V1,rmN"lJ'El'l~1~~nl?1~1~ bnu~~ruVl.lJ~ -20°"]

b~'ElU111J1?l~'"J9.r1?1~~~ufl'"J1d-JdJU~M1uVl~1tJ ~'1U~I?1'1mJUer'lf11~~nl?1~1~~M1U1l1fl~U'"Jn fl .

olf'El 10. Ll?1tJ bmtJU bVltJU~~~Ufl'"J1d-JdJU~M~~V1~1'1Vl~1tJ~~f11~vl11i1'ElU1l1fl bbl?lnnU'm1tJ~hJ~,

"o
fl . U1Vl~b~

J1Vl~b~md-J11?l~ 200 d-J~ .mJ'I1~"lJ'"Jl?1t1J"lld-J~"lJU11?1 250 d-J~. "lJ'"JI?1~~ 25

d-J~ .d-J1vl11i1bbi1'1~'"Jmfl~'El'l~~b~l?1bbi1'1 bb~~b~d-JmI?1J1~d-J1Ubd-JVlfi1U'El~ 0.1 % b"lJt.h~'"JtJ~'ElU1U 5

'l...l1Vl b~'El~nl?1~1~~M'El'Eln91nJ1Vl~b~ ~'1iUI?l'Elu1uf11~~nl?1~1~~M~'"JtJmI?1J1~d-J1Ubd-JVlfi1U'El~

0.1 % U~~f11~vl11i1~1~~MU1~VljfU1'1~'"JUvl1';Jfif11~b9iUb~tJ'"J nUf11~~n1?1~1~~M91nVl~1tJ bb~ 1?1'1,
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V1d-l1mVll?l vl1fl1~~'Hl(?1~1~~~91nJ1Vl~L~md-l1l?l~L~tJ'Jn'W~n ~'J'WVlct'l LLl?1hJ,

iJfl1~vl11~'El~Jl1 ~~1J'W'El~ LLl?l n ~'JtJ L~~'El'l rl1 LU(?1 L~tJ'I ~'J1d-l~~'1 L"Ji'WL~tJ'Jn1J l?l'J'EltJ1'1Vl~1tJvr'l~
, ~

L~'El dJ'Wfl1~LmtJ1J LVltJ1J~~~1J ~'J1d-l dJ'W~m'El'l';Jfifl1~~n(?1~1~~~~'1~'El'l';Jfi

Ll?l1-tJ d-l ~ 1 ~ l?l') 'El tJ1'1~ ~ n (?11.~91 nVl ~1 tJ LL~ ~J1Vt~ L~1~'El~1'W~1J ~1~
1.' I 11 t.r

~~~1tJ 1l?1tJ~~~1tJl'W'l11n~'W~'El'l~f'l1J~1~91m~'Ell~iJ~'J1d-lL~d-l~'W 1 un . l?1'El 10 1.d-l1~~~l?l~
~ ~ ,

LL~~'l11d-l1l?l~'J9V11~~~1J ~'J1d-l dJ'W~~ 1l?1tJ';JfiLy.j1~L~tJ'I LU'El L~'El

I i/ 1.1 !.I 11 '"

i'l'l11V1'l!mU'ElVl'EltJ1J~~d-l1ru100 nfd-l Hfn~~l.m1J~1~91m~'Ell?ll?1LU'ElVl'EltJl~~~L~tJl?1 LL~~L~d-l'l11

Vl~L~~'1L~~1~'l-fmd-l11?l~ 1000 d-l~ . 'l111.1J{r'Wl~~~L~tJl?1~'Jm~~'El'l{r'W~~'J1d-lL~'J 5000 ~'El1Jl?1'El

'W1Vl dj'WL'J~1'W1'W 5 'W1Vl 9'1'l111.1Jvl11~'El'WJl1~LLl?ln'El'Eln~'Jm~~'El'lrl1LUl?1L~tJ'I~'J1d-l~~'1 LtJ'W, ~

L'J~1 12 'L,nVl 'l111.1J{r'W~'Jm~~'El'l{r'WLVI~tJ'I~'JtJ~'J1d-l L~'J 8000 ~'El1Jl?1'El'W1Vl LtJ'Wl'J~1 30 'W1Vl ~

'ElruVlllij 4°"11 ~'1I?l~n'El'W Ln1JL~y.j1~~'J'WJ11~d-l1m'El'ltJ1'Wm~l?11~m'El'l~iJrn'W1l?1 8, 5, 3 LL~~, ",] ~

1.2 1.d-l~~'El'W md-lih~1J Ln1J~'J'W~m'El'lI.~~~ruVl.1Jij -20°"11 LtJ'WL'J~1 1 ~'W ,y'Wl?1'Eld-l1'l11~'J'WJ1
I 1;' t.I I I 11 11 ,

1~Vlm'El'lI.~'l11'El'El nd-l1l?l'lVi'lI..n~~~~1tJ LL~~'l111.1JU'WVlJl1'J~L~d-l LLtJ n~'J'WI?l~n'El'WVi'l ~'J'W'l111~Vl
11 !/ , I

LLtJn1.~'l11d-l1 m'El'l6111 ~'JtJm~l?11~n~'El'l1J~1 ~91m~'ElVliJ~on'W1 (?1 0.45 I.d-l ~~'El'W Ln1J~'J'WVl m'El'Ilrrl
~

~'ElruVlllij -20°"11 LtJ'WL'J~1 1 ~'W 1'W,y'Wl?1'Eld-l1vl1~1~n~f'lLLl?1Hfm~l?11~m'El'l~iJ~on'W1l?1 0.22, ",] ~

ld-l~~'El'W ~'1LL~l?1'1LLt.J'Wtr'lfl1nl?l1-tJd-lJ1~n(?11'WJl1~t.J'W'Jn ~ . ~'El 8.

'l11J1 ~ n l?191 nVl'EltJ~'El'l tJ1 LLl?1 ~ ~"JlUl?1d-l1l?l~'J9V11 ~'J1 d-l dJ'W~~1l?1tJ';JfiLy.j1~L~tJ'I

L~'ElL~'El~'1';Jfin1~1'W'ir'El 4 V1U1 22 LL~~'l11J1~nl?191nVl'EltJVl~1tJ V1'EltJm~~n LL~~V1'EltJ~1J~'J19~
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bnul'W1~t1~Vl'EltlVl~1t1 i:JYh1~'l bb~~Vl'EltlVl~1t1~ bflul'W~~t1~~~~1~-J1';J b~~1~t.fVl11.fhJ1n.H'l1~~dJ'W

'El'l rlu~~n'Elul 'WJ1~ n ~91 nVl'Elti ~'El'l ~1 bb~~bb1J'lU1'l~'J'Wd-J1 b9'El91'l ~'JtlJ1Vl~ b~~'l b~~1~Vl1~i:J

~'J1d-J boiJd-JoiJ'W~'El'lJ1~n~91nVl'Eltl~'El'l~1 bYl1nU 75% b~m111ul.jfl'Wm~b~t1'lI.I.U~Yl~tIl?l'El11J

n1"iL mtl 1J LViti 1Jn1"iL~"iitlJ LL~~m3J1tu~1"in ~"lJ'J1-:J-ri'£l'Ii:'liL~tl3J~-:J1l1t11 'Wb'li~~usernu

usn b'li~~"lJ'£l-:Jbb1JflVib~tl1'W'£l1",1"iL"'~'Jn1J1 'WJ1~n~~1n"''£ltl~'£l-:J~.h

mVl111.~LJ'lb~'Ell.bl?i~~"1lU~ ~i:Jmd-J1m 200 d-J~ .1'W~'J~~U"1ld-J~~'W1~ 500 d-J~ .Yhm1Vl~~'El'l 2

"1l~ l.itl~1'W~1l1'J~I.6Ji'WI.~mnumn,?i~t1d-J,x'J-I.~'Ell.bl?iH'b'J~1 48 i'Jld-J~,

~n~1m~b9~'bldl~t1t)~,"l1m~~~n~'Wbb~'l~~'J1d-Jm'J~~'W 660 'W11'WbW?1~ l.l.~~
, t/

o ...::J...::::,l ...:::4 .<::::II.<::::lIe:t. Q/ <j' e:t,~ G

Vl191'W'J'W 1.1.1J~VlI.~t1Vld-J"1l'JI?IVl~Vld-J~ b~mfi spread dilution plate count u'WmVl1~bb~~ ORI l.b~~

t)~,"h~'J1d-JI.U'Wm~(?i1~ (pH) ~'El'l'El1Vl1~l.itl~I.~'El

t1':1 b~'Eld-J1J'WbbtJn bm~'J'Wb"jj ~ ~'El'El n91n~'J'W'El1Vl1~b~t1~ b~ 'El us~t11~'J'W

l?I~n'El'Wb"1l~~d-J1~n~~11~~~'Jtlm~J1~d-Jl'Wbd-JVlfi1'W'El~ 0.1 % 1?11d-J';JfYm~1'WoiJ'El 2. Vli,h 21 l.l.~~

t11~1~~n~~1~d-J1~~~1t1~'Jtlm~J1~d-J 0.1 % md-J11?1~ 15 d-J~. t111u~11~u~~Vltu1~~'J'W~'JtI,

~'El~d-JoJb"1lYm~~ ~ 18 ~11~1.1.~~~'Jm~i'El'l~~b~~l.b~~ bb~~i~J1Vl,rn~'El~~1~~n~~1~l.nu~

~ruVl1Jil -20°"1l l.~m·hlut)~md-J1ru~1~n~~'J1'l6Ji'f)'l1"jj1.~t1d-J
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~ ~

U'1~~ 0.1% 9'W1~~hrol'J '1~Lu'Wm'(;)(?h'l 3-4 Lb~:;U'1hj~~l'WU'1L~'fl(;)'W'1'WiJ~:;~'1ru 20 'W'1Yl vi'1

1~bU'W~'I 9'1u'11iJ~'W~'Jmrol~'fl'l~'WbVl~tJ'I~rol'J'1~ L;'J 8000 ~'flU~'fl'W'1Yl LU'WL'J~'1 20 'W'1Yl ~

~ ruVl.1J il 4°"1l ~'II?l:;n'fl'WLnU L'U'V'n:;~'J'WJ'11~~'1vi'11~bL~'I ~'Jmrol~'fl'l~:;b~ (;) LL~'I LL~:;i'lJ'1V1,rn

e.J'I~1~ Lb~'JU'1~'1 b~~m'(;)J'1~~l 'WL~'Ylfi'1'W'fl~ 0.1 % m~'1I?l~ 50 ~~ . L"lJr.h~'JtJij'fl'W'1'W 5 'W'1Yl

b~'fl~n(;)~'1~~1j" ~'W~'Jmrol~'fl'l~'WbVl~tJ'I~rol'J'1~L;'J 8000 ~'flU~'fl'W'1Yl btJ'W b'J~'1 20 'W'1Yl ~

~ruVl.1JiJ 4°"1l LnU~'J'Wb~'Ylfi'1'W'fl~ Lb~:;L~~n~(;)J'1~~l'Wb~'Ylfi'1'W'fl~ 0.1 % ~'I1iJ:an 50 ~~. b~'fl
'" " '" '"

~n(;)~'1~~1j"I?l'1~~1h~~:an 2 rolf'l Lnu~'Ju~'J~i'W L~'Ylfi'1'W'fl~i1'1 3 rolf'l ~'1~:;bVlm'fl'1b~'Ylfi'1'W'fl~
• '" I i.I9,I.o::!lI !.I .e::t. ..:::::.I 1 ..<::lI cv e:v ~.dI _ 0 cv

'el'fl n(;)'JtJLrol~'fl'l~:;LV1tJ LbVl'l 1?l '1 ~ 'J fimn"Jl 'W L l?1 tJ 'J nUm~~ n(;)~'1~'I"l~'1n L'W'elVl'fltJ LL~:;"Jl'l'W'1V1'Wn e.J'I

"lJ!l'l~'1~~1j"~~n (;)1;' LL~~U'1e.J'I"lJ'el'l~'1~~n(;)~~'1~:;~'1tJ~'JtJm'(;)J'1~~0.1 % m~'1I?l~ 15 ~~.

L~'flU'11iJvi'11~u1'~'Yl1fU'1'1~'J'W~'JtJrol'fl~~Ub"1l'l"lLL'I"lrol ~ 18 LL~:;vi'11~LL~'I~'Jmrol~'fl'l~:;L~(;)LL~'Ii'l,

~ ~ ,
3. m~I?l~'J9V1'1m~'1 ru~'1~n 1?1"lJ'J'1'1"ll'fl'l1"1l b~tJ~ l(;)tJ~fi L'I"l'1 :;b~tJ'I LtJ'fl L~'fl

LI?l1 tJ~ ~'1 ~~~n(;)1~9'1nl1'1tJl 'W L"1l ~;Lb~:;l1'1tJ'W'fl n L"1l~~1~'fl~1 'W~iJ~'1~~ :::: ~'1 tJ

lK'I~fim~l 'W1f'el 3 .V1ih 22 LL~ :;U'1~'11'(;)m~'1ru~'1~n(;)m'1'1"ll'i1'11"1l L~tJ~ 1(;)tJ~fib'l"l'1:;L~tJ'IL'l1'elL~'fl

1?l'1~~fim~l 'W1f'fl 4. V1U'1 22 L~'flvi'1m~LmtJUbYltJU~:;V1~ '1'1m~'1ru"lJ'fl'l~'1~n(;)"lJ'J'1'1"li'fl'll"1l L~tJ~

~'fl~l1 '1 tJ1'Wb"1l~;LL~ :;11'1tJ'W'fln L"1l ~;LLUrolYl ~tJ bri'fl L~tJ'I LLU rolYl L1tJl 'W'fl'1 V1 '1~-W(;) ~ '1'1 1 l(;)tJ~ (;) LU'W

m~'1 ru~'1n'Yll'Yl~l(;) 'Yl 'fln ~'Wl 'W 1 ~ l?l rn'fl'l'fl'1V1'1~ b~tJ'I L~'fl

... '" ... ..... ",.,j!:01 ' • I 'i' 'i' ... ... .....
n1"a"J Ll"l "a1~V1"l1'U~"l.I'fl..:l'fl 'UW 'Ufi'VI LlJ 'U~"J 'UlJ"a~n'fl1J"l.I'fl..:l L'VI L'VI "a L~ 'VI'fl n"ll'ULL~~WH'el3JW11Pl-

q

"l1n V1'flttl'UL"ll~~LL1Jl"lVib~mL~~'fl1'V11"aL~t1..:1L=E'fl 1~t1-:SfiL'fl"l1WLL'fl~;

U'1~'1~(;]'J'flth'l~~n(;) 1~9'1mLurolYl L1tJl'W1f'fl 2 . V1U'1 28 ~'J~i'l~'1~~~n(;)1~9'1n1f'fl 2.1

V1U'1 25 LL~:;1f'fl 3 . V1U'1 27 ~'1~Lrol~'1:;i"Jl-W(;)"lJ'fl\l'fl'W~'Wfi~LU'W~'J'WiJ~:;n'flU"lJ'fl\l~'1~n(;)"lJ'J'1\l"ll'fl\l-,
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fl'El~J.J'l1 (column)

'"
UJ.JllN~'W~~ (high pressure pump)

d
lfl1'El~l?l1'J9~'ElU (detector)

,
-"'I " .c!

lfl1'El ~U 'WVl n (recorde r)

lJ.Ju1m~~ (mobile phase)

Japan.

: Senshu Pak ODS-3251-D, stainless

steel "lI'W'1!?l 8.0 x 250 J.JJ.J ."lI'El~

Ul'MVI Senshu Scientific, Japan.

: 1'W A-30-S-2 "lI'El~Ul'MVI Eldex,

Laboratories,USA.

: fluoromonitor 1'W 4100 "lI'El~Ul'MVI,
, "

LDC Analytical, USA . ~~~~fP11

excitation ll~~ emission wavelength

Shimadzu, Japan.

0.005 'W'El f~~ ll~~m~'El ~~~fll-irJ.J

-ir'W 0.05 'W'Elf~~ lH,JfP11fl'J1J.Jdj'W

m~rrh~ (pH) 5.0 (1l1fle-J'W'Jn "lI

V!J.J1m~"lI 5.1 .1 )ll~~iJ'ell?l11m1lV!~

, C>l

(flow rate) 0.6 J.J~ .l?l'El'W1V1



~'J'ElTJn~lt?len (oxidizing agent)
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, ...
J..J~.{?I'El'W1Vl

~t?l~1'd~~'El,m1'd';J brl'd1~'iXmJ..J1{?1'd 1-15 lJ..Jbrl'd~{?I'd bt?ltJ1-n'b~J..J~W1J'W1t?l b~fl

(microsyringe) t'W MS-R50 -rJ'El~1J1~Vl Exmire, USA.~1'd~tJ1'W'El'ElflJ..J191flrl'El~J..J'I19~vi1tJDmtJ1

n1J~'J'El'Elfl~1t?l"ll1'WVI~'Elt?lbVl~~'El'W (teflon tube) ~~-rJ'W1t?l-rJ'El~b~'WtJ1~'WtJfl~1~Jl1tJ1'W 0.5 J..JJ..J.

rl'J1J..JtJ1'J 10 bJ..J{?I'd bt?lmnt?ltJDmtJ1~~ruVIJJn 100°"ll Lb~~vi11~biJ'W1'W'fi1~J1 bb~~ri'El'WboiJ1~

brl~'El~ {?I'd'J9~'El1J~~'El'El b'd~ b"ll'Wen bb~~brl~'El~u'W'~mJ~

- irl~Vl'Elfl~'W (saxitoxins, STXs)

- fl'EliJ,'El'ElVl'Elfl~'W (gonyautoxins, GTXs)

rlru~ (1989) ~~1~f1Jfl1'd'El~brl'j'1~'iXvi11~bt?ltJ Professor Massaki Kodama Laboratory of Marine

Biological Chemistry, School of Fisheries Sciences, Kitasato University, Sanriku, Iwate 022-01 ,

Japan. ~1'd~~~'El~ fl~J..JtJ'EltJ1-n''d~1J1J fl1'd';J brl'd1~'iX~~~•

<V ...

rl'El~J..J'W (column)

~

11J..J bb'd'l~'W~~(high pressure pump)

:t 'W L-6200 -rJ'El'l1J1~Vl Hitachi, Japan.

: Develosil ODS-5, stainless steel

-rJ'W1i?l 4.6 x 250 J..JJ..J. -rJ'El'l1J1~Vl

Nomura Chemical, Japan.

: double head reaction pump 1'W•
655A-13 -rJ'El'l1J1~Vl Hitachi, Japan.
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,
.... <V.oS

ll"l'J''f)~UU'Vln (recorder)

Ld-JUlm'YJl:"l (mobile phase)

n. ~1V1fu-;;}ll"l'J'l~tf STX, dSTX

ll~~neoSTX

3, 4 ll~~ 5

i#I'J'f)'f)n~li?l"lf (oxidizing agent)

(acidifying reagent)

, ".oS Q/ ,

: fluoromonitor 6jj~I?l~1"l1 excitation

ll~~ emission wavelength 330 U~~

390 Ulltm.JI?l'J' 1?l1d-J~I~U

: chromato-integrator 1u 0-2000 "IJ'f)~,

U1'M'Vl Hitachi, Japan.

:1:"l1'J'~~~It1 n ~1:"ld-Jnu'f)~~Ll?llu'Vl~~

lU~I?l'J'I~'JU 9 ~'f) 1 Li?ltlmd-Jll?l'J'

(!lII"l~U'Jn "IJ V1d-Jlm~"IJ 5.2.1) ll~~

~~1?l'J'1n1'J'1V1~ 0.8 d-J~.l?1m.J1'Vl

: 1-lf'lUl'VlUO]~L'YJlUI?l l-lJd-J-lJU 2 mM .

1Ull'f)d-JLd-J lUtld-J'YJ'f)l:"ll'YJ I?lU~ l'YJ'f)f

UfUrill"l'Jld-Jltlumi?ll?il~ 7.2 (!lII"l-

<oj

~u'Jn "IJ V1d-Jlm~"IJ 5.2.2) ll~~d-J

~1?l'J'1n1'J'1V1~ 0.8 d-J~ .l?1'f)U1Yl

: mi?llu'f)fl'f)'f)~n l-lJd-J-lJU 7 mM Iu

L6jjl~tld-J'YJ'f)l:"ll'YJI?lU~l'YJ'f)f l-lJd-J-lJU

50 mM Ufurill"l'Jld-Jltlumi?ll?il~

9.0 (!l'II"l~U'Jn "IJ V1d-Jlm~"IJ 5.2.3)

ll~~~~I?l'J'In1'J'lV1~ 0.4 d-J~ .l?1'f)U1Yl

<oj <V

"IJ V1d-Jlm~"IJ 5.2.4) ll~~d-J'f)I?l'J'In1'J'

lV1~ 0.4 d-J~ ,l?1'f)U1Yl

~i?lI:"lI'J'~~'f)~n1'J'-;;}ll"l'J'l~tfll~~l~'f)I:"lI'J'~IU'f)'Elnd-J191nl"l'El~d-Jt!9~YllulJmmnu

i#I'J'El'Eln~1i?l6jj1uVI~'f)i?ll'Vlyj~'ElU ~~"IJUli?l"IJ'El~l~U~I~UtJn~I~!l1t11u 0.5 d-Jd-J , tll'J 10 ld-JI?l'J' ~

~ruVl.1Jn 65°"ll UfUl"l'Jld-Jltlumi?ll?il~~htl acidifying reagent ri'El'Wl-lJlll"l~'El~1i?l'YJ~'El'Ell'J'l:"ll6jjU"lf
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Yl~I t1 ~Yll?l 1't.ml~~(?)~ ~ml~Yll(?)t1~fi ~'El "1l ~ ~~'El~~ ~~l?l~~f"I~..:l ~'El..:l~(?) 1;ll1~~ 1 m~I'W9'Wl~ fP11. ~

retention time f"I..:l~ri'El'W~(?)~'J'Elth..:lI;llI~~~ ~f"I~l~tX ~~'El~mtlU~VltlUfP11 retent ion time "lI'El..:lI;llI~

~'J'EltJl..:l rlUI;llI~~1m~I'W~1~91nm~~ ~f"I~l ~tX ~~~ ~ ~~'El~(?)I;llI~~'J 'EltJl..:l1J~~~1 ru 4-5 ~'J 'El tJ l ..:l
~

~'El..:l~(?)I;ll I~~II?l~~I'W~n 1 f"lf..:l ~~'El~VltlU~ 1 retention time ~1J~t1'W ~~1J ~..:ll1J Yl1-'ElhJ ~'J~vr..:l~'El..:l~(?)
as

1;ll1~~II?l ~~I'Wf"lf..:lI;ll(?)Vll t1~~ 'El~~ n Yhm~~~ml~Yl1'W~~l?l~~f"I~..:l
~ .
e.J~~1~91nm~~ ~ f"I ~l ~tX'El'W~'Wfi"ll'El..:l I;ll I ~~'J 'El tJ l ..:l vii1,x'Vl~lu~..:l"1lil(?)"lI'El..:l'El'W~'Wfi~ ~u'W, .

I t,; ' j " '"

~h'W1J~~n 'ElU'~!J'a..:l~I~n (?)"lJ 'Jl..:l"ll'El ..:lL"1l ~~ t1~1 'W~~l?l~~ n~~Vluuf"l VliStll;ll;:I..:l~'W d~'a ~~t1 ..:l ~~'a1'WmYll~

~~ l?l ~ ~"1l il(?) ~'J~~..:l 'a 'W~'Wfi~ ~tJ'W~'J'W1J~~n'flu1'W~d 'fJ'l.'1 'El tll;ll'a..:l ~1 ~11;ll rl(?)91 n Yl'atl l;ll 'El ..:l ~1 'Vl~It1 us~•
"o

n17illn 'l3'1tfn 'l3'ru:::V11.:ln1£1111'W LL~:::';) LFl71:::~tfhJ1nJ.~17viL tJU'tl.:l~'1J7:::n'tl'UVl1.:lLFlm U

J,~n1PI~1n Yl'tl£l~'tI.:leh

f"I 'Jl ~ Yli1 (?) (viscosity) ~(?) f"I'Jl~Yli1(?)"lI'El..:l~11;ll rl(?)9 1 nVl 'El tll;ll'El..:l ~1 ~~l?l~ ~"1l il(?) ~'JtI

~fi viscosity ~..:lvllm~~ ~f"I~I~Vll(?)t1~'Wm9t1~'Vltl1flll;lll?lf ~~~ ~~'Vlf"lL'WL~U ,r11~..:lnmr~Vll

~'Vltll~t1 L(?)t11.jf~f"li'El..:l Viscometer t'W RV-20 rotovis ll~~ RC-20 controller "lI'fl..:luj-~'Vl HAAKE, '

W. Germany.
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t111?1'".J'f)~h~J1~Hli?)1Ol1 mt1'fltJ ~'f)~ ~1 lll?i ~ ~6Jl tJ i?) ~ l l?l1-tJ~ l~r.nn -n'f) 3 . V1 U1

27 m~11?lj'tlj'~~1ru 10 ~~. 1~~~1'LU1'".JtJ6JltJi?) NV ll~:::H' sensor 6JltJi?) NV ~~mj'l~'f)n6JltJi?)

"II'f)~tl'".Jml~ ~ sensor ~'Wn1JfPl'".J1~wWi?)"II'f)~I?1'".J'f)~h~ 1Ol1mr'W~~fh shear rate (D) ~lfPl~'f)~11Xm~'W

1'W'E11?lj'11?l1~~'f)~mj' l~'f) l~~l~'WlfPl~'f)~ll~:::~mj'.ri?)fi1 shear stress ('t) ~l'".J~1l?i1~1 ~~lfPl~'f)~

vu~ml~~ri1'W'".Jrufi1fPl'".J1~V1Ui?)(viscosity) 'f)'f)m.J11i?)tJH'~I?lj'l?i'f)ltl~

""fPl'".J1~V1'Wi?) (11)

(~~ifitl1~fPl1~l?i'f)';)'W1Yl)

= shear stress ('t)

shear rate (D) -

t11J1~ni?)1Ol1nV1'f)tJ~'f)~~1lll?i~:::6Jli1i?)~ll?l1-tJ~1~1Ol1n-n'f) 3 . V1U1 27 ~1

19'f)1Ol1~ 20 Wl1 ll~~~i?)~1 1,0 ~~ .1~1'WV1~'f)i?)Yli?)~'f)~ l~~~1j'~~~1tJ~~~ C (Jl1fPl~'W'".Jn "II

V1~1m~"II 5.3) m~11?lj' 5 ~~. ~~~11Xl-n1n'W ~~~~H~~ruV11J~1X'f)~liJ'Wl'".J~1 15-20 'W1Yl l~~

~1j'~ ~~1tJ D (Jl1fPl~'W'".Jn "II V1~1m~"II 5.4) m~11?lj' 0.5 ~~ . ~~~11Xl'ihn'W ll~~~~~~H~

~ruV11J~ 1X'f)~ liJ'Wl'".J~1 30 'W1Yl ll~'".Jt11~'".J'W~~~~ltl.ri?)fi1mj'~i?)n~'Wll~~~fPl'".J1~tJ1'".JfPl~'W 650

'W11'W l~l?l j' l~'f)t11fi 1~1~~1 ri 1 'W'".J rum~1rultlj'~'W

~ ~1~ n j'1'VJ~ 11?l j'~1 'W"II 'f)~ l tl j'~ 'Wl i?) tJ1.jfl1J~'W~ f~'E1~\J~ u~ fPl '".J 1~ loii~oii'W

0-200 l~lfPl j'nf~ l?i 'f)~ ~ . liJ 'Wltlj'~WJ 11?l j' 19 1'W
d.9

l 'WlmllOl 'W (nitrogen) ';)lfPlj'1 ~v1m~1ru"Il 'f) ~1'Wll?lnlOl 'W li?)tJ';)fi ll~fPllm llOl ~m~v1

(Macro Kjeldahl method) 1?l1~';)fi"Il'f)~ AOAC (1990) ~~yhmj'';) lfPlj'1 ~v11i?)tJ ~'WtTlfPl~'f)~~'f)';) 9tJ

';)YltJ1f"l1~l?lfll~~lYlfPll'Wl~~ '1~1~'Nmn.r~V11';)YltJ1~tJli?)tJH'lfPl~'f)~ Kjeltac (KD-02) t'W Kjeltac

System 1002 Distilling unit "II'f)~1J1'';Yl Tecator,Sweden .
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ul~'J!li.h'lJl~n!?l91nVl!ltJ~1}.:J ~llll?l~:;"JlU!?l~ ll?l1-tJ:w1~r.nn.jJ!l 3 . Vliil

27 m :Wll?l'j' 1:W~ . l~ :w1 !?lL'I"I ll'Vl ~ l~mJ-n~ l~ 1?l (K2S04) 7.0 nf:Wll~ :;~~djtJ:w (Se) 0 .007 nf:w ~'l

lth.'\rl:; I?l :;~~vll l~:;m!?l-nmf~rll.jJ:w.jJ 1..Jm:Wll?1'j' 10 :W~ . ulhJ'fi1..J1J1..Jll?llV1~:W91..J1~~I'j'~ :;~ltJ~, "., ., ,

l~ml~ Vl'll~liJ1..J l~:WUln~1..Jm:Wll?l'j' 50 :W~ . ll~:;l~:wL"Jll~tJ:w1e1!?l'j'!ln1"Jl£r1l.jJ:w.jJ1..J 40 %

m:Wll?l'j' 50 :W~ . ulhJn~1..J ll~:;Ul'lJ'J!?l~~m!?l1J!l1rll.jJ:w.jJ1..J 4% ~l~:W~1..J~lrlll?l!lf2-3 VltJ!?l :Wl'j'

!l'lf1J~I'j'~:;~ltJ~n~1..J1~91..J1~m:Wll?l'j'th:;:Wlru 150 :W~ . ~'llU1..J~I'j'~:;~ltJ~~'J'lll~'J9'lUIhJ11?l

ll?l'j''Vl~'JtJm!?l1e1L!?l'j'rl~!l1rll.jJ:w.jJ1..J 0 .2166 1..J!lf~~ 91..J~I'j'~:;~ltJlU1..J~l~tJ'J1~ ll~:;Ulf11~1~tJ

fll1..J'J ruVll m:w 1 ru11..JLI?l'j'l91..J ~'lm:Wl ru'lJ!l'l11..JLI?l'j'l91..J~I:Wl'j'n fll1..J'J ru1~9~n~ 1?1'j'~'l1?l!l1 tJ~

~ %11..JLI?l 'j'l9 1..J = (A-B) x C x 14.007

Vx 10

A = m:Wll?l'j"lJ!l'lm!?l1e1L!?l'j'rl~!l1rl~Hi.1..Jm'j'1'Vll'Vl'j'I?l~I'j'~'J!l~.h'l

B = m:Wll?l'j"lJ!l'lm!?l1e1L!?l'j'rl~!l1rl~Hi.1..Jm'j'1'Vll'Vl'j'1?l blan k

C = rl'Jl :Wl1J:w.jJ1..J'lJ!l'ln'j'!?l1e1L!?l'j'rl~!l1rl~Hi.1..Jm'j'1'Vll'Vl'j'1?l (0.2166 N)

V = m:Wll?l'j''lJ!l'l~I'j'~'J!lt.h'l

rllfl1J1e1l!?l'j''Vl (carbohydrate) 'i1 lrl'j'l:;vfm:Wlru'lJ!l'l rllfl1J1m!?l'j''Vl ~'JtJ'i1fill!l 1..J

L'Vl 'j'1..J (Anth rone 's method ) 1?l1 :w'i1fi'lJ!l'l Scott ll~ :; Melvin (1953)

ulJl~n!?l91nVl!ltJ~!l'l~llll?l~:;"JlU!?l~ll?l1-tJ:w1~91n.jJ!l 3 . Vliil 27 :W I

19!191'l 10 lvh ll~:;Ul:Wl 1 :W~ .1~11..JVI~!l!?l'Vl!?l~!l'l ~'lll"li!l~l1..J'fil'lJlllo!J'l ll~ :;l~:W~I'j'~:;~ltJ

ll!l1..JL'Vl 'j' 1..Jl1..Jm!?l -n~~rl (anthrone-H2S04) (!llrll:J1..J'Jn 'lJ VI:WltJl~'lJ 7) m:Wll?l'j' 5 :W~ . ul1tJ~:w

l1..JJl l~ !l !?llU 1..J l'J ~ 1 10 1..J1 Vl ll~ :;vll1~ liJ 1..Jl1..J'fil'l Jl llo!J'lUl1tJ 1!?l f11m'j' ~!?ln~ 1..Jll ~'l ~ rl 'Jl:wtJ1 'J

rl~1..J 620 1..JlL1..J l:WI?l 'j' l~!lUl f11~1~tJ fll 1..J'Jrum:Wlru rllfl1J1e1l!?l'j''Vl
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~~'l-.m~lYh.nl?l~~lU"lJ!l~i"1lflulf1 b~~'Vlt~tJHfJll?l1tm~ti"1~ b1JUI?l'J unu

"lJ'El~ i"1lflUlf1b~~'Vl~i"1'Jl3-J bolr3-JolrU 0-20 13-Jti"1mf3-Jl?i!l3-Jt1 . ~~1Um~~lm3-Jlrumflulf1b~~'VllUJl

~ n ~9ln~!ltJ~'El~ eJ19 ~ 1?l ~ 'J 9~11U~U"lJ!l~Jll?llt1n~ti"1~t~tJ'V11UllmtJ1nuLL'Elut'Vl~Ulun~~l1X

~1~~b~m~1!l~Jlb~U ~~bb~~~lu~u~ 10.

)

~u~ 10. ullmm~~~~l~n~ti"1~nULb!lut'Vl~ulum~

(n~~n.,n Lbt1~i"1ru~, 2521)

Q/ ' ~..:::.I

extraction) ~!PI LblJt1~91mj]"lJ!l~ AOAC (1990)

Ull?l'J!lth~J1~ n ~91 n~!ltJ~!l~eJl Lbl?it1~"Jl-W~~ bI?l1tJ3-Jl~';;nnolr!l 3 . ~ii1

27 m3-J1J?l~ 4 3-Jt1. 1~lU~t1!l~bn~mbbt1~b~3-J~b'Vl!lfm3-J11?l~ 4 3-Jt1 . t1~eJl~t1!l!PIhJLb'llU3-J1mbt1~

, " "
b"lJ~l t!PItJi"1~l~t1'El!PI~Ut1~ bUll b~~1~9~bn!PILb~~~U t~tJl1Xiu~b'Vl!lf~~3-JnU~l~I?l'J'El~l~b"lJ~l

U~~3-Jlru 5 U1Vl u11u~u~'Jmi"1~!l~~Ub~~tJ~ ~'JtJi"1'J13-Jb~'J 2000 ~!lUl?i!lU1Vl b1JUb'Jt11 5 U1Vl

l{)!PIiu~ b'Vl'Elf ~~'El~~'JUUU!l'Eln 1~~t1'El~ LbtJmnuH ~'JUiU~1~1?l'J!l~1~Ul3-Jlb~3-J~ b'Vl'Elft1~1u~n

4 3-Jt1. 'V1l~l~n 3 i"1f~ t~mnuiU"lJ!l~~b'Vl!lf~'J3-JlrnU~t1!l~bn~m Lb~'J9~UliU~b'Vl!lf~~~3-J~

3-J1~~b~tJ'El'Eln ~~9~b~~'EliU"lJ'El~1"lJdJu~!PI!l~U~b'Jru~!lUl ~t1!l!PI ul1ui~JlwWm!l~1"lJdJu~~!PI
"

!l~1U~t1!l!PI LLt1~rilU'J ruLtlum3-Jlru"lJ!l~1"lJdJul?i!lm3-Jll?l~!l~U1~n!PI91n~!ltJ~!l~eJl 1 3-Jt1.
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'lJ!l'!~!l~~!l~~ (P) ~'JtJ~fi ICP atomic emission spectrometry l?l'UJ~fi'lJ!l'! McLaren ll~~flru~

(1981) ~'!~ lm1~Vl1~tJ~utJlfl~!l'!~!l~9tJ~Vlm~1~l?lfll~~lVlfllul~tJ ~Yl1~'!m'rud-JVl1~Vlm~tJ

1~tJ1.jflfl~!l'! Inductively Coupled Plasma Emission Spectrometer 1u Perkin-Elmer Plasma-100
q

'lJ!l'!U1'MVl Perkin-Elmer, USA.

~ ,
U1U1~n~91nVl!ltJ~!l'!~1lll?i~~6JlU~YllI?l1tJd-J91nif!l 3 . m'b 27 d-J1l9!l-

91'1 10 vvh ll~'J~~lif1lfl~!l'! ICP ~'!~'Ju1J~~n!lU'lJ!l'!lfl~!l'! ICP ~'!ll~~'!1u~1J~ 11. ~'JUJl1'J~
'lJ

n. plasma

HF generator

plasma Ar flow rate

auxiliary plasma Ar

vertical observation zone

'lJ. nebulizer

sample uptake rate

: plasma-therm

: model HFS-2500D

~ .
: 15 d-Jd-J. lVlU!l91n coil

: pneumatic cross-flow type

aerosol carrier Ar flow rate : 1 ~l'11r;i'ElU1V1

"-Mirror , : \

(moveable)~

AAmode

Plasma

Transfer optics ~fitorCh
(purgeablel

Mirror 

{rotatablel

(Skoog and Leary, 1994)
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ril~ ~1'W'"Jru'fl'flm-l191n lri~'fl~ Lrr1tJiJn11~rr1~11~1l?l1~1'Wy.J'fl~y.J'flf~dh11J l~'fl
0Jl

lmmJ lVltJUrilll~rr1~'fl'fln~1dj'Wm~lru"1J'fl~y.J'fl~y.J'flf~ rK~,r'W9~~'fl~iJn11~1'W'"Jrul~'fl~1'W~1.l

"1J 'fl~ y.J 'fl~ly.Jl?l ~~~l?l1l?1'fl11J~

~l?l1 ~n./~l?l1"1J'fl~y.J'fl~ly.Jl?l = ~n./~l?l1"1J'fl~y.J'fl~y.J'flf~ x 3.066

(fWntJ ll~:::'fl'J31, 2535),

mrr1'fl:::m'W (amino acid) ~lrl11:::'Lfm~lru"1J'fl~n~t?l'fl:::m'WLLl?1~:::"JlUrr1 ·trr1tJ~fi acid

hydrolysis (Spackman et aI., 1958) ~'"Jmrli'fl~~Lrl~I:::'Lfmrr1'fl:::m'W (amino acid analyser) tow

system 6300 "1J'fl~u1'';Yl Beckman, USA.vhn11~lrl11:::'Lf Lrr1tJn'fl~~'"J[)I'V'l n1~~YltJ1Pll~ l?lf

U1 n1 1 m:::Yl1'"J~~YlmPll~l?lfLYlrlL'WL~~ LL~:::~~LL'"Jrr1~'fl~

'l11Jl~nrr191n~'fltJ~'fl~~ILll?1~:::"JlUrr1~ll?l1-tJ~1~91n-ii'fl 3. ~Ul 27 ~1

le:lLrr111~i~'"JtJmrr11e:lLrr11rl~'fl1'rll-ii~-ii'W (Conc.hydrochloric acid) LL~:::'l111tjl~rl'"Jl~~'fl'W~'iJruWJ~

110° "Jl dj'W l'"J~ 1 24 -i'"JL~~ vhl~LL~~Lrr1mrli'fl~1::: mmL~~~bkJbkJln1Pl~'iJru~.1J~ 40o"Jl ~ ::: ~ltJ

l?l ::: n 'fl 'W~l~'WL"Jl L~ tJ ~~lhmYluYHy.J 'fl f (sodium citrate buffer) pH 2.0 Ll~ :::'l11~IU119~~1'W,

sample coil '"Jl~~~l'W auto-injector "1J'fl~ Lrli'fl~~ Lrl11:::'Lfmrr1'fl:::m'W ~~Lrli'fl~9:::vhn11rrrr1m~lru

mrr1'fl:::m'W LLl?1 ~:::"Jl U rr1 Lm ::: Ll~ rr1 ~ CJ~'fl'fl n~IYll~ rl'fl~yh l l?l'flf Lrr1tJl:ll'"J'Wlh:::n'flu LL~:::n11Vh~I 'W"1J 'fl ~

l rli'fl~l l~ rr1~l'W[)l rlCJ 'W'"Jn rl -ii'fl 6.



.,j

'IJ 'VI 'VI 3

., .,
~~tJnr.nn'VI'fltJYl~ltJ 'VI'fltJn~~lJn Yl~lm~~~U1Yl~~~ ~'J'W~~'fl I 1~~11Ol1n~mU'Wi)9tJi)YltJ1I"lI~l?If•
U~~~Ylfll'Wl~~ mA~l.J~~~Yll"llYltJ (TISTR) e-J~m~YlI1l~'fl'IJm~~~I~~I~nl1lml~"Ji'fl~ 1"1l ~~tJ~ 1l1ltJi)fl

~'Vil~~itJ~~.n'fl~~'fl t?1~i)flm~~mh'J~I~~~'J1'W'lJYl~ 2. ~'fl 4 'VIih 22 ~~'ViiJ~I~I~I~Cl9I1ln~~

~~UflVl ~tJ~'J'flt.h~I?I1~fl'Jl~~I~I~Cl1'Wm~~~,~~I~nl1l"ll'J,~"Ji'fl~1"1l ~~tJ~l~ dJ'W 3 nf'i~ ~'flnf'i~• •
"lI'fl~~~UflVl~tJ~~~I~~I~nl1l"ll'Jl~"Ji'fl~1"1l~~tJ~1'Wm~lru~~ l~~~ri~~uflVl~tJ A B ~~~~ C ~~~

m~lru~l~nl1l"ll'Jl~"Ji'fl~l"1l~~tJ~ 3.12, 2.76 ~~~~2 .15 1~lfl~nf~I?i'fl'fll'V11~b'VI~'J 1 ~I?I~ I?Il~

~1t?1U ~1'V1fiJnf'i~~ 2 ~'flnf'i~"lI'fl~~~UflVl (~tJ~~~I~~I~nl1l"ll'Jl~"li'fl~1"1l~~tJ~1'Wm~lru~1 l~~~ri• •
~liJflVl(~tJ D, E ~~~~ F 1I1ltJ~m~lru~l~nl1lml~"li'fl~1"1ll~tJ~ 0.17, 0.08 ~~~~0.13 l~lmnf~I?i'fl

'fl1'V11n'VI~'J 1 ~1?I~1?I1~~'t?1U ~'J'Wnf'i~~ 3 ~'flnf'i~"lI'fl~~~UflVl ~tJ~l~~~I~~I~nl1l"ll'Jl~"li'fl~-• •
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l?l 1 ~1~~ 1. fl1n91''1! ~~~ ~m~1ru~1~n(?1''1J'd1~"Ji'tl~'l''ll~~t.m (SCB) ~~~1~91m~UV'1Y1iSt.J ~~'tll~t.J ~

1tJ!l1V11nVl~'d (L-medium)

........
mnfOl1'ry 3" ...."" m~1ruf:'i1~ni?1"1J'd rN-ri'tl~t"lll~EJ~ , IJ.gLLlJ flY! L1EJ 1'tlEJ~:::mn'tl i?l"ll 'd (;l

1 2 " 4 , vr ....
~'t}!l1V11 11 fi (;l1A660 CFU/~~ . "1J'tl~L"ll~mYn :::L~EJ~ (;l't}f:'i1 1f:'ini?1 1 un

13
A 0.610 2.12x10 60.02 0.0150 3.12

12
B 0.525 5.26xl0 59.41 0.0145 2.76

12
C 0.430 3.21x10 56.64 0.0110 2.15

12
D 0.515 6.59xl0 31 .21 0.0010 0.17

13
E 0.510 1.43xl0 22.86 0.0005 0.08

13
F 0.580 6.03xl0 29.05 0.0007 0.13

13
G 0.470 1.63x10 13.72 0 0

12
H 0.551 5.74xl0 12.94 0 0

13
I 0.616 1.81 xl0 15.80 0 0

,

V1~~ 1 19'tl91~L"ll~l:fllUV'1Y1iSt.J 5 VVl1 ri'tltJih~1t)(?1f"hfl1~~(?1n~tJ~l~~Y1V'1'd1~-

m'dV'1~tJ 660 tJ11tJl~m
,

2 91tJ'dtJ l"ll~l:fllUV'1Y1(1t.JY1iJ~~l?l (CFU, colony forming unit) UtJ'tl 1V11~
,

c;1 ~ o.::::r"..:::.1 • •

ll"1J~ ORI l~ 'tl 'Vl 1 'd D dilution spread plate

" ,
3 2;' () ClI ClI IV ClIo:::::lI.<::::lt,

~'tl t.J ~~"1J 'tl ~ l"ll ~m~1~ l~ t.J ~ neuro-2A 'Vlt.J~~"ll'dl?l (%survival cell)

4 f'i1~1~91nm1~~1l?l~~1tJ~~VI'~h~~'tlt.J~~"1J'tl~ ~"ll~I:fL~1~L~t.J~ neuro-2A
0Jl

~i1~iJ~~l?lnUm~1ru~1~~1l?l~~1tJl'Vl'l'Vl~'l(?1'Vl'tln~tJ (1tJJl1V'1t-JtJ'dn V'1 1J'tl 1) l~'tl1ojj~1~L'Vlb'Vl~b(?1-
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1U~ 20 . tfhnru~'l~niY1'il':l'l'l~'fl\lL"ll L~m-J"lJ'fl\l LLUrlVl ~t..In*/l,j~~'l\l~l1L~'fllitl\l L~'fl

1'W'El1V1'l~ lVI~':lll~~J1 ~niY1 9 'l n Vl'a t..l ~ 'EJ 'IeJ'l
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(:.J~n1~~ bf'l~1~~"liU~GjJ'el'l'elU -wuflvh11u'i'J'Ju tl~~n'el'UGjJ'el'lb vii:'VI~L~ 'VI'el n:aubb~d~~3J Y-l1 ~
q q

~1n V1'el!.l~1n 1l1!.1LUb'lf~~usernuuan b'lf~~"lJ'el'lbb'Uf'lVib~!.I

I ~ ~ ~ ~ ~

l~'Ell~U'll~'El1umVi1nVi~'Jll~::;t11~n"'91nVi'ElU~'El'l&,h~'1~1~6JlU'" ~(nJ~'1~1191n

l~'ElVi'flU~'El'l&J1~~n", t",u1-i1l~'Vlfi1'W'fl~ J1~n"'91nVi'flU~'fl'l&J1 'Vl11ml~::;J1'Vl::;l~ t"'U~~l'fl6Jl~-

""ll'fl~"1l (HPLC)

m~~ lri~1::;tr~1~91nll1u1'Wl"1l~~l l~::;111U'W'Elm"1l~~"ll'El'lllUriYlL~U91n'U'Vl~ 2 ~'fl 2

Viih 28 1'J~~'l~1~~n"'91m~'flVi'flU~'fl'l&J1 J1~n"'91nVi'flU~'fl'l&J1 'Vl11ml~::;J1'Vl::;l~ 91n-n'fl

2.1 Viih 25 bl~ ::;-n'fl 3. Viih 27 t"'UVi1'El'W~'Wfin~~l'Vlt'Vl1t"''Vl'fln6]'W 1~llfil'Vlt'Vl1t"''Vl'Eln6]'W (TTX), ,

useueulnt"'1l'Vlt'Vl ~t"''Vl'Eln6]'W (anh-TTX) ~'lYlU~1~1~91nll1tJ1'Wl"1l~1:f"ll'El'lll'UriYlL~tJn~~~ ¥1'l,

~~~'l ll~ ::;n~ ~~¥1'l~~~1U1'l~1U~'Wfi b~'ElliU'l1'WJ1~n"'91nVi'ElU'Vl11U1::;U::;~~~'l~1~11tl
'U 41' \j

~~'J9Y1U'El'W~'Wfib'VltVl1t"''Vl'fln6]'Wl~ lll?ihJYlU'El'W~'Wfibl'El'Wlfjt"'1l 'Vlt'Vl1t"'Vl'Eln6]'W f:l'J'WllUriYl L~U, ,
"

n~~hJ ~¥1'l~~hjYlU'fl'W~'Wfi~'l~'fl'l6JlU'" ~1Vifu~1~~n~91nll1U'W'fln l"1l ~~llU riYl~Un~~~¥1'l" ,
I I ~ ~

~~~'l bl~::;~¥1'1~~1?i 1U1 'l ~1U~'W( l~'fl l~U'l1'Wt11~n"'91 nVi'ElU'Vl~1tJ1::;U::;~~~'l~1~1~tl~~'J9
~ ~ ~ I

YlU~'l'El'4~'Wfil 'VltVl~t"' 'Vl 'fl n 6] 'W ll~::; ll'El 'Wlfjt",n 'Vlt'Vl~t"'Vl'fln6]'W ~1Vifu1'W'El1Vi1n~U'll~'El~'W~n 4

6Jl U '" f:l'J'W1mDYlU lll?i 'El 'W~'Wfilb'fl'Wle1t",n 'Vl t 'Vl~t",'Vl'fln6]'W uazuuriYl~un~d-Jhi ~¥1'1~~hJ Yl1J
~ , ,

" " "Q/ ~v ..::::.. I ~ 0 _ .::::It.

'fl'4Y1 'Wfi'Vl'l~'El 'l6Jl 'W '" ~'J 'Wl'W 'El Vi 'El U 'Vl ~1U ll~ ::; 'W1~ n "' 91nVi'ElU'Vl11U~::;U ::;YI~~'1 ~1 snsn ~~'J9Y1 1J

'fl'W~'Wff~'l ~'fl'l6Jlil", l ~'fl Vi'flU'Vl11U1'W1::;U::;~~~1 Vi 'flUm ::;Un ll~ ::;Vi'ElU1U'IX'J19 ~'J~~'lJ1~n",
, , \J

" ,
Vid-J1U lVi~ ~1~~n"'91n'Vl~1U bl~::;t11'Vl::;l~Yl ~~'J9Vi1'fl'W~'Wfi"ll'El'll 'Vl t 'Vl~t"''Vl'Eln6]'W9 ::;. ,
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'El1V!I~ lV!~'J ll~ ::;i11~ n i?l91nWf:ltJ ~'f)'l eJ l
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"1lUi?l"1J'f)'l'f)'W~'W1f TTXs ~~U[)ltJ1'Wl"1l~~~l~tJ'l1'W'f)IV!ln ll?1~::;"1lUi?l•
~ Q.I' .:;::,Ic::., "
'Wl~ni?l91nV!'f)tJ~~'l1 i11~ni?l91nv!'f)tJhjn~'l1

""' ''''' ~'flrJYl:i'1fJ,lht~'1 ~'flfJYl:i'1fJ , lhtl'11 ~'flfJm:::un ~'flmu,r'J19uuPlY! L1l'J 'fl1~ 1dLW"l'J , "

nx anh- nx anh- nx anh- nx anh- nx anh-

nx nx TIx nx nx

~~1'1~~~'1
"

A - - - - - - - - - -

B - - + - - - - - - +

C - - + - - - - - - -

,
~~1'1~~~1

0 - - + - - + - + - -

E - - + - - - - - - -

F - - - - - - - - - -

1JJ~~I'1~~

G - - - - - - - - - -

H - - - - - - - - - -

I - - - - - - - - - -



"
mVl1:i'lV1~'J ll~::;t11~nt?l91n Wfl tJ~ 'fl'l ~h

. , "
"1ltlt?l"1J'fl'l'fl'W~'Wfi rrx, Vl'Vfl..J 1l1tJ'W'eml"1l~~.yh~tJ'l1'WmVl1nll?1~::;"1ltlt?l•
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........
LL1JfOli'l Ln.l

A

B

c

o

E

F

G

H

TTX anh-

TTX

+

+

TTX

+

+

+

TTX

+

anh-

TTX

+

TTX

+

TTX

+

anh-

Tn<

+

TTX

+

anh-

TTX
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"1lUi?l"lJ'Cl'l'Cl'W~'Wfi TIXs ~Yiu1'W "1lUi?l"lJ'Cl'l'Cl'W~'Wfi TIXs ~Yiu1'W, ,
" "

"1lUi?l"lJ'Cl'l~'Cltl ~'Cl'l ~1 bU'Cl~'Cltl~'Cl'l~1 U1~ni?l91n~'Cltl~'Cl'l~1

TIX anh-TIX TIX anh-TIX

~'CltlVlj'1tl , ~M~'1 + + + +

~'Cltlm:;tJn - - - -,

~'Cltlj'tJoJ'J19 - - ... -
" .

~'Cl tl Vl j'1 tl , ~M1?11 - - - -

. ,"
1?l1j'1'1Yl 6 . "1lUi?l"lJ'Cl-::'Cl11~'WfibVlLVlj'Li?lVl'Cln~'WYlYiu1'WVlj'1tlU~:;U1Vl:;b~

TIX

+

anh-TIX TIX

+

anh-TTX



.... ...
L~'f) L~~..:Il 'W'l1'1f~ntrJ'"l1 nVl'f)~Vl~1~~11~..:I

e-
... "'"

~1~'"l1nJl1~'W'f)m"1l~~~'fNL"1l'f) B

Lri'f)L~~..:Il'WJ1~ntrJ"'l1nVl'f)~Vl~1U~11~..:I

2

58

o 10 20 30
""RETENTION TIME {'W1Vl}

1 = TTX; 2 = anh-TTX
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lJ' tI tI "

V1ih 28 ~'J~Y1'l~1~~nf?191mi1'ElVl'EltJ~'El'l~1 U1~nf?191nVl'EltJ~'El'l~1 Vl~1mL~~U1Vl~L~ 91noir'El

2,1 V1ih 25 LL~ ~oir'El 3. V1U1 27 If?1tJ'El'W~'Wfin~~"1J'El'l~11'ei'~~11?l91nVl'EltJ~~1m~';JLFl~1~tf l~l,l,ri, ,

n~~enFlenVl'Elnen'W (STXs) ~'llh~nmJ~'JtJ 'El'W~'WfienFlenVl'Elnen'W (STXl. m'ElenFlenVl'Elnen'W (NSTXl., ,

~Fl1'f1J11~~~enFlenVl'Elnen'W (DSTX) 1,1,~~n~~n'Elil'El'ElVl'Elnen'W (GTXs) ~'l1J~~nmJ~'JtJ'El'W~'Wfin'Elil, ,

~'ElVl'Elnen'W 1, 2, 3, 4 I,I,~ ~ 5 (GTX1, GTX2, GTX3, GTX4 and GTX5) I,I,~:;~ ~~~ (C) ~'l1J~ ~n'ElU
21' cv~ . .,rr
f?1'JtJ'El'W~'Wfi"ll 1, 2, 3 I,I,~ ~ 4 (C1, C2, C3 I,I,~~ C4) ~U'J11?l~'J9~U~'W~'Wfi STX, NSTX, DSTX,, ,

GTX4, C1 I,I,~~ C4 1'Wm~1ru~'l1'W~1~91n1l1tJl'W'L"ll~~I,I,~~1l1tJ'W~m"ll~~"1J'El'lI,I,UFlVlCj.tJn~~
\J ,

I I "" '" .

~ ~1'l~11~'l I,I,~~n~~~~1'l~11l?11 l,ij'Ell,~tJ'll'WU1~nf?191 nVl'EltJVl~1tJ~~tJ~~11~'l If?1tJ L'il~1 ~'El~~'Wfi

STX I,I,~~ NSTX ~ul'W~1~91 n1l1tJ'W~m"ll~~m~1ru~'l~1n If?1 tJ~u STX I,I,~~ NSTX 20.028,

15.569 I,I,~ ~ 16.449 'W11'Wl~~ 111~~~ . 1'Wl,l,uFlVl~tJ~1tJ~'Wfi A 0 I,I,~~ G 1?l1~I:h~u (hJ1~I,I,~ f?1 'l,

t.J ~) 1,1,1111,~'ElI,~tJ'l1'WmVl1~I,~tJ'lI,~'El"llilf?1~'W9~m'J9~u~~~'Wfil,~tJ'lU1'l"llilf?1 I,L~~~ul'Wm~1ru~1

~'J'WbI,U FlVlI,'j-tJn~~hJ~~1'l~11L~'El L~tJ'll'WJ1~ n f?191 nVl'f)tJVl~1tJ~~tJ~~11~'l~U'El'W~'Wfiu1'l"llilf?1, 0,] ,

I,O]'W STX, DSTX, NSTX bL~~GTX4 I,Ll11~ul'Wm~1ru~11,1,~~~UL~tJ'lVl~'lVl1-'El~'El"'El'W~'Wfil11'ElVlct'l,

liI'J'Elth'l t.J~m~I?l~'J9'El'W~'Wfin~~1111'l1 "1J'El'l~11'ei'~~11?l91nVl'ElmL~f?1'l1'W1?l1~1'l~ 7-11 ., ,

t.J ~m~ 1?l ~'J9 V11'El'W~'Wfin ~ ~ ~ 1 ~~ 11'ei'~~11?l91 nVl~tJl'WJ1~ n f?191 nVl'EltJVl~1tJ~'l~'El'l, ,

~~tJ~ ~ut)11'WJ1~ nf?1I~ 1 nVl 'El tJ Vl~1tJ ~~tJ ~~11~'l n~ 'W~'Wfi C3 l,~tJ'l'El 'W~'Wfil,~tJ'J 1,1,~~nm~1ru~10,], ,

~'J'Wl'WJ1~nf?191nVl~ tJVl~1tJ~~tJ~~11~1hj~U'El'W~'Wfi"llilf?11f?1 I,~tJ 1,1,~~~U'El'W~'Wfi GTX1 I, I,~ ~, ,

GTX4 1'WJ1Vl~I,~~ I,nul'W~~tJ~V1'El tJ Vl~1 tJ n~11~'l ~'J 'WVl~1 tJ~ I,nu l 'W~~tJ~V1 'El tJ Vl~1tJn~11~'l I,L~~

~11~1~'J~~'lJ1Vl~ L~1'W~~tJ ~~11~1hj~u'El'W~'Wfi"llilf?11f?1 L~tJ (1?l1 ~1'l~ 12-1 3.) lm~111?lI,Lm~,

"1J 'El'l'El'W~'Wfi~ 11'ei'~~11?l91nVl 'ElmLl11~~n~~ l~I,L ri 'El'W~'Wfin~~ STXs, GTXs I,L~~ C 91 nU1'l'\ 1 " , ..



1r?ltJ l'ilV'l1 ::;1r?l tJ l'ilV'l 1 ::;~V'lU~1~m~1 ru~1jn r?l"JJ':J 1'lori'tl'l1"lll~m.j ~1",ful71':Jm.h'l~~nr?l91nll1tJ l 'W

l"ll~~ll~::;11 1 tJ'W 'tlm"ll ~ ~"JJ 'tl 'lllU fPl Vl L~tJll?1U1~191m~'tl A. D, ll~ ::; G ~1 'r11n1j~ l fPl j1 ::;v1

.,j.,j

, "JlU I?l 'lJ 'fl'l 'fl 'W~'Wfi pSPs ~V'lUll1EJ1'W L'll ~ ;LL~ :::!l1EJ 'W'flm'll ~;LLUflYl LjEJ ~1r ,

ronn S1X NSTX DSTX G1X1 G1X2 G1X3 G1X4 G1X5 C1 C2 C3 C4

~~~..:I 1'W - - - - - - - - - - - -
"

A 'W'fl n - - - - - - - - - + - -

~ G

1'WV'l ~1?l1 - - - - - - - - - - - -
c

D 'W'fln - - - - - + - + - - - -

mj1'l~ 8 . "JlUr?l"JJ 'tl'l 'tl'W~'Wfilht~~V'l1~91 n"''tltJ~V'lUll1tJl'Wl"ll~~ll~ ::;11 1 tJ'W 'tl n l"ll~~,
, " ".t::::!II.c:I c::I oC::II '1 0 IV 4

l~'tl l~ tJ'l llU fPl Vl ljtJ b'W'W1~n r?l91n"''tltJYlj1tJ j::;tJ ::; V'l'l1~ 'l

.,j.,j

"JlU I?l"I1'tl'l'fl'W~'Wfi PSPS~V'lU!l 1 EJ1'WL'll~;LL~ :::!l1EJ'W'fln L'll~;LLU flYl LrEJ ~1r ,

ronn S1X NSTX DSTX G1X1 G1X2 G1X3 G1X4 G1X5 C1 C2 C3 C4

~'I1~..:I 1'W + + + - - - - - + - - -
"

A 'W'tl n + + + - - - - - - - - -
,

~'11~1 1'W + + + - - - - - - - - +

D 'W'fln + + + - - - + - - - - -

l,j iJ~'I1 1'W + + + - - - - - - - - -

G 'W'fln + + + - - - + - - - - -



17l1'j'1'l~ 9. "1lUI?l"lJ 'El'l'tl'W'Y~\.Jfi.yhr'fl~Y1117l91n~'EltJ~Y1UIl1tJ1'WL"Jl ~~LL~ :::1l1tJ'W'El m"1l~~,
I 1.t t.I I

Lij'ElL~tJ 'l LLUfOlVl ~tJ1'Wt11~ nI?l91n~'EltJYI'j'1m:::tJ:::~1j'I?~h
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""'''''' ~1'j' "1lill1l-n'El'!'tl'W~'Wfi pSPs ~YiuIl1t]llJL'1l~~LL~~1l1 t]lJ'tlm'1l~~LLU flY! Lj't] ,

ronn STX NSTX DSTX GTXl GTX2 GTX3 GTX4 GTX5 C1 C2 C3 C4

~'l1~'! 1'W - - + - + - - - - - - -..
A 'W'tln - - - - - - - - - - - +

~'l1~1 1'W - - + - + - - + - - - -

0 lJ'tln - - + - - - - - - - - -

""'''''' "1lill1l-n'tl'!'tllJ~lJfi PSPs ~YiUJl1t]lWL"1l~~LL~~Jl1t]lJ'tln L'1l~~LLU flY! Lj't] ~1j' ,

ronn STX NSTX DSTX GTXl GTX2 GTX3 GTX4 GTX5 C1 C2 C3 C4

~'l1~'! 1'W - - - - - - - - - - - -..
A 'W'tln + + - - - - - - - - + +

~ 0

llJ~'l1m - - - - - - - - + + - -

0 lJ'tln - - - - - - - - - - - -
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......
t'l11 6jjil Vl"ll'tl-:J'tl'W~'Wfi PSPs ~'Y'lU1l 1t11'WL'll 'Cl~LL'Cl ~1l1t1'W'tlm'll 'Cl~LLU ~ 'V1 L1t1 ,

ronn STX NSlX DSTX GTX1 GTX2 GTX3 GTX4 GTX5 C1 C2 C3 C4

Y/Mt'l-:J 1'W - - - - - - - - + - - -v

A 'W'tln + - - + - - - - - - - +

Y/M~1 1'W - - - - - + - - -+ - + -

0 'W'tln - + - - - - - - - - + -

I I ""
(;l1~1..:1Vl 12. "1lUi?1'l1'f)..:I'El~~'WfiYhl'rer~~1(;liOl1 n"''EltJVl~lJl'Wt11~ni?1 iOl 1 n"' 'El tJ v] ~1 tJvl..:l~ 'f)..:I ~:;tJ:;

1~t1~L'J'Cl1 'llilVl "ll 'tl -:J'tl'W~'Wfi PSPs ~'Y'lul'W~1t'lnVl 91n Vl 'tl tl 'V111 t1,

LlJ'WY/M STX NSTX DSTX GTX1 GTX2 GTX3 GTX4 GTX5 C1 C2 C3 C4

Y/M~ ..:I - - - - - - - - - - + -
,

"'" 0

'Y'lM(;l1 - - - - - - - - - - - -

1~tJ ~ t'l11 'll il Vl"ll'tl-:J'tl'W~'Wfi PSPs ~'Y'lUl'W'V11 1t1LL'Cl~~1'V1 ~L'Cl,

L,)~1 91n STX NSTX DSTX GTX1 GTX2 GTX3 GTX4 GTX5 C1 C2 C3 C4

Y/Mt'l-:J 'V111 t1 - - - - - - - - - - - -
"

~

('Y'l . ~ l 'W1'V1~L'Cl - - - + - - + - - - - -

Y/M~1 v]11t1 - - - - - - - - - - - -

~

(t'l.f'll 'W1'V1~L'Cl - - - - - - - - - - - -
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2

. ~

3

.,.. .,.
~1~91n1l1t1'W'Clm"ll~~"lJ'Cl"lL"Jl'Cl 0

,., .,
Lij'r) L~t1"l '1'Wih~nl?191nVl'CltlVl~t1~~~"l

·1 3

.,.. .,.
~1~91n1l1tJ'W'Clm'jj~~"lJ'Cl"lL"Jl'Cl A

Lri'ClL~t1"l'1'W,l1~ nl?191nVl'CltlVl~t1~~~"l

L....-_--'-__.L--,--_l
o 10 20 30

RETENTION TIME ('W1V))

1 =NSTX; 2 =DSTX; 3 =STX
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5

4

3
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..,... ....
t'11~'"l1n1l1U'W'Clm"1lflfl"lJ'Cl'lL"Jl'Cl D

Lri'Cl L~u'Il 'W,11t'1 nl?l'"l1 nV1'Clu'VI~uyht~'1

..., ..,
Lij'Cl L~u'Il 'WU1t'1 nl?l'"l1 nV1'ClU'VI~1U~~~'1

o 10 20 30
"'"RETENTION TIME ('W1'V11

tU~ 23, 'i:r1~3J1'i:I?lLLm"3J"lJ'Cl'lt'11~3J11?l~1~1'Wn~3Jn'Cln'Cl'Cl'VI'Cln;n'WLLfl~~1~~I)'Clth'l .

1 =GTX4; 2 = GTX1 ; 3 =GTX5; 4 =GTX3; 5 =GTX2



.,.- ..,.
fl1j''"l1nJl1UU'flnL"1l~~"ll'fl~L"ll'fl D

Lri'flL~U~1U~1flnlrl'"l1nVl'flUYlj'1U~1:t~~

(UJYlU'flUWUMi!
1

. ., .,
L~'flL~U~lut11flrilrl'"l1nVl'flUYlj'1U~1=1~

4

1 I

o 10 20 30
..;

RETENTION TIME (U1Yl)

1 = C1 ; 2 = C2; 3 = C3; 4 =C4
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t.J~ n1'ifl1n ~1';n ~ru~'Vl1'1n1 £I1l1~ LL~~lli3J1ru~1'iviL th..!'el'l~'l.h~n'el'I.J'Vl1'1Lf'I in u.J1~n1PI

tOl1 n V1'el £I'Vl'i1 £I'i~£I~W~~'1 V1'el £I'Vl'i1£I'i~£I~W~~1 V1'el£l nsetlnLL~~V1'el£l'it.lir'J LtOl
'" . '"

fl LmUULYlUU~"1J 'El 'lJ1 ~nlPliOl 1 n'WtlU~'El 'l ~ 1LLI?l~:;"1!UlPl ~u~1J1~ ni?l iOl1nVl'ElUYl~1U

vT'l ~ 'El 'l~:;U:; LL~ :;VI 'El U ~tJ~'J1iOliJ~ J11?l 1 ~'fl'EltJf1 ~1U f1 ~'l nu ~'J'WJ1~n i?l iOl1 n Vl'Elum:;tJ niJ~ LVI~ 'El'l" ,

rl'n~Lrh..!mi?l l?i1 'l f1'J1~ Lu 'W n'j' i?l l?i 1'l1'WJ1~ni?l iOl1n Vl 'El u~ 'iJ'l ~1 LL I?l ~ :;"1! U lPI~u~1 iJ rh

ln~L~u'In'WtlPlu'El~l'W"Ji 'J 'I 6.9-7.0 ~'1LL~ 1PI '1eJ~1'W1?l1~1'l~ 14.

f1 'J1~Vli11P1 tl1J1~n i?liOl1nVl'ElU~'El'l~1 LLI?l~:;"1!Ui?l 1tJr)i?lfi1f1'J13JVli11P11~1'Jmf1~'El'l visco-

meter ~u~1J1~nlPliOl1nVl 'El U m:;tJniJf1'J1~Vli1i?l~'1~lPIL'Yhnu 0.4303 il~~ tJ1~m~I?l'El ~'W1Yl• 0,] •

" ,
~'J 'Wtl1~ni?liOl1 nVl 'El U Yl ~1m:;U:;~M~'l iJf1'J1~Vli1i?l~1~i?lL'Yhnu 0.3195 il~~tJ')~m~I?l 'El~U1'Vl

J1~ni?liOl1 nVl'ElUYl~1U 'j':;u:;1~ iJ~MLL~:;VI 'El UXtJ~'JliOliJf1 'J 1 ~Vli1i?lln~L~U'ln'W ~'El 0.3649 LL~:;

0.3682 il~~ tJ1~f1 1~1?l 'El~ 'W1 Yl I?l1~~h~U ~'lLL~i?l'leJ~1'W1?l 1'j'1'1~ 14.

ttJ~~'W m~1ruttJ~~'W1'WJ1~ni?liOl 1nVl'ElUI?l1'JiOlti?lu~fi~'El~ ~'1~fim~~n~1~~1LL~'J

1'WUYl~ 2 -n'El 2 Vlih 34 ~'ltl1fi1m~~i?l n~'WLL~'l~f1'J1~m'Jf1~'W 650 'W1t'WL~I?l~ ~r)i?l1~tJ

LYlUUnUm1~~1 1?l~~1 'W"1J 'El 'l tu~'W~f~~~ ' lil'W (J)1f1eJ'W'Jn f1 -n'El 2.) ~u~11'WJ1~ni?liOl1nVl'ElmtJ
d.9 'll "

~'J1iOliJm~1ruttJ~~'W~'l~i?l LYhnu 0.112 nf~I?l'Elm~11?l~J1~ni?l 100 ~~ . ~'J'WJ1~ni?liOl1nVl'ElU

Yl~1UvT'l~:;U:;~M~'lLL~:;~M~1LL~:;VI'ElUm:;~ niJm~1ruttJ~~'WL'Yhnu 0.109, 0 .1 08 LL~:; 0.106

nf~I?l 'Elm~11?l'j'J1~ni?l 100 ~~ . 1?l1~~1~U ~'lLL~i?l'leJ~1'W1?l1~1'1~ 15.
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1'W1l?ln9'W rr(?)tfhJ1rul'W1l?l~b9'Wl'WJ1~n(?) 1(?)t.I'i'Jfibb~~ 1~~b9~(?)I~tf (Macro kjeldahl)

~-:I'i'Jfim~~n~I'"J~lbb~'"Jl'WUVl~ 2 .jJ'fl 2 Vll:h 34 Y1U~IJl~n(?)vY-:I 4 "1l-W(?)~m~lru"1J'fl-:ll'W1l?l~b9'W

ln~b~t.I-:ln'W 1~t.I~ril'fl~1'W"Ji'"J-:I 0.08-0.10 nf~~'f)m~Il?l~Jl~n(?) 100 ~~. ~-:lbb~(?)-:1~~l'Wl?lI~I-:1
d
Vl 15.

lPl1flulm(?)~Vl rJ(?)m~lru~lflulm(?)~Vll'WJ1~n~91nVl'flt.l 1~t.I'i'Jfibb'f)'W1Vl~'W ~-:I'i'Jfi

m~~n~I'"J~lbb~'"Jl'WUVl~ 2 .jJ'fl 2 Vltil 35 ~-:lUlrilm~~~n~'Wbb~-:I~rr(?)l~~~'"Jl~t.ll'"J~~'W 620

'Wl1'Wb~l?l~ hJbYlt.lUnUml~~Il?l~~I'Wn\jL~~ (1l1~~'W'"Jn ~ <iJ'f) 3) Y1U~1Jl~n~91nVl'flt.lVl~It.1

l'W~:;t.I:;Yh1'~I~m~lru~lflulm~~Vl~-:I~~bYhnu 9.92xl 0-3 nf~~'flm~Il?l~Jl~n~ 100 ~~ .
v ,

~'"J'Wl'WU1~n(?)91nVl'flt.l~tJ,x'"J19~m~lrulPl1flUle:1b(?)~Vl~I~~b'Vhnu 7.92xl0-3 nf~~'flm~Il?l~" ,
~ ,
Ul~n~ 100 ~~ . ~-:lbb~~-:1~~1'Wm~I-:1Yl15 .

, , ~

traction) ~-:I'i'Jfim~Yln~I'"J~lbb~'"Jl'WUVlYl 2 <iJ'f) 2 Vltil 36 Y1U~IUl~n(?)91nVl'flt.lVl~lm:;t.I:;Yhr

~1~md-nrul"1J~'W~-:I~~bYhnu 0.458 nf~~'flm~Il?l~Jl~n~ 100 ~~ . ~'"J'Wl'WJ1~n~91nVl'flt.l

m:;tJn~m~lrul"1J:r'W~I~~bYhnu 0.168 nf~~'flm~Il?l~Jl~n~ 100 ~~ . ~-:lbb~~-:1~~l'Wl?lI~I-:1, ,
,

.,j

Vl 15.

~'f)~b~l?l rJ~m~lru~'fl~b~l?l1'WJ1~n(?) 1(?)t.I'i'Jfi ICP atomic emission spectrometry

~-:I'i'Jfim~~n~I'"J~lbb~'"Jl'WUVl~ 2 <iJ'fl 2 Vltil 37 Y1U~11'WJ1~n(?)91nVl'f)t.I~tJ,x'"J19~m~lru
"

d
l?l1~I-:1Vl 15.

m(?)'fl~m'W rr~m~lru"1J'fl-:lm(?)'fl~m'Wbb~~~"1l-W~1'WJ1~n~1(?)t.ll~fi acid hydrolysis

~'"Jm~i'fl-:l amino acid analyser ~-:I'i'Jfim~~n~I'"J~lbb~'"J1'WUVl~ 2 .jJ'fl 2 Vltil 38 bb~~b~'flbmt.lU

bYlt.lUm~lru"1J'fl-:ln~~'fl~m'Wbb~~~"1l-W(?) Y1U~lm~lrun~(?)'fl~m'Wbb~~~"1l-W(?)~Y1u1'WJ1~n~91n
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Vl~I~~:;~:;~~~'l ~'J'W1~rY"hJhnru~"1n~11'WJ11:l nln91nWa~Vl~lm:;~:;~~~1 wemm:;~n

ll~:;wa~~utr'J19 l"li'W mln ll'fl I:l~ I ~ rl l"ll'flj.'W mlnn ~ l?I l~ rl ln~~ 'W 'fl ~IU'W ll~:; 'fl1f.H'1'W dj'W~'W

~'llll:l'M 1'Wl?I l~I'l ~ 16.

,
~'fl~ Vl~lm:;~:;~~1?11

.,
Ul l?11~ 'tl 'fl'W

m~'fl'lll:l

pH

7.00

7.06

7.03

6.90

....
rl'Jl~~'Wln ("l.)

( ~~~Ull:lrl1~~'fl~'WI'Vh

0.3195

0.3649

0.4303

0.3682

, .,
l?I1~I'l Vl 15. m~1 ruLU~~'W 1'WLl?In 9'W rllfi:1Jlmln~Vl 1~~'W ll~:;W'fll:l lwl?I1'WU11:lnln91n

~'fl~I:l 'fl'leJllll?1~:;"llUln

t'l1~Y1 dJ'W'fl'l ~l.h:;n'fl1J
"."

m~lrul:ll ~1'WU1 I:l nln91 n~'fl~ I:l 'fl 'l eJl ( n1~/1 00 ~~ .)

l'W~It'ln~~ln~'flUt'l'fl'leJl ~'fl ~Vl~I~ VI 'fl ~YI~I~ ~'fl~m:;un ~'fl~~utr'J19,
,

~:;~:;~~~'l ~:;~:;~~1?11

LU~~'W 0.109 0.108 0.106 0.112

1'WLl?In9'W 0.10 0.08 0.10 0.10

rll fi:1Jle:l lln ~Vl
-3 -2 -3 -3

9.17xl0 9.92xl 0 8.20xl 0 7.92xl 0

1~ ~'W 0.323 0.458 0.168 0.378

W'fll:llW l?I
-3 -2 -2 -2

8.40xl0 1.21 xl 0 1.11 xl0 1.61 xl0
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" """ tIhnrum'i?l'fl :;mi.,\ b b l?i ~ :;"ll u i?llwL11 ~Hli?l ( nf~I?i'flL11~ni?l 100 ~~ . )"lli.,\i?lon 'fl~

m'i?l'fl:;mi.,\ V1'fltJVl~1tJ, V1'fltJVl~1tJ, V1'fltJm':;tJn V1'fltJ~tJ,x'JLr"l,
",

~M~~ ~M1?i1

""
-3 -2 -2 -2

m'i?lbb'fl~~11?1~ 7 .50xl 0 1A8xl 0 1.73xl0 1.01xl 0

""'t "'"
-3 -3 -3 -3

Vl~'fli.,\i.,\ 6AOxl 0 7 .70xl 0 8.60xl0 5.80xl0

"'" -3 -3 -3 -3
L"ll'fl~i.,\ 3 .20xl0 6.70xl0 5.80xl 0 4 .70x10

m'trln~1?I1n~
-2 -2 -2 -2

1.34xl 0 2.11xl0 2.74x1 0 1A9x1 0

t~~~i.,\
-4

trace 6.00x10 trace trace

Ln~~i.,\
-3 -2 -2 -2

9.00xl 0 1.26xl0 2.34xl 0 2.9 1xl 0

"'" -3 -3 -2 -3
'fl~1i.,\i.,\ 3AOxl0 7.80x10 1.50x10 5.90xl0

"'" -3 -3 -3 -3
'J1~i.,\ 5.20xl0 6.60 x10 8.00x10 4 .30xl0

"'" "'" -3 -3 -3 -3
"ll~Vli.,\ 1.80xl0 3.1Oxl 0 3 .80xl0 2 .60xl0

L~Vllfit 'fliiU
-3 -3 -3 -3

1.20xl0 2.80x10 3.20xl0 1.00x10

1'flt"llfh~i.,\ -3 -3 -3 3
3.1Oxl 0 5.40xl0 7.60x10 3 .60x10

"" "'" -3 -3 -2 -3
~'J"lli.,\ 4.5 0xl0 7 .90xl 0 1.09xl0 3 .60xl0

LVlt~~i.,\
-3 -3 -3 -3

1.20xl0 2.90xl0 4 .30xl0 1.30xl0

~U~'fl~1iii.,\
-3 -3 -3 -3

2 .00xl0 7 .20xl 0 7.40xlO 5.70xl0

L~~i.,\
-3 -3 -3 -3

4 .30xl0 7.90xl0 8.80xl0 3 .30xl0

"'" """'" -3 -3 -3 -3
~~Vltrli.,\ 1.00xl0 2.30x10 1.70x l 0 1.20xl0

<r>=>"'" -3 -3 -3 -3
m~9i.,\i.,\ 3 .1 Oxl0 5.40xl0 9 .00xl0 2.10xl0



.ol
'jJ'VI'VI 4

n 1~~~ L~'f) n LL1JflVl L1-tJ~~~1\l~1~n ~"1J'J1\l6Jl'f)\lL"ll L~m,Jl 'Wuhn ru~\l,~1 LL~ :;1~~~1\l
I l.t J/ '" I 11

lWVluloir1jh'Yn :;L~t1\l LU'f)L~'f) L~t1 ~m~~'f) ~~~l?l"1J'f)\l L"ll mfL'Vn:;L~t1\l neuro-2A V1~\l91m~~~1~
• I ~ l.t

n~"1J 'J 1\l 6Jl 'f) \lL"ll L~t1~~\lhJlWL"ll~;V1L~~~1~'J'f)U1t1 ~\li:l'l'VlfilutJutJ\l L'f)'Wl"ll~ Na+-K+-ATPase LL~ :;

L~~ L'J'f)~1 l?l~~'W ~\lvi11~Ln~m~lV1~"1J'f)\lL"ll L~t1~:a'f)'f)'WL-if1L"ll~;Lu'Wr.h'W~'W~1n lh m~'f)~~'f) ~
t.I I I I.t

"1J'f)\lL"ll~;Ln'W 20% ~'WluLij'f)L~~~1~Vl~'f)\lm~'Vl~~'f)U9\lti'f)~1~1~U'Wi:l~~u~Lu'W~1~n~"1J'J1\l
I "" '" I

6Jl'f)\lL"llL~t1~ (mb]d9ru1,2536) ~\l1'Wm~'Vl~~'f)\lflf\luYlu~1n~~LLuflVlL1-t1V11~r.r~'f)~1'Wn~~~~1\l
~ , ~

.0::::.. ..::::!II ..::::!II .c'.i 4C::lI <C:IIq (f" <C:II I Q.o<"

YlMfl'f)L"ll'f) G, H LL~:; I "1l\l~m~~'f)~"ll'Jl?l"1J'f)\lL"ll~~LYl1:;L~t1\l neuro-2A L'Vl1nU 13.72 %, 12.94%

LL~:; 15.80 % l?l1~~1lKu

1'Wm~~ Lfl~1::;,x~ fl'J1~ Lu'WYim'f)\l L~'f)V1'f)tI'Vl~1t1~i:lYiM~\l LL~::;YiM~1 YlU~1 L'tlYl1:;
t/ t.I I '" I

LU'f) V1'f)tI'Vl~1t11'W~:;t1:;YiM~\lLVl1u'WVlYlU~1~YiM ~'J'WLU'f)V1'f)t1"llU~~'Wl U~ :;V1'f)tI'Vl~1t11 'W~:; t1 :;YiM

~11~Ylu~1 i:l fl 'J 1 ~ Lu'WYiM ~\le.J~m~~r.rtln~'f)~fl~'f)\lnU~1t1\l1'W"1J'f)\l Saitanu lL~:;flru :; (1992) ~
~

YlU~1V1'f)tI'Vl~1t1 ru.LLVI~\l L~mn'Wui:lfl'J1~ LU'WYiM1'W6Jl'J\l L~'f)'W~n~1 fl~ti\l L~'f)'Wij n'W1t1'W LL~ :;i:l•
fl'J1~ dJ'WYiM~11'W6Jl'J\l L~'f)'Wmn!l1 fl~ti\l L~'f)'Wfi'W'J1 fl~ ~'J'We.J~ 1'Wm~~r.rtlflf\lnYlU~1~ 1~YiM

LU'WYI 'J n 'f) 'W~'WfiL'VlL'Vl~L~'Vl'f)nen 'WLL~:;LL'f) 'Wle1L~~'L 'VlL'Vl~L~ 'Vl 'f) nen 'W•
1'Wn1~'Vl ~~'f)U ~ fl'J 1~ LU'WYim'f)\l'Vl~1t1 LL~:;J1'Vl:;L~U~L'Jru~ dlu~'J'f)t.h\l Vl'f)t1~'f)\l ~1

I I '" I

~\lr.r~ LU'W~\l LL'J~~'f)~~'f)U1 ~'JVI'f)t1 YlU~1~1~~ n~91n'Vl~1t1 LL~:;tJ1'Vl :;L~V1ulul'W~::;t1::;VI'atl'Vl~1t1

i:lYiM~\li:lfl'J1~ LU'WYiM~\l ~'JtI ue:;m~vi11'IX'f)~Jl1 fl~tl'W'f)~ LLl?lni:l e.J~1'lXm~1 ru~1~n ~"1J'J1\l 6Jl 'f) \l-
, ~

L"ll L~t1~ LYi~~\l n~1m~~n ~ LLUUU n ~ "1Jru:;L~t1'Jn'Wl~Ylu'f)~~'WfiL'I'lL'Vl~L~'Vl'f) nen'Wr1\ll'W'Vl~1t1 LL~ :;

J1 'Vl:; L~1'W~:;t1:;V1'f)t1'Vl~1t1YiM~ \l ~'JtI ~'J'W'f)~~'Wfi GTX1 LL~ :; GTX4 YlUL'tlYl1:;1'WJ1'Vl :; L~~ Lnu

1'W~:;t1 :;V1 'f)tI 'Vl ~1 t1 i:l YiM~\l ~ \lm9 Lu'WhJ1~~1 i:l'f) ~Jl1 fl U1\l"1lU~~ i:l GTX1 L L~:; GTX4 u:;u'W'f)~

1'WJ1'Vl :; L~ L~t1'f)'WJl1 fl J'Wm9 LU'WLLu fl Vl ~t1~~ ~1\l ~1~YiM Ln'f)\l91 n~'f) ~ fl~'f)\l nU~1 t1 \l1'W"1J 'f)\l•
Kodama LL~:;flru:; (1990) YlU~1LLuflVlL1-t1~~1\lYiM Moraxella sp. ~LLtlnl~91nl~L'WLL~~fi L9 ~

L~l?li:lYiM~1~1~n~~1\l~1~YiMn~~n'f)U'f)'f)'Vl'f)nen'W~'f) GTX1 lL~:; GTX4 1~m~1ru~\l V11'f)!)19
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"
~yh~1'Wt11Yl:;l~ U'fltJ ~1n

ll"ll 'J 'W~ 'fl tJ 'fl~1'WJ1Yl:; l~ ~'1~'flI?H01~'fl'lnUl'1t1'11'W"lI'fl'l Hamasaki ll~ :;l"lru :; (1994) YiU~11'WJ1

Yl:;l~~mVl1l"l~~~~Ll"ll'J'W~'fltJ'fl~ 1(;)tJ'flt.jJl11"l~lm :;nu~~"lI'fl'l~IWrYl :;l~"lI'W1 (;) l~ n ll~:;U1'1~'J 'W
," ,

9:;9 ~'fl~1'WYl:; l~l''J ~nu~'W~:;n'fl'W~'W1 ~'1'l1'W~'W~ensu1'WYl:; l~9'1 ~'flt.jJl1I"lYllU'W II~ ~'1 ~ :;~ ~

lYllYll'l(;)Yl'fl n~'Wvl11 ~~~rf~~1 n'W'f11~1l'U~l'J ru~'W~:;n'fl'Wl~fu~1l'~~l ih'hl Ll~ :;ln (;)ml'~~'W

l~tJ 'W"lI'fl'l~1l'~~ 1'Wl':;uuvb'l1"lim~1l' ~'J'W~17'~ n(;)91nYll'1tJll~:;J1Yl:;l~~~ml'vl11~'fl'WJl 1 1"l~•
u'W'f)~ Ll~n~ lnu1'Wl':;t1:;~'f)tJYll'1tJ~~~1hlYiu'f)t.j~'Wfi"1lil(;)1(;) 'f)th'lhn~1~~l''J9YiU~1~~1l'n (;)-

... " " I 'I '" I

"lI'J1'1"li 'f)'11"lll~tJ~ 1(;)t1';)1hYi1:;l~tJ'Il U'fll~'f)1'Wm~1ru~1 ~'1ir'f)i(;) lltJ'IUm9lU'f)'1~191nml'~l''J9

~1~1l'n (;)"lI'J1'1"l! 'fl'll"lll~tJ~ l(;)tJ,;)filYi1:;litJ'Il~'f) l~'f)lu'Wm'j'm'J9~1~1l'~~n~Inlun (;)"lI'J1'1"l!'fl'l

l"lll~tJ ~Yl rnlseLJlYll(;) tJhJ 191:;9'1~1lU'W'fl'W~'Wfin~~ lYllYl'j'1(;)Yl'f)n~'W~1'fl'fl'W~'Wfin~~~~'El ~Yi1 ~
"I .. "I q III

U'f) tJ (Kogure et aI., 1988) ll~ (;) '1~1 ~'1Ll'J(;) ~'f)~U~l'Jru~~'fltJYll'1tJm ~tJ'fl~1'Wl':::tJ:;~ 'fl tJ Yl l'1tJ~

~~~'1 ~'flt.jJl11"l~~~~U'Wl~'f)'W'fl~~1 n n~11'Wl':;tJ :;~'fltJYll'1tJ~~~~1 ~'1 ~'fl (;) I"l~'fl'l n u ml'~n~1
I c:::4 q ClI c:::4.o:::,1 11 oC:lt. "I

"lI'fl'l Juntongjin ll~:;l"lru:; (1994) YiU'J1l':;tJ:;~'fltJYll'1tJ~Yi~~'19:;~ llUI"lYll'j'tJ~'j'1'1Yi~ b'W~'flml~ :;

~'W~ :;n'fl'WU~l'Jru~~'fltJm ~tJ'fl~1'Wm~1 ru~'1 ~'J'W1'Wl':;tJ:::~ 'fl tJ Yl l'1 tJ~~~~19 :;Yi U LlU I"l Yl L1tJ

~'1n ~1'J1'W~'f)tJ Ll~:;~'W~:;n'f)'Wu'f)t1~'1'f)th'll~'Wl~i(;) Mul~~1~~1'W~'fltJm9ln(;)91n'fl'WJl1 1"l• •
~'1m9lU'W llU I"lYl C~tJ~'f)~ 1'W~ '1 Ll'J (;)~'fl~ ll~ :;~i19·~tJu1 '1 'fl th'l1'W~ 'fl tJ'l'l 'j'1 tJ~~ eJ~ l?1 'fln1'J~~1'1 ~1 l'

~~1'W lluI"lYl L1tJ~~ :;~~'fl~1'W~'fltJ

1 'W n1l'~9 :; ~1Yl1'1 ~ ~ 9U~1 ~if9 9tJ1 (;) U1'1~~1 L ~tJ'J ir'fl'l nu n1l'~ ~1 '1 ~1 l'~~"lI'fl'l
I r , ,

.... '1 .. .. ~I '" '" .. , ~I ~. I~ " .. • I ~ "'l '1uu I"lYl ll'tJ b'Wl':;tJ:;Yl~'fltJ~ 1"l'J1~ lU'WYi~~'1 ~'1Yl'W19 :;l1J'W ru b(;)'fl n 1J'j':::m'j'~'W'II"l'fl ~'fltJYl l'1tJ b'W

l':; tJ:;~ ~~~~ '1 'fl 1 9 9 :;~ if99tJ U1 '1 mh'l1'W i#l'J ~'fltJl'fl 'l lU 'W i#l'J l~~~1~~ml'eJ~ ~~1'j'~~l~~~'W1'W

llUI"lYll1tJ ~'1J''Wml't11~'fltJYll'1 tJ1'Wl':;tJ:;I"l'J1~ lU'W~~~l?11'1n'W~1l~1tJ~J1~n(;) ll~:::1.]1.urns

litJ'I LlU I"lYl l1tJ9'1lu'W~'WYl1'1 'El'W~~'11'Wm l'~1 ~1l~~"1J'fl'l m:::U'J'Wn1nn (;)~ 1'j'~~1 'W~'fltJ Yl'j'1tJ•

91nml'l~1tJ~J1~n(;)91 n~'fltJ~'fl'l eJ 1 ll~'Jt11~1~1 1"l'J1 ~ lU'W~~ YiU~1~ ~1l'n (;)"lI 'J1'1"l!'fl'l1"1ll~ tJ ~

l'ilYi1:::J1 ~ n (;) 91 n~'f)tJYll'1tJ1'Wl':;m;~~~'1ll~:;l~m111u~l''J9~1"1lU(;)"lI'fl'l'flt.j~'Wfi"ll'f)'1~1l'~~

YiU~1lu'W'fl'W~'WfilYllYll'L(;)Yl'f)n~'W 'f)'W~'WfiLl'f)'Wl11L(;)nYlLYll'L(;)Yl'fln~'t.lll~:; C3 ~'19:;l~'Wl~~1~• •
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~Y.n~dJ'Wihthj~,nJ1n lti'fl'l91nH\~'flVl'flm~tJ'l 10 % ~,)'W~Il!lnm91nVl'fltJYl~ltJ1'W~:;tJ :;Yh1~1

lm:;~Il!l n m91 nVl'fltJl!l'fl'l ~16J1Um 1~~yh1hJ~ rl,)l~ dJ'Wyh1ll~:;1~~u'fl'W~'Wfi6J1um 1m ll~:;l~m11,
~ ~

Ull!l n m91 nVl'fltJYl~ltJ1'W~:;tJ:;~'I1~'1~It-Jl!l~nUU1Yl:;l~~'1lml:;V11m~rl,)l~ lif~if'W-n'fl'll!lI~l!lnm
~ ~

75 % ~U~lrl,)l~ltl'W~'I1-n'fl'lUll!lnm~m~'1 1mtJ~m~~'flm~';jf?l-n'fl'll"ll~~l~l:;l~tJ'I neuro-2A l~tJ'I

18.23% ~'1n'fl~11~~ rl,)l~ ltl'W~'I1 ~'1,r'W~'1'l~~ ~~ n~:;YlU l?i'flm~Yl m~'fl'lVlln~ m~l!l~I'1r;ql~~'11
, 11 t.I 11 I '"

l~~~'Wrl9 :;~'1ln f?ll"''W1~V1'11l1tJluuerrnuuen l"ll ~~ll~:;'W'fln91nt1V1~'191n lrlU l"ll~~Vll~tJ'I1 'W

'fllV11nitJ'I l~mll?i~:;6J1Um9:;vilm~~I'1l"ll~~~')tJr;qI~~:;~ltJ1"lll~tJ~rl~'fl h~lifdJif'W 0 .3M . 2 rlf'l

~'1 ltl'Wm~~I'1lm~')'W-n'fl'lmVll~~m9~lnul"ll ~~'fl'fln hj~')tJ
, ~ ~

l~'flUlllU rlVll1-tJ lll?i azn ~ ~~ll~tJ'll'WmVllnV1~,)us:;Ull!lnm91nVl'fltJr;q'fl'l ~llll?i~:;,

6J1um ~U~lllUrlVl l1-tJlll?i~:;n~~~mn91-ry~'l~ml~'fllitJ'I1'WmVll~lVl~,) lti'fl~91nmVll~lVl~,)

ltl'WmVll~~~llVl~~l!lI~mVll~~91ltl'Wrl~Utl')'W ll~:;l~'fll!lI~I~nul1tl1.jf1~~ltJ ~')'Wm~ l91-ry
'" I " '" " I

-n'fl~ uu rlVl ~tJ1 'WUll!lnm91nVl'fltJ Y/U~'ll~'fll~tJ'Il~'a1'Wull!lnm91nVl'atJ~tl~')1991'W,) 'Wl"ll ~~Vl~

~';jf?l (viable cell) ~m~lruii'fltJ lll?irhrl,)I~"1J'W-n'fl'll"ll~~1n~l~tJ'Inu1'WmVll~6J1Um~'W ~'1m9,
~ ~

lnm91n~l!lI~Ul~'ath~1'WUlr;qnm91nVl'fltJ~u~')19~~~vil1~nl~llti~l"ll~~1'WUlr;qnm~I~'1lll?i~

~')m"ll ~ ~ (cell mass) l~~~'U ~~~u~n'l1ru:; l"1i'W~l'WllU rlVl~tJYlnl!lltJ~'Wfi ~Ul~l~n'l11 ll~ :;, ,
I Clro.q.q Q I I

91mltJ~I 'W-n 'fl 'l Kogure ll~ :; rl ru:; (1979) ~U,)ln~rrl'Wl~m"llrl (nalidixic acid) ~~~f?l'flm~lLU'I

~ 1/ ,

L"ll ~~-n'fl'l lLU rlVl L1-tJ · ~'1 U'W~'1 rll m~11'WUlr;q n m91 nVl'atJ~u~')19m9~r;ql~Vl~n~'ln rl~ltJ rl~ '1 nu
'lJ

mm'Wl~~~ rl

"'lIn m~';j4'tJrlf'l~ ~U~lm~r;q~I'lr;ql~nmml'1"1i'fl~t"ll L~tJ~-n 'a 'l l~U rl Vll1-tJ n~~r;q~I '1~'I1,

~'1 (A, a. C) LL~ :;r;q~I'l~'I1~1 (0 , E, F) l~'flLitJ'I1'W~Ir;qnm9 1nVl'f)tJYl~ltJ1'W~:;tJ:;~'I1~'1r;ql~l~bl

r;q~I'1 r;ql~nmml'1"1i'fl~1"lll~tJ~'l~m~lru~'1n~11'WmVll~6J1Um~'W LL~ :;LLU rlVl L1-tJ n~~r;q~I'1~'I1 r;q'l\l , 'lJ

r;q~1'11~m~lru~'1 n~I l!l I ~~ r;q ~1'191 n llU rl Vll1-tJn ~ ~r;q~I '1~ 'I1~1 l~'fl~91~rulr;ql~nmml~"1i'fl ~ -

1"ll L~tJ ~91n l!l I ~r;q nm1l1tJ 'W'flm"ll ~~ ~U~ILLUrlVlL1-m~''1 2 n~~~m~l!l~I'1r;ql~~'I11l1tJ 'W'flm"ll ~~,

1'Wm~1 ru~'1 L~'fl LitJ'I1'W~1 r;qnm91 nVl'fltJYl~ltJl'W~ :;tJ :;~'I1~'1 ~')'Wr;ql~r;q n rrl1l1tJ1'WL"ll~~~U~1

llU rl Vll1-tJ~ LitJ'I1'WmVll~lV1~ ,) 9:;~ r;q l ~~ 'I11l 1 tJl 'W l"ll ~~~1nn~ll itJ~1'W'fl lV11~um~'W ~'1~m9

Lti'fl'l91 nL~'fl~m~L91-ry1'WmVll~lVl~,)~'1n~11'WmVll~"llUrrl~'W vil1m~m~lru-n'fl~r;ql~r;qnm91n
I I '" 11

l"ll~~~ln lll?im.h~hrl~~~:;~Url,)l~ltl'W~'I1~ln~lr;ql~91nl"ll~~-n'fl'llLUrlVlL1-tJVll~tJ'11'Wulr;qnm

91nVl'atJYl~ltJ1'W~:;tJ:;~'I1~~ ~~l!l'a mrl~'fl'lnum~~n'l11-n'a'lmry9 rul (2536) ~U~llLU rlVll1-tJ~~
I I " I

m~l91-ry~19:;~m~l!l~I~ r;ql~n m-n,)I~"1i'a~1"lll~tJ~Vl~ rl,)1 ~ Ltl'W~'I1~'1 n~ll~'flVl~mst91-ry~'1
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l~'fllmtiU lVltlUn1~~11'1~1~nl?lml'16Jl'fl'l L"1ll~m-JLl?ltll~'fl V"11ry1'WJ1~nl?l91nVl'fltl

~'fl'l ~llll?1l:'l~6]jV.J?1lll:'l ~'fl1V11~lVIl:'l'J Ll?ltln1~';J li"l~l~'lfi"l'Jld--J lliJ~iJ~'J'W"lJ'fl'l~'fl~l:'l (ANOVA) lll:'l~n1~

';Jli"l~1~'lflmtlUlVltlUIl1t1V1~'1 (Duncan's multiple range test) ~~~#Iu'I!t1~1~ryVl1'l~n~hvhnu

0.01 (111 i"leJ'W'J n i"l ~'fl 9) Ll?ltln1~n1V1'Wl?l1~n1~~11'1~1~~'jj'1·.J'fl1V11~lVIl:'l'J lU'W!?l'J i"l'JUfJd--J ll~'J

lmtiU lVltlUnUn1~~11'l~1~~'jj'1'WLlU i"lVll~m~'l~ld--Jn~d--J~ l~t1'11 'WJ1~n l?l91nVl'fltl~'fl'l ~l"JlUl?l,

1?11'11 ~'1~1d--J1~n~~iJi"l'J1J.J ll{Y]nI?11'1'flt.h'liJ'I!t1~1~ryVl1'1~n~ #I'11'Wm~1'1~ 17.

~~iJ'l~~1n1~~11'1~1~n l?l"lJ'J1'16Jl'fl'lL"1ll~t1d--J"lJ'fl'lI.I.U i"lVlI.~t1n~J.J~11'1~'jj'~'1l.ll:'l~~'jj'~1, , 0.1

1.~'fll~t1'11 'WJ1~n l?l91nVl'fltlVl~1t1~'jj'~'1iJmd--J1 ruJ.Jlnn~11'W'fllV11~lVll:'l'J'flr.J1'1iJ'I!t1~1 ~ryVll'1

~n~~~~#Iui"l'J1J.J1.~'flJ'W 99% 1.1.~l?l'l1~l~'W~lJ1~nl?l91nVl'fltlVl~1t1~'jj'~'1'fl19iJ~1~U1'1"JlV.l?l~iJ

eJl:'l1~ I.I.U i"lVl ~t1~11'l~'jj''l~~'1~'W ~'J'Wn1~~11'1~1~~'jj"'lJ'fl'll.lUi"lVl ~t1n~J.J~~1'l~'jj'~'11 'WJ1~ nl?l

91 nVl'fltl n~~iJn us ~VI'fltlVl~1t1~'jj'~liJmd--J1 ruU'fltl n ~11 'W'fl1V11nVll:'l'J'flr.J1'1 iJ'I!t1~1 ~ru~~~#Iu, ~

i"l'J1J.J1.~'flJ'W 99% ~'1l.l~l?l'l1~l~'W~lJ1~nl?l91nVl'fltl"Jlv.l?l~'W1'Jd--J~'1V1'fltlVl11t11~t1~~'jj'~1hjiJeJl:'l

1l?lI?1'flm~~~1'1~1~nl?l"lJ'J1'16Jl'fl'lL"1lI.~t1J.J"lJ'fl'll.lUi"lVlI.~t1 l6Jl'Wl~mnum~~11'l~1~~'jj"'lJ'fl'lI.I.Ui"lVl ~t1

'" "
n~d--J~11'1~'jj'1?11 ( l.~'fl F) 1'W1-~n~nl?l91nVl'flmiJ~'J19I.ll:'l~VI'fltlm~iJniJmJ.J1ruU'fltln~1'flr.J1'1iJ'I!t1, '"
~1~ru~~~#IUi"l'J1J.JL~'flJ'W 99% t1m~'WI.~'fl D lY/r.i'll~'flI.~t1'JI.~'fll~t1'11'WJ1~nl?l91nVl'fltlm~iJn

~ ,

9~iJm~~~1'1~11~'jj'J.J1n n~11'W'fl1V11~1.Vll:'l'J ~'1eJl:'l n1~Vll?ll:'l'fl'l~'fl19I.nl?l~'W'l~nu I.I.U i"lVl ~t1~~11'1

~1~n l?lm1'16Jl 'fl'l L"1ll~t1J.JU1'l"JlV.l?l YlU~1md--J1rum~~11'1~11~'jj''l~ i"l'l~1'WU1'l1l1'J~'fl19~'1 U1'1

{y]1~1'1~ 17. eJl:'ln1nmtlUlVltlUi"l'Jld--J I.l{Y]nI?11'1~iJ'I!tJ~1~ryVlI'1~n~"lJ'fl'lm~~11'l~11nl?lml'1

6Jl'fl'lL"1ll~t1d--J Ll?ltll.lUi"lVll~t11'W'fl1V11nVll:'l'J lll:'l~Jl~ n l?l91nVl'fltl~'fl'l ~1

,
.., "" 0

M1'1Yl'jj'{y]1 3

'l~~~1'l~'jj' 1

2

o

o

o
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~ 1~~Um ~1?l~'J9~1"llt1i?)"lJ'El'l'Eli-J~\'\fi"lJ'El'l~1~~Mb~'El bitJ'I b~'Elli-J~1~ni?)91n~'EltJ'I'I~1tJ,

1i-J~::;tJ::;~M~'1~1~1~bll?l~'J9~umfv~"i-Jfib'I'lL'I'I~Li?)'I'I'Eln~i-JU~::;bb'Eli-JLfj'Li?)~b 'I'lL'I'I~Li?)'I'I'El n~i-J (1?l1~1'1~

3bb~::; 4) bb~::;I?l~'J9~U'Eli-J~i-Jfi STX, NSTX, DSTX, GTX4, C1 bm::; C4 Li?)tJvu~1::;li-J~1~~ni?)91n,

Jl1tJi-J'Elm6Jl~~ ~U'El1.i~i-Jfi STX, NSTX bb~::; DSTX li-Jm~1ru~'1~1n b"lii-J~1~~ni?)Jl1tJi-J'Elm6Jl~~

91m~'El A ~1J STX, NSTX bb~::; DSTX 2.652, 20 .028 bb~::; 0.354 i-J1Li-JL~~l?i'El~~. 1?l1~~1f?1U
"t Q/ fS'" ~

~'Ji-J~1~~ni?)91nJl1tJi-J'Elm6Jl~~91m"ll'El 0 ~U STX, NSTX bb~::; DSTX 3.406, 15.569 bb~::; 1.935

i-J1Li-JL~~l?i'El~~ .I?l1~~1f?1U Li?)tJ'l~~Ufl'J1~'Eli-Jbfl~1::;'lf91n Professor Massaki Kodama 91n,

~~1~'I'ItJ1~tJ Kitasato th::;b'l'lPln1Ui-J ~'1hJL~bb~i?)'1~~L.ni-J~~m~'I'Il?l~'El'l ii-J"lJru::;~~1~~ni?)91n
~ 'I . •

I iI II '" t

uu flY] b~tJY] b~ tJ'Ili-J'El1~1n~tJ'Ib~ 'El"ll t1i?)~i-J9::;~UU1'1'El1.i~i-Jfi~1'El hj~U'El1.i~i-Jfi"llt1i?)ll?l b~tJ bb~::;~
I I 11 II

m~1rul?'h bb~l?l'll~b~i-J~1'El'l rf1.h::;n'Elu"lJ'El'l~1~~M9::;~uli-JbbUflY] L1tJY] b~tJ'Il i-Jt11~ni?)91n~'EltJ

," "
'I'I~1tJ~::;tJ ::;~M~'1 ~1n n~1'El1~1~"llt1i?)~i-J f?1'1Ui-J9'1 n ~1'JL~~1t11~ n l?l91n~'EltJ'I'I~1tJ~::;tJ ::;~M~'1 ~

U'I'IU1'1'1~1~ruli-Jm~m::;~i-Jl~LbuflY]b~tJ~m~~~1'1'Eli-J~i-Jfin~~ TTXs Lb~::;n~~ STXs L~~1n~i-J
Q.<' q 'I q 41

n~1'El'lrfu~::;n'ElU"llt1i?)~i-J

~'Ji-JLbUflY]b~tJn~~hJ~~1'1~M (G, H, I) 1?l~'J9~U~1~nl?l"lJ'J1'1"li'El'lL6Jlb~tJ~L~b'il~1::;,

~1~91nJl1tJi-J'Elm6Jl~~b~'El bitJ'I b~'Elli-J'El1~1nitJ'Ib~'El Lbl?i~::;"llt1i?) Lb~::;~m~1ru~1~1n U~i?)'11~

b~i-J~1 LLU flY] C1tJn~~hJ~~1'1~M~ m~~¥1'1~1~nl?l"lJ'J1'1"li'El'lL6Jl b~tJ~ Lbl?ihj~n1~~::;~~HJl1tJli-J,

'1'11'1~~~~'I'ItJ1 (Mosher and Fuhrman , 1984) Li?)tJ'El19bu~tJi-J9inml?lhLut1'Jfl~~fl (ribonucleic

acid) LU VUi-J~1~n i?)"lJ'J1'1"li'El'lL6Jl b~tJ~ b~~1::;~1~~M~mfl~'1~~1'1U~::;n'ElU~'JtJ~~n'Ju~ bi1tJ~ b"lii-J

b~tJ'JnU mi?)h LUU'Jfl~~ flvl11~~1~1~bll?l~'J9~U~1~ni?)"lJ'J1'1"li'El'lL6Jlb~tJ~l'l~91n LlUflY]L1tJn~~hJ,

~~1'1~M Lb~::;i-J'Eln91n~~~1tJ'I1i-J~1 E. coli ~1~1~bl~~1'1~1~~mt1l?l~L~ (Hashimoto et al.,

1990) LbUflY] b1-tJn~~hj~¥1'1~Mbbl?i~::;~1tJ~i-Jfi~m~1 ru~1~~MU~::;fl'J1~ dJi-J~Mln~b~tJ'Ini-J, ,

b~'El bitJ'I b~'Elli-J'El1~1~Lbl?i~::;"llt1i?)u~::;h)~u'Eli-J~i-Jfin~~b'l'lL'I'I~Li?)'I'I'Eln~i-J ~'Ji-J'Eli-J~i-Jfin~~~M~~
q q q 'I

~11?l91n~'EltJ~'El STX, NSTX, DSTX Lb~::; GTX4 ~U1i-Jm~1ru~1 bb~::;b~'ElbmtJUbYltJUfl'J1~Lbl?ln

l?i1'1"lJ'El'lm~~¥1'1~1~ni?)"lJ'J1'1"li'El'lL"Jl b~tJ~ b~'ElbitJ'I b~'Elli-JJ1~ni?)91n~'EltJ~'El'leJ1 Lbl?i~::;"llt1l?l bb~::;

'El1~1~b~~'J Li?)tJm~~ Lfl~1::;'lffl'J1~ LbU~U~'Ji-J"lJ'El'loif'El~~ Lb~::;m~~ bfl~1::;'lfLmtJU bYltJUJl1tJ~~'1~

~::;f?1U'WtJ~1~ru'l'l1'1~il~ 0.01 (Jl1fl~i-J'Jn fl .jJ'El 9) MUL~f?1'11?l1~1'1~ 17. Ll?ltJ~U~1m~~~1'1~1~
~ ,

'" I 11 '"

~m'El'lLLU flY]L1tJn~~hJ~~1'1~Mb'il~1::;L~'El G d:j'El L~tJ'Ili-Jt11~ni?)91n~'EltJ'I'I~1tJ~M~'1 Lb~::;~'EltJ
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~1J~'J19ih.rhJ1ru~J1nn~11'W'fl1~1~b~~'J~th'!iJi!tJ~1~ru~~~~Ufl'J1~b~~,r'W 99 % bbl?iiJlli~1ru
~ ~

bbl?ln I?i1'!n'Whl~1n bbI?i1'Wb~~ H ~l91'ry1'WJ1~nl?191n~~tJYl~1tJ~11~1iJm~~~1'! ~1~~11ii~tJ

n~11'W~1~1~m~'J~th'!iJi!tJ~1~ry~~~~Ufl'J1~b~~,r'W 99 % ~'J'Wm~~~1'!~1~~m~'!b~~ I hJ

iJ fl'J1~ lll?lnI?i1'!~th'!iJi!tJ~1~ry~~~~u fl'J1~ b~~,r'W 99 % bb~ l?1'!1~ l~'W~1J1~nl?191 n~~tJYl~1tJ

~~tJ ~~11~1 hJiJ t-I~1~uu flVl b1tJ~~1'!~11I.~~'!~'W
" ,

~~1JI.~~1U1~nl?191 n~~tJYl~1tJ1 'W~ ~tJ~~11~'!iJ~1~U1'!"1lill?1VliJ t-I ~1.1J~'!l~1'~l ~

uu flVl b1 tJ n ~~ ~ ~1'!~11~'!ll~ ~~~1'!~11~1 ~1 ~1 rn ~~1'! ~17'n l?1"JJ'J1'! "J!~'lL"1ll~tJ~I.~~'l~'Wlbl?ihJiJ
1;' 11 , 1;'

t-I~ 1?1~ uu flVl ~tJ n~~hJ~~1'l~11 ll~~~17'Uh]'V'IU1 'WU1~ n l?191 n~~tJYl7'1tJ7'~tJ~~111?l1ll~~U1~ n l?1
q • -

91n~~tJhJiJ~11~'l~~'l"1lill?1~~~'fl19iJ~1m1'l"1lill?1l.1Jb1J~tJ'Wbl1J~'l~'W~'Wfi~iJfl'J1~ dj'W~11~11~
q

b1J~tJ'Wbtl'W~'4~'Wfi~iJfl'J1~bU'W~11~'l~'W ~'l~~l?1fl~~'lnU7'1tJ'l1'W"JJ~'l Kotaki bb~~flru~(1985)
I 1;' 11 I

'V'Iu~1lrlmj~b~~ Pseudomonas sp.uaz Vibrio sp . nUlt1t)lU~"JJ~'l~"1lill?1iJ~11 (Atergatis f1oridus)

'V'IU~1~1~17'm1J~tJ'Wbb1J~'l~'W~'Wfi GTXs l.1Jbtl'W~'W~'Wfi STXs Ll?1tJm7'ri19l?1L'WLI?l~b9'W1?l1bb~t1'l
q q

~ 1 "JJ~'lVl~I.~l?17'~n6Jl~ (N-11 hydroxyl group) bl~ ~mfu'a'W 1?l1 lmt1'l~ 11 "JJ'a '! Vl~l.lfl?1~'an6Jl~

-nm~1?l (C-11 hydroxylsulfate group)

91 n m7'bmtJU lVltJU'a'l f11J7'~n~UYl1'!lfliJ'V'IU~1lli~1 ruL1J7'~'W I.'WLl?ln9'Wlb~ ~fl1 fLu

I.e:! bl?17'Yl1'WJ1~nl?191nVl~tJ lll?i~~"1lill?1iJlli~1ru1n~ b~mn'W bb~ l?1'l1~b~'W~1~17''V'I'J n 'i:th~'Wlb~~

mfLul.e:! bl?1 7'Yl ~'l btl'W~17'1J~ ~n'au~~niJlli~1ru 1n~ b~tJ'l n'W ~h'Wlli~1rul."JJ~'WJ1~n l?191n~'atJ

m~1JniJlli ~1rul."JJ~'W~1~l?1 bb~ ~J1~nl?19 1n~~tJ~'a'lr .h~n ~1~"1l ill?1~lli~1ru 1n ~b~tJ '! n'W 9 1 n
q q

~'atJYl7'1 tJ lb~~~~tJ~1J~'J19

Gallacher bb~~Birkbeck (1993) l.~vl1m~bitJ'l b~'a Alteromonas tetraodonis b~'a1~

t-I ~ I?l ~17' bYiLYl 7'Ll?1Y1'an6Jl 'W1'W7' ~tJ~~iJr.i1'W'J'Wb"1l~lffl'l ~ (s tati onary phase ) 'V'IU~1m7'~~1'l bYiLYl7'Ll?1

Yl'an 6Jl'W9~~l?1~'l~1nn~1 90 % b~'ab~~~~~b~1?l1'W'fl1~1nitJ'lb~'a 30 I.~Lfl7'nf~I?i'a ~~ . ~'l

~1~17'(l~~1JI.~~1 fl 'J1~ b.yr~.yr'W"JJ'a'!~'a~ b~l?liJ t-I~ 1?1'a m7'~~1'l bYlLYl~Ll?1 Y1'a n6Jl'W"JJ'a'l bbUflVl ~mb~~
q

91nm7'~ bfl 7'1~vl~1lli~1 ru"JJ'a'l~'a~ b~ 1?l91 nJ1~nl?191nVl~tJ ~'a'l rJ11'Wm7'Yll?1~'a'lfl ¥'l~ 'V'IU~1iJ

lli~1ru~'a~b~1?l91nl?1'J'ath'lJ1~nl?1~'atJYl~1tJ~ Lflu1'W~:;tJ~~11~'lii'a tJ n~11'W~'atJYl~1tJ~ bn u 1'W

7'~tJ:;~11~1 9'1 btl'WI.1JI.~~1 uu flVl b1tJ~ ~1~17'(l ~¥1'! ~17'~111 'W7'~tJ~~'atJYl7'1tJ~11~'!iJ~'a~ b~ I?l

btl'Wt199tJ~~'l1 'Wm7'fl'JU fl~m7'~'l bfl7'1~vl~17'~11~'l n~1'J•
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iJ j'l tJ'Il'W~ 1 n j'~ 'fl~ iib'WU 1 '1 "1l U~ dJ'W~ Ij'~'1 ~'W1'Wn1 j'~'1 ~ 1"l j'I~vfm~~'W1fn~~iI"l ~ 

'Vl'fln~'W ~-D'W mf9u'W Ln~~'W ~~~ ~ ~"11 'fl1-'W l1J'W~'W (Shimizu et al., 1985) l?1'1 t!'W9'1vllmj'~~
"

~U~lm~'fl~m'W~~I?i ~ ~"1lu~1'WU1~n~

9 1 n "v1'fltJ 'Vlj'l tJj'~tJ ~~'EI'~'1 ~'J'W1"v1'1JiJm~lru~1 n~IJl~ n ~"1l U~~'W ~~ I?i ~~ml1~1~ ~ l1J'W'8'l?lj'1

~'J 'W"II 'fl'l n j' ~ 'fl ~iib 'W"1lU~ t!'W I?i 'fl1B-~1 runj'~'fl~m'Wi'l"v1~ ~9~iJm~1 ru1n~~~tJ'I n 'W1'WJ1~ n~'Vln,

"1lU~ l?1'1t!'Wm~'fl~m'W9'1hhh ~u'Wif94'tJ"v1~n~m)'Vlfi~~1?i'fln1j'~'1~1"lj'I~vf~Ij'~m'fl'l~VlJ I"lVl ~1-tJ

91 n e,j ~ nlj''Vl ~ ~'fl 'l LL~ ~'11~ ~~'W~ IJl~ n ~91 n"v1'fl tJ 'Vl j'l tJ1'Wj'~tJ~~'EI'~ \l'fl19iJ~Ij'Ul\l

"1lU~~iJe,j~1~~~U I"lVl ~1-tJ~~I\l~Ij'n~"II'Jl\l-D'fl\l b"11 ~~tJ~L~~\l~'W ~\lm9 ~U'W~1 ~_"v1~~vll1 ~~n ~~'EI'1'W

~l?l1l?1\l~n~I'J~I~~~'J;rl\l~'W ~~I?i'flth\lLj'ril?lI~~I~"v1l?ln1j'~n~~'EI'1'W~l?l1~\lhl'Vlj'lumli~ Mosher,
, "

~m~ Fuhrman (1984) ~j'tl~IL"v1l?lVlm9~u'WhJL~'Wmj'~n~~m'fl\l~l?lrf'Vl~~~l?1\lU, ,
"~ cvff' i/ ..:::llo~

1. Endogenous Ln~91n~l?l'JM1'1 ~Ij'~m'W~I~'fl'l91n"1JU'J'Wmj'~~ l?lIU'fl-

I I t.; t/ I

~~~ ~'1m9LU'We,j~l?le,j~VlhJU)~n~~'Wl?lI~tln~ LLI?i ~~I\l~'WL~'fll"l'Jl~'fl ~j''fl ~

2. Exogenous ~l?l'J1~L~~~I\l~'W~'fl\l ~~I?iL~¥U~Ij'~'EI'91mL"v1~\lJl""ltJ'W'fln

~-D'W vi'J\lb-D 'fll"v111Lti'fl'l9 1niJmj' ~ ~~~~Ij'~'EI'1'Wj'~uuvi'J'Ib-Dm"v11j' vll1~~l?l1~n'Wm"v11j'1'W

j'~UUt!'WL~¥U~I j'~'EI' ~;rl Ltl
,

~ i.I <II:::lo 4::lII1"'.o:::::J II

3 . Symbiotic microorganisms ~1 j'~'EI'm9Ml\l ~191 n '1 ~'W'Vl j'tJ 'Vl 'fl ~ j''J~

nu ~l?l1iJ~ 'EI' b~ tJ-D 'J tJn'W~ \l ~~~~"v11'flinih1~Ln~mj'~~I\l~Ij'~'EI'

4 . Multiple origins m9 Ln~91ni'l~I~~I L"v1l?l;rl \l ~'Wj''J~n'W,

~1"v1¥U e,j~nlj''Vl ~~'fl\l~L~91nr.lj''.1 4'tJdMtlL;'~TWI9~iJif94'tJU1\l'fltJl\l1'Ww()tJ 'Vlj'ltJ,

j' ~tJ ~~'EI'~\l~iJe,j~'hl ~\l L~~~1~~~UI"lVl IStJ~~I\l~Ij'n ~"II'Jl'1-D'fl\l b"11 L~ tJ ~L~~\l~'W L~I?i"v1'fltJ'Vlj'ltJ

j' :;tJ~~ 'EI' ~1 "v1'fltJnj':;tln ~~~~"v1'fltJj'tl,x'J19m9L~iJ~lj'd "v1'fltJ'Vlj'ltJ1'Wj' ~tJ~~'EI'~\l nu ~~U I"lVl IStJ
, " D,}

~~1\l ~'EI''fl 1 9 LU'W~ 1 ~ "v1l?l~ 1 ~b1J~ vl l1~"v1 'fl tJ 'Vlj'ltJiJ ~'EI'Lti'fl'l9 1 n"v1'fl tJ 'Vl j'l tJ1'Wj'~tJ~~'EI'~'1L~¥U

~~UI"lVl~1-tJ~~I\l~'EI'~I'W'J 'W~l nLL~ ~iJmj'~~~~Lt)l'W~'J "v1 'fl tJ~l nn~I "v1 'fl tJ 'Vl j'l tJ1'Wj'~tJ ~~'EI'~ 1 "v11'fl

iJ n1 j' ~tl ~ tJ 'Wl~tl ~'1'fl~~'Wfi~iJ l"l'Jl~ ~u'W~'EI'~11 ~~ I"l'Jl~ ~U'W~'EI'~\l~'W9\liJe,j~vll1 ~"v1'fltJ'Vlj'ltJ1 'W

j'~ tJ ~~'EI'~ '1 iJm~1 ru~Ij'~'EI'~1 n n~I"v1'fltJ'Vlj'ltJ1'Wj'~ tJ ~~'EI'~ 1 ~ 1"v1 ¥U"v1 'fl tJL~ iJ~ 'EI'~Ul~1~ n'El'l

n \l~~if~19~'fl~1'WU~~'Jru~~m n U"v1 'fltJ'Vl j'l tJ LL~:;m'fl rn a L~¥Uuu I"l Vl ~1-tJ~~I \l~ 'EI' ~~I?i "v1 'fl tJL~ iJ~ 'EI'

m9L~iJn~LnUl\l'fltJl\l~vll1~~n ~~'EI'1'W~'JWelt.J ~-D'W~~tJ'J nU"v1'fltJ'Vlj'ltJ "v1'fltJ"1lU~~'W9\lL~ ~n ~ms

~~~~ LLU I"lVl IStJ~~I\l~'EI'L~~:;L~iJmj'L~~~1 ~~~I\l~Ij'~'EI'L~~\l~'W LL~ ~\l1~L~'W~1 LLUI"lVl L1-tJ~~I\l
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~1j'1l19 dJk!~1m I?lih ~ruiJ~:;n1~Vln--1~vi11 ~Lfltr1~1j'1k!~1?l1Yl:;L~ ~--19:; b1Jk!LLk!'JYl1--11~Lfltr1 f1'J 1 ~, ~

WiltJYl~1tJ vT--1~Lri'ilU1 LLUf1YlL~tJl?1'J'ilth:J~1L~tJ..:Jlk!~1~ntr191nVl'iltJ~'il--1~1vT--1 3 -nUtr1 ~U~1~1

~n tr1 91 nVl'iltJYl~1tJ~:;tJ :;~1j'~--1vi11~LLUfOIYl ~tJ~~1'1~1j'~1~1~n~ ~1'1~1j'1~~ \:l~k! ~'1,rk!~'1 f1 'J ~

~ n1j'1 (;]'illiJn'l111'J:;~'il'lVl'iltJYl~1tJ LmtJU LYltJUnUVI'iltJ n~:;iJ nVl1'ilVl'iltJ~iJ~'J19~LnU91n Lm~'1
, 'lJ

"uil ~'1'ilth'lh LL~ :;U'iln91nuu'l f1'J5'~n1j'1n'ln~Inrnsa~1'1 ~1~~m'il'l LLU fOIYl L~tJ
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1.cr11~llVlt'HentJ~1.e11cr1~l9'W~'el~ L~f;] (K2HP04) 1.0 nf~

1~~L~u1f;]'W (polypeptone) 5.0 nf~

<V cl ...

5.0 nf~eJ'I~ncr191ntJ~f;] (yeast extract)

n~1lPl~ (glucose) 2.0 nf~

~::;~1tJ~'J'WeJ~~~'1V1~cr11'W~1ni'Wm~1m 1000 ~~ .UfU lPl 'J1~ dJ'Wn~cr1t?i1'1 7.5+0.1
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(proteose peptone NO.3)

<V cl ...

nf~eJ'I~ncr191ntJ~f;] (yeast extract) 1.0

1.~1f;]t.J (phytone ) 0.5 nf~
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~:;~1t..1~'J'WJ.J~d-J~'1V1d-Jl?11uJ'Wl:;b~~'1bfOl~1:;'ihJhJ'Wl~ 900 d-J~. b~d-JJ1n~Umd-J1 1?1~

100 d-J~.tlfUfOl'J1d-Jbtluml?1~1'1dju 7.0-8.0 U1I.tl~d-Jl~~:;~1t..1U~:;~'1~1 b~~~'Jt..Im1d-J~uh 15

tl~Ur?1I?i~I?I1~1'1~'J (~ruVl.1J~ 121 0"ll) btlUb'J~1 15 U1Vl

"" "" I "" ""

Vld-J1t..1 Ll1I?1 mVl1~b~t..I'I b~~ bb;J'It~mfl~Vll.jfvi1 btlumVl1~~1V1fu bflUb~~ l?l'l ~Ub~d-J')U, ,

tNb~t..I'I 8 nfd-J bb~:;u~~'"l~'11UVI~~l?1'Vll?1~~'1~tl~1Pl'"l1m~~ bb~'J'J1'1b~t..I'I (slant),

...
3 . U1'Vl:;b~~'1bfOl~1:;tf (artificial sea water)

tl~:;n~u~'Jt..I t"llb~t..Id-JfOl~~I.~r?1 (NaCI)

vi~~uYm~~f (C4H11° 3)

bbd-Jni1b~t.Id-J-nm~1?I (MgS04)

bb~d-Jtd-Jbi1t..1d-J-n~b~1?I ((NH4)2S0 4)
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"" "" ""'J1?I1d-JU 1J 12 (vitamine 8 12)

I.ut~~u (biotin)

25.0 nfd-J

1.0 nfd-J

1.0 nfd-J

1.0 nfd-J

0.3 nfd-J

2.0 nfd-J

0.5 nfd-J

50.0 I.d-Jtmnfd-J

OA l. d-JtfOl ~nfd-J

1.0 I.d-JtfOl~n fd-J

50.0 I.d-Jtmnfd-J

20.0 I.d-JtfOl~ nfd-J
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~ll~'fl~'JtJfO)'J1J.J~'Wh 15 1J'fl'WC?1f?1'flI?lI~I'1U'J ('fJruVl1J~ 121 0"11) dJ'Wl'J~1 15 'W1Yl ri'fl'WU1J.JlH

l ~J.J~l?Il~'W U12 ll~ ~lut'fl~'W~vh1~1J~1~91m~'flt(?)tJn1~m'fl'l ll~'J

VlJ.JltJlVlI?J ~(?)ll1J~'191n~l?I~on'fl'l Schroder ll~~fO)ru~ (1980) ~'11.jfm(?)U'fl1fO), t"11l ~tJJ.J

tJ.J~Ul(?)V1 ll~~llJ.J'In1i1~fO)~'flhC?1wJn 0.2 J.Jn., 0.5 J.Jn . ll~::; 0.4 J.Jn . 1?I1J.J~I~U

1J~~n'flU~'JtJ
.."..,.

Ll'fl~-'fll~9'W'W (L-arginine) 200 .0 J.Jn .
.,.

ll'fl~-Ll'fl~~1~19'W (L-asparagine) 50.0 J.Jn.

ll'fl~-Ll'fl~~l'f~n ll'fl~ fO) (L-aspartic acid) 20.0 J.Jn .

ll'fl~-n~l?I1~fO) Ll'fl~fO) (L-glutamic acid) 20.0 J.Jn.
.,.

ll'fl~ -n~1?I1 J.J 'W (L-glutamine) 300.0 J.Jn .

ln~~'W (glycine) 10.0 J.Jn .

.,. "'.,.
ll'fl~-e1~V1(?)'W (L-histidine) 15.0 J.Jn .

.,. .,.
ll'fl~-"11~V1'W (L-cystine) 50.0 J.Jn .

le1(?)~'fln~-Ll'fl~-t~~~'W (hydroxy-L-proline) 20.0 J.J n .

ll'fl~-l'fl t"11~'J~'W (L-isoleucinel 50.0 J.Jn .

'" .,.
Ll'fl ~-~'J"11 'W (l.-leucine) 50.0 J.Jn.

ll'fl~-l~~'Wle1t(?)~fO)~fJhC?1 (L-Iysine Hcll 40 .0 J.Jn .

ll'fl~-lJ.JVllTIt'fli1'W (L-methionine) 15.0 J.Jn .

~'" .,.
ll'fl~- 'W~'fl~I'W'W (L-phenylalanine) 15.0 J.Jn .

ll'fl~-t~~~'W (L-proline) 20 .0 J.J n.

""'"ll'fl~ -"11~'W (L-serine) 30.0 J.Jn .

"'t .,.
Ll'fl ~ -V1 ~ auu (L-threonine) 20.0 J.J n .

ll'fl~-V111Jtl?ll~'W (L-tryptophan) 5.0 J.Jn.

LL'fl~-lV1t~'W (L-tyrosine) 20 .0 J.Jn .



bb!l~-(Yl~'W (L-valine) 20.0 sm.

'Y'l1'j'1-!l:;m'Wbu'Wl"ll~rl ll!l6J!rl 1.0 un

(p-aminobenzoic acid)

lul!l~'W (biotin) 0.2 un.

llrl~l~tm ll'Y'l'W1Y1ftl'Wl?I (calcium pantothenate) 0.25 un

lrl~'Wrl~!lhr?f(choline chloride) 3.0 un.

lyH~rl ll!l6J!rl (folic acid) 1.0 un.

~'Wl'W6J!Y1!l~ (inositol) 35.0 un.

mrl~'W11~r?f (nicotinamide) 1.0 sm.

l'Y'l~l'l'j'!ln~'W 11Jll'l'j'rl~!lhr?f (pyridoxine Hcl) 1.0 un .

hlu~~1";j'W (riboflavin) 0.2 ~n.

lY1!l:;iJ'W le:lll'l'j'rl~!lhr?f (thiamine HeI) 1.0 nn .

";jm~'W U12 (vitamine B12) 0.005 un.

l~n"ll1l?1'j'~ (dextrose) 2000.0 un.

n~mlY11!l'W (glutathione) 1.0 un.

llrlm~t.ml'Wll?l'j'Y1 (CaN03) 100.0 un.

l'Y'lllYl~ l~t1~rl~!lhr?f (KCI) 400.0 ~n.

ll~nl:h~t1~enm~l?I (MgS04.7H20) 100.0 un .

l"lll~t1~rl~!lhr?f (NaCI) 6460.0 un.

l~l'Wl"lll~t1~~!l~l~l?I (NaH2P04) 1512.0 un.

~'W!l~ l'j'l'l (phenol red) 5.0 un.
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1.jf!l1Vl1'j'~1l~tD:jttl"1J!l'lU~';Y1 Gibco BRL, USA. 1 "ll!l'l(10A nf~) ~:;~1t11'WJ1ni'W

~!l"rl.f,,~iJm~1l?1'j' 1000 ~~ . ll~ :;m!l"~')t1m:;m~m!l,,~iJrl,)1~n~1""1I!l"~!l""1J'W1l'l 0045

l~rl'j'!l'W ll~:; 0.22 l~m!l'W l?I1~~1~U l~~ Fetal bovine serum "1I!l"U~';Y1 Gibco, USA. 10%

1l'ltlm~1l?1'j' u'j''j''11'W"1I,)l'l~tl'j'1PltD:j1m~!l ll~:;bnu~~ruVl.1J~ -20° "ll ri!l'W1-n'll1!l!ln~1ll~1'W'fl1"

rl,)Url~!lruVln~ 37°"ll tl'j':;~1ru 15-20 'WTVl•• "'ll



1-n~ntJ1'1 ~~m'IMl~;j~mir~ir'W (glacial acet ic acid) m~11?l~ p.l ~~ .1~1'W".tI'J~ '1~

m~11?l~'W1~ 100 ~~ . LL~~L~~J1n~'W1lXiJm~1m~'J ~ LYhn1J 100 ~~ .tJ~~1lXLir1n'W 111~1~
, " "

~ ~~1tJhJU'l~1.hL~'f)~'JtJr1'J1~~'Wl'f) 15 t.l'f)'Wl?1l?1'f)1?l1~1'1i1'J (ifJruVl.fJiJ 1210"ll) LU'WL'J~1 15 'W1Vl

Lrl1JH~ifJ ruVl.fJiJ 4 0"ll

~ I I ~

m~11?l~".tI'W1~ 1000 ~~ . L~~1111lXm1J 1000 ~ ~. 111~1~~~~1tJVll~t.lu'I~.hL~'f)~'JtJr1'J1~~'Wl'f)

" ,
15 t.l'f)'Wl?1l?1'f)1?l1~1'1i1'J (ifJruVl.fJiJ 121 0"ll) dJ'WL'J~1 15 'W1Vl LrluHVlifJruVl.fJiJ 4 0"ll

3 .1 ~1~~~~1tJ'J 'f) 1J1mir~ir'W 1a iJ~~L~~1f (1 a mM ouabain solution)

1..- !.I I '"

-n'l'J 'f)1J1tJ 72.88 sm . (111 VI 'l1nt~L~n~ 728.8) ~~~1tJ~ 'J tJ111 n~'W~ 'f)'1r1f'l,

t.l~1~91m~'f) 1'Wm~'1~m~11?l~".tI'W1~ 10 ~R 9'Wl~m~11?l~~~Vl1tJ 10 ~~ . ~~1'WJ1 L~'f)~9'W,

,

~~ . LL~~Lrl1J Vl ifJ ruVl.fJiJ 4 0"ll
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3.2 ~111:'l~1:'l1m'J'fl1111l1~'WLii~1r'W 1 ill:'l~t~1:'l1f (1 mM veratridine solution)

.r"l'J'fl1111l1~'W 6.738 ~n.(J1'vnrnt~Ll:'lnl:'l 673 .8) 1~1'Won'Ji?l~i?lm~111lT1J'W1i?l 10,

~1:'l.V1t.Ji?lll'flut"1l~Vll'flVlfi1 'W'fll:'lm~1 11l1 3.3 ~1:'l .I:'l"hJI:'l ~1:'l1t.Jojf11 l on·tJ1 11l 1:'l 'fl i?l l 'J1:'l1 r.n mr'Wrl 'flt.J1

L~~J1ni'W~'fl"~f,,~u11~91m~'flI:'l,,lu lontJ111l1:'l'fli?lL'J1:'l1l"Ji'Wl~t.J'Jn'W9'Wiim~111l1~1U 10 ~I:'l .

U1191~V1I:'l'fli?l~'WLVI~t.J"on'W1i?ll~n (microcentrifuge tube) U11~91m~'flVlI:'l'fli?lI:'l~ 1 ~I:'l . lll:'l ~lnU•

~ ~

3.3 ~111:'l~1:'l1t.J~1V1fur111~l"1lI:'l~LYl1~l~t.J"V1I:'li?l'fl'fln91nmi?lL~t.J"l"1ll:'l~•

n. ~111:'l~1:'l1t.J~'fl~L~mJYll~~f (phosphate buffer solution)

U1~n'flu~ht.J t"1ll~t.J~~1:'l~11(?) (NaCI)

tYlllVl~l~t.J~1i?l1e1ti?l1l9'W~~~ l~11l (KH2P04)

li?lt"1ll~t.J~1e1ti?ln9'W~'fl~l~11l (Na2HP0 4)

4.25 nf~

0.75 nf~

4.55 nf~

'" '" 1 '"

1:'l~1:'l1t.J~'J'We.J~~Yl"V1~i?lI~l'Jt.J'W1n~'W~~"~f,,m~111l1U1~~1ru 400.0 ~I:'l . 1'W

on 'J i?l~i?lm~111lT1J'W1i?l 500 ~I:'l. u11uufUrl1~'J1~lu'Wmi?lfYi1"lu 'W 7.3 lll:'l ~l~~J1ni'W~'fl" ~ f,,

9'Wiim~111l1~1U 500 ~I:'l . U1~111:'l~1:'l1t.J~lJllu~"~1 L~~~'Jt.J~'J1~;'Ul'fl 15 U'fl'W!?lI?i~m11"

~'J (~ruVl1Jil121 0"1l) L'lJ'Wl'J1:'l1 15 'W1Yl

.c::::.. .. I~ .c:,l..:;:,laJ

on. ~111:'l~1:'l 1 t.J Vl 1u"1l 'W-'fl i?l Vll 'El (trypsin-EDTA solution)

U1~nrflU ~'Jt.J Vl1u~'W (trypsin) 5.0 nf~

t .r:::l ele:lel

nf~"1lli?lt.J~'fli?l Vll'El (EDTAANaJ 2.0

t"1ll~t.J~ ~I:'l'Ell1(?) (NaCI) 8 .5 nf~
~ , ~

u1n~'W~'fl"~f,, 1000.0 ~I:'l .
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~1j'~~~It1 n. tfh.nl?lj' 90 ~~, lnul'W"lJ'd!?1Wl'dUj'IP\"'llm~'fl ~~ruVl1J~ -20 0"1l ll~~l~ml1~1

1.jf"'l~Ul1U'e1'Wl 'W'fh~fl'dUfl~'flruVln~~ 37 0"1l
c; <:I 1:1 0qJ

toxin solution)

-i~~lnYlLYlj'L!?1"f'l'fln~'WJ1V1'l1n 0.4789 un. (J1V1'l1nL~l~n~3'20) ul1U~~~It1~htl•
9;', '" I 11 1

Ul n~'W~'fl~flf~Y1Uj'IP\"'llm~'fll'W"lJ'd!?1tJ!?1m~II?lj'"lJ'Wl!?1 10 ~R '"l'WiJm~ll?lj'flj'U 10 ~~ . ~~1rX

~1j'~~~It1"lJ'fl~ lYlLYlj'L!?1Yl'fln~'W~II?lj'~I'Wlojj'~;r'W 150 1~Lflj'L~~l'f uj'j''"l~~l'WVI~'fl!?1~'WlVI~t1~
~ .

5.1 .1 ~1j'~~~It1L~Ult1~l~~ (mobile phase solution)

..::.I q.q c:o.

lmm"Jltl~'fl~"1ll?lfl ll'fl"1lfl (CH3COOH)

lfjUI?lI~~'fl'flLj'lhmfl ll'fl~fl (C4HF702)

30 .0

3.0

1.0

e4~W;,h'Wuj'~n'flui(~V1~!?11'WJlni'W~'fl~flf~~m'fl~ll~'dm~ll?lj' 900 ~~ .1'W "lJ'd!?1

tJ!?1m~II?lj'"lJ'Wl!?1 1000 ~~ . ll~~Ul1uufurilfl'dl~lu'Wm!?1l?il~lU'W 5.0 rX'dtl~Ij'~~~lml'fl~L~

li1t1~1fj!?1j''fln1"1l rrfl;r~;r'W (Conc.NH4OH)l,l~~~Ij'~~~lml'fl~ L~ li1t1~1fj!?1j''fln1''1l rrfl<1f~;r'W 1 'W'fl'fdJ~

l~~Jlni'W'"l'WiJm~lmflj'U 1000 ~~ . ll?l~t1~lV1,jri'fl'Wl.jfYlnflf~•
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,

~'ltJn~~l?I'l~n~'fl~Vli:JfI'J'l~n~'l~"lJ'fl~"li'El~"lJ'W'll?l 0.45 \l~m'El'W l'W"1J'Jl?It)l?Im~'lI?l~"lJ'W'll?l 500 ~t1 .

r.;l'Wi:Jm~'lI?l~m1J 500 ~t1.

~"'1~~~~'W (stock solut ion)

.r~t"lll~tm 1-le11JlVl'Wit1t~l'Wl?l (Na(CH2)6CHS020H) 2.02 nf~ t1~t1'ltJl~1'JtJJ'l

ni'W~'El~f1f~1'W"1J'Jl?It)l?Im~'l1?l~9'W'l~m~'lI?l~f1m 100 ~t1 .

.r~t"lll~tJ~~'El~l~1?l (Na2HP04 .2H20) 44 .77 nf~ t1~t1'ltJ~'JtJJ'lni'W~'El~f1f~l'W

"lJ'Jl?It)l?Im~'l1?l~9'Wi:Jm~'lmfl~1J 500 ~t1 .

.r~ml?l~'El~~'El1f1 (HP04) l-1r~-1r'W 85% 28,8 nf~ l~l'W"lJ'Jl?It)l?Im~'lI?l~l~~J'l

ni'W~'El~f1f~9'W'l~m~'lI?l~f1m 500 ~t1.
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-r'lfl'j'l?l l1J'fl;],'fl'fl'fl~fl(H5106) 7 .89 flf~ ~~~1uJl'duJ1fl~'W~'fl'lflf'l1 'W"lJ'dl?l1l?l

m~11?l'j'9'WlJlm~11?l'j'flm 100 ~~.

eJ~~~1'j'~~~1U fl . 10 ~~.ll~~~1'j'~~mu fl . 30 ~~ .1'W"lJ'dl?l1l?lm~11?l'j'

"lJ'W1l?l 500 ~~. l~~J1n~'W~'fl'lflf'lm~11?l'j'450 ~~.ll~~1Jfum1~lil'Wml?l1?i1'lliJ'W7.1 Jl'dU~1'j'

~~~1ml'fl~1~lUU~l~l?l'j''flfll6Jll?1lif~if'W 1 'W'flf,r~ l~~J1fl~'W9'WlJlm~11?l'j'fl'j'U 500 ~~ . ll~~

l~~'fl~~1I?ll'Wll?l'j'vlm~11?l'j'30 ~~. eJ~~1,xlif1n'W

'" "
m~')m"lJ'W1l?l 500 ~~. l~~t11fl~'W~'fl'lflf'lm~11?l'j'450 ~~. ll~~1JfUfl'd1~lil'Wml?l1?i1'lliJ'W

7.2 Jl'dU~1'j'~~~1ml'fl~1~lUU~l~l?l'j''flfll6Jll?1lif~if'W 1 'W'flf,r~ l~~J1fl~'W9'WlJlm~11?l'j' mu

500 ~~.

5.2.3 ~1'j'~~mUf?1'd'fl'flfl~ll?li (oxidizing agent)

eJ~~~1'j'~~~1U 'l . 10 ~~ . ll~~~1'j'~~~1U "lJ . 100 ~~ .1'W"lJ'dl?l1l?lm~1m"lJ'W1l?l

500 ~~.l~~J1fl~'W~'fl'lflf'l300 ~~ .1JfUfl'd1~lil'Wml?l1?i1'ldJ'W9 .0 Jl'dU~1'j'~~~1ml'fl~1~lUU~

l~l?l'j''flfl-hl?1lif~if'W 1 'W'flf,r~ l~~J1fl~'W9'WlJlm~11?l'j'flm 500 ~~ .

~l?llmm~U~'fl~~~flll'fl~flm~11?l'j' 0 .29 ~Rl~1'W"lJ'dl?l1l?lm~1I?ln~~
" , "
t11fl~'W~'fl'lflf'l9'WL~m~11?l'j'fl'j'U 100 ~R
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n~"1J"J1~"Ji!l~1"J!l~m-J l~u~fil'f)"J!~ll!l~~ ~~V1~~lrh..l~1nrl~lw~~~u HPLC grade V11-!l~~~U

analytical reagent grade ll~~~1~~~~1U~ll?l1-u~1~Jurl!lUU1~11.jf~!l'lu1~1m!l~~,hum~~1'l1

m'fl~~~rl"J1~nt)1~"1J'fl~"Ji'fl'l"1JU1~0.45 l~rl~'flU ll~~~'fl~rh9~-W'fl~'fl1n1fl (degas) ~"Jmrl~'fl~

n1lil~ rl~Ul~U~ rl"J1 ~~ ~~'fl 'fl n rl'flUU1~11.jfYJ n rlf~

d
6.1 ~!l~l!l (Lowry A)

l.h~n'flu~"Ju l"J!l~U~l"l1fU 'fllUI?l (Na2C03)

l"J!l~u~lf1~~'flnl"J!~ (NaOH)

60.0 nf~

12.0

0 .6

~~~1U~"JU~~~~~V1~~lu"1J"J~.rl?1m~11?l~ ll~~l~~J1niu9U~m~11?l~rl~U

. 5000 ~~ . lnulu"1J"J~~"ll1 ~~ruVl.1JiJ 4 o"J!

del
6 .2 ~'fl~U (Lowry B)

.r~rl!ltlltl!lfsn~l-Wl?l (CuS04 .5H20) 50 nf~ ~~~1u~"JuJ1niulum~.r~

m~1 1?l~9U~m~1I?l1rl~U 1000 ~~ . lnulu"1J "J ~ ~"ll1 ~'flruVlll n 4 o"J!
, 'lJ

del
6.3 ~!l~ (Lowry C)
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6.4 ~1~~:;~=rl t..ll~~'W ~'W'fl~1Ve:H9'W1?1 (folin phenol reagent)

7.1 ~1~~:;~1t..1m~i~mr1loii ~oii'W 72% (72% sulfirie aeid solution)" . - ~

~ 0 ~

t.l1n~t.I1.R-~1l?l~ 200 ~~ . 1~1'W"lJ') ~ 1'~m~1 l?lfl 'W1 ~ 1000 ~~ . 1.1.-rl1'W'eh~t.l1

ll~~ l.l~') f1 'fl t..l 1 1.~~m~i~$r1loii~oii'Wm~1l?l~ 750 ~~ . ~~hJ.jf11 I.l~:;tJf1Jm~1l?l~~1'".Jt..IJ1mr'W

9'W~ m~1mr1~1J 1000 ~R

, ~

i~l.l'fl'W1V1~'W (C14H100) 0.5 nf~ (th\,\,rnhH~fJ~ 194.2) ~:;~1t..11'W 72%

m~i~$r1m~1l?l~ 900 ~~ .1'W"1J')~1'~m~1l?l~"1J'W1~ 1000 ~~. ~~l.l-rl'fl~1'Wreh~J1I.l~~ f1'flt..l1

r1'W9'W ~:;~1t..1Vl~~ 91mr'Wl~~1v ,l'flrJ~t..I 1.0 nf~ r1'W9'W~:;~1t..1 tJf1Jm~1l?l~9'Wr1~1J 1000 ~~ .

~') t..I 72% m~i~~1r1 I.l~ :;ln1J1'W"1J,)~~6Jl1 ~'flruVlJliJ 4 06Jl (I.n1J1.~hJlil'W 1 ~tJvnJ), , u,]



" " ,
q "" ""
l~t.J~l'W'El lt.J 'El (tissue culture assay)

70.------------------------,-----,

60

50 .

40 .

10 .

O'------------'-------------~

o 0.001 · 0.002 0.003 0.004 0.005 0.006 0.007

fOl')1~liJ~iJ'W'il'El,1lYllYl~l~Yl'Eln=n'W,(1~lfOl~n~~~'El 10 l~lfOl~~t'I~)

nJ~ 25 m1'Y'j~1m~1'W~::;",~1~ ~'Elt.J~::;"1J'El~l"1lmflY'/1 ::;l~t.J~~tJ~n~';Jl?ln1Jm~1ru
" d.9

lYllYl ~l~ Yl 'El n =n 'W (l~l~~n~~~'El 10 l~lm~ l?l ~) l~ t.J';Jfi lY'/1 ::;l~t.J ~ l~'El l~ 'El
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2 . m'1~~1 191 'j'~1 'W"1J'El 'l 'i:lJ~'W~ ~~'EY~\liJ'W~lfl'Wn1'j'~Lf)'j'1~~~1ill~1ruhh~'W 'i:~tJ~fi~'El~

(Lowry's method)

0.6.----- ------------------------,

0. 1 -- -- - _. - . . - - - - - - _. - - _. - - -- - - - - - - _ - - - - - - - _ _ .
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~u~ 2 6 . n'j'1~~1191'j'~1'W'j'~~~1'lWJ1~L~~~'W"1J'El'l'i:lJ~'W~~~'EY~\liJ'W11lJr11n1'j'~ ~n~'WLL~'l~

f)'J1~tJ1'Jf)~'W 6 50 'W1'i:'WL~19l'j'1'Wn1'j'~Lf)'j'1~~ill~1ru'i:u'j'~'W 'i:~tJ~fi~'El~
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3. m1vh.j1{?l~~1i..\"1J'fl,m\jl~~~Hli..\m~~ b~~1~t.fvnuhJ1 ru~1f1ULfj bl?\~Yl ll?\tJ~fhb'fli..\1nru

(Anthrone method )

104,--------------~----~
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~~ 2.2 m1vh..n {?l~~1i..\~:;Vl~1'l~,)1~LiJ~-iii..\"1J'fl'ln\j1~~nUI"l1m~~ l?\ n~i..\LL~'l~ ~')1~tJ1')~~ i..\

620 i..\11i..\L~{?l~1't..m1~~ L~~1:;t.fuhnru~1f1uLfj bl?\~Yl ll?\tJ~fiLb'fli..\lYl~i..\
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...
4 . ~n'l1ru~"1J'el'll"1l~~lY'l1~l~ tJ'I neuro-2A ATCC CCl 131 1'Wn1~m'J9Y11uhJ1ru~1~n!?\"1J(Y)'1 -

6J!'el'l'i:"1ll~m -J 'i:!?\ tJ',)filY'l 1~litJ'I In'ell ~'el

(1)

(2)

~1~n!?\ "1J'J 1'16J! 'el 'l 'i:"1ll~mJ 'i:!?\i.J',)fi lY'l 1~ lit.J..:Jln'f)l~ 'f) l ~'f) ~ Jl'Ji.Jn ~'f)'1 ~ ~'Vln~U UU1J

phase contrast rh~'1 "1JtJ1tJ 500 lyh

,
ov ...""

(2) ~n'l1ru ~"1J'f)'1l"1l ~ ~'Vll?l1tJ
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~1~~'J'Elth'l~~ n r;)1~ri'El1.Ju1 1m li"1~1 ~tf'v11tfhJ1 rwon'El'l ~1~n r;) "1J'J1'l6Jl'El'lL6Jl l~m.J Lr;)tJ';'jfi'

l~1 ~l~tJ'll i1'Ell~'Elll~~'v11'El1.J~1.Jfi~ dJ1.J~'J1.Jtl~~n'Eluon'El 'l~1~~M Lr;)tJ';'jfi'l'El"1l~ wa~~ '"l~U1~1~~1• •

i"1'El~~t1L6JlYm~i"1 ~ 18 dj1.Ji"1'El~~t1~1L~'"l~tlon'El'lU1'~Vl Water, USA.

1l1tJl1.JU~~~i"11fu'fl1.J 18 m~1rw 360 un. Ll~~ih~ue.h~utTn~1'lonu1r;) 1 6Jl~ ll~~~'l 1.2 6Jl~ .
" ,

U1i"1'fl~~t1~'lnfl1'J~1~1'l~'JtJU'flUL6Jl~Vll~Vlfi11.J'El~m~1l?l~tl~~~1rw 10 ~~ . ll~~U1n~U~'fl'l-

"
i"1f'lm~1l?l~tl~~~1rw 15 ~~ . l?l1~~1~U

u1~1~~~~1tJon'El'l~1~~'JmJ1'l~~nr;)1~~1eJ1Ui"1'fl~~t1l6Jl~ll~i"1~ 18 ~

ll?l1-tJ~l~uoiJ'El 2.5.1 tr;)tJl~~'fll?l~1m~1'v1~ (flow rate) 1.0 ~~ .I?1'ElU1Vl '"l1mrU"1l~i"1'El~~t1~'JtJ

mr;)J1~~ 0.1 % m~1l?l~ 20 ~~ . lnU~'J1.J~eJ1Ui"1'fl~~t1'fl'fln~1 Ll~ ~vi11~Ll~'l~'Jmi"1i'El'l~~l~r;)

ll~'l l~'fl U11tl';'j li"1~1~tf'v11m~1rw~1~n i?1on'J1'l6Jl'El'lL6Jl l~tJ~



103

1. ".Q(?j"ll'f)'1'J1~'J (solenoid valves) fl'JlJfJ~m~1'V1~"lI'f)'1U~~~'f)f~~~~~"llU(?j

2. ~~"lI'f)'1~1~~~~1t1U~~~'f)f (buffer pump) Yi1'V1U1~~(?jU~~~'f)fronn"ll'J(?jeJ1U

'J1~'J ~~~~U'f)'1 ~·~h1t1~fl'f)~~,.r"ll'f)'1 ~~6Jlu ~uu~~tI~~~JlVl reciprocating piston

3. fl'f)~~,.rlJ~~roH~6JlU(ion-exchange column, analytical co'IUmn) armUUfl'f)~~,.r,
~ ~ ~ ~ I

2 -nu -nuLUlJ~~rom6Jlu~1'V1flJ utlnm(?j'f)~mU ~'Ju-nuu'f)n'"l~il':h1'V1~~~t1ul?l~'f)(?j ~'J~1 ~~'f)fl'JlJ,

fJ~~ ru'VI1J iJ"lI'f)'1 ~~6JlUl?l1~~ ~'f)'1 m~1U-Jl'J'I ~'J~1'V1~'11

4. ~~"lI'f)'1J1muu1e:l(?j~U(ninhYdrin pump) ~'J~~~'VI~'f)unlJ~~U~~~'f)fu~Yi1

'VIU1~ ~ (?j ~1~~~~1tJUu1e:l (?j~U91n"ll'J ~ ~'1l.jf ~UU~'JYi1t15mtl1 nlJ m(?j'f)~mU

5. mixing block il~m~ru~~uu-n'f)~'f) 3 Vl1'1l,x"ll'f)'1 L'VI~'J~'f)'f)n91mJ~1t1fl'f)~~,.r

(effluent) ~lJnlJUu1e:l(?j~u~~~~e.J~~nuri'f)U~9~1'V1~~'f)1t1tJ'Iv1'f) reaction coil

6. reaction bath ~UU'fl1'1J1 'VI1''f)J1arU~'Jnfl,)lJfJ~1,xil~ru'VI1JiJ~'1t1~~~1ru

100°''ll ~~'f)1,x~1~~~~1t1e.J~~'"l1n mixing block 1'V1~~1l?l1~ reaction coil ~~~~'~'f)~lU'fl1'1~il

~ru'VI1JiJ~'1hJ~'JtI ~'ldJU~'1~1'V1flJm~-r(?jm(?j'f)~mu~'Jtltl5mm"ll'f)'1uu1e:l(?j~u

7. photometer ('VI1''f) colorirneterlrilu visible absorption photometer ~-r(?jm~

~(?jn~UU~N"lI'f)'1~1~tI~~n'f)lJ'f)~mu-uu1e:l(?j~U~fl'J1~t11'Jfl~U 570 ~~~~ 440 U1I:U~~l?l~

8. recorder ~Uu~'JuuYin~bJdbJd1ru absorbance 'VI1''f) transmittance ~~'1~1'"l1n

~'J-r(?j"ll'f)'1~'JU photometer ~m~ru::;~uul:fl~~11:l?lL~m~L~~(?j'lmn~tJn"ll'f)'1Y1fl~~~::;~mtllJ~VltJlJ

~bJdbJd1ru~-r(?j1~.jfr11u'Jru'VI1m~1ruluiU~'f)1t1 recorder ~l.jf~'f)'1dJU 2 channel flJ~bJdbJd1ru

~-r(?j'"l1nfl'J1~tJ1'Jfl~U 570 ~~~::; 440 U1I:U~~l?l~ ~;<'f)~1 nu1t1

9. ~'JUU'f)U~'J'f)t.h'l~l?ll:u~ (automatic sample loader) Yi1'V1U1~U'f)U

~'J'f)th'l ~~lJlJ~ l?ll:u~ll ~~'f) (~~~'f)lJ m~~ ~fl~1::;'VI1 mJ ~~~~::;flf'l

10. programmer 'VI1''f) controller~~'fl HlUm~fl'JlJfJ~~~~::;i'l'l1U~'JU~1'11 1,x
,

c .c:lI V .<:::It. ~

Vl1'11Ul?l1~ ~'J~1Vll?l'fl'l ms ~~lJlJ~::;lJlJfl'fl~~'J ~l?l'fl~



sample

1

104

buffer pump _+

solenoid

valves

sodium citrate buffer

sample coil ion-exchange column

T1 = 48 °c

T2= 75 °c

T3 = 78 °c

A = pH 3.08

B = pH 3.80

C =pH 5.89

0.1N NaOH (regenerant)

ninhydrin

reservoir

------+~ pump ---+ j
reactor

(reaction bath)

1
drain .~ _ detector

1
recorder

(Beckman Instrument Manual, 1985)
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b~'e)'f A h.l~~tJ~b'd~1bVld-J1~~d-J t#l'd'elth'll,x'el~l'Wu~b~'elf pH 2.2-2.0 (loading buffer) b~'ell,xm!?l

'el~m'W'Vlnt#l'd~U~~9~'dd-Jn'Wb'L1'WU'dm~'el"ll'dtJl~bfl!?l ionic interaction l~~nu ion exchanger group, ,

(-803 -)"II'el'l b~an'W t#l'd'el~.h'l'Jn~191n autosampler ~:N~fi'I'elIKd-JU 91mr'WU~ b~'elfbbl?l~~"1!U!?l~un,

Hl'Wfi'I'elIKd-JUbb~~~vim111,xb~'W'Vl1'l'el'elnd-J1~'d1~'dU~~91"I1'el'lbbl?1~~u~ b~'elf9~~1'Wb~hlrd-J bb~~

1~m-n1fi'1'elIKd-J'W~~'eld-J1 nu~~ruwJ~"II'el'lfi'l'elIKd-Jt1~'Jnrh~'W!?ll,x'el~fi'I'l~~~ru~.1J~~~'l ~1'el~m~

bU~tJ'WbbU~'l1?l1 d-J"ll'd'l b'd~11?l~'el !?l~'elum~';) bfi'l~1~'lX ~1~t#l'd~ !?lVl1tJ'el'elnsm fi'I'ellKd-JUbb~'d regenerant, .
(0.1 N NaOH) 1~~b-n1d-J1 bb~~1?l1d-J~'dtJU~b~'elf A b~'el'Yh equilibration lrd-J1J'el'lU~ b~'elf'V11'l1'W

1?1'W~1~~~~1tJU~ b~'elfl,x~1'W~'l1'Wfi'I'elIKd-JU~1'WluiJ'l mixing block ~~d-JnuJ1tJ1u'Wle:l !?l1'Wbfl!?l

UDrntJ1bb~~iJd-J~ reaction coil 1'W reaction bath ~ru~.1J~ 100°"11 bU'W~~tJ~b'd~1~~'l rl'el'Wb-n1

photometer cell "II'el'l colorimeter rel1'Wl"l1 absorbance "II'el'l~1~~~~1tJ~1~m-n1 cell 'Jnr)!?l~

fi'I'd1d-JtJ1'dfi'l~'W 570 bb~~ 440 'W11'Wbd-Jl?l~ rl'el'Wl~~lU"II'd!?lJ1~'l 1!?ltJ~bkJbld1ru~r)(p)H'Jnu'WVin
v <C!j

!?l'dtJ recorder ~~'el integrator (Heftman, 1975)
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n . Vl'fltJYl'JltJ

Kingdom Animalia

Sub Kingdom Invertebrata

Phylum Mollusca

Class Pelecypoda

Family Veneridae

Genus Asaphis

Species Asaphis violascens
,

""I <V

"1l'fll;'jld-lbk! sand clam

Vl'fltJYl'Jlmih..JVl'fltJl;'j'fl..:l eJl btl~'fln rl'fltJ-nl..:1 uuu ~'J btl~'flnrJt11tJ dJU~U~ bbt1~rJ

'J'fltJmrnuu~u btl~'flnrJ~"1Jl'JtlU~'J..:I (ltl~ 7.) "1JU1~~i"IU~..:I bbl?1"1JU1~ b~n'"lU~..:I"1JU1~1mk! ~'flrJ
2.1 "I ~ ..::::::.l ~

lO1'Jld-lml..:1u'J~d-Jlru 2 .5-3.5 "1ld-J . bbt1~d-JI01'Jld-JtJ1'J 4 .0-5 .5 "1ld-l. d-ln1'JnU'fl1Vll'J1.bUU filter feeding

Vl1-'fl m 'In'J'fl..:l Ut1 ~i"IU~'J 'ttl m d-l~UYl ~ bt1~ bUUYl'JltJVl1-'flYl'JltJtlU1101 t1U Vl'fltJ Yl'JltJbUUVl'fltJ~i"IU~1
'"

rJl;'jl'Jfl~"1J'Jl..:1-n 'fl..:l1"ll b~tJd-J l~tJi"IUYl..:ll;'jl'Jn~d-J bYl1Yl'Jl~Yl'fl n~Ubbt1~l;'jl'Jn ~d-lY1M~d-Ji"Ill?1'"ll nVl'fltJ
q q

(?)..:IJ'U9..:1't~UtJ d-ltl1d-llu1'll1 fl bb~ ~i"IU~IVl'fltJYl'JltJ rJ'J~(?)U fl'Jl d-l bUUY1M't~ fl..:l~1 u'J'flutJn~I'J ~'fl

1U'J~Vl~I..:I b~'flU:Wn'J1 fld-l~..:I b~'flUiJ'JUltJUrJ'J~(?)U fl'Jld-J bUUY1M~..:I ~'JU'J~Vl~I..:1 b~'flun'Jn!Jl fld-J~..:I

b~'fmfiu'J1fld-JrJ'J~(?)Ufl'Jld-JbuuY1M~1 (Saitanu et aI., 1992) i"IU~1 bbUflYi IStJl;'j11..:1Y1M1UVl'fltJ

Yl'J1tJ'J~tJ~Y1M~..:IrJ91U'JU~..:In~11uVl'fltJYl'J1tJ'J~tJ~Y1M~1 (Juntongjin et aI., 1994)

Kingdom Animalia

Sub Kingdom Invertebrata

Phylum Mollusca

Class Pelecypoda

Family Veneridae



Genus

Species

Tapes

Tapes turgidus

ridged venus clam
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~'fltJm'~~n ~th.m'fltJ~'fl'l ~1~'fl~1'Wfl~'fllJ flf,)~'fltJ~1tJ ~h'W~u~'fln~xu11'l ~n'fllJ

n~~1J'fl~ e:J,)~U~'fln~~1mU'W~'W~~~~~tJ(?1~~~~~~'fltJmJnlJ'W~'W ~U~'fln~n~~(?1~~1m'~91t.J'fl~

lJ'W~'W~U~'fln~m~'fl'l'fl~J11?l1~ ~v3'W (xU~ 8.) (ligament) ~~(?1lJ1'W~lJ'fl~.n1t.J'W'fln "IJ'W1(?1~~lJ
.. ... 0 1 .. 01 .. ""
~m1~m1'lu~~~1ru 2.0-2.5 "ll~ . ~~~~~fl,)1~tJ1')u~~~1ru 3.0-3.5 "ll~. ~~~~~m~n'W'fl1~1~

uuu filter feeding m~'fl'W~'fltJ'VI~1tJ L~~~~lJvr')lul?l1~~'W'VI~~~~~u'W'VI~~m~1-'fl'VI~1tJU'Wlfl ~'W

~'fltJnseiln ~u'W~'fltJhJ~yh~9'liltJ~t11~1lJ1'm fl,

Kingdom Animalia

Sub Kingdom Invertebrata

Phylum Mollusca

Class Pelecypoda

Family Cardiidae

Genus Trachycardium

Species Trachycardium f1avum
,
~ ~

"ll'fl~1~bb' Heart clam, cockle

~'fltJ~uiX')19 ~U'W~'fl'l~1~~"IJ'W1(?11~ru fl~1tJ~'flt.J ~~flN l?l1'lfl'Wl?n'llJ1'W~lJhJ~
~ ~

L~'W')Y{'W~(?1~1~~l?l~Y{'WJh'W·ih'l (pseudocardinal) ~~'flt.J~(?1~m~n~1~d1'fl 2 ~~'l4'l"IJ'W1(?1~Y]11 fl'W

"IJ'fllJ ~u~'fln ~rlm lu 'VI1'l Jl1'W.]1tJ ~~')'Wm,)~1nn~1~')'Wn11'l l?l,)~11~'llu'l~1n~'l~'fl'l ~1 ~'l ~~'fl

ilsenufl'W~~m~ru~fl ~1tJXuiX')19 e:J,) ~u~'fln~~'WI?l1~ ~~'W')f~~ ~~~~~~ ~~nl 1?l1~ U'W,)"IJ')1'l1?l ~'fl (?1

fl,)1~m,)"IJ'fl'l~'Wl{Jfl~1mu'W~n~(?1~~nl ~')'W~.a'W'fl~.n1tJ'W'fln~~~n'fllJ~1 ~u~'fln~~n'l1ru~mJn

.d ~ i; .. 1
(~.n~~, 2527; Abbot, 1968). "IJ'W1(?1'V1~lJ~fl,)1~m1'lu~~~1ru 5.5-6.5 "ll~. fl,)1~tJ1,) 5.0-6.5 "ll~ .

(xU~ 9.) ~m~n'WmW'1~~~lJlJ filter feeding ~~~~~lJvr')lul?l1~~'W'VI~~~~~U'W'VI~1tJu'Wlfl~'W ~'fltJ

xuiX')199(?1 ~u'W~'fltJhJ~yh19'liltJ~t11~1lJ1'm fl



"
l~hJU1Y1::: l~i'H~~I:::-J 1000 d-J~ .

-!-
~'W~'dm~1~~ homog enizer 5000 ~'f)1JI?l~'WTVl 'Wl'W 5 'W1Yl

ultrasonicator 'Wl'W 12 'W1Yl
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, .c,j .c,j

8000 ~~1JI?I~'W1Yi 'Wl'W 30 'W1Yi

.
ln1JYl~ruVl.1J~ -20°BJ! 1 ~'W

,q .c,j

8000 ~~1JI?I~'W1Yi 'Wl'W 30 'W1Yi

,

ln1JYl 'Q ruVl.1J~ -20°BJ! 1 ~'W

, .c,j q

8000 ~~1J I?I~'W1Yi 'Wl 'W 30 'W1Yi
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9. LleJ'\...lrr'llL~ ~'11fim'j'~n~~1 'j'~ 'jj"'l1 n ld'El"vl 'Eltl~ !l 'l ~1 ~1"v1fUtn'lil (;l 'j'''J'''l''vl1uhn ru~1 'j'n WII"J'N

-ri !l 'll6Jll~m.J 1~t11fiL~1~litl'lLd'ElL~ 'El

~
~'WJi'''Jmri~!l'l homogenizer

,
o 1 2.1" e: 2.1" d

Vl1 m6Jl~~Ll(;ln~"Jmrl'j''El'l ultrasonicator

,cl cl

8000 'j'!lU(;l!l'W1Vl 'W1'W 30 U1Vl

~
~~~1t1(;l ~n!l'W1'W rl~!ll'j'~!lf~ l~!lrh9~1"1J~'W

LL~~eJ1'W Sep Pak C18 cartridge

~
vh1~Ll~'1 Ji'''Jtllrl~!l'l'j'~ L '(,m LL~'1

ll~~~~~1t1 eJ'I~lJi'Ji'''J tlJ1ni'W~'El'lrl f 'l
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,

1o . lLeJ'W~'1ll~I?1'1';jfim'l~nl?1~I'l~~91n~'1Wdl?1~'fnJ ~1V11U'l11'ltJl?l'l'd9j,ntfh.n ru~l~n W.tl'dl'1 -

t
vlll~ll~'1~htJ lfi~'fl'l'l~l~ I?1lL~'1

t
~nl?1~I'l~~~htJmI?1Jl~~l'Wl~Ylfil'W'fl~ 0.1%

.
o 'l ~ "" ~

Yll bVl'fl'\.f1l1filll?1nmmfi'l'fl'l ultrasonicator

,"'" "'"8000 'l'flUl?l'fl'W1Yl 'Wl'W 30 'W1Yl

ll~ ~rJ l 'W Sep Pak C18 cartridge

t
vlll~lL~'1~htJ L fi~'fl'l'l~lVItJ II~'1

I ~ I ~

us~~~~l tJ eJ'IVll~~'dtJ'l11 n~'W~'fl 'l fi1'1



11 1

11 . bL~ 'Wer'lbb~r?1 '1';) 'fi n1 ~~ nr?1~I~~ 'jj"9 1 nJllt1hH"ll~~ bb~::;Jllt1'W'emb"ll~~<rJ'fl'lbbUAVlCj.tJ iilVifu

\:n'hl 1?l~'J9 V11tfhJ1 ru~l~n r?1<rJ'Jl'1-D'fl'll"llb~mJ lr?1tJ';)'fi byn ::;bitl 'l b~'fl b~'fl

,"'" "'"8000 ~'flUI?l'fl'W1Yl 'Wl'W 20 'W1Yl

1

"'"'Wl 'W 20 'W1Yl

, "'"8000 ~'flUI?l'fl'W1Yl

1

t
!

vil1~b"Jl~~bbl?ln1'Wmr?1Jl~~ 0 .1 %

v .d
r?1'JmA ~'fl'l ultrasonicator

t 8000~'flUl?i'fl'W:Vl

'Wl'W 20 'W1Yl

. Jl1~Ul~I~I'W Sep Pak C18 cartridge

1

1

, 1
~'1Vll~Ul~l~nr?1~I~~'jj"~'JtI

0.1 % n~r?1Jl~J-J1'Wb~Ylfil'W'fl~

~ ~ ,
oClI ~.0::::.1 r

mVlln~tJ'I b"ll'flYl bbtJm6]j~~

'fl'flmb~'J m~ll?l~ 60 ~~ .

1
~~1'WJl b~ 'fl r?1 'Wl'W 10 'W1Yi

t 8000 ~'flUl?i'fl~IVl

'Wl'W 20 'W1Yl

~'J'WJ11m11~I';h 1~ bb~'1~'JtJ bA~'fl'l~::;bVltJ bb~'1

~ ::;~ltJ l?l ::;n'fl 'W1'Wmr?1Jl~~ 0. 1%

bb~ ::; ~I 'W Sep Pak C18 cartridge

vil1~bb~'1 ~'JtI bA~'fl'l~::;bVltI bb~'1

~::;~It1~'1~l~~'JtlJlni'W~'fl'lAf'l

1
vil1~bb~'1~'JtI bA~'fl 'l~::; bVl tJbb~'1

bb~ ::;~ ::;~I t1 ~'1~l~~'JtlJlni'W~'fl'lA f'l
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12. n1 'j'~ Lrl'j'I ~'lXml:J..J LL'lJ:i'U'j',) 'W"1J'f)'1 -ir'f) ~~ (Analysis of Varience, ANOVA) LL~~rn 'j'~Lrl 'j'I~'IX

LmtJ'lJ LYltJ'lJJlltJ~~'1 (Duncan's multiple range test)

n1'j'~ Lr1'Jl~'IXrl')l:J..J LLU'j'U'j'')'WLL1J1JV11'1 L~tJ') (One-Way ANOVA) dJ'W~fin1'j'V11'1

~ i:l~~1.jfV1 ~~'f)'lJ LmtJ1J LYltJ1J L~tJ')n1J r11L'tl~tJ"1J'f)'1 n ~:J..JU'j'~6Jlln'J 1'Wn'JCu~ n~:J..Ju'j'~6Jlln'J~'1 LL~• •

"Ji'f)'1L6JlL~mJ"1J'f)'1 LL'lJrlYl L~tJl 'Wm~I'j'LitJ'I L~'f) 5 ~ l?]'j' ~'1~fin1'j'~ Lrl'j'I~'lXrl,)l:J..J LLU'j'U'j'')'W~-ir'f)l?]n~'1

Ld 'f) '1~'W (assumption) L~tJ-ir'f) ~~~Ul:J..Jl~ Lrl'j'l~irl,)'j'~~n~ru~l?]I:J..J-ir'f) l?] n~'1 Ld 'f) '1 ~'WcK'I ~'f)lun

1. n~ :J..Jl?i'')'f)~I'1 btJ 'Wn~:J..Jl?i'')'f)~I'1~1~f'lJn1'j'~:J..J:J..J19 1nU'j'~6Jlln'J~~n1'j'LL9mL9'1, . .

F = mean square 'j'~~~ I'1 n~ :J..J = MSb - F J-l . N-J (1 -~)

mean square Jl l tJl'Wn ~ :J..J M S• w

J -1 N-J
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SSb = L (nj-l ) S2j

i=l

i=l

It'ltJ~'"lI~n<nrh F r11 F iJfh ~ln~'l'l"-;'flL'Vh nu 0.05 n'fl~IU:O LI;'iD Ho ~-:lu'flnl~

~liJrll l'tl~mJ'fl-:lU~:;"1l1m''flth-:li1'fltJ 1 mhJ~bLl?ln~I-:l1ur.nnmhJ~'hlbL~hJVl~lu~ln~d-J1t'lUl-:l~, , ,
... ...

uan~1-:l'fl'fl n 'hl 91 Lth~~'fl-:l1~frmnmtJuLYltJUJlltJ'ltl~-:lVl i?11;'i'flU~ nl"l~-:l 1'hlm~~r.rtJ'w1~frm~
,

q ~ ~ 0 v ~~ I ~

"IJ'fl-:l Duncan's multiple range test Vli?1I;'i'flUVl~:;i?1U'hltJl;'ill"lt1!Vll-:ll;'in l?l bVllnU 0.01

Duncan's multiple range test

dj'hl~frm~Vl i?1M1Urll L'U~tJ"IJ'fl-:ln ~d-JU~:;"1l1 m'~1 rll L'U~tJ"IJ'fl-:ln~d-JU ~:;"1l1 m'~1i?1~, ,'.,]

bbl?l n ~l -:l n'hl li?1 tJ1']~ l?l ~

Wp = f P, n-k) MSE( nj+nj)

2 nn
I J

... ,
~ ~

P = "IJ 'hlVl i?1 I;'i 'flUVl 2, 3, 4,..., K

rl lb'U~ tJ "IJ 'fl-:l n~d-J U~:;"1l1m'~1i?1iJl"l'Jld-Jbbl?l n~I-:ld-Jl nn~1 W, '.,] p
, ...

b'U~ tJ"IJ 'fl -:l n~d-JU~:;"1l 1 n~rl,r'hlbbl?l n~l-:ln'hl
, 'lJ
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n'1~~ Lfl n ~'l-fro11Vll'l ~ n ~ I?l'l~ mh'J ~ 1 LL~'Jifl'l~'W~I~In1~Lfln~Vl1~t.ll~

'i:thLLm~Vll'l~n~~'fl SPSS-PC 'l~~'l~I~I~(lm~yh 'lJi'l'W~~t.I~L'J~I'ei'Wi'W 1?l'l~~fim~I?1'flhJd

1. title test SCE.

2. data list free/ no food SCE.

3. begin data

4. 1 1 26.1546

5. 1 2 53.3415

6. 1 3 24.1855

7. 1 428.5289

8. 1 5 16.7643

9. 1 1 26.9521

10. 1 2 50.5355

11. 1 3 24.8896

12.1429.0517

13. 1 5 17.0972

14. end data.

15. oneway SCE by food(l ,5)/ranges duncan(.O l )/stat all.

16. finish .

L~ 'fl L~ t.I 'Wif'fl JJ ~ u~ ~~li'l 1?1 1 'l 1 'l~\l n ~'fl 'l ~I ~ ~ ij'flm~H'i:tJ ~ bbm~ SPSS-PC bb~'J

bfl~'fl'l fl 'fl~~'J b~'flf"'l~y'hm~tJ~~~'J~ e.J ~ LL~~ us ~'l e.J ~~Y'I fi~I~~ ~'fl'l rns
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