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(B)
after Mopper and Degens (1979)
Fig. 1 Distribution of organic carbon on the earth surface

(A) Comparison of oceanic and land organic carbon pools
(B) Distribution of organic carbon pools in the ocean
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Geochemical cycle of organic matter in marine environment




5

WA E W, AR et A o4 Bl £k L
3 ( Mawn, 1473) . M 7°7 7 b S
Wik G LA BT 3. AE L=t
WAk o A o R 1 — s kst - REK L
AN, #32 ARNL T A7 o D R4S 1
Bhi L DOM Lt 3. w777 bR
~EF oA E DO Mo AEHK v 7 b 3 (
Johannes and Webb, 19465 ), LUav L., % o &
AT L T s k TE B N
T3 4B 1B 3 ( Wangersky  1178) .
;@/é\‘ /("é/ﬂ% ’&/Hf:éfgoﬂ?m»/\% V= Ffa,b A D
I RBA L, 1w 1{300Mb %
7§ 3. FEALIR o AARER ( 7 F o d AR ) R
Frasn s HRukm, A5 kmi &
P A TEN, B - ol 2 BT
v g AU H 3 ( Handa, 1117).
K E A D0M o KESA VL, AN = &
n AR e A g iR R LA TR L AL
~%F o HARI LG T = AT L/(*%f@/ﬂ\ﬁ?tdi@
BE ARSI =Kt 3 ( Dgurs, 1195) .



6

G F I e A BRI 0 G0 W e A, R R
Koo KL TR A0, 2B NG R = A1
FAHEA L A B EES L
‘if—ﬁ- SAT T v 3 ((Walliams, 1975 ; Skepintsev,
98 1) .

DOM WEKY » 5 & 2 (1 5t %
A = A BER AL T 0 %% O ( Morris and
E%lzm‘on ,1997), UAanL. DOM o S

0T b N AL L T~ @ I0FE mNEe 5 A
T A ( Chave, 1945). 4 f=, DO MARKE
Gt | BAME 12 T3 K b 3 (

Cavwetf, 117%) . Ctar-1, £ 255 {3

A5 o3BT « ANl Do MALBARK T N5 ER o
R W (Y
AT TENARE L s DOV o BF

1= j.ﬁ‘ \T 3%:@2 O%"éﬂlﬁﬁjﬂ\‘y@ /1\[ GP& b A |z *&‘
A s edF TG . Fig. 2 0 & Mt
4 o XA DA 1k Ay LL AT pN= 2 A

Ty v
Sl £ 4= DOM b U1 A& aNgltl = =



7

F A ACAWIE 4 AT ( Lewis and Rekestraw,
355 )., 73 )@ ¥ y/\°7‘,/{ ( Degens o al.
Ybw ), AF AA @4 (williams 1966 ), & 4 K
% ( Linnenbom and Swimerfon , 1970), 2 7 g {
N ( Natarajan , (970), FZ ( Me Carthy
a70) , R mmm A ( Giger 1177). & 4%
R ( Koyama and Thompson , 1959 ) ' % 3.
L A~ (L, A4 5 o)%%\*ﬁ?}ﬁéi{ LA T D
DOM ojon 209 k503428 15 2 (
Mopper and Degens, 197 1 ). £ W A%FA
i, A L AR A Al T v 3 o AR
THa. %51, BKiCHg &L o o loA
T L % o BE BRI Y A
WILY LY U hn. {87 o 02 0lOFIELE.
2PAS A EE AR A EA T H 3

D OM plOTMAX KT 9 1 % 34K+ » 5 e
K FE o G REET 2 K b5 T o
DOM % HEM A~ 3 v AT At
Hparsbiz@A, T oty DoMNEK=
ol & £ 01 o d2oakiodt, 4555449



N ATV ALET Y L L AHE U b o
AR T, DOM o & AT 4% i B Kuwg

/i A

A @ (16FF %« Lt .- A1) T o

\?k'—L’;.

q )

b)

)

d)

<)

HAAGCHT & DOM oo~ 204/ & T 0
(Hands , 19 6ba) FhRuoiesdf & | 1K
Th 3,

Fy‘ﬁ/l/\m%ﬂviéfb—é—ﬁ’/@%k_ L 1@'5}7—1"3@ n.
B A o kAL ( BB -G K
s

— A B A A k1 B =l
E 2l b o1, Aozt iX —KHok
Feo 152,807 ,07% asd Ln
S L NHETDH D

Vo A o A b L L 53
A ANB b oo BEGTIERINYE L (1 ot R AN
AL eI SO

DO Mo # el AAKAT-— 100 3[R
AEwR A DAL 0 — > THh 3 L&
Z 540 T v 3 ( Duooesma , 1165 ).




7

LN, U, Aifstoda Tk Lo c3@S5
N S SR A I I
a) YEA< o BER A M o LEHAFX t 8@ 5

AR BN

b) JAE . sL3F: B %/»:\ﬁ? (3] S 2
c) A oA RADIE Kk ¥Ry L L
YA o 5 R LB L, IR 1—Rf\,u%@wﬁk
R 41 %ouw BANE K oAt
Wt .

;t\é%\(v; % 1% R A e A
EA » & K /ﬂ%@«/f 3% U Ao RKE
A o Tt FbFd 1 (TR L2 EFA
@ﬁNK.%EfT@%Lt%%m@Mﬁ$
r e a3 At r af Lo s C T % 4
4o, DoMUY EfR 4P OM o &
f\<<b4ﬁﬁf/’x o//l\ﬁuwa‘z « A 7. AL o
S B TIXTIPT N 25 W S 2 =



[0

2

T — K o5 KK (eh = FAS 3 ER o
ot LA

1— 1 & e o Z R
&AL EF Cx(H0)y © F BN 218 H
A3 R o—Fh % 2 |, B LD LS. &
KAWL, 7 - 70 (7' %E ) o kb is
BB LB SR AEMBR, st ok D i
7~ TH@E LK S PER, T27°7 0k bIT
2@ b 5 A3 WHETR 0 = > = K| A3,
s, At h e AKEgEE (—0H) 0 % 2L F
MAE Nt X 3 LE (—COO0H) %= T o
Y-y AR T ek I d S R R { b — st T X
7"/L<bff§, <~z ) E (-NH2) 2 b—=3=2) 4
WERB = EHEF 3. P kesr i, RN N
ey 3 -k, 7=/ - LA L 55 A L BB
Lo L %, T o, A o BAERF A
LA A Y EALT N b L NEAERR
5 A srEEK 2 A3 KR 77 1y (1 BN

—

= 13/7/]%%/@) o -—~m V= AT 3 T L N1 23,



I
G Tt R & v U+ B A esa it o 55 1
b 2.
T—2 BHEXKWHoswR o Bt
A 0 15 R /K (47 vt Collier ot al . (19 50)
ERSP SIEEL t/HT*a MIZ ., BAted
Thah L v b s SN0 EA (T AT L T (LA dR
A RXEA (7 I 75 — /L/%?Jﬁ%ﬁ) 5K v ads
2 NHES 332 ( N- ethyl carbazole %)
T » t= o % » 4%, FBI oA AE I L HE
G B D s B, REEA AR
ANALE AL T A ( Lewis and Rakestraw, 1946
5 Whalsh , 1946% ). A 1=, Handa (1944a,1947
) i {y FiFbElNndA o gﬁﬁ}'ﬁuﬁﬁ\r» T3
BT RSN o AT & 72 - 1L TR TR A (
Handa | 194466 ) 120 M RATZ % (1, Bkt
WIRB = 2 A B EFAN . w3k = b4
BTG R 2 SR B DR = B 0T I~ g
CA, HF =buo A ol~loml/l 1'% 4.
G, $HBR oz e B EA 3 Fh w5 Al
T v A ( Johnson and Siebuvth (277 ; Hirayama



12

19Tk ).

YO B = & 3 KB 8 K e oA o A4404
1) SR WA E 1 B0, B oo ALY the eE P
e //’}}(41”1’5 - Y. b) -/*&\ﬁ%@,{‘g = & 1T 3 =3
ARy L, ) Ko T A (00
) URL L L UB 2. —~R, 4 ok
a) B KW B AT L 1A 3
61, HEFAMR cPAY 3 e ANEB 5 AL 7k .
b) AR o4E B - N BEERE AL, )
& ok (LAY g o BIEM L RAE S 3 L LA S 3,
AL R, Z)-LshahE LB L g
Ay, LEMN, 1, L ofAtBKRT 05K
B 0 4 IR = > 1 0B AL IEER &
N S U 4/ RO

%ﬁ, %ﬂlwﬁ% 70 2 k735 70 b LN
AN D TR T T GL) RN, A
LA R 3 AILAM S ARE L, TE 4 L
WREXZ 5 4L 1 v 2 ( Tosefsson, 19170 5 Mopper,
411) . T ofE @0 3 Lk zE N, G
A (LA DALERIARY L f0 3 = LAV T %3,



/3

KR, BERARICH o ~4F —— HM R4 —
76\1077%5%\\’— L AR e 2 AT T 3(Mopfer

et al. !‘76’0) L 2L, BE gaAetg sk

o 10 G *bﬁffﬁ‘f’:{/\, VAEEE

B o B 0F 4 PR 3 JE R £ S

AT W A

T-3 BHEEKWLYAo4 K, . o
\B142

EE R AN, Ec BN 7 o 7 L
FNBE =L amEAR . H 3 % Z o % AN 5
o JER mAeE Y3 L E Z 5 A\ 3 (Sieburth
969) FEMITE L 7k v ANTHER 2 A3 B
o (OB K =P 43 R A . Fogg (1944),
Hellebust ( 197%) L 1= & -1 2 v ¥4 5 M £.
LAl B3 Y, HMEK 2 A3 AW, £~
KA, =) 87 /7R, GHAILY 1Hk
s AT &0, UM 5 o A M o F KA
mE .U EBEATIERN 0 b 3o s ABL A
S AZ O N T 3. UAL, HMER 2403
@ o e 0{OH AR 1= PR A JEH LA

s



14
JORAR L T (U RN S
K = ar i < AU AL o KEF AL
A A c L onAl® LAl B o ALY A,
}{O%*ﬁlié‘? ﬁ\@*] = L ﬁ\ﬂﬁ oA =X /H 1o 7%

( Burney efale 197900 U AL, K AEE
LOEG A KL L T 4o X — g%{ you 141 @
43 v b ( Whishl and Hobbie , 1166 ), 4 = 4#
o1t s 7k ‘/)i’f‘f?ﬁté/zni/ﬂﬁwn/%’fé{w\
A A L emfe s T A ( Sepers, (1777).
£ oA, HEEE TR A E RN R R
ENEAF AR CEG, AR AL L £ 2D
AL ( Khailov, 19638 ).

t A, RE R ARACH] 0 — B KT = R
At (. Basic L ErEE 4 A e O
L% 25 A1 A ( Duwrsma , 19456 ). %
ST U BAEIG s B3 A v RAe{LAET N o K
o THEL 2 p 1, BT T2 D0OM o
ﬁ%;{/\i (%\’—5}?{\%%(@ Do M ) Iz, KRG &N
il NP AL LA w3 L& pAla, LaL, K
D AFIA G A Loyl 5o T R



Z3

W ki st v 5, BEBEAKIGHT 0 L6
Bodx, Aol A A aaFig gL 4 v 4T
PAT G . T oofb G a5, YR &KL
oA B LA = PR 2B R ANELE LT L 2 A 3.



/6

T — Y6k & Kt o SR4E - AEEE

M— 1 1t (@I

M@#/Kmm o TS A%k dRel + 3 £ & 1=
g, IWWEMM TR E o B AKILEN L &K A
DHHE QB  LLMAZE T hH . MR,
B A e ol R E - RERR NGELL €
MTuwh vy &R, % oleEiEak o G o &
Kotd% nh -1 ot

AT AIE L RSE . ez, 4T

G L E Bk VB 0o T B, HEE
NG a NEMBR b L WV FBEER oA TB I AR T
53T v 1BRCEAE A A A ( Whistler and
Durso, 1950) . Kerr and Quinn ( 1975 ) 1L,
YE-K o DO M o MAE =35 a@ 07 Ak FH
B b g FKoD O M 0zb~ T2/ %
HE 1= . Khaefer ( 1945 ) Vo BB HEMK(E
£ 4 ) h7l»\&—°ﬁ\%tf:’(é, <L 3 — L

* TN ) -, ekl LA
L, #HdEha A= L@{ﬁfﬁo %7«%»19'\;\5



t7
A

VEAT I, RN o B A Ltk S
S, ANE o AR A L@ ba %
fo. Jeffvey and Hood (19528 ) b, = o f3E
AR 0 DO M 4Bt 20 - GZN1 b 3 L

AGHE 1= EAA IR E AR T b0, K AEE

EEALT v LA L. Ls L, KR ot

WE A VAR, At o s A AR A 2 T

Lt BT T A oG E - EBIE N %2

NG O AEAZR = T R
ATk, 1 b okd &

(N /‘)\ 9 \ G)f‘o (D{
A ’ki}/fé’j L 7.

M— 72 AFktk Az
T-2-1 &g ng A
SEME L, A L7 a2 b A EA R (w0~
(o0 Ay v, BEIR) @ 1. 1542 ok
@Rt Fz0 cmPy | AR E o.{ml/3 , 4
IS 12 A, BAEA U Er T b
R CK, Na, Mg, Fe B ) 54 484 T4

Q



2%

MG A, BAKR U sbo UL aﬁ?ﬁﬂﬂ%ﬂ L,
O S TN S A L &
2, - ,?%;r Ll @ Eem n AL, BET
1 TEMR EAAEF 2 T |~ L SEIT e A
;H, 3o ARl < ik L Lt . IENEEE LR
K11, Lovs, s/ L7 &
\\;&X— LAZL W TR T2 . T oMk & 3 @ A% 4 AL
LT h, ST AR o B L T h o, & Q
HEFC T, WE o Z0EEH = Loy 5% to 2ok
“NF AR 1 LUt
sbd & N G ML, mEqoiEidE LR AL

/

2

Eng ol b, 4fgoilEth T L ET
LIl oA FH =0 115 L 1 v 4% 1 en,
Ex 30 cm ©, 115 ALt A4%R 2. 5em, =
30em @ NI Ah F AU H 2. 117 Anso
izt ANANY TG - A TR F
WA 1T 7 ey A L7 H — AR T,
L -7 -7 sELAdEs 5w L SRR

L e 2% 7 Fa-7T EtHRH R, &
2R K e R, MK T EE A (ISR



/7

ol ) L1 FHEER LR C f .

FLERAA, s Ty 7 2 G- 285 (20 -
70 um , Pharmaca Fine Chemcal ) € H (W %= . € 73
ol X G~ 25 d, A s~ ef 3% LR ©
1%, 7 Lk TLutE. N F AR, AIE
l0em, Belmof' 7 Z 3 Ak BEWE, €
Ts 5w T A G- 25N G ARD o VA A= A
A -y T h@, BERETT T s/
4V 7 4 1TABLCE. TONT AcHRT 3
AEF o RE L, BELL 0 1Ly - 2 (A

TE50 ), 57 ) - L (Sok), T =

¥ 5
(3200) KRLT &H 2% -7F . £, 74
PHFASE VL L - F X 2 LT L zooo L@

ARME £

L -2z-3 9K

fE 58 0 /2 B b v Lﬂ,)ﬂoﬁa\ifé’%@,’}‘}{?

€2, UHEAR LA L A

b e Tl 72 d- 7. FA) - %, T
a-7, Yt -7, 17 -

Z, X¥3 - %2, % ¥/ -7,



T 7+
b A% R

—

20
-Z , T a- 7
ve ¥, w oL A4 -A, F )
~Z, £O0F L3 A - X
79 4% B s
o5 - 35 4 -
T, 7

Mo Brauns (1942) o F A
T 5 1t Handa and Nisizawa (44!
) @ﬁ‘/*/(%lﬂﬁL Yo

7% ATl E NN

v

(M2 0N 1+ N A fo K
AU A T°K o

Y b At BB L F

-7 -4

2K

NI

—
[t

!

EANKVL , 2575 o £ B REEATF 25 2.1 kn
a0 BA (KYE §m, 3447 0{"N, (37"
15700 ) % A £ . ZAK 5 JFEK L4 L Table
Bk ct BRI BER B E N, wboc
TnoEaEE %« LA 13

( Whatman GF/c ) % @&
D %

.
/’Kﬁ

A T3 4 IN— Tsi4—
/<T>
SE AR &

a—l\.

5Py %
54, 5 R
T')?’i@ L

71 %

"

= L 7=.
@}F@% ( 30 x 1Z cn ) |2
kon

JAAC L T, Zf_rﬂ:f_
‘?ﬁ}ﬁﬁ-, /%I‘;P/T =43 %



Table 1

The water samples collected from Mikawa Bay

on May 31, 1980

Depth (m) 1 6

Volume (1) 200 20

Sampler pump Van Dorn

Water 20.5°C N.A.
temperature

pH 8.8 8.2

N.A. = not analyzed
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Table 2. Recoveries of standard mono-, oligo-, and polysaccharides from the charcoal column.

Xylose Glucose Cellobiose Raflinose Laminaran
Molecular weight 150 180 342 504 3,200
Expt. No. 1 2 3 4 5 6 7 8 9 10
Column system used® I | I I | 1 1 1 I I
Carbohydrate solution:
volume added (ml) 500 500 500 2,000 2,000 500 2,000 500 500 5,000
concentration (mg17!) 1.0 1.0 10 10 10 10 10 110 1.0 1L0
Carbohydrate retained in
charcoal column (%) 4 78 76 17 83 90 91 98 97 99
Ethanol solution used for the :
elution of carbohydrate (%) 2 2 2 2 2 10 10 20 80 80

Carbohydrate eluted from charcoal
_column with ethanol solution (%) 4 78 75 17 82 87 85 74 6 4

"@ Charcoal column using 4.5g (1) and 45g (E) of charcoal.
® Carbohydrate retained in charcoal.column/carbohydrate added X 100.
¢ Carbohydrate eluted from charcoal column with ethanol and/or NaOH/carbohydrate added X100,
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Table 3. Recoveries of various mono- and oligo-

saccharides from the charcoal column.

[ rage No. of
Compounds C:L‘éﬁm Fet?)%(;tyf régsv:rgy experi-
(%) (%) ments
Monosaccharide
Glucose I 54.2-79.1 67.5+8.3 7
Galactose I 54.1-66.5 60.41+7.7 4
Mannose i 32.4-52.0 46.4:+6.8 7
Xylose |'§ 59.0-70.1 63.1+2.4 7
Arabinose | 68.0-80.5 74.3+7.8 4
Ribose ) ! 7.3-18.3 16.2x5.7 5
Fucose ) ! 25.1-27.6 25.9+1.8 4
Rhamnose I 11.5-17.8 14.7X4.5 3
Erythrose )'{ 6.1- 9.9 9.2+2.7 5
Oligosaccharide
Sucrose 1 78.6-96.6 88.8+7.2 6
Raffinose 1 65.9-82.1 73.5+6.8 6
Cellotetraose [ 55.2-63.5 60.5+5.2 3
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Recovery (%)

Time (hr.)
Fig.5 Recoveries of sugars with respect to time
during dialysis of a 3% NaCl solution contain-
ing a mixture of standard sugars against distilled

water. 1: laminaran, 2: bacitracin, 3: raffinose,
4: glucose, and 5: NaCl.
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Lpissolved carbohydraggl

evaporated
Dialysis against distilied water
[ , 1
Non dialyzable Dialyzable
carbohydrate carbohydrate
40% (33%) 60% (67%)
fractionated by Sephadex adsorbed by charcoal
6-25 colunn chromatography column (I)
[ [
Carbohydrate ‘Carbohydrate
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eluted with adsorbed
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eluted with
10% EtOH
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polysaccharide polysaccharide .
33% (20%) 7% (13%) 15% (26%) 7% ( 9%)

Fig. 6 Flow chart for the separation of dissolved carbohydrate from the seawater samples
of Mikawa Bay by dialysis against distilled water followed by charcoal column chromato-
graphy. Carbohydrate in each of the steps of the separation was determined by the
phenol sulfuric acid method and is shown as a percentage relative to total carbohydrate
in the water sample from the depth of 1m. Values from the depth of 6 m are shown
in parenthesis.
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Table 4 GC, GC-MS and

1H—NMR data for sugars and sugar derivatives prepared

Anomeric proton(s)

Sugars and sugar Derivatives :
derivatives £ Retention Ch?::;;gﬁ:éiizs Chemical Coupling
prepared or shift constant
analysis time m/z ppm liz
T ' ¥
Laminaribiose PB-anomer Permethylated 0.48" 422(M+-32),353(M 1101), 4.67 7.8 (Ha')
: 321(M -133),305(M -149)  4.13 7.8 (Ha')
d-anomer " 0.51a " : 4.68 7.8 (Ila';
4,84 3.4 (la
+ +
Laminaritriose p-anomer " 0.887 483(M+—175),423(M+—235),
a 391 (M —2671,359(M -299)
d—anomer " 0.93 i +
Sucrose 0.44%  409(M -45),377(M 777),
a 329(M+—125),289(M -165)
Raffinose- " 0.77 gg3(g+—§7§;,ggggﬁ+—zgg;,
" a 9 ie7 10y, 5.00 3.9 (la)
1-0-d-D-galactosyl- 0.31° 219,187,163,103,101,88 .0 .9 (lla
glycerol
1-0-B-D-galactosyl- " 0.33% " 4.22 7.8 (lla )
glycerol
2-0-d-D-glucosyl-1,3~di~ " 0.29° " 5.20 3.6 (lla)
O-methylglycerol a "
2-0-p-D-glucosyl-1,3-di- " 0.28 4.40 7.6 (la )
O-methylglycerol a + +
6-0-d-D-galactosyl-1-0-8- " 0.67° -367(M -175),307(M -235), 4.96 3.4 (lla )
" D-galactosylglycerol b 219,187,163,103,101,88 4.32 7.8 (1a')
1,3-di-0-methylglycerol " 0.19, 88,75,71,45
2,3-di-0-methylglycerol " 0.37C 89,75,58,45
Methyl 2,3,4,6-tetra-0- Alditol acetate 1.00 101> 129> 117> 145>161
methyl-d-D-glucoside
" 2,3, 4-trdi- " " 2.497 117>101>129> 87>161
"o2,3,6-tri- " " 2.51c 117> 99>113>101>233
" 2,4,6-tri- " " 1.96c 117>129>161>101>159
" " "
3,4,6-tri- 1.99° 129> 87>161> 99>187
Methyl 2,3,4,6-tetra-0- " 1.25% 101>129>117>145> 161
methyl-d-D~-galactoside c
"o2,3,4-txi- " " 3.42C 117>>101>129> 87> 161
" 2,4,6-tri- " " 2.42c 117>129>161>101> 159
" 3,4,6-tri- " " 2.51° 129> 87>161> 99>187

a: Relative to the
b: Relative to the
c: Relative to the

mobility of permethylated vanillyl-f-D-cellobiloside (1.00)
mobility of d-methyl-2,3,4,6-tetra-O-methylglucoside (1.00)
mobility of 1,5-di-O-acetyl-2,3,4,6-tetra-O-methylglucitol (1.00)
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Table 5 Gas chromatographic conditions of several sugar
derivatives

Compound analyzed Column used - Temperature . Carrier gas (N,)

program flow rate
(ml/min)
Alditol acetate 3% ECNSS-M 120-210°C, 17
(Gas chrom Q) 2°C/min

Partially methylated 3% ECNSS-M 170°cC 22
alditol acetate (Gas chrom Q)

SE~52 a 140-275°¢C, 0.55
(FS-WCOT) 2°C/min

0ov-1701 a 140-280°C, 0.66
(FS-WCOT) 2°C/min

Permethylated 3% 0v-17 120-280°cC, 30
oligosaccharide (Chromosorb W) 5°C/min

SE~52 140-275°C, 0.55
~ (FS-WCOT) 2°C/min

ov~-1701 140-280°C, 0.66
(FS-WCOT) 2°C/min

Pertially methylated 5% PEG-20M 60-180°C, 25
glycerol (Chromosorb W) 5°C/min

a: SE-52 and 0V-1701 columns are fused silica wall coated open

tublar columns (length 25 m x i.d. 0.35 mm).
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Table 6 GC, GC-MS and lH-NMR analyses of compound 4,5,8 and §

Retention Molecular

Anomeric protons

Data of constituents

Compounds time? ion, Mt Chemical Coupling Constituepts Mol.
m/z shift constant assigned ratio
ppm Hz
4 0.48 454 4.67 7.8(Ha ) 2,3,4,6-tetra-O-methyl- 1.00
4,13 7.8(Ha") D-glucose
2,4,6-tri~0O~methyl- 0.96
D-glucose
5 0.51 454 4.67 7.8(Ha ) 2,3,4,6-tetra-O-methyl- 1.00
4.81 3.4(Ha'") D~glucose
2,4,6-tri-0-methyl- 0.94
D-glucose
8 0.88 658 4.67 7.8(Ha ) 2,3,4,6-tetra-O-methyl- 1.00
4,66 7.8(Ha") D-glucose
4.12 7.6(Ha") 2,4,6-tri~O-methyl- 2.20
D-glucose
9 0.93 658 4.68 7.8(Ha ) 2,3,4,6-tetra-0-methyl- 1.00
4,67 7.8(Ha'") D-glucose '
4.82 3.2(Ha") 2,4,6-tri-O-methyl 2.30

D-glucose :

a: Relative to the mobility of permethylated vanillyl-R-D-cellobioside (1.00)

b: Constituents (partially methylated hexoses) were converted to partially
methylated alditol acetates for GC and GC-MS analyses
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Table 7 The base peaks and relative intensities of the ions derived from the
fragmentation of several permethylated di- and tri-saccharides and the compounds
4 and 5, 8 and 9

Relative Intensities

Base peak m/z
m/z 145 155 159
Oligosaccharides .
R-D-Glc-(1-1)-D-Gle (Trehalose) 101 500 999 100
-D-Glc-(1-2)-D-Glc (Sophorose)? 88 - 137 226 100
p-D-Glc~(1-3)-D-Glc (Laminaribilose) 88 155 23 100
B-D-Gle-(1-4)-D-Gle (Cellobiose) 88 397 390 100
d-D-Glc~-(1-6)-D-Glc (Isomaltose) 88 292 241 100
B-D-Gle-(1-6)-D-Glc (Gentiobiose) 88 254 163 100
Compound 4 . 88 152 23 100
Compound 5 88 146 11 100
B-D-Glc-(1-2)-P-D-Gle-(1-2)-D-Glc? . 88 166 399 100
B-D-Glc-(1-3)-B-D-Glc-(1-3)-D-Glc (Laminaritriose) 187 69 31 100
d-D-Gle~(1-4)~-d-D-Gle-(1-4)-D-Glc (Maltotriose) 88 65 350 100
B-D-Gle-(1-4)-R-D-Glc-(1-4)-D-Glc (Cellotriose) 88 85 417 100
B-D-Glec-(1-6)-R-D-Glc-(1-6)-D-Glc (Gentiotriose) 88 200 450 100
Compound 8 187 58 45 100
Compound 9 187 57 27 100
a: DI JONG et al. (1979)
b: KARKKAINEN (1971)
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Table 8 GC and GC-MS analyses of compound 1,2,6 and 7

15

Retention Molecular

Compounds

Data of constituents

a
time io;;zM+ Constituents Mol.
assigned ratio
1 0.28 338 2,3,4,6-tetra-0-methyl- 1.00
D-glucose
1,3-di-0-methylglycerol  0.87
2 0.33 338 2,3,4,6-tetra-0-methyl- 1.00
D-galactose
2,3-di~-0-methylglycerol 0.85
6 0.62 556 not analyzed
7 0.67 542 2,3,4,6~-tetra-0-methyl- 1.00
D-galactose
2,3,4-tri-0-mefhyl- 0.96
D-galactose
0.84

2,3-di-0-methylglycerol

a: Relative to the mobility of permethylated vanillyl-pB-D-

cellobioside (1.00)

b: Partially methylated hexoses were converted to partially

methylated alditol acetates for GC and GC-MS analyses
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Fig.14 EI mass spectra of the compounds 1 (A), 2 (B), 6 (C) and 7 (D).
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Mass fragmentation patterns of the compound 2 (permethyl ether of
1-0-fB-D-galactopyranosylglycerol, A) and the compound 7 (permethyl
ether of 6-0-d-D-galactopyranosyl-1-0-B-D-galactopyranosylglycerol,

B).
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Methoxyl group protons
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Fig.16

H-NMR spectrum (360 MHz) of the compound 2 (permethyl ether of 1-0-
B—D—galactopyranosylglycerol) isolated from the depth of 1 m. The
spectrum was obtained by the fourie transform' mode, 1550 scans with
a recycle time of 2.0 sec. Locations of anomeric proton (Ha) and

other methyne and methylene protons (Hb - Hi) were assigned with

decoupling of each of these protons.
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Fig.17 CI and EI mass spectra of the compound 3 (sucrose)
) and raffinose. Raffinose was identified in the water
sample of the depth of 6 m in Mikawa Bay
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Sephadex G-150 column chromatograms of dissolved and particulate poly-
saccharides with M.W.>4,000 which were separated from filtered seawater
samples from the depths of 1 (a) and 6 m (b), and from the boiling water
extract of particulate matter from depths of 1 (¢) and 6 m (d) in
Mikawa Bay. Carbohydrate content of each of the eluates (5 ml) was

determined by the phenol sulfuric acid method.
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Fig.19

- Sepharose CL-4B column chromatograms of dissolved and particulate poly-
saccharides A (a and b) separated from the depth of 1 m in Mikawa Bay.
Carbohydrate content of each of the eluates (5 ml) was determined by the

phenol sulfuric acid method.
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Fig.20

Molar ratios of monomeric constituents of the dissolved polysaccharide A (T:
total) from the depth of 1 m in Mikawa Bay, and of fractions 1 (elution
volume, 50 - 80 ml), 2 (80 -.120 ml) and 3 (120 - 200 ml) in the eluates
of the dissolved polysaccharide A from Sepharose CL-4B column. Molar

ratio of each of the constituents was relative to rhamnose (1.00).
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Fig.21 - | ci !
IR spectra of dissolved and particulate polyéacéharides isolated from the
depth of 1 m in Mikawa Bay, and of authentic specimens of [3-D-glucans.
a) - g) are a) dissolved polysaccharide A, b) particulate polysaccharide
A, c) dissolved polysaccharide B, d) particulate polysaccharide B, e)

laminaran isolated from Eckronia cava, f) particulate polysaccharide G

and g) cellulose (Toyo Roshi Kasei), respectively.



“Tfable 9 Identifications and approximate percentages of methylated sugars
from methylated dissolved and particulate polysaccharides A snd B, and
particulate polysaccharide G. Water samples was collected from 1 m depth
of Mikawa Bay ‘

Retention Dissolved Particulate
Methyl sugars polysaccharide polysaccharide
: time¥* B A B G
Z % %
2,3,4-tri~-0-methylrhamnose 0.45 + - + tr. -
2,3,4-tri-0-methylfucose 0.63 ++ - + tr. -
2.3.4-tri-0-methylxylose 0.64 4+ tr. ++ 1.9 -
2,3,4,6-tetra-0-methyl- ‘ 1.00 A 26.7 + 9.5 9.0
glucose and/or -mannose
Di-0-methyldeoxyhexose 1.13 + - + - -
2,3,4,6-tetra-0-methyl- 1.26 + | otr. + - -
galactose
Di-0O-methylpentose 1.38 + tr. + - -
Di~0-methylpentose 1.47 + - ++ - -
Mono-0-methyldeoxyhexose 1.67 + - + - -
2,4,6~txi-O-methylglucose 2.06 + 31.8 + 6.4 -
2,3,6-tri-0O-methylmannose 2.24 + - - - -
2,3,6-tri-0O-methylgalactose 2.46 ++ - +H+ - -
2,3,4-tri-0-methylglucose 2.56 - 25.1 - tr. -
2,3,6~tri-0O-methylglucose 2.57 ++ tr. =+  64.2 91.0
Mono-0O-methylpentose 2.89 + tr. + - -
2,3,4-txri~0-methylgalactose 3.64 + - +t+ 6.5 -
2,6~d1~0-methylglucose 4.03 + - + - -
2,4-d1~-0-methylglucose 5.48 - 16.4 - tr. -
Di-0-methylglucose and/or 5.85 + - + 11.5 -
-mannose
2-mono-0-methylhexose 8.52 + - + - -

*: Relative to 1,5-di-0-acetyl-2,3,4,6-tetra-O-methylglucitol (1.00)

Peak size +++ = large, ++ = medium, + = small, tr. = trace.

The percentages of methylated sugars were calculated on the basis of the peak
areas to total peak areas in GC.
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(o] : 5 10 15 MIN.
Fig.22
"~ Mass chromatogram of permethylated oligosaccharide-alditols in the oligo-

saccharide fraction which was separated from the depth of 2,000 m at

- Stn. 4 in the Bering Sea. The ion at m/z 187 is a characteristic frag-
ment ion of permethylated glycosides. The compounds ; - 9 were tentatiQe—
ly assigned as pérmethylated derivatives of 1) glycosylglycerol, 2) 1-0--
B-D-galactosylglycerol, 3) sucrose, 5) trehalose, 8) melibiose, and 4),
6), 7) and 9) hexosyl disaccharides, respectivély. RIC is reconstructed
ion chromatogram. Glass column packed with 3 % 0V-17 on Chromosorb W was
used for the gas chromatographic separation of permethylated oligosaccha-

ride—alditols.
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Table 10

GC and GC-MS data of the compounds 1 - 9, These compounds are permethylated
derivatives of dissolved low molecular weight carbghydrates separated from
the water sample of the depth of 2,000 at Stn. 4 4in the Bering Sea

Compound Structure Retention time® Molecular

No. assigned Column Ib Column IIb Column IIIb ion, m/z
1 Glycosyl~ 0.43 - - 338
glycerol A :
2 1-0-p-D-galactosyl- 0.54 0.63 0.63 338
glycerol
3 Sucrose 1.00 1.00 1.00 454
4 Disaccharide A 1.08 - - 470
5 Trehalose 1.09 1.06 1.06 454
6 Disaccharide B 1.13 = - 470
7 Disaccharide C 1.20 - - 470
8 Melibiose 1.28 1.20 1.16 470
9 Disaccharide D 1.35 - - 470
a: Retention times relative to permethylated sucrose (1.00)
b: 3 % OV-17, 0V-1701 (FS~WCOT) and SE-52 (FS-WCOT) were used as liquid

phases for column I, II and III, respectively.

Molecular ions of permethylated low molecular weight carbohydrates were
determined by CI (NH4) mass spectrometry.
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1,.3and 4

2and 5

Fig.23 ‘ JJ

Separation of permethylated disaccharide;élditols by gas chromatography -
using three different liquid.phases such as 0V-17 (3 %, 2m) (a), OV-1701
(Fs-wcoT, 25 m) (b) and SE-52 (FS-WCOT, 25 m) (c). The compounds 1 - 8
were permethylated derivatives of 1) trehalose, 2) cellobitol, 3) laminari—
bitol, 4) maltitol, 5) lactitol, 6) isomaltitol, 7) melibitol and 8)

. gentiobitql. Analytical conditions of GC are described in the Materials

and Methods.
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EI mass spectra of the compounds 2 (a), 3 (b), 5 (¢) and 8 (d).
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Table 11

Contents of uronic acid and acidic polysaccharide (5 %
Cetavlon precipitate) in the polysaccharide with MW >
4,000 fraction (total) separated from the water samples
of northern North Pacific (Stn. 3) and Bering Sea (Stn. 4)

Site - Stn. 3 Stn. 4
Depth (m) 10 2,500 1 7,000
(1) Total (pg 1712 67.5 18.0 57.9  19.1
(2) Uronic acid . 7.1 5.4 8.6 5.7
-1.b
(pg 1 7)
(3) Acidic poly- 14.2 3.4 24.2 2.2
saccharidgl a
(pg 1 7)
(2)/(1) x 100 (%) 10.5 30.0 15.0 30.1
(3)/(1) x 100 (%) 21.0 19.1 42.5 11.4

a: Carbohydrate contents were determined by the phenol
sulfuric acid method

b: Uronic acid contents were determined by the method of
Blumenkrantz and Asboe-Hansen (1973)
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Sephadex G-150 column chromatograms of polysaccharides with MW > 4,000 which

were separated from the water samples. Carbohydrate content of the eluate

was determined by the phenol sulfuric acid method. The chromatograms of

polysaccharides a and b are from the depths of 10 and 2,500 m at Stn. 3

in the North Pacific, respectively, and ¢ and d are from the depths of

-1 and 2,000 m at Stn. 4 in the Bering Sea, respectively.
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Table . 12

Approximate percentages of methylated sugars from
the methylated high molecular weight polysaccha-
ride which was isolated from the depth of 10 m at
Stn. 3 in the North Pacific :

Methyl sugars Ret§$§éo“ Periz?tage
2,3,4-tri-0-methylrhamnose -0.45 3.2
2,3,4-txi~-0-methylfucose 0.63 2.1
2,3,4-tri-0-methylxylose 0.64 1.5
Di-O-methyldeoxyhexose . 0.98 2.5
2,3,4,6~tetra-0-methyl—~ 1.00 16.9
glucose
2,3,4,6-tetra-O-methyl- 1.26 2.1
galactose
Di-O-methylpentose 1.38 2.1
2,4,6-tri-0-methylglucose 2.06 tr.
3-mono-0-methyldeoxy-— 2.07 tr.
hexose )
2,3,6-tri-0-methylglucose 2.46 58.3
2,3,4-tri~0-methylglucose 2.56 10.3
Mono-0O-methylpentose . 2.89 tr.
2,3-di-0-methylgalactose 3.64 tr.

a! Retention times relative to 1,5-di-O-acetyl-
2,3,4,6~tetra~-0-methylglucitol (1.00)

tr.: trace

The percentages of methylated sugars were calculated
on the basis of the peak areas to total peak areas

in GC.
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Table 13 Monosaccharide compositions of dissolved mono-, oligo- and polysaccharide fractions
separated from the water samples in Mikawa Bay.

Water sample from 1m Water sample from 6 m
Mono- Oligo-  Polysaccha- Polysaccha-  Mono- Oligo-  Polysaccha- Polysaccha-
Fraction . saccha- saccha- ride with ride with saccha- saccha- ride with ride with
ride® " ride® M.W.<4,000° M.W.>4,000° ride® ride® M.W.<4,000° M.W.>4,000¢
g% pgl%  pel? %  pegl™%  wglt%  pgl™% gl % pgl™t %
Glucose  40.0 69.1 110 63.6 36.761.4 454 34.1 3.458.6 7.018.8 14.754.2 8.0 20.3
Galactose 4.0 6.9 25.314.6 7.212.0 28.221.2 0.0 1.6 4.3 - 3.713.7 7.5 19.0
Mannose 11.2 19.3 8.8 5.1 2.7 4.5 9.9 7.4 0.9155 1.6 4.3 2.2 8.1 3.1 7.9
Xylose trace 6.6 3.8 3.0 50 15.011.3 0.6 10.3 18.9 50.3 1.4 5.2 6.0 15.2
Arabinose 2.7 4.7 5.3 3.1 20 3.3 7.0 5.3 0.9 15.5 6.7 17.8 1.1 41 . 3.1 7.9
"~ Ribose trace 2.0 1.2 3.3 55 1.1 0.8 trace 1.5 4.0 1.0 3.7 1.2 3.0
Fucose 0.0 8.8 51 2.4 40 15011.3 0.0 0.3 0.8 1.4 5.2 5.5 14.0
Rhamnose 0.0 | 5.9 3.4 2.5 42 11.7 8.8 0.0 - 0.1 0.3 1.6 5.9 5.0 12.7
- Total 57.9 173 59.8 133 5.8 37.6 27.1 39.4

+ @ Fach of the monosaccharides was corrected for its recovery from column IIL .
® Each of the oligosaccharides was corrected-for the mean recovery (74.3 %) of standard sucrose, raflinose
and cellotetraose from column 1. - o : B '
« ¢ Not corrected. ' ’



Table 14 Dissolved low molecular weight
carbohydrates in the water samples of Mikawa Bay

Depth (m) 1 6
Compounds — pg [ p—
2-0-d-D-glucopyranosyl- 5.6 3.0
glycerol
1-0-B-D-galactopyranosyl- 27.7 4.7
glycerol
Sucrose 2.3 17.8
Laminaribiose 14.6 2.3
6—0-d-D-galactopyranosyl- 7.3 1.2
1-0-R-D-galacto-
pyranosylglycerol
Raffinose . 0.0 1.6
Laminaritriose 25.2 0.5

Total 82.7 31.1
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Table 15 Monosaccharide compositions of polysaccharide with M.W.

4,000, and dissolved polysaccharides A and B from the filtered
sewater samples collected from Mikawa Bay

Depth (m) 1 6
Dissolved Polysaccharide A B Polysaccharide A

polysaccharide MW >4,000 MW >4,000
Monosaccharide -1

pe 1

Glucose 45.4 10.0 21.0 8.0 3.3 2.3
Galactose 28.2 13.8 1.7 7.5 3.6 0.0
Mannose 9.9 6.3 1.0 3.1 3.0 0.0
Xylose 15.0 11.1 1.7 6.0 4.2 0.0
Arabinose 7.0 3.6 0.6 3.1 2.4 0.0
Ribose 1.1 0.0 0.0 1.2 0.0 0.0
Fucose 15.0 10.8 tr. 5.5 4.6 0.0
Rhamnose 11.7 11.7 0.3 5.1 4.9 0.0
Total 133 67.3 26.3 39.5 26.0 2.3

tr.: trace

15



Table 16

Monosaccharide compositions of the free sugar
(monosaccharide) fractions separated from the
water samples of northern North Pacific (Stn.
3) and Bering Sea (Stn. 4)

Site Stn. 3 Stn. 4
Depth (m) 10 2,500 1 2,000
Compound pg 1 1

Glucose 69.3 2.9 5.2 14.4
Galactose tr. tr. 0.7 1.0
Mannose 25.9 1.3 0.9 2.4
Xylose 4.2  tr. tr. 0.6
Arabinose 0.7 ND tr. tr.
Ribose ND ND ND tr.
Fucose ND ND ND . ND
Rhamnose ND ND Ctr. ND

Total 100 4.2 6.8 18.4

tr.: trace, ND: not detected
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Table 17

Monosaccharide compositions of the oligosaccha-
ride fractions separated from the water samples
of northern North Pacific (Stn. 3) and Bering
Sea (Stn. 4)

Site Stn. 3 Stn. 4
Depth (m) 10 2,500 1 2,000
Compound ye 1 1

Glucose 4.4 5.8 3.5 4.7
Galactose 1.9 0.8 1.3 tr.
Mannose 1.4 1.0. 1.6 1.8
Xylose 0.8 0.8 0.9 tr.
Arabinose 0.3 0.4 1.1 tr.
Ribose tr. ND 0.8 tr.
Fucose 0.4 ND 0.9 ND
Rhamnose . 0.5 0.5 0.9 ND
Total 9.7 9.3 11.0 6.5

tr.: trace, ND: not detected
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Table 18

Dissolved glycosylglycerols and disacecharides in northern
North Pacific (Stn. 3) and Bering Sea (Stn. 4)

Site Stn. 3 Stn. 4
Depth (m) 10 2,500 1 2,000
Compound
Glycosylglycerol A + + + +
1-0-B-D-galactosyl- 1+ + + +
glycerol
Sucrose -+ +H+ ++ ++
Disaccharide A + - + +
Trehalose + +H+ ++ +
Disaccharide B - + + ++
Disaccharide C - + ++ ++
Melibiose - + - +
Disaccharide D + ++ + ++

Peak intensity, +: small, ++: medium, ++: large
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Table 19

Monosaccharide compositions of the polysaccha-
ride with MW <4,000 fractions separated from
the water samples of northern North Pacific
(Stn. 3) and Bering Sea (Stn. 4)

Site Stn. 3 Stn. 4

Depth (m) 10 2,500 1 2,000
Compound -1

Lompound pg 1

Glucose 5.8 4.2 1.6 1.5
Galactose 1.0 0.5 1.0 0.4
Mannose 1.1 0.5 0.7 0.3
Xylose 1.1 tr. 0.5 0.4
Arabinose 0.6 tr. 0.4 0.3
Ribose ND ND tr. 0.3
Fucose 0.6 tr. 0.4 0.4
Rhamnose 1.3 0.6 0.5 0.4
Total 11.5 5.8 5.1 4.0

tr.: trace, ND: not detected
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Table 20

Monosaccharide compositions of the polysaccharide with MW.>4,000
fractions (total), and the polysaccharide with MW >1 x 10~ which
were gseparated from the water samples from northern North Pacific
(Stn. 3) and Bering Sea (Stn. 4)

Site Stn. 3 Stn. 4
Depth ) 10 2,500 1 2,000

Polysaccharide Total >1 x 105 Total Total >1 x 105 Total

Compound pe 1 1

Glucose 8.4 5.1 4.0 4.0 0.6 1.9
Galactose 2.3 0.3 0.7 1.8 0.8 1.2
Mannose 1.9 0.1 0.8 1.6 0.3 0.9
Xylose 2.8 0.2 0.5 1.3 0.4 0.8
Arabinose 2.1 0.1 0.4 0.9 0.2 0.4
Ribose 0.7 ND tr. 0.4 ND tr.
Fucose 2.4 0.2 0.7 1.0 0.4 0.9
Rhamnose 2.9 0.3 0.8 0.8 0.4 0.6
Total 23.5 6.3 7.9 11.8 3.1 6.7

tr.: trace, ND: not detected



Table 21 Summary of dissolved individual sugars in seawater

122

Reference

Analytical
method

Location

Depth

Compound

Monosaccharide-

Glucose
Fructose
Galactose
Mannose
Xylose
Arabinose
Ribose
Fucose
Rhamnose
Sorbose
Lyxose
6-deoxyglucose

Glycerol
Glycoside
1-0-B-D-galacto-
sylglycerol
2-0-4-D-gluco-
sylglycerol
Digalactosyl-
glycerol

0ligosaccharide

Sucrose
Trehalose

Melibiose
Maltose
Laminaribiose
Raffinose
Laminaritriose

Polysaccharide
B-1,3 glucan

(M.w. 3,000-6,000)
Heteropolysaccha-

rida .
(M.W. 103-10%)

Josefsson  Mopper Mopper et al Liebezeit “In this study

51970) (1977) {1980) et al(1980), ) ! ol
Electrodialysis, liquid chromato- ggﬂb;?s$y§?:r;2:ho§? ggg
graphy or ion exchange chromato- chromatography- mass
graphy spectrometry

Swedish Black Sea various - Sargasso Mikawa Bay (North Pacific

west North Sea areas Sea. Bearing Sea

coast :

2m, 35m Surface, Various 3-1,500 1m, 6m Surface,
500m depth m Deep Sea

Concentration(ug 1-!)

9.3-46.5 4.5-53.5 5.7-121 17.2-118 3.4-40.0 2.9-69.3

1.2-14.3 3.8-43.2 3.7-99.4 8.9-65.7 * *

2.7-37.8 0.5-4.0 0.5-36.6 ~ 23.5 1.6-4.0 0.3-0.4

2.7-32.6 0.7-1.1 0.7-1.1 ~57.6 1.6-11.2 0.4-25.7

0.2-2.7 ~ 0.9 0.4-7.8 ~20.0 ~0.6 0.2-4.2

3.8-14.7 1.7-2.1 0.6-7.7 ~28.9 0.9-2.7 ~0.7

0.6-8.1 0.8-6.9 0.4-14.6 -—- -—- ---

- 0.7-1.2 0.2-3.5 -—- --- -—-

3.0-25.2 0.2-1.5 0.3-6.3 -—- --- -—-

+ _— + ——- _— —
—— ——— + ——— _——— ———
_—— -—— + --- ——— _——
-—= * * * 4.7-27.7 +
-— * * * 3.0-5.6 -
-— * * * 1.2-7.3 -

+ * * * 2.3-17.8 +
_—— * * * - +
-—- - - + --- +
_— — + ——— _—— ———
-—— -—- -—- --- 2.3-14.6 ---
- * * * ~ 1.6 -
--- — - -—- 0.5-25.2 ---

'\/20 ——
~170 +

*1: cannot be determined by this method

+ : Identified
- ! not detected
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Table 22 Total concentration of dissolved carbohydrate (DCHO) and
dissolved organic carbon (DOC) in the water samples

Sampling Mikawa Bay North Pacific Bering Sea
site ' (Stn. 3) (Stn. 4)
Depth (m) 1 6 10 2,500 1 2,000
(1) DCHO (ng/l)al70 44.0 57.9 10.9 13.9 14.2
(2) poc (mgC/1) 1.98 2.35 0.85  0.43 1.38 0.74
(1)/(2) x 100 8.6 1.9 6.8 2.5 1.0 1.9

(%)

a: The GC value of total dissolved carbohydrate (Pgll) x 0.4



b

T x LR M1 0,
Eb IFBHR o & H%5 & 3R
B & o0

129

Lt AN T,
Bk w4f4@ L1 L £
AMGIER 0 28 o

15

A ANk

oL)ﬂf)

KeEh Falvy s Li 2 545,

V- 5

T 4R

1~¢5&7K0ifé’ﬁ@% ’ZGC\—LV\Q‘U{L,

t
3

nr

FA.

,}/‘

Ly AR L
/A,

4 & AR H LR ELC(
~ {apgh), /\ﬁﬂé’fﬁo 50 ~ {9 o & 5
o 4% Fo o8 © <L) - Z%
\\/\’iﬁx-f\ﬁﬂ.% > . =M
OWE L ieoed®AE 0 A ML KL~
9.

AR OK@MN 12 & A1 [-0-8-D-
) wad - L, T =Ty LA
A - WA B AL

L 3 - %

' A

T

—
—

T ¥/ 7
= Yk
P15 S S ¢ o}%l’:‘zm'ﬁé<3)€5‘«
it o EE NG .tz b
[ mE XK1= & vl 383ug
G’\\}?/K

7

i~ I3

o

—

L/‘/"ﬁ:/’?

[ m KA 3l )Ag/l TH - 1=



130

2B 1o viGEAR o Bk Koo ng/l W T
$. 1. V3 fELE N L L0 -7 K
ANXK L EBKo@ A =60 1 99 &
e t=.

A o KB E L NTAFRMNE BT AT
0 WAEER L L o e h oy A oz g A 10
AN Zo pglR . zo BN L pglA U B
2t A R 0B 3 A9 EER g Sta 3

U Epgll . stei g 1 3 ugle o R B UK

L s ~ 53 ] 2
BN o AR B e ¥lT L 29 — 424
/(

BN ML D O C oo
L



131

W —WWHH RILdl o i@ & £ sk % 4 %
%{ r;F’Jﬂ/;’ %% '/:\

-1 - SR o3 el

kR o HHESR VAR, 19 MERR A E K Y s

A T A N o AN TN < S NI E N
s ofEER o A &9 5 o= T 2L Lok,
SOERACE G = Bk 3. 4fK, 8% o ik
o £G4 A BB WAEIM TS VT b T H A
c® Lo 1et. ML, GfA45E L E
L% \<4E 2 o % B h\‘&%%}ﬁ? V2R 2 AL A
ZE, £t R RNRY oxZEMN 77 v 1 v T
— A% T DOMoEENEE (0T 3 L b
OFE L3, L, e T T 7 | KD
OM@)iﬁ%fc"&s%zd’Mxﬁ DO M oiw%
AR A E R o fRad i HAEn L BE Ak C T
CAEE oA, LA L, AdETHREM 70T
vk Y oXeRa R AR < PA Y 3 e B4
AT AT e L s, Btz B 3 A
o SvEA R v oL EEAALED| k1A o 25



3%

e Ho MR AR == v 115, b hhE
oA oAto . Mg 25 o
A B LA B AT L LR UL
AV 5 - 1= = ¥, £+ 4a9p0nh = (e A ol
T A o L RE S 3 L L e L
R N A A UL TR 2 A - BN ARTER T A
M5 o AMARERE L B 1 AR o LPR A %K
Wl iz o 0 12 ~3 oAt U, L EER L
L 1= .

2 o KK Y =AE R o £ 18 LoFE 615
HE T HEE L. A #3352 o KB 45 o
LR ARG N S AR A i I S SN s
WDE K 2B /\ﬁnmuuw’a o%‘b%yi* &
0 Burmey etal, 1999) . T o0& E L LT,
VOR TVLAEEN T 5 7 v o £ A Tﬂf«%éﬂ b\/ia”
B>Uh s LB L ALY AT, AR
THAD DA LT VAT 7 o7 + L KER
Foalelo R EA L L1 &K ARE AN
W, B UMM TI 0 L AU ek
T AT w3 BIRVI o B A OIS & A AT L



133
VRGBS 0 A A LLLBEXESL E L £

,ﬁ 2z, Ve R = 2 =) ~,
Fisve, KRR URAE - % 4L 2R 4488

o iF R o ki Ba b L N A 2 AR K
v A ;é :%‘ * Lt

V- % gk
V-2-1 %%
At L BRFBR Mo LB T H A
[ . %03k Porphyra temera (34 7 4 ) )
L. %%k  Porphyra yegoensis ( 7 -

&) ) )
5 J % Microcystis Sp-

. Hi4 %

Ol‘xs’(hodisc.us Sp-

vk BHGCE % BB SR o AR LR S ©

BFE = £ 4840 2/l t=b o, E 3 LB
o 2 ®» Mieroceystis 7" 1L - NCEAEE: 5 G
Lo UH 3. AR A3 £ - 20°C
TR AT L=
VI- 7 -2 AN

278 o IBMAEL L, 19%0%F 5 A 21 21



134

Bt | o mbew B oK (L % -
L+ @’%?KLIK) :t W7 72 73 4 1N - 7 4 e Fqd =T
FiB LR SFERE 127K - =8 v b 3.
SEEA L A4 = % T3 1 1 —20c T BLEIRE O
= .

VI -3 ARk
vi—13 - | ﬁﬁbhw%)ﬁf“tﬂ?ﬁ\'ﬂ NP
AW 0 td X
(el ot X AR £ Frg. 246 = A .
Bl A% e w7 00 7¢ AT

Qs

1.

N, 7a0 ot LA—F a2 — I (z: 1) =
En 3@k A F o J-L 1L A ik
NfaE %« Cf . AT = L o £pd %2 (&
LA, k=4 7 ) - td vnaa x4 g
0O LM e . A - £ 7 ) - AR, 4
Wd g0/ x4 ) - it MR LIEEL .

AR TRk 3R F k80 2 7 ) -
Iz v 30 /A B, (00 e 4B R kLT AR
?f{ﬁfﬂf»bﬂﬂ PR . T }ﬁﬂé‘silﬁf’&o >



135

[Particulate matter]

extracted with chloroform-methanol
refluxed with 80% ethanol

80% ethanol IResidue—l

extract extracted with hot water
V . 3
Mono~- & oligo- [llot water IResidue~Iﬂ
saccharides extract
Sephadex extracted with
G-25 0.05 N NaoOlU
Polysaccharide] (Polysaccharide Particulate |Residue—1[ﬂ
with M.W. with M.W. polysaccharide
24000 <4000 -c_ -
Sephadex extracted extracted extracted extracted
G-150 with 5% with 10% with 15% with Schweizer
44] NaOH NaoOH NaOH reagent
Particulate | [Particulate ||[Particulate |[Particulate |[Particuiate |[Particulate
poly- poly- poly- poly- poly- poly-
saccharide saccharide saccharide saccharide saccharide saccharide
-A -B -D -E -F -G

Fig.26

Procedures of extraction and separation of particulate carbohydrates
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Galactosylglycerol

Microcystis 80% EtOH extract
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| Digalactosy{glycerol

Ciu4:0
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Fig.27 Gas chromatogram of Microcystis 80 %Z EtOH extract. The extract was

permethylated followed by GC analysis. C and C are fatty
acids 4 16:0 ~ ."18:0
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Table 23 Identifications of low molecular weight carbohydrates
in some algal cells

Algal species Red Algae Blue-green Flagellate

Porphyra Porphyra algae Olisthodiscus

tenera  yesoensis Mycrocystis

Compound

Mannitol - - - +H-

2-0-d-D-galacto- +H+ + - -
sylglycerol *

1-0-d-D-galacto~- ++ +H+ - -
sylglycerol *

1-0-3-D-galacto- + + + +H+
sylglycerol '

Maltose - - ++ -

6-0-d-D-galacto- + +
syl-1-0-(3-D-
galactosyl-
glycerol

+
T

Maltotriose - - ++ -

Peak size, ++H = large, ++ = medium, + = small
* 2-0-d-D-galactosylglycerol (Floridoside),
1-0-d-D-galactosylglycerol (Isofloridoside)
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Table 24 Yields of carbohydrates extracted from
particulate matters of the water samples collected
from Mikawa Bay

Depth (m) 1 6
Carbohydrate — g 1 1(%)
Alcohol soluble 40.8( 8.7) 9.7(25.5)
carbohydrates (a)
Water soluble 27.9( 6.0) 14.1(37.0)
carbohydrates (b)
Water insoluble 399 (85.3) 14.3(37.5)
carbohydrates (c¢)
1) Dilute alkali 28.0( 7.0)* N.A.
soluble
carbohydrates
2) Dilute alkali 371 (93.0)* N.A.
insoluble
carbohydrates
Fa+b+ec 468 38.1

*: Relative to water insoluble carbohydrates (c)
N.A.: not analyzed
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Table 25 Free monosaccharides in the alcohol soluble
fraction of particulate matter collected from

Mikawa Bay
' (ug/1)

Compound Depth of 1 m
Glucose 15.9
Galactose 0.7
Mannose 0.7
Xylose 1.5
Arabinose 1.8
Ribose 1.5
Fucose 0.9
Rhamnose 1.2

Total 24,2
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Table 26 Particulate low molecular weight
carbohydrates in the water samples of Mikawa Bay

Depth (m) 1 6
Compounds — yg 1—'1
2-0--D-glucopyranosyl- 1.0 <0.1
glycerol
1-0-B-D-galactopyranosyl- 7.1 3.2
glycerol
Sucrose 2.0 <0.1
Laminaribiose 4,2 <0.1
6-0-d-D-galactopyranosyl- 6.5 0.5
1-0-p-D-galacto-
pyranosylglycerol
Raffinose <0.1 <0.1
Laminaritriose <0.1 <0.1
Total 20.8 3.7

Two disaccharides, isomaltose and melibiose
were identified in the depths of 1 and 6 m
other than the sugars quantified
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Table 27 Monosaccharide compositions of polysaccharide with M.W. >4,000, particulate
polysaccharides A and B, and residue-II from particulate matter collected from Mikawa Bay

Depth (m) 1 6
Particulate Polysaccharide A B Residue-II Polysaccharide A B Residue~-II

polysaccharide MW 24,000 MW >4,000
Monosaccharide -1

—pe 1

Glucose 12.1 1.8 7.4 356 3.9 1.4 1.8 6.5
Galactose 4.6 2.4 0.7 13.9 2.5 0.9 0.7 2.4
Mannose 2.3 1.0 0.5 8.4 1.2 0.6 0.6 1.4
Xylose 1.7 1.1 0.3 6.2 1.5 0.7 0.7 1.6
Arabinose 1.3 0.8 0.2 2.9 l.4 0.5 0.7 0.5
Ribose 1.4 0.0 0.8 0.0 0.5 0.0 0.4 0.0
Fucose 1.4 1.0 0.2 5.2 1.1 0.7 0.5 1.0
Rhamnose 3.1 1.5 0.3 6.5 2.0 0.9 0.6 0.9
Total 27.9 9.6 10.4 399 14.1 5.7 6.0 14.3
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Table 28 Monosaccharide compositions of particulate
polysaccharides C, D, E, F and G which were isolated
from the particulate matter of 1 m depth in Mikawa Bay

Particulate polysaccharide
C D E F G

1
210 330

Monosaccharide

—— g 1
Glucose 15 100 13
Galactose 12
Mannose
Xylose
Arabinose
Fucose
Rhamnose

Total 45 100 130 210 330
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Table 29 Profiles of dissolved organic matter,
inorganic nutrients and chlorophyll a in the
water samples from Mikawa Bay on 31 May

1980.
Depth (m)
1 6
Dissolved organic matter
Organic carbon (mgC 1) 1.98 2.35
Amino acids and protein (ugC1™!) 401 318
Carbohydrate® (pgCl™) 395 218
Inorganic nutrients
NH*-N (g atom 1) 15.8 1.9
NO;™-N (pg atom 17!) 0.6 0.2
NO;"-N (pg atom17%) 3.2 1.0
PO2~-P (pg atom 17%) 1.3 0.7
Si0.-Si  (pg atom 17Y) 36 34
Plant pigment
Chlorophyll @ (pgl™) 12.2 2.6

@ Carbohydrate was determined by the phenol
sulfuric acid method.
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Fig.28 Molar ratios of monomeric constituents of dissolved (D)
and particulate (P) polysaccharides A from the depths
of 1 (1) and 6 (6) m in Mikawa Bay. Molar ratio of each
of the constituents was relative to rhamnose (1.00).
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