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Og “a-Glucosidase” OHO R=— OH
A Ho’é‘_; Pp- HO Alcohol  (8)
HO “°§ " h, 01"
Ho! ™

HO O=R, Ar Ar =— OH
a-Glucoside  (2) Glucose (3) Phenol (5)

OH

(o)
B HOH:)é\-\ 0}:) “‘Maltase” 0
HO O ——3p 2 HO
HO Ho | H» OH

HO H, OH
HO
Maltose (6) Glucose (3)

“Sucrase”
HO
—> HO =
HO O Ho S OH H, OH HO

Sucrose (7) Glucose Fructose (8)

Fig.1-1. a-Glucosidase reactions.
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Fig. 1-2 Carbohydrate digestion in the digestive system.
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Fig. 1-3 Process of glycoprotein processing.!?)

RER, rough endoplasmic reticulum: GOLGI, Golgi body.

Symbols: triangle, glucose; circle, mannose; square,

N-acetylglucosamine.
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Cellulose (9

+ Cellulase

OH OH
0 o
HO (o) OH
HO HO
OH

Celloblose (10)

B-Glucosidase

(cellobiase)
o
HO OH
HO
OH
Glucose (3)
Intestinal
fermentation
Short-chain Gas Unknown
fatty acids compounds

Fig. 1-4. B-Glucosidase reaction in the intestine.
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Fig. 1-5. Toxic metabolism with B-glucosidase in the large

intestine.
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CH,OH CH,OH
H

NH NH
®) H, OH OH
HO HO
OH

OH

Nojirimycin (1 3)20' =1 1- Deoxynojirimycin (1 4)20'21)
CH,OH OH
0 HO 0
O
O
OH OH
HE
OH OH
D- Gluconic-6- lactone (1 5)20'22) D- Gluconic-y- lactone (1 6)22)
CH,OH
F 3 NH
PGy 0
0 OH
| i HO
| HO
| OH
-‘ OH
| S 20) . 20)
D- Gluconic-8- lactam (17) L- Idonic-6- lactam (18)
CH,OH CH?O:H
NH
OH OH ot )
HO OH
HO :
OH

1- Deoxymannojirimycin (19)* a-Homonoijirimycin 20)*

Fig. 1-6. Known glucosidase inhibitors.
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Piceid (28)%°

OH
R=H (-)-Epicatechin gallate (29)
R=0H (-)-Epigallocatechin gallate (3 0)3”

31)

Ri=H, R,=gallate Theaflavin monogallate A (3 1 )3”
Ri=gallate, Ro=H Theaflavin monogallate B (32)>"
R,=R,=gallate  Theaflavin digallate 33)%"
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Conduritol B epoxide (34)32)

HN

HO

Calystegin A5 (35)34)

HN

HO

Calystegin B, (37)34)

HN

HO

HO

Calystegin C, (39)34)

CH,OH
NH

HO

D- Manno-4- lactam (35

HN

HO

HO #*

Calystegin By (36)34)

OH

HN
Y m
HO

Calystegin By (38)34)
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COOH

NH,
HO

;
|
i
Tyrosine (40) :
;

NH,
HO

3,4-Dihydroxyphenylalanine
(DOPA, 41)

A

Tyrosinase g-------

HO: ::
HO N COOH
H

43

Y

NH,
O

Dopaquinone (42)

HO N COOH

Dopachrome (44)

- l

0] N
H
Indole-5, 6-quinone (45)

Y

Melanin

Fig.1-7. The biosynthetic route of melanins.
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HO

o

Kojic acid (46)%

OH
OH
HO ©
o
HO
OH

Arbutin (48)35)

HO OH

36)

4-Hexylresorcinol (50)

HO OH

Ascorbic acid (47)35)

HO OH

Phloroglucinol (49)35)

OH

N
™ OH

Salicylhydroxamic
acid (51)3°

Fig. 1-8. Tyrosinase inhibitors.
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Na,S,05

Tropolone (52)36) Sodium metabisulfite (53)37)

SH

H,N COOH .

Cysteine (54)38) Benzoic acid (55)39)

OH HO OH

COOH COOH

Protocatechuic acid (56)39) Gallic acid (57)39)
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OH

o) a-Glucosidase
HO
@ ) ro—{)-o,
OH
o—@— NO, p-Nitrophenol (60)

p-Nitrophenyl-a-D- >. 4
glucopyran05|de (58)

OH

B-Glucosidase s
HO NO, > HOHO

J H,
OH| OH

p- Nltrophenyl B-D-

glucopyranoside (59) Glucose (3)

Fig. 1-9. Glucosidase reactions used in the kinetic studies.
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SO4H R
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HO R,0

OH

R.=R,=Acyl SQDG (61)
R,=Acyl, R,=H SQMG (62)

Fig. 1-10. a-Glucosidae inhibitors isolated in this study.
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Table 2-1. Organisms and seafoods examined in this study

Organism Scientific name Sampling Sampling

Seafood date site

[ALGAE]

Green algae (Chlorophyta)
Ulvaceae

1.Bouaonori Enteromorpha intestinalis1991.5.23 Shiriuchi

2.Anaaosa Ulva pertusa 1991.7.29 Toi

Brown algae (Phaeophyta)

Sargassaceae
3. Hijiki Hizikia fusiforme 19892.7.16 Toi

4.Umitoranoo Sargassum thunbergii 1992.7.16 Toi

TR L I e (D g L e N e
SR g R A

. s

e

G N VA B AR ORI A
AP Cv

e
. PR,

SE——
iy B

L

SIS DI 2o
< Pt

2T,
Gl

,.:_
S

gz

#




(continued)

Le athesiaceae
5.Nebarimo
Scytosiphonaceae
6. Kayamonori
Fucaceae
7.Ezoishige
Punctariaceae

8. Kitaiwahige

Red algae (Rhodophyta)

Corallinaceae

9. Pirihiba
10.Ezoshikoro
Gigartinaceae
11.Ezotsunomata

g .Akabaginnansou
Rhodomelaceae

13.Fujimatsumo
Endocladiace ae

14 .Fukurofunori

[ SEAGRASS]

Potamogetonaceae

Leathesia difformis 1992.

Scytosiphon lomentarius 1991

Pelvetia wrigh tii 1992.

Myelophycus intestinale 1994.

Corallina pilulifera 1992.

Calliarthron yessoense 1992.

Chondrus yendoi 1991

Rhodoglossum japonicum 1993.

Rhodomela larix 1994.

Gloiopeltis furcata 1992,

6.16 Shiriuchi

.6.11 Toi

7.16 Toi

6.2 Shiriuchi

6.16 Shiriuchi

6.16 Shiriuchi

.6.11 Toi

7.3 Toi

6.2 Shiriuchi

7.16 Toi
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(continued)

15

.Sugamo Phyllospadix iwatensis

[INVERTEBRATES)

16 .0kinotezurumozuru Gorgonocephalus caryi

17

18

19

20

21

22

.Giboshimushi

.Haorimushi

.Jiigasekinko Psolus squamatus
.Akaboya Halocynthia aurantium
.Enagakushieraboya Boltenia ovifera

Balanoglossus sp.

Lamellibrachia sp.

.Shirourigai Calyptogena soyoae

[SEAFOODS]

23

24

25

26

27

28

29

30

.Fresh Wakame
.Dried Wakame
.Dried Konbu

.Dried Hijiki
.Katsuo kezuribushi
.Niboshi

.Shijimi

JAsari

1994.

1991,

1991,

1991,

1991,

1991,

1993,

1993.

1994.

1994.

1994.

1993.

1994.

1993.

1994.

1994.

6.24 Minamikayabe

9.

2

2

2

b

Chukchi Sea
Chukchi Sea
Chukchi Sea
Chukchi Sea

Chukchi Sea

.19 Sagami Bay

.19 Sagami Bay

.12 Market
1 Market
.5 Market
.10 Market
.5 Market
.10 Market
.12 Market

.12 Market
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Table 2-2. Weights of marine organisms examined and extracts

using organic solvents

Sample swa osP  EwC® spFd
(9) (9)

EtOAc n-BuOH Water
[ALGAE]
1. Bouaonori g2g M 5.75 44 - -
2.Anaaosa 350 M 20.64 0.18 - 15.96
3. Hijiki 2460 A 109 4.2 1.6 -
4. Umitoranoo 4500 A 4.0 13.9 - -
5. Nebarimo 2720 A g7 .5 1.0 2.5 -
6. Kayamonori 298 M 6.02 0.70 - 6.5
7.Ezois hige 6100 A 84.5 1.1 - -
8. Kitaiwahige 1300 M 30.8 2.94 0.36 13
9. Pirihiba 970 A 21.5 2.4 7.6 -
10.Ezoshikoro 1340 A 20.4 2.0 11.6 -
11.Ezotsunomata 200 M 8.34 - - -
12.Akabaginnansou 480 A 1.38 0.31 0.61 0.32
13.Fujimatsumo 230 M 10.73 0.37 - 12.21
14 . Fukurofunori 550 A 18.8 0.4 - -
[ SEAFOODS])
23.Fresh Wakame 839 M 32.0 2.74 0.69 21.8
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(continued)

[ SEAGRASS)

15.Sugamo 410 A 28.2 3.04 6.03 16.4

[INVERTEBRATES]

16.0kinotezurumozuru 5060 A 63.2 6.2 .2 -
17 .Jiigasekinko 2010 A 51.7 2.6 10.4 -
18.Akaboya 920 A 19.56 1.6 3.8 -
19.Enagakushieraboya 460 A 15.0 2.0 3.5 -
20.Gibos himushi 2480 A 94.0 0.6 - -
21.Haorimushi 90 A 4.0 1.34 0.34 1.08
22.Shirourigai 920 A 12.7 0.84 0.99 10.82

dWeight of fresh matterrinsed with tap water.

,bOrgank:mJWentusedforexhacﬁon,hm methanol; A, acetone.

CWeight of the organic extract concentrated under reduced pressure.

dWeight of the concentrated solvent fraction obtained with aseries of
solvent partitioning.

€©Neitherobtained nor measured due to viscous properties.

KROKAEMA . VW A3 AU Udco 2RI A 5270 & T H1910 20 bl
ERWMIZANMU T, Btz T THIWI#IZ, 90% £ % J — )L THi L
Foo BB TOE FMEHRBRITH. BRI LT OKBKOH I
RIE B U 7o A 2/ — VAR A 5 51T 0T B8 4 U 7o EBA L 2
K FX ST B KON 4> O TR A IISE L7z (Table 2-3)
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Table 2-3. Weights of seafoods examined, and methanol

extracts of the residual seafood matter after boiling

Sample Sample Distilled water methanol
weight (g)2 added (m 2) extractP(g)

[ SEAFOODS]

24 .Dry Wakame 41.3 NBC 10.0
25.Dry Konbu 106 2000 3254 7
26.Dry Hijiki 5.2 100 0.16
27 .Katsuo kezuribus hi 120 550 20

28 .Nibos hi 5.2 100 0.22
29.Shijimi 528  49.4° 500 0.5
30.Asari 58 1 78,38 500 1. 11

Fresh weight.

-bWeight of the methanol extract of the residual matter after boiling.

“Witho ut boiling.

dWeight of the boiled extractive.

®Weight of the soft part.
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method.

Glucosidase >
solution

A Enzyme agar plate C } ﬁ’
__>
s ey o
| 1 || |
* Paper disk (8 mm
D e p ( )

with extracts or

B Substrate agar plate | " I inhibitor

Colorless
circle

Fig. 2-1. Procedure of glucosidase inhibitory assay using the agar plate

A, Preparation of the enzyme agar plate by dissolving 1.5% agarin
buffer; B, preparation of the substrate agar plate by dissolving 3.0% agar
in buffer containing p-nitrophenyl-D-glucopyranoside; C, addition of
glucosidase in bufferand spreading; D, placing the paper disk in the hole
made by acork borer; E, preincubation at 25 °Cfor 2.5 h; F, placing the
substrate agar plate on the enzyme agar plate and incubation at 25 °C for
0.5 h; G, measurement of diameter of colorless circle against yellow
background, and in the case of f-glucosidase, placing the enzyme and

substrate agars in a container saturated with ammonia vapor.
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Table 2-4. Inhibitory activities of known glucosidase inhibitors
assessed through the novel agar plate method
developed in this study

a
Glucosidase Dose Diameter (mm) of inhibitory zone

inhibitor (ng/disk) a-Glucosidase B-Glucosidase

HO—— 500 17 17

0 = N 100 14 10.5

H
OH H 50 11.5 -b
HO

10 o -
H OH

1-Deoxynojirimycin (14) 0 . -

500 12 23

H G 1 250 - 16

128 : :
H OH
Glucono-6-lactone (15) 0 .

a
Values are the averages of two measurements.

. No inhibition.
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Table 2-5. Glucosidase inhibitory activities of the extracts from marine

organisms

Sample Diameter (mm) of inhibitory zone?
a-Glucosidase B-Glucosidase ;
gb gb wb gb gb wb
[ALGAE]
3. Hijiki 19 25 14.5 -C - 2.5 *
4.Umitoranoo 15 20 11.5 - 13, 17.5
5.Nebarimo 13 15 - - 13 -
6. Kayamonori 16 14.5 13.5 s - 16
7.Ezoishige 11 NTd 16 11 NT 18
8. Kitaiwahige 17.5 25 16 12.5 17 1175
9. Pirihiba - - NT - - NT
10.Ezoshikoro 9 - NT - - NT
12.Akabaginnansou 15 - - - - -
13.Fujimatsumo 19 20 16,8 - 18 19
14 . Fukurofunori . - . . A %
[SEAGRASS]
15.Sugamo 156.5 24.5 - - - -
[INVERTEBRATES]
16 .0Okinotezurumozuru 10 24 - - - 15




(continued)

17 .Jiigasekinko 10.5 14 - 9 - -
18 .Akaboya 115 14.5 - “ 4 S
19.Enagakushieraboya 14.5 2.5 NT - - NT
21 .Haorimushi - - . " > .
22 .Shirourigai - 5 - 2 : -

[SEAFOODS]

23 .Fresh wakame 13 - - 12 .5 15 .56 14

dSample was impregnated into a paper disk with dose of 20 mg/disk.
Values are the averages of two me asureme nts.

bE, ethyl acetate-soluble fraction; B, n-butanol-soluble fraction; W,
residual water-soluble fraction.

®No inhibition.

dNot tested.

RIZUS 79V ETRa-7NVayy—V¥ELUB-Z Ty —B)
MOLEYEZ RS E o MBEICIE ORI T B & T X
N5, ik LIKAE TR I VSV ERSOLNI T Y ¥ — VL IC
A TH - 12,

MK AL TR TR B a -2 a5 —Bicst LT
LB PEZ R Uico E<ITn-T % 7 — VAl 34> T O LB P4 57 L
a-7NaAvy —PHERIEREE LTHLETH - 12,

ALMRHEIS B B F 2 7 F i TERIE U 2 4RI O MEH HET W 12 3~ ¢
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Table 2-6. Glucosidase inhibitory activities of the constituents of seafoods

Sample

Diameter (mm) of inhibitory zone?

a-Glucosidase

B-Glucosid ase

BwP MC BwWbP MC
24 .Dry wakame NTd e NT .
25 .Dry konbu - 14.5 - 1.5
26 .Dry hijiki 11.5 17 - -
27 .Katsuo kezuribushi 18.5 NT 10 NT
28 .Niboshi - - - -
29.Shijimi - - - 14
30.Asari - - - 13.56

Avalues are the averages of two me asurements.

bSolution (20 p/) of boiling water was impregnated into apaper disk.

“Methanol extract was impregnated into a paper disk with dose of 20
mg/disk.

dNot tested.

€No inhibition.

MBta-7Vas s — Pt UCTHERER Ui, %) S EIIL
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Table 2-7. Tyrosinase inhibitory activities of the extracts from marine

organisms

Sample Diameter (mm) of inhibitory zone?

Ethyl acetate-

soluble fraction

2500 s500P

1000P

n-Butanol-

soluble fraction

250D

500P

1000P

[ALGAE]
3. Hijiki 15 15
4.Umitoranoo - 16
5.Nebarimo - .

7.Ezoishige - -

9.Pirihiba - -
10.Ezoshikoro - -

14.Fukurofunori - -

[INVERTEBRATES]

16.0kinotezurumozuru
17 .Jiigasekinko - -

18.Akaboya - -

19.Enagakushieraboya

1z

18

13

12

aMean values of two me asureme nts.
bpose (ng/disk).

CNo inhibition.




Table 2-8. Tyrosinase inhibitory activities of the extracts from deep-sea

organisms

Sample Diameter (mm) of inhibitory zone?@
5 mg/diskb 10 mg/diskb
EC B¢ we P BC we
21.Haorimushi 13 11815 d 15 17
22.Shirourig ai 14.5 - . 18

dMean values of two me asureme nts.
bDose.
CE, ethyl acetate-soluble fraction; B, n-Butanol-soluble fraction; W,

residual water-solublefraction.

dNo inhibition.

TR FRYF—CHEERBEOEYF, v 3 F5 )4, 25U €

BEUDA AL+ AOREBMIF VK CHATE 72, 500 pg/F
ARTENHIDPBTHBEENBEETEXLEDF, w3 bS5 ) 4048

T F VAR 3 F 0 — B EWEMRIEE UTHYTH

3,

AR E M AR DO F 0 v F — B EERBROME . A ) A
B IV AMEDER T FIOV]EW GBI NAY L Dn-T 8 )

=AW TF o v F— PHEFRENBETE 2, LML, 74 X

IHIDDRERNIOETHBI botb 5. EVE. 3 k5
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i e MEFHE B I B HPER RS IS o 72 2 &0 6 L 4R I 031
FEL T B a[fEPED b b Bk BN,

At PUR T A B

MR DILRTE R 7 ) —= 0 % AT 5 tce & 0% TIo e Mo Gl
PURIPEICB 3 2 BF 9213 8E <ATh T 3, 55600 U U fh i Wi i
12X 9 B BB R DG 13D VDT A PO i B B A
AT B BT

4-1  IL3K A

PR PERA B W 2o M % Table 2-912 5% 4,

Table 2-9. Microorganisms examined

SRR e T T T S B S A S B AT S R T TR
Microorganism Abbreviation Japanese name
Aeromonas salmonicida ATCC 14174 As Sakeka-sessobyo-kin
Pseudomonas fluorescens EFDL Pt Syudomonasusho-kin
Vibrio anguillarum NCMb 6 Va Biburiobyo-kin
Streptococcus sp. S Buri-rensakyukinsho-kin
Escherichia coliO-26 Ec Daicho-kin

Aspergillus oryzae Ao Nihon koji-kabi




4-2 b PR B 5 ik

(1) HODRIE R

Aeromonas salmonicida, Pseudomonas fluorescens S o
Escherichia coli 112 i%. Tryptic soy broth (Difco Laboratories)
% 3.09/100 m ¢ DEBKICHEMLU T, 1.2% BEICIES LHIcER
Z N A By M A E LU 2o

Vibrio anguillarum fiZ |t Tryptic soy broth % 3.0 g/100 m ¢
BEUHF MUY Lk 0.5% MEICIES L5120 KB K ISR LT
1.2% BRBEICTE B KD ISR K &N Z 2} B M 4 7 G Lelr s

Streptococcus sp . JiJiZ 13, Brain heart infusion (Difco

Laboratories)% 3.7 g/100 m ¢ D KB KICHEMLU T, 1.2% =35 N AN
5 KD ITIER A INZ ST B HuA 8 L 7=,

N

Aspergillus oryzae J{]IZ X, Potato dextrose agar (Difco

Laboratories)% 3.9 g/100 m ¢ ® 5 k W U TR i B A 4
LE,

TNTN DM WA~ I EH AN 5 & 225 CTH#E U /o,

(2 LB PE B iy By
ML OBl 3 1345 DR AP RN & AER AWy & 25°C T 245 ] 1 44 s 3 L
2o A. oryzae O£ 13 41 kG UL 481 R B3 L /-,

(3) Hu Pl Bk

DU BRI P S B S K SPAR 12 THT - 720 1% 9 cm DBE > + — L DI
R 2 E U oo WEAREAEHE 0.25 m 0 A IR £ 2 o FURRT
WIS U, av 5 — Uk cRim Rk L7ce A oryzae o4 13555
U7 RHRTH S BRIk 2 N 2 (8 B TR afithk % = 4 1< o el 4R G K
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0.25 ML ZHWMHE Ry hTRHEKFERLIZBL, 35— UBTERRE
7 O

et BERERN D fip EAE WA M O BEIA IS A B L, 2020 ne %
Y VTR 8 mm DH/EWHRRINR — /= F 4 710 F v —
L7co HOLET, WIEDB DTS V72 NEL, R—=R—F 4 27 %
WIET Vo —7—Ic A, BlRE®EL 2,

KPR IR —N—=F 4 27 %ifEE, 25°CT24/ (A. oryzae
DY 134805 ]) B3¢ Uic, MURPEA RULAR—1—F 4 270F h
DO MM ORRRAE WE L 7,

4-3 MR LEE

i BE LY B4 D B RIVE B DS & Table 2-1012 759, fit3 U 2o
BRI10FH O BHEEA R LI OESHE TH - 72, 24 bk LU o>
PSRRI ER LD T FT7AY, YIS ) ARG T VES
JTHY . MU EE R TR IV oo, KA WITH LTIt
AsPVallxt U T A /R 3 ## 34/ 8 H . P fluorescens ¥ k
E. coli I8 UTH Btk % 7 9 12 2 h 2 N2 M8 5 & 01 Bl T
O AR U 7oK MBI TE R R 7 N LS 5 720 TN B U
TWETI b/ AR T IV ETIDMHRL D VUREDIR < . B
HEWEHOMARE E L THELEN, Bt VeV EISH BT nE 7
=/ =PRI/ ONTNBED T, FHALEY DL B Al P I E L
ETFHEINh 3,

T 2 7 F WEPE D AT HERY H hk s> TIRALA U2 5FBI T~ T O T
WPEDER TE /e TH S OWH KT O FLEITE R 27 N VIG5
NTILCS A UASHHK DD B, 4HBICH B 2 B H3 ik -
B HRAZHUIR V& 3 I 252 BT 5 » 7o o MENTIEH E 0 HL Yo Bl
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Table 2-10. Antimicrobial activities of the extracts from marine organisms

Sanmpie Diameter (mm) of inhibitory zone?@
ExtractPDose® Asd pfd yvad sd Ecd apd
[ALGAE]
1.Bouaonori M 10-1  -© - - - - Nt
2.Anaaosa M 10-1 13 1.5 312 - - NT
3. Hijiki A 10-1 - - . - - NT
4.Umitoranoo A 10-1 13 10.5 .10 - - NT
5.Nebarimo A 10-1 - - - - - NT
6.Kayamonori M 10 -1 - - - - - NT
7.Ezoishige A 10-1 11 - - - - NT
9.Pirihiba M 10-1 - - - - 11.8 NT
11.Ezotsunomata M 10-1 - - - - - NT
13.Fujimatsumo M 10-1 11 - 23 .. 425 - NT
[INVERTEBRATES]
16.0kinotezurumozuru A 10-1 10.5 - 11.5 9.5 11 NT
17 .Jiigasekinko A 10 -1 - - 9 12 8.8 NT
18.Akaboya A 10-1 10 - 9 10 - NT
19.Enagakushieraboya A 10-1 10 8.6 - 1.2 10.5 NT
20.Giboshimushi A 10-1 11 - 9 11 10.5 NT




(continued)

21 .Haorimushi E < 13 19  10.8  NT - B8
10 20.5 18 11 NT - 11
B 5 11 - x NT s .
10 11 - - NT . "
W 5 - - - NT - -
10 . - - NT - -
22 .Shirourig ai E 5 1228 18 10.540 NT v, 8.5
10 18 18 - 105 NT - 10
B o ¥2 .5 - - NT & "
L . < NT . .
W 5 - - - NT - -
10 2 - - NT - )
— —————————— —

dMe an values of two me asureme nts.

bM, methanol extract; A, acetone extract; E, ethyl acetate-soluble fraction
of the organic solvent extract; B, n-butanol-soluble fraction of the
organic solvent extract; W, residual water-soluble fraction of the organic
solvent extract.

€10-1, solvent was added to the extract of a proportion of 1 ml/10 g fresh
weight; 5, 5 mg/disk; 10, 10 mg/disk.

dAs, Aeromonas salmonicida; Pf, Pseudomonasfluorescens: Va, Vibrio
anguillarum; S, Streptococcus Sp.; Ec, Escherichia coli; Ao, Aspergillus
oryzae.

©No inhibition.

f Not tested.




LD STE. coli izt LT HHEMERTHHNE ) - 7=, FaZP
i BE L) 78 O T RS WFSE 8 28 D 75 < B B G W) S TEAE 3 5 0] gk v
mle W HREE BICHRETE LN, MELEYED ) — ME&
ELTOMENMFETE S,

BB EHONA Y LAY, om ) Ha &bz, A
salmonicida IZ%f UCREBR T F V[ 5 6 & On-7' % ) — b u] i [l
53D¥. P. fluorescens | V. anguillarum . E. coli B L UA. oryzae
(X UTHREBR T L al 35T 43 2 B B P & 775 U 7e o 2510 53 D fH
HHNEHEIAF VLAY Ev 0y Y A TFER CEAR L, “h
S DEY I BB KB N IcEE L, 20 Mo i T B Rt
B AT R IVF—JE & LTHE DLW O TR F 7 13 R X
ATND, ) J—MXH SN DEWIFMEIN T ZDT, ik
MR —FBHTH B EFMIN, oh o DD DIRT PURIE P &
AL BY S I AN DS RE LT B WTREPEDSE e & L O B0 B
R LT DA E M B s 2 4 L C WD Y E0E 4%
DPFFEX R E LU THRETH 3,




#w3E bVoFa-ZNVavy—EHEEYMED
T

0w 1 Milch T, a-Za vy — Bk s Rl RNE
(L Z20PICEAMICHAIhTLWABEEDIEN TV, a-7 b3
X — P X A%E MBI RN RS TEEDO T, a-7)b 3
O — VI EYE A A A (OB R R B A O B e & U
THIRATED %,

EUF3AYEHEAZBICEA . METOZ IV a— X DRI Z KR
ftxdztbmonTb, @ a-ZNVavy—CHERGZE LY
B LT, ZORE LN ENY ST, NEHNTORE
BT 7L T — Z DR AL WU HS 6 U TR IER 24T - TV S AlhEfE
NEZOND, TZTs EVFDa-7IVavy —BHE RS Z KR L
s

WM TR E L aT bS5 T 4 —

1.1 fi ST RS

AR THM L BRI TO@ Y TH 2,
(1) FRABOELEE R (IR)

Perkin-Elmer System 2000 FT-IR Spectrophotometer

Perkin-Elmer

(2) A O OEEERE (UV-VIS)
HITACHI U-2000 Spectrophotometer F L S (BRD
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(3) H&ESHEF (MS)

RS R < X 27 bV (FAB-MS)

JEOL JMS-DX-300 Mass Spectrometer HAE 1 (8)

(4) Bt IEm 4 il (NMR)

BRUKER AM-500 NMR Spectrometer Bruker
JEOL JNM-FX90Q NMR Spectrometer HA®E L (B
(5) heXit

JASCO DIP-370 Digital Polarimeter HA 5% (k)

1-2 Ja<hs57 4 —

CY 2T BE0T YT T of e

Y B h Wakogel C-100 FDOERIEE T2 (B
B T o PR 20 Sephadex LH-20 Pharmacia

( 20 SR Ve 2 B S L T 16

ME 7 n< bS5 L (Kieselgel 60 Fogg+ E. Merck) Loz
FOBRHNT I, MR ERE DA I 2 ) — U-Hie . 61 A FiA W kR
DIHDT X=JVASRVE N, TLCHD X4 » FIZIEZ Ay b Ak
BTHRU, I E ORI R LTe,

€32 R 7 g BF 3 FAZ1GE)
A7 NS5 T 40— OWESMATable 3-1 (7 S




Table 3-1. The gas chromatographic condition under this study

Instrument: HITACHI 163 Gas Chromatograph
Data processor: HITACHI D-2500 Chromato-integrater
Column: G-300 polyethylene glycol 20M coated

capillary column, (1.2 mm i.d.Xlength
40m, film thickness 0.5 mm),Chemical
Inspection and Testing Institute, Japan

Carrier gas: He

Flow rate: 5 mZ/min

Column temperature: 200 °C

Injector temperature: 250 °C

Detector: FID

T2 bEVFa-ZINaLy—VHEYHO M

AETHENULE PFEAMCHHEIN TS EREAEZEL T, il
WD HHE VF A2 e, 19944E8 I =HIRSED W E U F
300w AP iy

EVFNSa-7vavy — M EEYWE %5 4 5 B2 S 1
IZR0 KD FE KR DAER 2 s UCHLEWE % 40 U7z,

WHREDF 3009527 —X I (EREEKRKLHL) THRL.
80% X% /) —=)v5 /¢ ZMAT. 2 HMFRTHMBL., Boh 2o
PR IEdRAE U7c, FRIBA X S0 1 AR SR T A 3RIE I ER R .
i ZHbE, 30g DA 5 ) — Vil 2157, ML xEERTF L
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EOKTHESM U, BERT FIOVA AW 5 2187, KEICn-T % ) —
ZMABESB UL n-T 5 ) — )Vl iEmisr 257, BT F Ik L O
n-7'% ) = )Val W5 E 2 TN KEERR 5 8 ) 7 L TR IRIT 14
U7co KB IEZ DF £ iME LT, Ku[lgmls %487 (Table 3-2) ,

A B R R T F VA AW 42T 25 mg,/ R—/X—F 4 X7 n-T ¥
J = IVe[IE M43 K OOUKA[ Wi 4r T 12.5 mg,/ R—/N—F 4 27 L L.
R Ak L e Bac it Lz (Table 3-2)

H BB SO a -7 ay 7y —PIREERBROER., W h
DM sFd a-7Nayy—CHEWEER L. n-7 % ) —)Vlisr Tl bl
WL EHPEZ R U7cD T, Z Olj4r 0 & Bl Y A 458 U 72,

EVFDOn-75 ) —)VE[EE4S 3.3g 2 )V AFIVASLZa< b
72 74—500g (¢66.0cmXxXh37.5cm)icfitLt, 7o hsS5T
4 — THrij L7ciisy (Table 3-3) 2TLCT4r#r L7 (Fig.3-1) ., X
SIS\ AWM 52 R IEIC L B a-7 )0 a5 — B vk ik ik L
7z (Table 3-4) ,

a-7)ayy —BHHEERBORKE . H1-8% & U9} 1T B % i
MR DH O AMDW SHTIEFELE LT A IV Y ) — b (k. R Ob 8
T (BR) ) -BiBBXUTX—IA (FASA 527 () ) Bkt

IR XAy b (A) BT (B) MELEL foo HI-8% X UXOT 4

EHhbHHE, H1-8-9[f4r (2.24g) & L7,

H1-8-9li5; = X HIC€ T 7 T v 7 ALH-20h 5 L7a< b 75 7 4
— TH2-1~30M4 243 L (Table 3-5) . &4 2TLCT4Hr L 7-
(Fig.3-2) o, H2-1~6% L UfH2-24~30[ 4+ I 2 X B v b AR
BT EIEM 518 H2-11 ~16 W53 1S A IV Y ) — V-l B L U7 X —
WAD ZBRAENFTNICEEAR LXKy b (A) BLY (B) 42 3%
oo TNOHAF EHTH2-11-16l4> (804.6 mg) & L7:,




Table 3-2. Yields and inhibitory activities of each organic
solvent-soluble fraction against a-glucosidase

; - . Diameter (mm)
Fraction Yield (g) Dose (mg/disk) of the inhibitory zone
Ethyl acetate BB 25 19
n-Butanol 3.9 12.5 25.5
Water 19.5 128 14.5

aYijelds of dried matter obtained from a series of solvent
partitioning of methanol extracts from hijiki.

Mean values of two measurements.

Table 3-3. Silica gel chromatography of the n-butanol-soluble
fraction obtained from hijiki

Fraction Eluent Volume

H1-1~2 CHCIs 500 m/ x2
H1-3~4 CHCI3: methanol (9:1) 500 m/ x2
H1-5~6 CHCI3: methanol (3:1) 500 m/ x2
H1-7~10 CHCI3: methanol (1:1) 500 m/ x4
H1-11~14 Methanol 500 m/ x4
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Origin Front

H1-1
H1-2

H1-3
H1-4
H1-5
H1-6
H1-7
H1-8
H1-9
H1-10
H1-11
H1-12
H1-13
H1-14

Fig. 3-1.
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=2 e 0@ D) o
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=—— 1 |
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= S : :
B LB B A
B
B
(2
B
e

CHCI3:methanol:water=65:25:4

Thin layer chromatogram of the fractions obtained from
silica gel column chromatography of n-butanol-
soluble fraction.

O , Visualized using the orcinol-sulfuric acid reagent:
G, green; DP, dark purple; P, purple; RP, red purple; B,
blue; LB, light blue. @, Positive for the azure A reagent.




Table 3-4. a-Glucosidase inhibitory activity of fractions
obtained from silica gel chromatography.

Fraction Inhibitory activity@ (mm) Fraction [nhibitory activity@ (mm)
1.0 mg/disk® 1.5 mg/disk P 1.0 mg/disk® 1.5 mg/disk P

H1-1 x - H1-8 13 15

H1-2 - - H1-9 13 14 4
H1-3 - x H1-10 - .
H1-4 : ; H1-11 : :
H1-5 ? 5 H1-12 . -

H1-6 * . H1-13 . .

H1-7 - - H1-14 . -

2 Diameter (mm) of the inhibitory zones through duplicate experiments.

b Dose (mg/disk)

Table 3-5. Conditions employed for the Sephadex LH-20
chromatography of the combined H1-8-9 fraction

Sample: Fraction H1-8-9 2.24 g
Stationary phase: Sephadex LH-20 25g¢g
(¢ 20cm X h 17 cm)
Eluting solvent: Methanol
Flow rate: 1 m//min .
Fraction volume: 5ml/ f

R
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fF ONICH2-11-161[43 % X S ITIHBTLCICHE Lz, 7 ook ILA
A%/ —Ib:Jk (65:25:4, v/v/v) TR L., ANV ) —IV-FilkE &
U7 X—=NWVADEBEBRE LTI EBRLICZARY b (A) LU (B)
ISR BN REGIRL T, Zaakibh : X5 —)b (1:1,v/v)
TwiliU7co RE0.41D/N Vv RO IS 2 k5rAE L. RF0.31D/N
PO w52 kB E Ulce BRAPA ERIBDSF T TLC DL B4 Fig.
3-3IZ/” 9o TLCIHHT DEERN & KAFALEKSIBIZZENENTLCIIC
H—D2HKy bE2HZ I, oK ADEEIZ434.1 mg T, Y
FTHBRERDH/ICD0.145% 75 oo IKSIBOE E(F60.0 mgT, EIF
WHREEDH D 0.020%1X 5o a-7Navy —FHEYWHE E LTK
SGTALRGIBD2IKS RS NICDT, T ODOHEEAMIT LT,

D e T
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Origin Front
H2-6 |-
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H2-8 |- £
P
H2-9 |- o
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H2-10 [ o O
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H2-11 | e o0 o©
RP RP P ;
H2-12 | e O
RP RP RP
H2-13 |- oY £
RP RPRp RP
H2-14 |- e Oe O
B RP RPRp
H2-15 £ ® Oe
B RP RP
H2-16 = @ &
B
H2-17 & A A
B : ;
H2-18 ; ;
H2-19 & B &
B
H2-20 ¢
B
H2-21 ¢
B
H2-22 P
B
H2-23 P
H2-24 |-

CHCIa:methanol:water:65:25:4

Fig. 3-2. Thin layer chromatogram of the fractions obtained from
Sephadex LH-20 column chromatography.

R R R
I BRSSO IS W A

O, Visualized using the orcinol-sulfuric acid reagent:
P, purple; RP, red purple; B, blue. @, Positive for the
azure A reagent.

T S e
R Y et




Origin Front

4

chloroform:methanol:water=65:25:4

Origin Front

n-butanol:acetic acid:water=4:1:5

Fig. 3-3. Analytical thin layer chromatograms of A and B
obtained.
a, Developed with chloroform:methanol:water=
65:25:4; b, developed with n-butanol:acetic
acid:water=4:1:5.
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(1) EVFa-ZNaly —PHEYHEADY (2 F— ¥
EVFa-7NVa 7y —VCIHEYWEADERTE X479 7o DIZ #2843

WFia1T-> 7. IEWEADIRZ ARV bV %Fig. 3-412. FAB-MS*% Fig.
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Fig. 3-4. IR spectrum of inhibitor A
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Fig. 3-5. Fast atom bombardment mass spectrum of inhibitor A.
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FHEWEALZ 2N-KBILF NV L XY ) —IWIZ LD A Y )Y
ALKEZ A, IRBAF IV TIVIREHINESNI-DT. ZOIF
ViRl A R 7 < M7 57 4 =12k > TR 72, FLEYHADKE 2
ST — 7 B XU B LA MPE'E 2 Table 3-612 7779,

Table 3-6. Physicochemical properties of inhibitor A 2

Pale yellow solid

Viay (KBr) cm™1: 3362, 2925, 2854, 2366, 1735, -

1720, 1458, 1174, 1035. .

IR

Optical rotation [a]p: +33° (¢ 0.045, methanol)

FAB-MS (Negative mode) m/z: 875, 846,819, 815, 765.

ST
A A

GC: Palmitic(16:0) 56.6%
Oleic(18:1) 9.6%

Linolenic(18:3) 6.9%
Docosanoic(22:0) 5.2%

Palmitoleic(16:1) 4.7 %

Myristic(14:0) 4.0%
lcosenoic(20:1) 3.8% -

Others 9.2%




EMHEADIRZR 7 FLVTiE, 3362 cm™ 1O 7 10— K 120-Hif#E £
—2 . 2925 cm  OfFIDOC-HiP#E E— 2~ . 1735 cm™1, 1720 cm”]
DC=0M E—2> . 1174 cm™ 1, 1035 cm™ 10 2 )Lk o figl £ — 2 63)
MWDo, BOLEIRT 5 XD etk %2R Ui, FAB-MS Tl 8%
DA F E— s pfilEN e, A4V E—ZMD3%IE 29, 27, 4k &
O 50%Xa1=y FTHO ., HEWHAZA Y /Y ¥ XIZ XK IR B A
FIWIZAT IR Z2HZ 5206, 40 FRORYE A RHEEKAD
REWEME LI, GCIZL VIR BRALK A M7 FER. »SIV I F Ul
M56.6% & E <. MLDIRIEBRIE 10%LL T 725 71,

(2) EVFa-7ary—EHINEBEIIAD 1 KIENMRZ R 7 b L
EYVFa-7Vary —EHEYEHAD'H-NMRZX R 7 kL (Fig. 3-
6) E18C-NMRX~X %7 k)L (Fig. 3-7) 25 L1z, 'H-NMRZ~ %7 K
Vin 5. 0.89 ppmIC T IIVFIV KA F IV T o by, 1.28 ppmic B K
BTIWVFIVAF LT by, 1.59~2.81 ppmiZT 2T NVDabt S
BTN R EEADT YISO h . 5.36 ppmiZAt L7 4 v
70 b VDEEDH ONE T o, TR SO YT F IV NEE D IS
PRI KT B, 13C-NMRARZ ML TETILFILEKE L F )L A
=B TIFNEAF UV h=R o, DRFIH=Ey o 7Y s

— R AV T4 o H—RUDBERETE 1,

BROD1I2EBOTa by 7P b LU0 9B O - KL o7+
ST DT I AN T MDOOANTORFICHETAIAFL v BLUXF
YV TFINTHD EHET X,
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(3) EVFa-7)ary—EHEHHEAD 2 KITTNMRZ R 7 kL

HH-COSYZ X7 by ) w7 LThBA7a by v+ LR
DHEE—-7%2BINTEBZDT, #v PV 7 LTS T ok yOM
EHOMITELEMTERE, & 2P, EVR -l ¥y
LEWEHADHH-COSY XX 7 kL (Fig. 3-8) 2z L. £0% o x
E— 705 HBDM (Table 3-7) 20 o ovic L,

]
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J v
3 'S,
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Fig. 3-8a. HH-COSY spectrum of inhibitor A,
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Fig. 3-8b. Expansion of HH-COSY spectrum of -inhibitor A. .




Table 3-7. Correlations disclosed in cosideration of HH-COSY

of inhibitor A
a s
OH MultiplicityaJin Hz dH Multiplicity Jin Hz
- 476  d 3.7 [0.89 t 68
[ 341 dd 37,93 128 brs
3.63 t 9.3 ~1.59 m
C i
( 3.09 t 9.3 2.02 m
[ 4.06 dt 20,93 o33 m
292 | dd 9.3, 14.3 [2.81 m
[ 3337 dd 2.0, 143 5.36 m
[4.09 dd  5.5,10.8
,:3.57 dd  6.3,10.8
E5.33 m
E4.49 dd  2.4,12.1
4.19 dd 7.0, 12.1
a
br.s, broad singlet; d, doublet; dd, doublet of doublets:

t, triplet; dt, doblet of triplets; m, multiplet.

HH-COSYX X7 MIVDHEN &, 4.76~2.92 ppmIZ B ZEHV i 2 L
RTODMEEdT 570 b DT IV—T 3.57~4.49 ppmic ik LN E

L7es20ilikid 57 n b O/ IV—7 % L1)0.89~5.36 ppmiZ T L
TNVEBIE TV Ik T B0 by DTN —FI3 332 LT ;

&7, 0.89~5.36 ppmD Y I)V—FTid, 1.59 ppmdF 0 b > 111.28
67




BXLU2.33 ppmO T o by EHENAONBZI EREN LD I AL
Y7 Mo, 2.33 ppmEBL U159 ppmD T o b AFNEFNIR T
WD aBXUPBADT b vEE LUK, 5.36 ppmdD T o by A22D
TINANWYT oAV T 4T brEiidlli, 5.36 ppmdD 7 0
bZA Yy TV U7 LT 32.02 ppmb L U2.81 ppmD Y 7L ik,
ThThEe /) T U EOT INMLTa b v BXUN,4-Ry 7 U UM

BOIM T b rERBETE, 84

HMQCZA X7 MVIZEFMB A v 7Y > 7 (1dew) . $Hbb, H
HED TIN5 ICH-CHII &2 7 o b VKN Tl T 5 51:TH 5, 65 b
V¥ a-70Navy—YREYWEADHMQC IR Y bV AJIE L (Fig.
3-9) . H-CHI§ D%l (Table 3-8) 2 W & iz U1z,

54.2, 671K KU64.3 ppmODAh —KR U IZENETHIELEMAF L
T%%o6rh7WJEiU%A3MmMMrﬂﬁVM%hB®7S2Hb
VI EPDORAFVY-AF - AF VU EDEBBE Vo=V EBBOD Y
JFIWERIFELUI, KFE6METO M 7O ED —DDF I —FI12 i3
ENODT IANY T IENOANTOREFLBRLTED ., 20 7 )L —
T RN pE EHEE U Tz, 8C 100.05 L UFOH 4.76 D Y ' F L i3 b v &
TN L OIRBLNMICH D, WOT /) <—fDv 7L EREB LI, 7
R =L E Uc & &iZ, 2 S50 FE TO 7 B b Bl 04 B8
9.3 Hz/Z 5 7o COMIT6RBRMNA A BNIAKR LA E S TNBEXDT
FYAI-TF XN TO M H T VT IHEMETHY %5 7
TES ) RMERE LR, T DT I AT T Mk RS
(3.7 Hz) o VAREA a il EthiE Ui, 86) 22 ¢,
FH DT AT D E DR A TPV L AL B
(Table 3-9) | 6O T b VB LU A—K L7 FINTH IHILY
TNy HSEEATY IR EES v 7 b LT, T X —

68
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Table 3-8. Correlations disclosed in cosideration of
HMQC spectrum of inhibitor A

5 5H 5 oH
100.0 —  4.76 130.9 — 5.36
734 —  3.41 130.8 — 5.36
148 soner 383 <1 R X
749 —  3.09 282 — 2.02
69.8 —  4.06 266 — 2.81
542 — 3.33,292 260 — 1.59

145 — 0.89
67.1 — 4.09, 3.57

717 — 533

64.3 — 4.49, 4.19

WARETIHEYHEAZREA LI E, IRRRZ MVTINAVEO E
—I7 DB INICZ LB LU FAB-MS DL A G L. B 464717 2L
A RIED B L106- 2V k-a-D-F ) KES ) — 2 EthiE U 1o,

U EO#RLD . MEWHEADE M & LT, IRIMEE. 7Y &
A= VBB LT6-2)Vk-a-D-F ) KES ) — 2D HFEN W &0 & 11

")f:.o




Table 3-9. Comparison of NMR data of the sugar moiety between
inhibitor A and methyl-a-D-glucopyranoside.

Methyl- a-D- 66)

Inhibitor A glucopyranoside
0CA SHA J(Hz) dCB 8HB J(Hz) SCB-8CA  SHB-SHA

1 100.0 476 d 3.7 100.0 480 d 3.8 0.0 +0.04

2 734 3.41dd 37 2.2 3,65 dd 3.8 o +0.24
9.3 10.0

3 748 363 t 93 741 3.68 dd10.0 QL7 +0.05
8.8

4 749 309 t 93 70.6 3.40 dd 8.8 -4.3 +0.31
9.8

5 69.8 4.06 dt 9.3 72.5 3.65 ddd 9.8 + 2.7 - 0.41
2.0 22
5.4

6 54.2 333dd 20 61.6 3.85 dd 2.2 +7.4 +0.52
14.3 12.3

292 dd 9.3 3.75 dd 54 +0.83
14.3 12.3

HMBCXXR 7 MIVIERFM e > 7Ly DA w FY o2 (2dcH or
3JCH) |\ THDO L, 2ABLWLIKD AL AN UIH-CHIM AT o b o
B TBE TS5 51 TH B, 65) EVFa-7Vavy—VHEYWEA
PDHMBCAXAX 7 kb (Fig. 3-10) %2 {lZ L. MO M (Table 3-10)

12




AW OMI Ui TOMRNS3ODDEHEE, IR, 7)) &0
—IVERE LU6-Z ) F-a-D-F /) KETF ) — XD DN D EHFH T,

H I HEIENTOHMBCHB E -7 3eh T h o2 X LT
%ot s XS OMBEE — 7 Ddc 175.1-0H 4.19F% L Uf6c 174.9-8H
533l . TN NFIVBERXD XTIV AHA—K L E7) o —ILEK
D—=FOAFVTabrBIUAF TR b2 toBEEs T &
72, 8¢ 100.0-8H 4.09, 6Cc 100.0-8H 3.57F L Uf8C 67.1-8H 4.7613 .
WMDT )= — A=K TV Ea—VFBROE)—HDAF LT
nhrETAHEONT, TN HDHER (Fig. 3-11) 6, 7Y ®p— b
I E DT K TR AIT IR R R L A e LT . 34T DYDY i 8 U 728 IR
BErEU Iz,

2RSS Sr 0T DT — I & LR EAD - Thi ki %1,2-D 7 ¥ )b -
3-(6-A ) k-a-D-F /) KEF /) )7 ) Ea— )L (SQDG, 61) &
LT, EVFa-7ayy—¥HEHHAD'H-NMRT— 7 D&
*Fig. 3-12iZ, BC-NMRTF— 7 0¥ @ % Fig. 3-1312 559, gw;(\ Al
L 7-SQDGIEESMLE HE DT, Johns 58735 & S Tsukamoto & 68)
DL LTWASNMRTY — 7 LIk (Table 3-11) L7, 'TH-NMR¥ X

U1BC-NMR7— 7 E b IC i E L B L cDT. & DA %
P S5

bl HWEHADIE LK [a]p 13+38° (¢ 0.045, X ¥ ) — ) TH D,
Gustafsonsg)6@%{%@[(1]D(i+55.5° (c 0.98, X% ) —)L) BN
(RCEDT &Y HADM I ALE %1,2-0 7 ¥ )V-3-(6-Z )V -a-D-
F/)HRES ) VIN)-sn-7) ta— IV EHRE LT,

R o R e e e s
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Fig. 3-10a. HMBC spectrum of inhibitor A.
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Fig. 3-10c. Expansion of HMBC spectrum of inhibitor A.
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Fig. 3-10f. Expansion of HMBC spectrum of inhibitor A.
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Table 3-10. Correlations disclosed in consideration of HMBC

spectrum of inhibitor A

ocC OH
175.1 4.49, 4.19, 2.33, 1.59
174.9 5.38, 2.33, 1.59

130.8-130.9 2.02, 1.28

100.0 4.09, 3.57

74.9 4.06, 3.63, 3.33, 2.92

74.8 4.76, 4.06, 3.41, 3.09

73.4 3.63

i B 4.19, 3.57

69.8 4.76, 3.09, 2.92

67.1 4.76, 4.49, 4.19

64.3 4.09, 3.57

54.2 4.06, 3.09

35.2, 35.0 1.59

33.1 0.89

30.0-31.0 2.38, 2.02,1.59, 1.28

26.0 2.33, 1.28

23.8 0.89

14.5 1.28
——; SRS -
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4.19 | I|175.1r
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OH o
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Fig. 3-11. HMBC correlations of inhibitor A.
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Table 3-11. Comparison of NMR data of inhibitor A and the
corresponding compound in the literatures
Position dc dOH
InhibitorA Cited data®?) Inhibitor A Cited data®8)
1 100.0 100.1 4.76 4.75
2 73.4 73.4 3.41 3.40
3 74.8 74.9 3.83 3.61
4 74.9 74.9 3.09 3.07
5 69.8 1.7 4.06 4.07
6 54.2 54.3 3.33 3,88
2.92 2.92
& 64.3 64.2 4.49 4.48
4.19 4.18
g 7 1.7 72.3 5.33 5,80
3 67.1 69.7 4.09 4.08
3.57 3.56
C=0 175.1 174.9
174.9 174.7
-CH=CH- 130.8-130.9128.8-132.7 5.36 5.32
-CH2-CH=CH- 28.2 28.2 2.08 2.02
=CH-CH2-CH= 26.6 26.6 2.81 -
-CH2-C(0)0- 36,8 35.1 285 2.84
35.0 35.0
-CH2-CH2-C(0)0- 26.0 26.0 1.59 1.59
-CH2- 30.0-31.0 30.4-30.7 1.28 1.28
-CH2-CH2-CH3 834 33.0 1.28 1.28
-CH2-CH3 24.8 23.6 1.28 1.28
-CH3 14.5 14.5 0.89 0.91




3-2 bEVFxa-7Navy—PHEYHBDH &Y TE

(1) EVFa-7NVary—YIHEYWHEBOY LY T—%
METEYFDa-7NVavy—BHEYWHAA ) Lo BilgEo
SQDGEHRFE LT, X 61T, TLC ETIHEYEA EH LD 2 Bk A H

D2H)—DODbVF a-FNaLy —-VYIHEYWHBDIEANEAD Sl
DTEXEDHIEREZIT>72. IMEWEHBDIRZX )V bV (Fig. 3-14) .
FAB-MS (Fig.3-15) Z il L. IHEMEBORE T 7— 7 B LU
WELLFE M PEE (Table 3-12) 2 M S vz L,

a‘

I
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Fig. 3-14. IR spectrum of inhibitor B.
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Fig. 3-15. Fast atom bombardment mass spectrum of inhibitor B.
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LEMHEBDIRX AR 7 ML T, 3404 cm™ 17 m— K2 O-HibgE &
—7 . 2928 cm ' ORIFIDC-HIli E— 2 . 1744 cm™ ! O C=0fp i ¥
=27, 1173cm™ 1 1057 cm 1O R Lok Mt E— 2 63) ik 1 X h
MR TEIE— 7 EHEWHADZI R b VDOE— 7 EHLLL T U,
SO ENSHHEYHB EHEYWHATIEERENR U B® &EHEE L
1o BOLERT S XDRENMAR Uiz, FAB-MSTIRBHD A4 2 F
—Z BB AT VYE-7BDER260 2824, 22, 25X 1r06
TH-1cDT, IHHEYWEADFAB-MS &l BEICIEE 5 75 DIRA 4 & HE
E L T, l‘ﬂ%%’EB@FAB-MSCiFﬁ%%’E{A@X/\°7 hoL &g LT,

230~2407 R 1=y MNXWMEET > TH 0. 13I8 IR 2110 5
CHEHT D, HEHMEBDOA Y )Y Y RIC L WA LISl 2 )L x
AT WG YD GCHH N S IE B AR &2~ 7R, LI F oMo
ALCHEYE < (41.7%) | thOIEIIBRIZ10%LL T TH - 72, HEWH

86




Table 3-12. Physicochemical properties of inhibitor B

Pale yellow solid

IR V55 (KB om ™ ; 3404, 2927, 1744, 1374, 1314,

15798, 11738, 1087, 1088

Optical rotation [a]p: +22° (¢ 0.121, methanol)

FAB-MS (Negative mode) m/z: 637, 609, 581, 877,585,558,

B2
GC: Palmitic(16:0) 41.7%
Oleic(18:1) 8.5%
Palmitoleic(16:1) 7.5%
Linolenic(18:3) 6.6%
Myristic(14:0) 4.7%
Docosenoic(22:1) 3.4%
lcosenoic(20:1) 3.0%
Docosanoic(22:0) 2:8%
Linoleic(18:2) 2.5%
Others 19.6%




B O A R U BRALIK IS B LA & R BRIc I € ) = > Na i 1R 8 %
Mo 1oe W BLEYE OWEAET — 712 3B E N < L %E B b

BN BT & 4 5 L 72,

(2) EVFa-2Vayy—CHEWHBD 1 KFENMRZ A S bl

& “/“*a“7‘11/:1“/57"*—“@‘5.[.1%{%{;5[8@1H-NMRX’\°7 bJL (Fig. 3- ‘

16) \ "SC-NMR 564 77 v 7Y ¥ /' 4 KUDEPTR R 7 | (Fig.

3-17) &WSE L7, 13C-NMR DEPTX R4 b L ix# — K ¥ DR, 4

Hbb AFN AFLY, AF VB UMBHELKITE 5, 6 ;

\ "H-NMRZA S R L Clty BLSEA SRR RS b LS s — %
| f%i\0ﬂ9pme7UV*wﬂwﬁX%vufub:« 1.28 ppmiZ G A7 %
FHFHNRAFU TP e 1.50~2.81 PPMICT X7 ILDak k)i .
1mfmby¢:§%€ﬁﬁﬂuwifuby\53~54pmmstv74 g

YT 0N EDRBRIIE N, BC-NMRR RS | LT b 7 b+ b fi

A WA= R TIWFIVAFLV o H—FK . L XTI Tl v F

VWA =R A VT 4 vh— KRR TX -, CNheDv7H+
IVILNIRET D IR VG MR 3% 263553 ic ik 4 3,
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e
R e
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AP A 4

BRODI12FH O F ok YT FNE LXCIEH DA - Ry S
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WEBDr IHI e 7 b Dfsa E A 74,
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(3) EVFa-ZNavy—PHEWHEBD 2 KIENMRI N 2 kL
EVFa-ZNayy —PHEWEBOHH-COSYX~ 2 b (Fig.
3-18) ZWEL., 7oA E-7 M SMHBOM (Table 3-13) % 8 & h

il P |

MOy -‘3-’_5'—;“{‘,.%,_..,‘_-' el

e VL) N0 o Y JA S i A MO e oS 2 = o LI

ppm

s

Fig. 3-18. HH-COSY spectrum of inhibitor B:
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Table 3-13. Correlations disclosed in cosideration of HH-COSY

of inhibitor B

5H Multiplicity® Jin Hz

a
dH Multiplicity Jin Hz

4.77

4

3.40

3.64

3.07

4.09

2.90

TR R X

3.35

3.35

/\

4.05

3.88

3.55

AT ST 4

3.61

d 3.9
dd 3.9,9.7
br.t 9:7
br.t 2
dt e - 4

dd 9.2, 10.3

dd 2.1,10.3

dd 2.1,10.3
dd 3.7,10.3

m

ad” 57,115

dd 92,115

0.89 t 6.8

£ %

1.28 br.s

1.59 m

.

2.03 m

4

2.30 t 7.4

2.81 m

C

5.36 m

a

br.s, broad singlet; d, doublet; dd, doublet of doublets;
t, triplet; br.t, broad triplet; dt, doblet of triplets; m, multiplet.

HH-COSYZX R 7 ML OD§ER NS 2.90~4.77 PPMITHR DV # L
RT2O0dEdT 20 b oDV )—F, 3.35~4.05 PP M R 7 OV i

L7cs>oDiigid 2 7 n v D7 IV—T3% K1'0.89~5.36 ppmiz 7 JL
W BECET IV vicliks 2 F o b YDTI—TFIZHT BT ENT
&b, Th ooy )—71t AL EIA D3 DD 7' )L — 7 & Hiful LT B,

D T A A Loy o TG e ar s &
L R R

S

;[é}‘j:f,:"‘gi‘. o T‘;F:‘..’
e A




0.89~5.36 ppm®dD 7 )V—FIINENBR BRI I 4B L o 7 F L %7 Lo
4.77~2.90 ppmD 7 )V— T I EWHEATER LIz &5 126- X)L k-

a-D-F/) KEZ ) - ICHHEORL 7 FIVTH S5, 3.35~4.05 ppm

DIN=TRBHy TV TNRI— U6 o — L4 EHET X

SN T IV T MR EHEAD S Y o — LIS ERT B, L o
T MEYEBRZ Y toIFETH ., HEYWHEAEZ Y o — L
SrDREENFRTE D EHEE L T,

EVFa-7NVasy —YHEHEBE YY) o bR E &4 2 7
HIZ. HMQC XX Y ML &% U TH-CHIB A~ 12, EVFa-2 0
A T—-EHEHEBOHMQC IR 2 kL (Fig. 3-19) 2 ME L. 7
BRE=7DSHE DM (Table 3-14) 2B oz Uiz, 54.2. 70.8
BLU64.2 ppmDH — Ry B ENEFhIEEMAF LY THSB, 70.8.
72585 KU64.2ppmDIDDA—KR DI I —FiZ. ZH 6Dy I H
V2T bBKUDEPTRRY bAMS, AFLU-AF V- AF LY ED
BTV Ea— i BO Y7+ IV ERE L, 2) 2 o— B8RO
TR b TFINDr I AT MR EAE BTGS2 & 4
Vo=V gD TREZ DT, HEWEBTIEZ Y & 02— LD 24
THEHBKRADNRT D LM TE L, RESME T b V7O S —>
DIN~TOF IBNYT by BT 29X sy bk L U2®kT
NMRZXZ7 bVOTF—4 ZMEVEADT — 7 & Wik L1 &2 2 Hifl
ERRND T, ED T IV— F%6-Z)Vk-0-D-F ) KES5 ) — 2 & i
LT

ULOKRED . BEYEBOM MM 2RI, 7Y & o— )
B LV6- XV Fk-a-D-F) KES ) -2 &the L1,




001

08

wdd

ov

0¢

I,

"g Jongryut jo wnioads DOWH "e6L-¢ *big

wdd
X 02 0 0y 0's 09 02 08
! ) o i -
| 0 a3
L a : o
B 9 _ o
. .1 : :
i3 . .
] S ) W
o -
4 S
} w_v & m il
|
4 o

100




8¢

14

o€

wdd

(44

81

vl

o i mdins

= Py

—

'g J03qIyul Jo wnuoads QOWH Jo uoisuedx3 ‘ge - ‘Big

wdd
8°0 .l 9°l (00 b2 8¢
' : \ o : 1 : r L
|
@
4

_ oy _

I

\¢

|

w
|
,

101




wdd

08

0L

09

0S

PR IRRW SAIE ST, G

e |

- -

g JolqIyul Jo wnioeads DOHWH Jo uoisuedx3 o6 1-g 'Bi4 |

. V Eaa .I\l .
92 o€ pe 8'c 2b
\ i ; 1 . ; 1 : 1 ¢ & 1 '
71
@
1
b
b |
0
) S—
—
]




Table 3-14. Correlations disclosed in cosideration of
HMQC spectrum of inhibitor B

dcC OH d¢C OH
1001~ 477 130.9— 5.36
My = 340 130.8— 5.36
752 — 3.64 34.8 — 2.30
790 == 07 28,1 == 203
69.8 — 4.09 285 ~— 2.81

54.2 — 3.35, 2.90 26.0 ~— 1,59

14.4 — 0.89
70.8 — 4.05, 3.35

725 — 3.88

64.2 — 3.61, 3.55

EYVFa-7NVasy —VHEWEBDOHMBC X 2 % bV (Fig. 3-20)
ZWE L THE DM (Table 3-15) A0 &5z L. 3D D 51 it |
leli L2k, 7)) & B=IVEE LU6-2 )V k-a-D-¥ /) KES ) —x
DODIERY PN,

#H M EN TOHMBCHI E— 7 13 2 W E OS5 % LT U
Lo HISMEEM DM E — 2 Doc 174.9-613.61 3. N UG 1R B 2k D
ATNA=R LTV 0 - VBRO—FDAF LY T o by EDH
WA otc, Fies 80 100.1-01 3.35%8 F 7fée 67.1-0H 4.76{37 ) v —
WMDY TFNET) - VBEOLS — KD A F L Y TA ST,
CHL5DHMBC AR 7 hLOKSE (Fig. 3-21) . 7 o — L

103

N

vvvv




wdd

081

091}

ovl

oct

001!

08

09

o
<

o
N

ey

RO . RIS CEa For

ORI PEPSIIST Spuuents |

0’1 0'¢ 6 ¢ o o'v 0°'S 09 0L 0’8
1 1 1 : IS 1 | L 1 L
0 W )
|} ' )
$ , L}
o » - s 1 . »
S
.. . . .
LI ) ) ’
" 3 .H > W. »
’, ! »
; . . B
'Y 0 > ’ -] m
t ) off] % % 5 ) 3 ;
_. ) }
g ) ;
) " Lk
] S y !
< S T
| 5, ' » )
s (P}
o ¢ 9 P 4 Y :
» ’ ] W W
% 1

” V'l )

‘vlv

I




wdd

0L

09

0s

ov

o€

o
N

FYS BVEPEPIDT NP (DU RN RS e |

castlanacrad

sd s s

AT UT o0 1) U ) B LW

'g JoHqIyul jo wnyoads DGWH Jo uoisuedx3 "qoz-¢ ‘bl

—

wdd
01 0z . ee - 0y 0'S
_ | . .
., L O
| @@_ 5 |
| . b
R : i . b i
| ¢ }
J . b } ¥
o | |’

Y (! ] B




'8 Jo1qiyur jo wnnoads DGWH Jo uoisuedx] '00z-¢ ‘B4

wdd ~
0L 02 0'E 0¥ 0°S ’
: 1 - o | : [ i = n 75 g J
ow_.“ = A Wr.
it oW ad =
o0zL 4 | : =
I :
] =
i =
oot 1| _ _ =
/! _ E
L2 | 1. ' w
e} g %
=3 : W.
0S1 ~ =
oYl -
| |
“ _ :
= = =
o ) : . } b uW\l
2 ]
o€l - : . : W | =
) : Ly ) W
, =
NJ | :
| il F




Table 3-15. Correlations disclosed in consideration of HMBC

spectrum of inhibitor B

oC OH

174.9 3,61, 253051459
130.8-130.9 24871, 2.08
100.1 4.09, 3.40, 3.35

75.2 G 3107

75.0 4.09, 3.40, 2.90

a7 3.64

72.5 3361, 3.88, 3,35

70.8 FiT T, 861,858
69.8 4.7%,.3.07, 2:90 L

64.2 4.05, 3.35

54.2 4.09, 3.07

34.8 1.68

33.1 1.28, 0.89

30.1-30.9 2,30, 2,08, 1.59, 1.28

26.0 2.30
23.7 D89
14.4 1.28

pt =




GRCAZAROANG 41 8% AN SR VARG A € L7cHilRETH 3
EDM SN ET ST,

K FBESS T DT — 7 o L EDEBOF HifhsE %1-7 2 )L-3-(6-
ANV H-a-D-F/) KEZ ) V)7 ) £a— L (SQMG, 62) L% L
f:ot“/“#a-’/“/b:!97"—f‘l€ﬂ%%’E§B®‘H-NMR'}:—&Q%%E%Fig.
3-22{Z, "*C-NMRF— ¥ 04 B % Fig. 3-2317 7 4. PLEYEHAEBD
NMR7 — % Dtk % Table 3-16 1275 ¢,

Kﬁ%%%’ETB@)?ijEEE[a]DHnLZZ" (c0.121, methanol)7Z» 7z, = ®
e B BTA S35 55086 U 0Ty ML R B O e S I8 121 -7 & JL-

3-(6-Z N F-a-D-F /) RES ) Y ))-sn-2' ) £o— )b EksE Uiz,

o

174.

H
3.61 |

.6
H-C o

\_/

OH

9
r
J

)

| e ¥ Wt 3.88
H-C

OH O
\C—H

Fig. 3-21. HMBC correlations of inhibitor B.
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Table 3-16. Comparison of NMR data of inhibitors A and B

Po sition

dC

Inhibitor A

Inhibitor B

Inhibitor A

OH

Inhibitor B

1 100.0 100.1
2 73.4 73.7

3 74.8 75.2

4 74.9 75.0

5 69.8 69.8

6 54.2 54 .3

1 64.3 64.2

a 71.7 72.5

3 67 .1 70.8
C=0 175.1 174.9

174.9
-CH=CH- 130.8-130.9 130.8-130.9
-CH2-CH=CH- 28 .2 28 .1
=CH-CH2-CH-= 26.6 26.5
-CH2-C (0) O- 35.2 34.8
35.0

-CH2-CH2-C(0)0-  26.0 26.0
-CH2- 30.0-31.0 30.1-30.9
-CH2-CH2-CH3 33.1 831
-CH2-CH3 23.8 23.7
-CH3 14.5 14.4

N WA W W W s

W A OO D

. 2.8
.41
.63
.09
.06
.33
.92

.49
.19
.33
09

i

.36
.02
.81
.33

59
.28
.28
28
89

QW AW Ww w N WA W W Ww A

(ACREE \C R \C N 42

T
.40
.64
.07
-8
.35
.90

. .4
.55
.88
.05

;30

.36
.03
.81
.30

.88
.28
.28
.28
89

WX
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3-3 a-ZNavy—PHEEEFESQDGE K USQMGIZE T 5
e

AR OGRE VFICEEN S a-7 Va7 —EBIMENEDHE R
#H LT AL MWW YD EELIRE YD1,2-U7 ¥ )b-3-(6-
2 k-a-D-F ) KES ) ¥V)-sn-7Y En—J)L (SQDG) & €DV
JED1-T ¥ IV-3-(6-Z ) k-a-D-F /) KEF ) VIV)-sn-7 ) Lo — )b

(SQMG) 21872, SNSRIV K VY BEAATEHLWIATDa-
T avy—-EHBEEHE THY . FHAYHKDa-TINV VT -8
DAl DRI MK SR EEAIT X LT ED K D L RIYE N H B Hr Bk >
R LYV,

SQDGIINAKMEBD TS ZF FIZZL FFHL TWHB700, XEK
ICB 1 ASQDGOHE EIEb > T, — . SQDGOD A Yif vk H
LW ohicdnTh b, BEAFIC M 5 HaMEmR. ) o
JA OB, T2 RV YEOERDT DE— 5 —iE b, 68 i
BEA i PE. 73) HIVISXHE 5800 4 W R IGHSI DR I h T 5,
SQMG TR EIMETI DM SN T WNWE, CHNOSDEYEIDOEZ 5 X7
ZXLEAYTH BN, Hu7 4 v 2R PUlEEE o8& I3 E A Y
DR T vy A a-7)Vayy —EHREYELBEELL T
LEHEEIN D,

S S T B g o i D S R R R e R B ; o
G gl \"’Aﬁ‘:)‘ S g s R S BRI R G

=

112




IR

543 ERBIRE O a -7 3y Y —CIEO
R SE 360 19 A7

W1 BEEERIVAF) BRI TUNNTYEY KB LURIVEF
JRIVIVE )TN T Y Y FDa-7)al 7y —VHEMN

1-1 FEBKb ik

a-7I)vayy —EHEEOE LR MITICIEE3FER 1 Hik XUH
2 THEE L/ EDFDRIVEF )RV ITVIVTY &Y K
(SQDG) ¥ LU RIWKFI) KV E) T VY EY K (SQMG)
AU, gD 1o iZplant leaffhik OlilkSQDG (LIPID
PRODUCTS) B JUHALED 7V <V EHNSSQDGARI#EL THH L
s

a-7)Nayy—CHEERE A2 10 mM V > BEEmK (pH7.0) 1
IEBRBIZIEA L) ICHEK UTHEYHRBRKE L, p-=—= bR T 2=
W-a-D-7va €5 ) v F (RFEMAKRLE (k) ) % 5, 1065 X020

MIZ7E 5 K512 10 mM Y > BRI . (pH7.0) (ST U A K
EL7T, 51T, 5ug/m2 (0.525 unit/m )DL B LI
) av ¥ —+¥ (Saccharomyces cerevisiae Hk . FIOGHL2E T2
(Bk) ) 2 10 mM V v R#EMHi K (pH 7.0) ICHMB LU THERHBEKREL
7o 722200 1 unitiZ1 4312 1 pumol®d p-= b7« /J —I)VA S
HMEREE & LI,

FLEWHEBHK 01 me ., MEBEK 01 mZ 5L 10 mM V)~ ER#E
ik (pH 7.0) 2.2m2Z ZBREICINA . EAEKIC 37°C. 54 {Eif
KTTVA v FaxX—bLk,. BEBRHK 0.1 mes A, 37C, 2
SR TRK A T REE MG AT > 720 0.25 M IRIR S b Y ™7 KIS 1.5
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me ElRMUTRIEEZILS, 400 nmTHBEL/- p-— b T2 /) —5
—FTE=A COBOEEEWE L, p-= b BT 2 J— b (FDEHLEET
® (B ) oBEHREMNT, BEEL SHEHLI: p-— b7 2 /) —
w8t U,

1-2 EVFSQDGD a-7 )V a v ¥ — ¥l % |
EUFE DBISQADGD a -7 b T 2 5 — 1 B 4 SR 1 6 1 |

SQDGODF&4r - 8AFHH Uic, E VFSQDGIIIEE 4> FHIRAY T

HolDT, HRZ AT k757 4 —Tskb kI AELE (Table 3-6) .

IO EDI DR %R LS THAREMIE L. £ U+SQDGOF Y 3

R 814K Uc, EICHW/-SQDGO K £ s % N 4 i 4 B
0,4.91,7.37,9.82 uM, JEEMFRICHRNIRIES 0.2, 0.4,0.8 mM
Lo a-70Wayy —BHBERER 24T > 72455 (Table 4-1) o

o> Lineweaver-Burk 7o v +7%) (Fig. 4-1) | Dixon7m v h7%)

(Fig. 4-2) %/,

Lineweaver-Burk”' o v b Tld, b EYH 4 E O G HEE T
R ERAIEDT, EVFSQADGOIRa -2 N as ¥ —¥izxt4 30
TR IH L TH 5 720 73 DixonT oy O LHDfliN S E U F
'SQDGODI‘H%’%%’ETﬁZ%(Ki %2.9%0.3 M Lk, Wala-Zay
T CHEYEOHN RS ) ARV I Y (27) OKifliiz )V VY —Aha- |
FNAYY —BIH LT 0.1 uM % o o 8RB S O T Bz I -
BiE TEILA, SQDGIRIRREDMBE RT EEX S hb, k. :
MK KIS % TOSADGDZ A&y b ETLCTHRT 5 LA AL |
T\ SQDGEREFRIC K B MK WAEZ I T - 72, ;




Table 4-1. Inhibitory activity of hijiki SQDG against yeast a-

glucosidase

Substrate?@

0.2 mM 0.4 mM 0.8 mM
SQDG PNPP Inhibition® PNP Inhibition PNP Inhibition
(uM) (nmol) (%) (nmol) (%) (nmol) (%)

0 50.1 - 66.1 - 82.1 -
4.91 3.7 36.7 475 28.7 68 .1 17 .1
737 24 .2 51.7 38.4 42 .3 61.2 25.5
9.82 2514 57 .8 35.0 47 .4 59 .1 28.0

aSubstrate, p-nitrophe nyl-a-D-glucopyranoside.
PPNP, p-nitrophenol liberated after a-glucosidase reaction.
“Inhibition (% )={(control PNP-PNP with an inhibitor)/control

PNP} X100

115

R B




1/p-Nitrophenol
(min/umol)

¥ L L 1 T 1

| 1
25 0.0 25 5.0 7.5
1/PNPaGlc (mM 7))

Fig. 4-1. Lineweaver-Burk plots of inhibition of hijiki SQDG
against yeast a-glucosidase.
PNP aGlc, p-nitrophenyl-a-D-glucopyranoside.
O, [SQDG] 0 uM; A, [SQDG] 4.91 uM;
®, [SQDG] 7.37 uM; W, 9.82 uM.

100
80 -
2
25 7
s &
= g 40
S S
- 20 =1
LE= | T ] _'
-9 0 5 10
SQDG(uM) .

Fig. 4-2. Dixon plots of inhibition of hijiki SQDG against
yeast a-glucosidase.
PNP aGlc, p-nitrophenyl-a-D-glucopyranoside. i
B [PNPaGIc] 0.2 mM; @, [PNPaGIc] 0.4 mM:; .
A [PNPuGIc) 0.8 mM.
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1-3 THIKSQDGELW D a -7V a v ¥ — B
1-2TEVF L OHEEL 22SQDGD a -7 Va5 —B okt 3 2%
PR L PEEH A KD 1o T HDMNE ¥ FSQDGDF E 4 T
FOZ R 1S DN Bt 4 5 712, il plant leafiliIsk ®SQDG
ko C P BR2C & LSBT S8 HOx AT L 1
9, MIKSQADGDOH X7 a< b 75 7 4 — TR 1215 B K
(Table 4-2) ZRAN/HER, E DF LISV FUBAEND -
EbRDo 7, MIKSQDGTH MM DY J LUBERNE U F Iz
EANTEC, EDF LN DOSQADG TR MFUIM MK IC I E LN S S h
2o TS QDGO Vi RMLIKDN & Z DA D 43 %35 L5 TH R A T
I Ly 2 OFHS FRE 81655 L7k, :
TS QDG DB KIS FNIIE % 0, 2.45, 4.90, 7.36 pM ., JkH #¥
HERISHEMN MR 0.2,0.4,0.8 MME L., a-2 b3y 5 — PRl kR
Bewti, TOHER (Table 4-3) » SLineweaver-Burk 7o v K

=

(Fig. 4-3) | Dixon7 o v kb (Fig. 4-4) & 72,

I kSQDG® Lineweaver-Burk ”’m v b Tld. £V +SQDGDOH
G ER UKD ICH M BYE BIED BRI L TR EE KA DT,
Wl a-7Vayy =Bt 4 2l INSQDGD B k0 b F 7o ks bl

TdHh -7, DixonZ o v by SR 72 B EEH Kild 3.0 uM 72 - .
1o EVFSQDGOD Kild 2.9+0.83 uM 725 12D TKiIlHIZIZF Ui % M
RUFze SQDGO a-2 b3y 5 — B HHI I LTy HE RIS B 3 .
0 WAL ZFIT, SQDGE LS BN ETHES ¢ L 12 T 98 & s -
XBo B510, MBHASHRMEENS S EbERbDES L, X ]
Ik ) Y R DL AL S 2 2 S, ;
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Table 4-2. Fatty acid composition of purchased SQDG

Fatty acid Composition (%)
Palmitic (16:0) 45.7
Linolenic (18:3) 41.8
Linoleic (18:2) 4.4
Palmitoleic (16:1) 2:1
Others 6.0

Table 4-3. Inhibitory activity of purchased SQDG against yeast

a-glucosidase

Substrate?

0.2 mM 0.4 mM 0.8 mM_
SQDG PNP® Inhibition® PNP Inhibition PNP Inhibition
(nM) (nmol) (%) (nmol) (%) (nmol) (%)

0 63.2 - 78.7 - 101 -
2.45 57.8 8.5 71 .4 5.7 96 .8 4.1
4.90 52.0 1T 63.2 16.5 89.5 ¢ o dewe
7.36 42 .3 a33.1 59.3 21.7 82.1 18.6
9.81 257 59.3 34.3 54.7 70.3 30.3

4Substrate, p-nitrophenyl-a-D-glucopyranoside.

PPNP, p-nitrophenol liberated after a-glucosidase reaction.

“Inhibition (% )={(control PNP-PNP with an inhibitor)/control
PNP} X100
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1/p-Nitrophenol
(min/umol)

Vi G0 o th o r i o AL e

1/PNPaGlc (mM ™)
Fig. 4-3. Lineweaver-Burk plots of inhibition of purchased
SQDG against yeast a-glucosidase.
PNPoGlc, p-nitrophenyl-a-D-glucopyranoside.
o0, [SQDG] 0 uM; e, [SQDG] 2.45 uM:
O, [SQDG] 4.90 uM; W, 7.36 pM.

50 1

40 -

W
o
1

1/p -Nitrophenol
(min/umol)
N
)

=k
o
1

L AR T

O'l'l'l'l \ TR B R [ G R S S e e |
543210123456 7 8

P Ry PO
B e

SQDG(uM)

Fig. 4-4. Dixon plots of inhibition of purchased SQDG e
against yeast a-glucosidase.
PNPaGlc, p-nitrophenyl-a-D-glucopyranoside. :
O, [PNPaGlc] 0.2 mM; @, [PNPaGIc] 0.4 mM;

O, [PNPaGlc] 0.8 mM. .




1-4 EVFSQMGD a-7 )V av ¥ — &
EVFXOBEELIca- 7NV avy —PHEEKSDI B —HD
SQMGD a -7V a v ¥ — B E R 21T - 7o HIEITEL B, H X
7A R bNT ST 4 — TRD NN BRMAK (Table 3-12) H 6 Z Do
e ZZUSIWTHSREBHIAEL, EVFSQMGOEH S FH %4 563
EFHUZCMEICHWI:SQMG DR # IS N4 4 0, 3.52, 7.04,
10.6, 14.1 uM, EHEMZRISENEES 0.2, 0.4 mM & L 72,
SQMG (I L #iE U 7z BE S8 Dy 5 72 2o b1 B Sz bk =80 B <k ) ] 58 B0 4 sk
DHDHIENTERMN 7o €T T, SOMGOBR a-7 )V av ¥ — Pl
HEABRO A (Table 4-4) "5, SQMGESQDGD a-Z a4
— ML R (Fig. 4-5) 2K L 2o, MLIETSQMGODIT S Hyfll ek
MEN>1CDT, EDIHMEE) 7 VIEDIES DNV T VIVk & b B
IKPEDYE C BER DIRIEEALICT 7 B X LRd vio s EE 2 1,
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Table 4-4. Inhibitory activity of hijiki SQMG against yeast

a-glucosidase

Substrate®@

0.2 mM 0.4 mM

PN PP Inhibition® PNP Inhibition

(nmol) (%) (nmol) (%)

3.52
7.04
10.6

14 .1

52.8 : 75.2 g
24.9 52.8 42.7 43.2
11.5 78.2 25.3 66.4
5.05 90 .4 13.4 82 .2

2.68 94.9 8.06 89.3

aSubstrate, p-nitrophe nyl-a-D-glucopyranoside.
PPN P, p-nitrophenol liberated after a-glucosidase reaction.

“Inhibition (% )={(control PNP-PNP with an inhibitor)/control

PNP} X100
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Fig. 4-5. Inhibition (%) of hijiki SQDG and SQMG against yeast

a-glucosidase.
Symbols are as follows: @ , SQMG, final substrate
concentration [S] 0.2 mM; N, SQMG, [S] 0.4 mM:
O, SQDG, [S] 0.2 mM; ], SQDG, [S] 0.4 mM.
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JTCHLIRPTE btk 5.63 g 72 5 7=,

B NREL W0 53 2 1% B - ICHUIE T D S B 312 mg % Sep-Pak
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NV THENRE M 250 Ulco #8050 72 SIS S5 T it 134
mg (43.0%)T. BAIREM 4 E &L 170 mg (54.6%)72 5 72,
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Chlorophyll

Origin Front

|
c B | A
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Chloroform:methanol:water=65:25:4

Fig. 4-6. Thin layer chromatogram of the fujimatsumo
complex lipid fraction.
Spots are visualized with orcinol-sulfuric acid.

ARy b AL BELXUCEENZENE/ NS IR AT T NP )
K (MGDG, 64) . V#4357 bV o7V Y) €Y K(DGDG, 63)
BILUZNWKF )RV T LT Y ) F (SQDG, 61) EREL

1o SN S DRENEE A4 NRHE W 537 & TLC T4 I L7c (Table 4-5),

Table 4-5. Glycolipids isolated from fujimatsumo

Glycolipid Percentage in Percentage in

the glycolipid fraction the total lipid fraction

MGDG 13 7.1
DGDG 31 16
SQDG 42 22
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HEtL72c 7 U<y €SQDGOMH KRB (Table 4-6) *DGDGOD
g ik (Table 4-7) A ME L 72,

Table 4-6. Fatty acid composition of fujimatsumo SQDG?

Fatty acid Composition (%) Fatty acid Composotion (%)

16:0 42 .7 14-0 &7
181 11.4 191 3.7
161 9.0 18:3 3.2 =

22 5.9 2018 3.2

aFatty acids of less than 3% content are rejected.

Table 4-7. Fatty acid composition of fujimatsumo DGDG?2 -

Fatty acid Composition (%) Fatty acid Composotion (%) A

16:0 27 .2 1:8.:3 71
20:4 152 18:1 6.2
22:0 10.0 14:0 5.7

16:1 7.3 18:2 4.7

aFatty acids of less than 3% content are rejected.
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a-7NaAYT —BiitkMNEEIIE 4 EE1HERC HETT- s
7Y ESQDGOHE KGN BN S 145> T A 817 B L7,

- (2) BERBIUEZR
o B S -ESQDG@?%EC!-7“)&:1“/57“*-*{:"'&15(#?"5“1%%{:%
(Table 4-8) i, & Lineweaver-Burk” o v k (Fig. 4-7) | Dixon
7o vy b (Fig. 4-8) %1z,
Lineweaver-Burk”' o v MI LV 72 <V ESQDGOD B L 4 #

R UCHER. EVFSQDGRTIS QDGEE S & Al BE 1 k5 40 <24 75 L
720 DixonZ' oy M LDk MEWEEH Kiz 7 V<Y £SQDG
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Table 4-8. Inhibitory activity of fujimatsumo SQDG against

yeast a-glucosidase

Substrate?@

0.2 mM 0.4 mM 0.8 mM
sQDG PNP® Inhibition® PNP Inhibition PNP Inhibition
(LM) (nmol/min) (%) (nmol/min) (%) (nmol/min) (%)

0 34.8 : 45.9 ; 51.3 -
2.40 25,1 eyl g VRO RS 4 a4
4.79 159 543 30.0 34.6 33.8 341
9.58 11.6  67.0 222 51.6 27.5 464

4Substrate, p-nitrophe nyl-a-D-glucopyranoside.
PPN P, p-nitrophenol liberated after a-glucosidase reaction.
“Inhibition (%)={(control PNP-PNP with an inhibitor)/control

PNP} X100

Mk SQDGHL G (3.0 uM) DIZH ST, BUMEE S > T3, Lo
L. —F~57%{73\“9‘7‘&L\f:y)ﬁ%}c’%"l'ﬂw:ﬁﬁ%zﬁ%5%)\6:0(*’“)1?% %o 3
iﬁ@ﬁﬁ%mﬂéSQDG@a-7“;1/:1yy“-—t“c:%fﬁ"%Kﬁ%f'l%lﬁ&:j(é‘f&%ci
D SN IN5 12D T, FIL S 05 Pk~ D I 5 R R 2 D 3t 13 s o 1)
DIE S BEEA N EETH B EHEM U7,
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Fig. 4-7. Lineweaver-Burk plots of inhibition of fujimatsumo
SQDG against yeast a-glucosidase. ‘
PNPaGilc, p-nitrophenyl- a-D-glucopyranoside.
o+ [SQDG] 0 uM; o [SQDG] 2.40 uM;
0. [SQDG] 4.79 uM:; m 9-58 uM.
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Fig. 4-8. Dixon plots of inhibition of fujimatsumo SQDG
against yeast a-glucosidase.
PNPaGic, p-nitrophenyl- a-D-glucopyranoside.
L1, [PNPaGic] 0.2 mM; @, [PNPaGic] 0.4 mM:;
O, [PNPaGlc] 0.8 mM.
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Chloroform:methanol:acetic acid:water=25:15:4:2

Fig. 4-9. Preparative thin layer chromatogram of the
fujimatsumo complex lipid fraction.

7Y EHAIREmSY (B4 FEE4MH) 24 W TLC (Fig. 4-9)
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Table 4-9. a-Glucosidase inhibition (%) of the total glycolipid

fraction and isolated SQDG obtained from fujimatsumo@

Lipid Dose (mg/m ¢) Inhibition? (%)
Total glycolipid 1.0 6.1
SQDG 0.05 18.7 .
0.1 34.6 1
0.2 51.6 |

aAssays were carried outunder the condition described in

Section 1, Chapter 4. Final Substrate concentration was 0.4

mM.
B0 hibition (%)={(vg-v)/Vg} X100

Vo: vVelocity without glycolipid(s)
vV, velocity with glycolipid(s).

(2)8QDGOa-I NIy —CHBHICN T MDY 4 o i
D ji 4

(2-1) ZB Kk

iT\EMe¢6@%%@ﬁ&®%%#6\7977%DGMMNU3
SOFR% 935LBH L7,

10 mM V) RRTT % (pH 7.0) 2.1 Ml s 10 MM - b0 T e =

Wea-D-T IS J 2R 64 m . SQDGHEK 0.1 me b+ Uf

[xmaﬁﬁowmz&aﬁﬁumz\amx5%%7v4y*1&—

131
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m2EMAT 20 M BIEEIT 5720 0.25 M KB F b ) ™7 LkEs &
MA SIS Z A2 1 U7 400 nm T JEHE O BOERE % 152 U . B g k
DR LIcp-= bo T2 ) — LR ARD 12,

(2-2) #EHR L%

SQDGD a -7Iva v ¥ —CHEMICHH T 2DGDGD i 4 3§ ~ 3 #-
BIZ. SADGE L UDGDGHA > TWHINE X DO HHEAT & U 7= H]
SR EA KD BT Lz Uiz,

SQDGE L UDGDGH A » TV E X D T 3 fie Vo td. BERE B
V=D EE A DY R A Y T30 RPN R R G Dk S

i

Vo= (1)

772 Un Vinax @ Jik K
S ¢ & M i gt
Kn: I ATY REH

SQDGHA 5 7c & S OIS HIE vy 13 H B 0 i JE 2075 1 g Lo, 5t
(2) D&zl s,
Wity 115

Vi= (2)
S+ Kn(1+ [S QDG]/Ki)

7272 U Ko B SBE%E @ 3




X (2) 20 (1) THEY . Mk s Vilvg =3k 5 &, R (3) o &
I 5,
S + Ky

V4 /V0= (3)
S + Kn(1+ [SQDGI/K;)

(3 NS0 b UV 0'DGDGICL BB A 2153 . SQDGOD I [ 3
TOERMETE T DGDGHEE 1T BIR A A v vy A ST B O
&ﬁbﬁ%o%CT\SQMN&HNKmG%%%EK&ot&%®W
Pl B2l E U7z (Table 4-10)

Table 4-10. Relative velocity (vy/vy) determined by
measurement of a-glucosidase reaction with or

without SQDG and DGDG

Relative velocity (v;/v,)

[DGDG] (M) [SQDG] (uM)
0 4.79 9.58 14.4 19.2
0 0.679 0.576 0.456 0.406
0.419 0.810 0.635 0.536 0.466
0.836 0.873 0.717 0.600 0.507
1.26 0.910 0.751 0.622 (5518

1.68 0.914 0.796 0.657 0.552
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9 * Ky
V2/VO: (5)
S + Ky (1+ [SQDG/K; X A)

A (5) DM ADH A& 5 &,

[SQDG] XK,
Vo/Vo=1+ XA (6)
(S P Km)XKi

LD, AR (3) OUO WA E 2 &

[SQDG] XK,
Vo/Vi=1+ (7)
(S + K,) XK,

E B (7)) 230 (6) ITHRAT B &,

L5, X (8) 2FET 3 &,

AZ(VO/V2_1)/(VO/V1 =) (9)

7212 Us Vo 1 SQDGHE L UDGDGE B ITA » TV & X 0 J7 Jis il i
Vi SQDGDH A 5 T3 & & 0 Jis it Jie
Vo : SQDGE LUDGDGE B IZA - T3 & & D i il Jie

LB, bbb, WM. WHBRE B LU SQDGHIE MR U 4o
@ZACiEUI:TL‘/EEE Vo~ Vi :’:SCI:UVZ b\g—@(:&b\fg s A
% FiSQDGk L UDGDGHE Iz 51T HADMH %= WE L (Table 4-11).
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A vs. DGDG (Fig.4-10) . 1/Avs. DGDG (Fig. 4-11) 2 7o v

o P

Table 4-11. A values determined by measurement of -

glucosidase reaction

A value?@

[DGDG] (uM)

[SQDG] (uM)

4.79 2./58 14 .4 192

0 1.00 1.00 1.00 1.00
0.419 0.621 0.758 0.763 0.758
0.836 0.383 0.518 0.588 0.641
1.26 (.280 0.437 0.B35 0.621
1.68 0.248 0.337 0.459 0.5385

aA:(vo/v2-1)/(vo/V1 = 3

Vo. Velocity under the condition without SQDG and DGDG; vy,

velocity under the condition with SQDG: Vo,

condition with SQDG and DGDG.

velocity under the

......
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Fig. 4-10. Aversus DGDG plot.

M, SQDG 19.2 uM; [, SQDG 14.4
uM; @ SQDG 9.58 uM: O, SQDG
4.79 uM.

I ¥ 1

1 2
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Fig. 4-11. 1/A versus DGDG plot.

W, SQDG 19.2 uM; O, SQDG 14.4
uM; @, SQDG 9.58 uM; O SQDG
4.79 pM.
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Fig. 4-12. Bversus SQDG plot.

0 10 20
SQDG (uM)

Fig. 4-13. 1/Bversus SQDG plot.
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Fig. 4-14. Speculation on suppressing actiity of DGDG against E.
a-glucosidase inhibition of SQDG. B
A and C, glycolipid added is only SQDG: B and D, -
glycolipids added are both SQDG and DGDG. A SQDG i
( O—— ) in the reaction mixture has a micelle '
structure; B, DGDG (@@——) and SQDG in the s
reaction mixture have a mixed micelle structure; C, one ‘
( ) of SQDG molecules has easy access to the ‘i
active site of a-glucosidase, and inhibits a-glucosidase ’
reaction; D, the “head” of DGDG disturbs access of »#
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