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Oyster Glycogen : Fine Structure and Enzymic Degradation

Akira MisakI and Motoko MATSUI

Osaka City University

Glycogen was prepared from the fresh oysters (Crassostrea gigas) , collected every month from June
1990 to April 1991, cultured in Hiroshima bay, and the precise a;l, 4-unit-chain distributions of diffe-
rent glycogen preparations were analyzed by high performance anion exchange chromatography
(HPAEC) after complete debranching with isoamylase. The unit chains of the glycogen, in average chain
length (CL), 10 ~11 was found to distribute in a range of G2-G35 (G7-G12, predominant) . However,
there was a distinct difference in the pattern of unit-chain distributions between summer (spawning
season) and autumn to winter (edible season). The fine structure of oyster glycogen (A : B-chains, 0.7 :
1) was elucidated mainly by repeating of the enzymic trimming, which involved in stepwise degradation
by j -amylase and pullulanase, and quantitative analysis by HPAEC. The result showed that the
multi-branched spherical molecule might be formed by 5 or 6 times inter-linking of the unit-chains
(B-chains).

In the nutritional view point, the oyster glycogen was hydrolyzed by salivaly (human) and / or pan-
creatic (hog) o -amylase, and the enzymic digest (amylolysis limit, 48%) was analyzed by HPAEC.
There were produced a variety of maltosaccharides including double branched oligosaccharides. They
were gradually hydrolyzed by the intestinal glucosidase (rat) to glucose, though small amounts of bran-

ched oligosaccharides appear to remain as non-digestible saccharides.
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Fig. 1 Meyer model (D) and its modified models (II, 11I) for glycogen structure

-------
AR
£

0=~ T~
8 ~3Units -7 Units n/
R

A OUERICE I, AT Y A L TEKT R OVF — OB L &) b B2 B L
Td, 7Y a—27 v EIEE Y T <, HIENSLo, B, &8, »U, d0l, HOH 72 &hE
DA D% ¢ DRI IS LTHAET bo HWTH A1 — 3 — ¥ ® phytoglycogen D & 5 127
Ja—rURERERET Db H b,

ST, BRHNTUDP-Z VO — 2% R CEBRENSZ ) a—Frida- (1—4) HEOT VI A
WA -1, 6 FIETESPNLIEETH LD, BHOT 3 ORs7F I BEPFETHL, a- (1=
4) KA DOTE10~180 7V — AFEHE L D KD unit SUSEYWAHLEL T C x40 ¥ — IFEISE L7 O
EXGT (GFE ~10") L LTHELLETHMH LTS,

U=y OB E E UCEIEZ ) 2 — 2 20T 7 S 1930440 Haworth LAk D1EA2HY
ﬁ%f%$%&%ﬁﬁﬁéﬁﬁéﬂtﬁ,ﬁw:~xﬁﬁ8®i5K&ﬁ#hbfw%#tw5%ik
SNTIE, WHWB LR S NTz, 19434, Meyer XA EYINIEEGR REER) 2 &EMVTHIZELL
R a- (1—4) unit SAMEIKICES PR L -4k JR IS L7z, Meyer @E FIVIIEAET b HEA
BIZIRIELWE SRTWBD, 7I0ORZFVERR>TT) a7 v OROSTEELHAT L7z
12, Whelan ®DEF)V (1970) % L& OTIEAME (Fig 1) PMEEshTarY, Lo,
BT T o 7oA F O RSE & W ST T 2 FBROMRF 2 LT, D TR 75 1 o R0 A AT RCHE BH D
processing % &t A GBS 2 LICO W TR E EMEIE SN T Do ﬂfﬁ o T, SO
b L b ORI L D CBIE LC & 727, 2 OAECHiLA DEHEIRD 7 1) 0 — 7 Y ICHURE b o
7o EHES (1968) ¥ ATHE7F L7 isoamylase & FVy, S IEEIMFCAERL L7z v FFEFAMNY DTV
8 12 S TCHESHOBITE2BI 2o 729, 8512, B -amylase & [R5E 5 I Y7 W7 B 3R
(pullulanase) B0 E LCER S5 8 LSS ITE £ BV T/ ) 2 — 7 v ORHIEE £ 4G L T
%759, L L, conventional 7 27 L IEBIE T unit SEOBEB SRR SH Y, HLny A TD
BAF YO b rTT 4 —ORBEELRER S RN 0T TITH, A DREOHIFEE HLI,
FF#IC L HEREAY trimming &, w4y ra b 7T 74— (HPEAC) RHMlAEHLELH LW
strategy % F\ 7=4E8E 20 0) a0 — 7 v OSER AT DT, P 72 3 IR I D Wk B, F72, Thl
B LT, MDA 7 A v (ZEffi) 12X DO R, FEOBLES S a -amylase 2 £ L
BRI COETFORR b AT 5o


Administrator
長方形


(MEFRERMAR F115%E 1994]

HET) -7 ORH - HEH LUEHEEH

JREE TR S N/ (Crassostrea gigas) % 19904E 6 A5 1EMIZH/Z D KA T LRI, K
LItk Er+ A4 X, BEERGEY s aaxy -2y -0 (10 18Xor2 1) CTHRIELZ, na
tive IGEVIKREC ) a =7 0 20T 5720, BREEE, BRILLAHENrS D2 F VAL T + 5
F (DMSO) T Lt (30E), Kic&hLTENE, 7a— Tkl BREREEL, 6
ZAE19914E 2 AR D 7)) 2 — 5 v OALEMEE RO TH 5,

5 F 8 18—15X10° (Toyopearl HW-65S # 5 A2 & % 7 )L jfH)

EHEE 0.5%LTF

& B 198.5% (Fiva—2A)

FIgEEE D CL=11 (X 7 VLHT)

B -amylase 53 RE  30.6%

7)) 3= 5T OSIERE isoamylase THEEIZWHTL, £l bt ) THEEREA Ly 7u< 7
7 7 4 — (HPAEC ; Dionex Bio LC) THRTHE T 4, ZOKR, /I a—-rooa-(1—-4)
unit i CL = 11 EBICIE G7 ~ G122 G2 ~G3 7243 305 GHETELAMHTHI LA
Dotz (Fig. 2)e < @ HPAEC O Detector response t unit 50 OH $UCER L, BB ICEEN TR
WODT, ZTN% molar-base THIETALENH L, CNEHANWTEFE ) a2 —7 v O unit OS5 FH %
LB B & Table 1ITRT &9 (CAEWEOBNZ X VETRE S L5057, %2 SEHMEOWE
L7%% A, B$i (Fig 1 B) OI30.6~1.2:1T7 30~y F¥ L EL b, |

B, EHNTA NV EDOBEBREFL/-DIZ, 6 ALLHES A THBICRILL 2400 771)
I—=7 U BLUMOBSDERIC L HEB 2 BT 5 L Table 2 DML 2 b, )V IA—F Y OEE, &
TR (Fig 3) L3010, WESHOEBMU (Fig 4), EIOFH (6 —8 7)), EIMEOKE (9
—10H) &AM (12— 2A) CEG2~G5#HDEVHREIMICEN DY), BKD L WAHTRHFO
HVJE @ unit $EHR < 72 HEMDSEIE S 17z,

3 0
a |7

H fo

i 5

H

2
,,L T M W Fig. 2 Unit chain distribution of oyster glycogen
Betention Lise (sin.) (February, 1991)


Administrator
長方形


(MEFRERMAR F115%E 1994]

Table 1. Characteristic properties of glycogens from different origins

Glycogen Average chain B -Amylolysis ECL ICL Ratio of odd/even A :B-Chain ratio
length® CL limit (%) number of A-chain
Bovine liver 11 45.9 7 3 1.09 1.2°71
Rabbit liver ' 13 45.2 8 4 0.99 1.2:1
M. Abovis BCG 7 26.0 4 2 1.02 0.6:1
A. Fumigatus 8 32.5 5 2 - 1.07 0.8:1
V. volvacea 12 -38.4 7 4 1.04 1.2:1
Phytoglycogen (sweet corn) 11 447 7 3 0.96 1.0:1
Oyster 10 38.6 6 3 1.03 0.7:1
Mussel 12 40.7 7 4 0.99 1.0:1
Slipper limpets 11 36.2 6 4 0.98 1.0:1

% Estimated from methylation data. ~ ECL = CL X (/8 -amylolysis(%)/100) + 2.0
ICL = (CL — ECL) — 1.0

Table 2. Seasonal changes in size and nutritional components of oyster

1. Size and weight

1990 1991
Season Jun.  Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. Jun.
Day 6/19 7/17 8/29 9/21 10/17 11/16 12/18 1/25 2/15 3/15 4/11 5/16 6/13
_Length (cm) 4.3 4.8 4.7 46 54 6.1 6.2 6.9 7.8 6.9 7.5 7.5 6.6
Width (cm) 2.2 2.3 2.2 3.0 3.0 34 35 36 4.0 3.4 4.0 4.2 3.9
Weight (g) 2.7 3.2 5.8 6.6 7.2 11.0 17.2 18.5 20.9 22.5 24.4 29.4 18.8
2. Glycogen .
1990 1991
Season Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May.
Glycogen® 7.3 5.2 8.6 2.8 1.3 1.7 5.7 9.8 13.3 12.0 23.0 19.1
A max 479.1 480.6 479.5 484.2 499.1 481.6 475.0 478.7 474.3.486.8 481.9 468.5

a) g/ 100g Glycogen was extracted from lyophilized oyster with DMSO at 25C.

b) Wavelength in A max of iodine absorption.

3. Choleterol

1990 1991
Season Jun®  Jul Aug.  Sep. Oct. Nov. Dec. Jan.
Cholesterol (mg/ 100g) 62.0 59.0 80.0 70.0 86.0 47.0 49.0 62.0
Ash (g/ 100g) 5.17 7.70 9.75 9.85 8.89 5.91 5.51 5.18

a) Ca:128mg, Fe : 38mg, Mg : 47mg, Zn : 47mg/ 100g
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Fig. 3 Seasonal changes in molecular weight distribution of oyster glycogen (June / 90’ to
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Fig. 4 Profile of chain-length distribution of glycogen
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Fig. 5 Tree type structure of glycogen and action patterns of £ -amylase (1) and de-
branching enzyme (4.

O= a - (1—4) -linked D-glucose residue, @ =nonreducing end, and O= @ - (1—+6) -linked
branch point. ’

Native Glycogen — isoamylase— Total unit chains A
{ B -amylase _ AO O Bl
B-linit dextrin-1 ( 8-LD-1) O /\,\
Pullulanase Bl @, ( ]
Short stub Stub free dextrini (SPD-1) oL / 5N~
' ! B -amylase Bl @2 / @ ® ..’.
£ -Lb-2 B -amylase Q ’ .. < _-
{ Pullulanase A p '.\ ) SO B2
’ - ' Oy < g3 e O Cr
Short stub SFD-2 . ‘ 0) O e N
{ B -amylase ;\ \ ’~\:: D) .‘ \‘ A
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{ Pullulanase B O RN QY .. ()77
L drn. “\a&\ - ’,. .,"__: . . | /. .
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Scheme 1. Procedure of the step-wise enzymic trimming of oyster glycogen
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Fig. 6 Mode of multiple branching of glycogen molecule
O, glucose unit
—, a-1, 4-link.
V., a-1, 6-link.
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Fig. 7 Elution profile of « -amylase degradation 'products prepdred from glycogen of oys-
ter.

Chromatographic condition : column HPIC-AS6 (250 X 4mml. D.) eluent A, 150mM
sudium hydroxide. eluent B, 150mM sudium hydroxide containing 1M sodium acetate; gra-
dient program, 95% eluent A (5% eluent B) at O min. 55% eluent A (45% eluent B) at 40

min; flow rate, 1ml / min.

(%)
60
]
T 8
o s 2\
w404 B %
° S
& 8 A
o 7R N
% N
2204 N 2
7&%‘ N
N %
?§§p£§ ) Efé EEE E§§ 9:3
o) rA 'FTH %mmm

AVBCD_tFGH,JKL
Oligosaccharides formed by digestive enzyme

Fig. 9 Distribution of oligosaccharides during successive’ enzymic degradations of oyster
glycogen
a). N salivary « -amylase
b). N pancreas « -amylolysis of a)
¢). B intestinal glycosidases (acetone powder) of b)
Structure of products (A~H). see Fig. 8
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Fig. 8 Structures and constitutions of Maltosaccharides in the slavery « -amylase digests
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