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The Effects of 8-1,3/1,6-linked Glucan in the Diet on Immune
Responses of Olive Flounder, Paralichthys olivaceus
by Oral Administration

Kyoung-Mi Won, Su-mi Kim and Soo-Il Park*!

Institute of Fisheries Science, Pukyong National University, Busan 612-021, Korea
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The effects of dietary £-1,3/1,6-linked glucan administration on nonspecific immune responses, hematol-
ogy and disease resistance against Edwardsiella tarda in olive flounder, Paralichthys olivaceus were evalu-
ated. Fish were fed the experimental diets supplemented with 0 %, 0.01 %, 0.05 %, 0.1 %, and 0.5 % of 8-
glucan to a commercial diet for 7 weeks. The test was performed in two ways such as fed on each A-glucan
concentrations daily and every other week alternately. The body weight gain from the fish fed on daily the
0.05 % supplemented diet and fed on alternately the 0.1 % supplemented diet of A-glucan were significantly
higher than the control. Both lysozyme activity and intracellular superoxide anion production of kidney
phagocytes were higher in the all experimental groups than in the control. But there was no large difference
in hematology among each group. The relative percent survival rate (RPS) after an artificial challenge with
4 % 10° cells of E. tarda per fish was higher than the control, except for that fed on daily the 0.01 % supple-

mented diet.
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AL, 573 Aol el B AE Hole ¥
A BN ozt B AW A3 5 e
BESA A A ATE ZGA AT Q)
T} (Anerson, 1992). ©o]2gt A7 A}, TEAR
da] ¢2% levamisole (Kajita et al., 1990), &7ZF
#2 AHYE4) EF203 (Yoshida et al., 1993), Z+%
F 2] laminaran (Samuel et al., 1996), F7¢%)
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(Matsuyama et al., 1992), yeast 29 glucan
(Brattgjerd et al., 1994) 5] &2 A] HYrh
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ae2] AIX JHA Felg §-1,3/1,6-linked glu-
can (MacroGard®)2 ZA}3l Atlantic salmon-&
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Rom, A We) lysozymedt BA wifA] &
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Table 1. Composition of fermentative food (MarcroGard-
S) used for this experiment

Ingredient Percentage
crude protein 8.0% up
crude fiber 10.0% up

crude ash 30.0% down

water 10.0% down
glucan(B-1,3/1,6-linked glucan) 25.0% up

visiae <32}, MarcroGard-S)E- 0.01 %, 0.05 %, 0.1
%,05 %7t HEE g2& BT ALE] H71st
o Hyo= ARt (Table 1). ZF AFF=
TA] 2708] FZRE Ro], 3 AEFE TF
7 A& o R Fosly, tE 4E87E RS
AME (glucan VA7 "l g AlE) S AHE
AIEE AF HLE FA3IAT AEEE AR
T 4Y FAZE olAFT 2%E T o
o 230 o] 73 29t B3t

M ZA

AFE AR UR AIRE 737 B9
Z NETE oAFE SHste A4z HEA
Z Yehhieh

e MEBN HE B

o] AEsa QA EHol= gAl9 nli
Ao A AL AY (whole blood)Z YL ©]
&3k AP ol ZAF FE<] Hemat-
ocritX]= heparin 2]2] ¥ capillary tubeol] &
A& F 5000 pmOE SE 94 Eejsle &
At 8H S A&l deliME 47 &
28 ZAFsIs =4, Total protein Biuret'H, Glu-
coset™ E AW, Glutamic oxalacetic transaminase
(GOT)¢} Glutamic pyruvic transaminase (GPT)<
Reitman-Frankel 4 2.2 &4 313 on B5% Alg
%)+ kit (Asan Pharm Co., Ltd)E ©]8-3}9t}.
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dxe] F2& FFHoE st 2 % fetal
calf serum (FCS), 1 % penicillin/streptomycin 2
0.2 % heparin®] ¥/ L-15 mediumol| 4] nylon
meshE FIHAA AHX dedg Fuj3iHt &
HE X HENE 27%,36 %, 45% 2 54 %
FE9| Percolldl] $3A171 F, 450 goll A 3087}
94 BElste WY FE sk 2elE o
&7+ 0.1 % tryphan blueZ viabilityE <13t
F 2x10° cells/mL EEE ZA3td 96 well tis-
sue culture plateol] £F3 The, 18 TellA] 2417+
FIAA GAAE AAS T 33 AA 3] 4
AEE FH3ATL FCSE $4Y3HE zymosan
< nitroblue tetrazolium (NBT) &-o] #HEMA)Z]
F MM E7E B2E welloll 100 pL¥ H7belw
18 ColA 3087 &A1 ohf 100 %
methanolZ A EZE FIAAIZCE ZF welld] 2M
KOH &9 120 uL ¢} dimethyl sulphoxide
(DMSO) 140 xLE& A7}t ¥ 630 nmollA &3
=& FAs4ch o] 9 blankE 2M KOHS}
DMSO &3 & AM-314ith

33 EPIDXIY R ZAL
o] 2xFQ] AL Parry ef al. (1995)2] tur-
bidimetric method& ©]-&3td FA3INTh &,
Micrococcus lysodeikticus (0.2 mg/mL) & €4
950 ,uL9Jr 83 50 LB EF3FY 25 CollA 30
Z R 4% 3027 A1 F 530 mmolAM F
*‘é’ E FA A golAztY 842 units/mL
2 Jepided, 1 uits F3% zte] 0.001
/min A% o2 FAIE T
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Fig. 1. Comparison of the body weight of the olive floun-
der, Paralichthys olivaceus, fed a commercial diet supple-
mented with various amount of #-1,3/1,6-linked glucan for
7 weeks. (a) fed on daily, (b) fed on every other week.
*, significant difference from control, p < 0.05.
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12)$t 0.1 % F7MIES 4 7hoE Eqd
AT (Fig 1ol FAH0E £ HYATE
=R 4=

FAL AN L] @ A BH

glucan 7} ALRE 7577 FosHA ofF9]
H|Eold WA F AEA WYL G342
Mxel 84 44ag SAsAh I A 49
AIRE JEFHOE 5% H4¥ET 5 glucan
0.05 %t 0.1 % A7F+7F thE Aol ns|
H WA 52 848 fARLH, o] 842 7
FANA FAEHUT (Fig. 2a). AF HHo2
Fo3t dPFdAe BE A8 HETR

2 84 B0, 005 % F7HElA] ¥
T3 g2 840 48 717 U A&EHAG
(Fig. 2b).
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Fig. 2. NBT reduction of phagocytes in the head kidney of
the olive flounder, Paralichthys olivaceus, fed a commer-
cial diet supplemented with various amount of 8-1,3/1,6-
linked glucan for 7 weeks. (a) fed on daily, (b) fed on every
other week.

BAe| BIOIAKIR] S ZAL
glucan F7} ALRE 77 Fo5HA o] R/

v 5o WA F A WA dF<A o]
22919 g4& FAsAth 1 A3, glucan A
7} AR S A4 BodME IFRIEE 18]
7] NFRE olF A&FHOE ZylEle 5FA o
HIAE HQ ohg, 73R s 2T} f4)
3 FAR 74stgoH, glucan 7 FE7H
f2= ek 289 0.5 % A7 65FA
A¥e dZ7HY 3 $X& B (Fg.
3a). glucan 7} ALY AF T E AY
71ZF Uil 2R 52 848 fRfeH,
FH A= 3FA o Ve glucan 0.05 %<} 0.1
% H7HrelA ¥uAd 2 FAE HArh ¢,
0.5 % H7H79 554 Ade dXFHT 3
3 BAT (Fig. 3b).
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Fig. 3. Lysozyme activity in the serum from the olive floun-
der, Paralichthys olivaceus, fed a commercial diet supple-
mented with various amount of 8-1,3/1,6-linked glucan for
7 weeks. (a) fed on daily, (b) fed on every other week.
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Table 2. Hematolobical changes of olive flounder, Paralichthys olivaceus, fed a commercial diet supplemented with various
amount of 8-1,3/1,6-linked glucan for 7 weeks

TP(g/dL) GLU(mg/dl)  GOT(U/L) GPT(U/L) Ht(%)
ow 44 65+7 10+4 10+2 33£12
control 72+£041 6519 24+8 1543 3022
D 001% 7.94+0.50 70x5 15+5 13x1
B T T G B R T S
T P T g e T
- g P g R s
A 001% 6.31+0.44 65+3 20+5 1443
s T Gas R e e
e T B ¥ 7R G5 Gy a8
e s T Geag Soae e
control 9.2x£0.52 545 3312 11+1
D 001% 9.24+0.78 57k1 2416 20+3*
e senose T T e
e P T iy Seas BT e
w T s Csioae G e T e T
A 001% 9.31+042 56+2 28+4 20+2"
A . 1024043 56+8 207" 29+24
7.2+1.76 68+4 541 27425
D X 4.8+0.95 63+7 8§42 32+22
T Sseiie e
e Gl G ey ey By
sw T e Soxios D EE e Baas
A 5.040.64 68+1 5+1 28+1.7
Ry S T R e e S
e Coios o ciy omod
T T5oag o S R Gis
4.0+052 637 8+1 33+22
D I 3.84+0.27 64+2 101 35+0.6
TW D . 5.7+0.94 75+13 1312 9+1 30+09
A 421008 67%5 16+2 13+3 28+25
e S Gos i S s
e Siag P i
T P Siioae Geai T T

D, fed on daily; A, fed on every other week.
*, significant difference from control, p < 0.05.
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g B AR F AU AEEE 2R
glucan 0.01 % H7F+& Wolge F7F A&
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EU, 0.01 % HF7HFAME 245l 100 % =
Abste] wro] EFE Rolx| ot AF Fo7
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Fig. 4. Relative percent survival (RPS) of the olive floun-
der, Paralichthys olivaceus, challenged intraperitoneally
with E. tarda (4 X 10° cells/fish) for 7 weeks after adminis-
tration of 8-1,3/1,6-linked glucan supplemented diet. (a)
fed on daily, (b) fed on every other week.
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B-glucane &5, AP, HAl 52 Al EHo

AE A F8 T2 G EA, olF AT
A B-glucan®] WY 2= E3= FllA g4 &
FE H3l o|F (DiLuzio, 1983), A4, A4,
wlo| 24 B A5l e HEA gl o
g XHFY AYES SHIRITE B F
Zuky7] ARt (Williams er al., 1983). 53,
Lentinus edodes 212 lentinan, Schizophyllum
commune®] schizophyllan, Sclerotium glucanicum
9] scleroglucan, “12] 3L Saccharomyces cerevisiae
fr#lel yeast glucan 52 EH-FAA 2 Ert
F AFHY o, e oAFdARE BE
o]& WAF F7tet Y Tl 3o T3}
A Fgetky BE T Uk (Robertsen ef al.,
1994; Figueras et al., 1997). ©] & X/F 8 o}y
g}, Aol oFeME s dAF=HY Ue
yeast glucan> A ESHA AN FR% A
& 3= glycosidic linkage®] $1X7} ¥ 34
o ule} @R EZ, glucan®] 72 & £H3] &
TS Adel AREE gart ok £ Aol AF
2% B-glucan ¢ 83 %9] B-1,3-linked glucosyl
residues, 5 %] B-1,3,6-linked branch points, 6 %
9} B-1,6-linkages, 1813 5 %°] non-reducing &
D71E 7H BAE o]Fo1A Utk

B Aol A yeast S| p-1,3/1,6-linked glu-
cang 718t A7 AIRE 7F FF AT
Fog A8 AL 7ol Blg] ek
o2 gAY fAH YT 1 F glucan
0.05 % A7t AEE A& FAF 487 01
% A7t ANEE AF TS APTolMe] 4R
o] 7t¢ #2 ALE YEIWTh Sung ef al.
(199492 B8 47HA1¢] 5271 OE glu-
can¥ol]l 3U7F FAsh, 4097+ FEE Az
0.5, 1,5 mg/mLe] AFFAME 27 vls}
o We A4S Jeidoy, 22 552 025
mg/mLe] HAEFAME h2T9} K27 8l
Atk Byt olgY 43 e £ 4
A F4 g BEC] ME TE7] HE 3
FAL HlZE B/FsAT AA w29 gl-
can AT FA7t Y9 ARdE £l He
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B-1,3/1,6-linked glucan H7} AL&S] Foj7} g
A ] H]FolH A 759 vIXE AHE ZA}
¢ A3 MR A9 ARl AME] 0 A
A A 99 AEQ lysozyme B &
T eEE AR JETE WA, FA 44
¥o| A Ao ARE gy o)&HY YE
0., Ad59 Wzl Fste] ZAG A RE
B-glucan A7} ALE FoFoM = AMxE &
A& Hole AOE JElydt) o8 413 A3
2, Jergensen et al. (1993)2 FX]70 419l glucan
< FAMSH, 253 Ao NBT &3] Z713t4
o7} 3F Aol thA] t 2 FELE Zadi
3 B3I, Samuel et al. (1996)2 blue goura-
mioll FALEl 44 A9}k 10Y Ao FolsH =
< NBT #4958 Yehiitks a7t ok &
g+ Baulny et al. (1996) yeast glucans 35YU7¢
AT FAT wrbotME 19 A9} 14U o)
NBT &d5°] oA vty st )
Eold AYAd HHe] ANFEZHN lysozyme B4
< ZARRE A3 84 AR Al Uy
BE Aol diz7Eg 5 $£X8 B
t}. ©]= Santarem et al. (1997)°] B-1,3 glucan®
FAFEE turbot (Scophthalmus maximus)oN A 22
7d F5H 219 7K AFHOR & FXE
Hel A3 dA)git) tSo] HF Foyo
glicans Foid ArME U3 2AE B
A=, Jeney er al. (1997)2 FA740ld glu-
cang 477 AT FAT F < 2EIH2E
FUS W, 2EHA A F BF hR7EY
& lysozyme 84S HATT sgon, o 5
(2001) Jol9} Gl Schizophillum commune
fralel B-glucane 557 T3 Az Zvid
lysozyme 84S BEIATHY Bk =
gh & AFollA lysozyme B4 o] Ho) 79 o)at
S7H0] ARHAR] AsFH w9 FAAT,
Jeney and Jeney (2002)7} 3LF%x9] Vitamin C
(1000 mg/kg)E AZHdo] hybridoll 205 F<t 72
TFAE AANME oF 98 EL lysozyme &

& BYSHonR A% Wy A ¢
& 39 lysozyme AL 5 5
Ao 2 Azttt o) gl A, glucan H7F AR

FoFollA lysozyme2] EA¢] HA4 Uehd A

& lysozymes ¥H3= AA X2 71 Z718)
RAH, o1& 2 Mol 93] FAIEE lysozyme

o] o] T35 AAR FE5Y 4 Yok B A3

ANz o] F 71R] 717 FollA o] Al 23

AYA] B o] £9 A3 2ol 97 A=A

T B8R X319 21, Robertsen er al. (1994)9)

2|31 lysozyme®] SAEE 22 2 HA W)
79 At AL S doldn By

BIAL, ol # AFY T4 Al AAxe

O, e X3 Aotk
glucan 37} ALR Fo71 g9 A Aol
A F8E ZAVE7] A8, hematocrit (Ht),
Y total protein, glucose, GOT, GPTS] ¥ 3}

€ A8d ARE 3o AL O A3 15

&) total protein®ll A §-2J3F F7tol, 355 9]

GPTolA F2g F7PL 7574 2] GOTIAIA
g ZAE H] AL Al 2T #

AFeE BEE BTk o] F 359 GPT 7=

B-glucano] YA|&] 7H) R E FUL 7HsA
o] loik A&HQl #Ae] old 13]A4je g 1
A, A (1993)0] B4 dRe F2 BRI

2443 unitd ok RO EE Pxe] Q) 7]
o & 9IS WA FUE Aoz A3
o 1Y 27l v H8e FE BY

28, ol g ZAPL 1 o)Fo|zjer & A

o2 AzHdt
2% glucang FAMHOE Fod F o]y
o] Z7HHATHE AFE Yol wol, 7] 59
ojFol| A A=A} (Matsuyama et al., 1992;

Yano et al., 1989; B} F, 1996), 3¢ Fojo] &%
a3 e obF] E8-413lth Baulny ef al.

(1996) yeast glucang 77 FI3 turboto)
Vibrio anguillarum®)] 3} dloljg =7} aa&
Holx] ¥}th 3R, ¥ 5 (2001)2 Yojs}
A Schizophillum commune S+ 2] B-glucan

M 2L ox
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& 557 5% X, Aeromonas hydrophila$}
Edwardsiella tarda 7% FEHE A9 A
A7 4R FrAAT fog Po¥e REY
J Ak Jeu £ AFdAE B-1,3/1,6-
linked glucang 757+ AT+ Fg Y& oA
02 E tardad) hE HAHE ZAGE A,
001 % ¥ FATE A3 BE AP
Z79 wolg g Ha o)ge] Asel s A
veldth ol oF, 4%, $74, §F4717 Tl

£ zold AT FF3I g, B F7l
AHEE B-1,3/1,6-linked glucang THE Aot
879 JAo Fostd LT AH7H =55
=AE FHE doUt S AoE A4En &
39 5 (1997)2 B-glucans T3 &
(Sebastes schlegeli)®] Staphylococcus epidermidis
9 Vibrio ordaliiol= ol A7 AU WL E
tarda®) = A3 A7t ikl st ohE WY
Aol hSiME W] BRI X e =
F7t ZAPF E8E AoR H

ojAte] A, 4] YAl thEt 8-1,3/1,6-linked
glucan A7} AL 9] AT FoiE 44 YA A4
Aol 34 EIE verd ¥7 olye, Bl
o)d WY wHe-& =3, E tardad] W =
2 Wolgg Hole Ao ekt kA 8-
glucang- 2] Fx]9] ALR ol H7lehH HY
Z7EARA 7158 0E AME dFET L
), oA FE sl F7H171E glucan?
559} E tarda®] T WAEHE 71 F
Tt YAEA Yok, AFoNA HAR AME-3})
A% 34 F=E FAH37] AdAE o B>
A7t g Hojol & Ao 7 A7tk

to

9_f

glucan A7} AlE Fo7} FAo vXe= FF
S ZARP] $38ke dA9ll glucan 0 %, 0.01 %,
0.1%,05% A7} AIRE A& T A4F F
o T2 Wro] FEFEHEA, AR, Y AR HE
old WodFg HAE o, Uolrt o Al

81 Edwardsiella tarda 79} 32 Agdl g
o] 52 ZALEIYTh

glucan A7t AlR. FoAE GX 9 43 34
Aol &8 B, 53] 005 % 9% T+
9 0.1 % AF SN d2TEG FtA
=& AAE Jeh itk glucan F7HAR Y] Fo
7} @x)9] H)5e)d WY ¥kl mAE IS
ZAFSE7] 913 A lysozymes}t AAL A4 E 9
B4 ALE ST A AL BE APTFNA
A 17 ) R EET 22 §4E Bt
glucan 7} AES Foi7t YX)9] Ao FF
< "R= AE ZABE] Y31, total protein,
glucose, GOT, GPT, Ht& 33 ZA3, 354
GPT X7} th4 £ A& Adstaes 1o
2 H3lE Bolx] stk vpAete 2 Edward-
siella tarda (4%10° cellsffish) 72 32 23
A3} 001 % A% FATE AT ZE AET
A E& WolgS BT
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