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Effects of R-glucan (Immuneglu®) on the modulation of
non-specific immune parameters and survival rates of cultured
abalone Nordotis discus hannai

Seung-Hyeon Kim and Kyung-ll Park

Department of Aquatic Life Medicine, College of Ocean Science and Technology, Kunsan National University, Gunsan
573-701, Republic of Korea

ABSTRACT

The present study aimed to understand the effects of a R-glucan-added abalone feed (Immuneglu™) on the
immune parameters, survival rate, and anti-bacterial activity of the abalone Nordotis discus hannai. During the
study, spat and adult abalones were fed 0, 0.1, and 1% of Immuneglu™ mixed with artificial feed for 2 weeks, and
their immune parameters, survival rate, and anti-bacterial activity were measured. The results showed that
abalones fed on Immuneglu™-added feed showed a higher phagocytic rate, survival rate, and anti-bacterial activity
against Vibrio alginolyticus, than those with the control treatment. In addition, the nitric oxide concentration, which
indicates an inflammatory response, increased in the treatment group. Our study suggests that Immuneglu™ might
be a useful additive for increasing the immunity and survival rates of abalones during mass culture.
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28y g A ew ASshe AR FAle Ads), U2,
74 Fotsl 9l Al Aol St FoE <l AE
F b wAska gleh (Liu et al., 2001; Park, 2012;
Bower, 2011; Wu et al., 2016). ©]23F AE-2] FHAE H4
spsb7] SlslAe W AskE S3t 3AHUWA Y Sl T4
g JA 2 AAE L e}t (Park, 2012, Wu et al., 2016).

FEuetellA #aE AEe] WY A3 Alxe dd=9
ABHTHA Aol FE o]FaL v} (KIPO, 2016). A4
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(pathogen-associated molecular patterns, PAMPs) & ¢l
Algko 24 =31=t} (Medzhitov and Janeway dJr. 1997).
5, FAFEEY "k 1] PAMP| w3t q14]o]
o3l PAMP % wi®Acql 8 -glucane]t}
(Aderem and Ulevitch, 2000).
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Kim, 2012; Diao et al., 2013; Sirimanapong et al.,
2015; Brogden et al., 2014; Ainsworth, 1994; Ghaedi et
al., 2015; Wongsasak et al., 2015; Zhao et al., 2011). L
Ay, 59 7% Carpet shell clam (Ruditapes
decussatus) 3 vFAZ (R. philippinarum) 4 &2}7} 3}
o1 (Nam and Park, 2015), AZFs|9z] (Mytilus
galloprovincialis) oAl HIY 57F a3r} wjefst Aoz
gelw]glel (Costa et al., 2008). ©]2]3k AL A 552
A% p-glicans] W 27 ke Sol whe} Aolr} 91
& AR 2eht QA BEel iRt Bglucans]
wHelel 24 sl djd AE w$ A Aol

Wepd, ® ATE SAARRE@AA Axd 8
-glucan 7} " 57AQl o AE Az el A7)st
ge o) Ao v|So] welele] 27} makeh Y vlrele
Aol WE AEge] WshE FsnA FE3,

U:lETME
2T

R

1. O BEIFFE™ Fo|F F% HuAE (Nordotis discus

hannai) 2% ¢] 499 F3 a3}

1) A2
2 ool AgE AL (AT 12.15 + 0.07 cm, AETF 80
+0.04 g) & AFPd® AT T AR FAA ] 813

FAA AN A 278 ANAE sk, AR R E
FATAE U 7T AP NA 25 T &2 F A
ol AMgslgich A% AL 30 L £39] A= 37H°ﬂ
42y 15704 2 88t A 717 =2t aerationd 3G S

=, 20C, 30 psud] 4L FABISlth AR Fu2 2
Z 5 g¥ ZFstglon) (NFRDI, 1998), o] 147+ 5 7+
Mg AR AASI

2) My

Al /‘FQ—Q B-glucan H7Hl= 84 A5 A7
Al e gle o]wFF™, SAAFdE ()= MRS
H, °& B-glucan°] A7t A o2 AEAE (Ewha
abalone, Korea) ol 27} 0 ()=, 0.1, 1% (wiw) & =
7} El=F A7ksE v desiccatorol| A AFxA|RY. 1 o
OJFFFMI} =8A9E FIelsle] fish oil (Sigma, USA)
2 R o]lFEFFE wo] Tl we} velhue HeE e
Wsl= 149 £k 78] 7HA 0 2 Bsleit) Y
A

5 OEE A A AdE 3 ARelA AFskglen, 2w

e 71

E 54 obdiel 2ok 7 257k o sAEA LR
2 (SPSS12.0) 2] one-way ANOVAE A& & Duncan's
multiple range test® 3 7k F2lAS 95% AlZ|Sol
A Zalasith

(1) Phagocytic activity

g2 100 pl & 30 pl ¢ FITC Z¥E ¥% bead
(working solution = 1.5 ml sea water + 30 ul stock
solution, Polyscience, USA) &} &33}1, A-2oA 147t
%<t incubation ¥, Flow cytometer (Gallius, Beckman
Coulter, USA) & o]&3ft] AAEEE EA3k3lc) #42>
FSC (forward scatter) £} SSC (side scatter) dot plotting
% & bead® AA4 ATAE Aeke Aeleln, 7t o]
o FL1oIA B9eke wlgte A @ 37 »ﬂ bead2] 4

£ gtk AAE 5L ANE ALE g AR F
271 o] ¥3F beadE Aol 3 AIES 4% phagocytic

index (%) 2 X33}

(2) Nitric oxide (NO)

242 Nam et al. (2013) &] DAF assayel] we} &9
o7} DAF working solution (2.5 mM) = A4 10%
incubation *, Flow cytometer (Gallius, Beckman
Coulter, USA) 2 o]43}e] 2ks 243}3ick. NO2| A4
AeFel] gk £42 FSCeF SSCE 71522 ITAEE A
3 ¥, dF AT NOE: FL1 71F2® 34 3igich

(3) Apoptosis®} Necrosis

Apoptosis®} necrosist Annexin V-FITC apoptosis
detection Kit (BD science, USA) & o]£3}3t}h 100 ple]
d&Zof 10 ple] PI mixture (FITC conjugated Annexin
V: Propidium = 1 : 1) ¢ &3} Ao|A 1587t
incubation ¥, 10x binding buffer (0.1 M HEPES, pH
7.4; 1.4 M NaCl; 25 mM CaCly) & #713}9d. g9
apoptosis®t necrosist flow cytometers ©]&3}e] ZA3}
stk o]& $l3te] FSCet SSCe dot plotell] -5 Al
3l1, 9] apoptosis®} necrosiss FL1Z FL39
quadrant A o)A A3t} (Park et al., 2006).

(4) DNA &4
AL 6&%‘2 200 pl & B2 99.9% ethanol 1000 ul
&} 22 & . 90Tl A 20%7} permiablization 3}52H, 9

AlE2 (3,000 rpm, 5 min) 3}¢] AF=8S 1000 «1 ¢ PBS
2 w33ty 5 pl ¢ RNAse (10 mg/ml) £ 25 pl <
propidium iodide (2 mg/ml) & Zd7}slc) 3087 vke-
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%, DNA &A= FAZ £47]9 SS Lin/FS Lin dot
plotollA] &Fuke Aelsly FL-3/Aux (FL-3 peak) dot
plotel] A singlet 7S A9 o5 %% FL-3/counts
histogram=< ©]-83to] &4 75 A=s5lch. DNA £4=
© A 7ok w2 veplth

(5) A7Y (Anti-bacterial activity)
olEEF™ME Aol AxI dxT AR Pz
marine brothol|A #l|%=l Vibrio alginolyticuss 96 well
plateoll A Z+2} 100 pl & E313ke 20T ol|A 24417 F-<F vl
kgl the m|HE] 0 o] AR ZAsldt)h SAYxTe] AL
Zof oAl B ] ArEE SAGIH BlRE el
2 B3334% 7 (infinity M200, Techan) & ©]&3}s] &
5 m oA A& 2 A 59 optical density® 24
o AEEe 4 daxw dy] 4 AT AldAtE
3} 3
3}

s
(e}
B

o Al A% JAEE Anti-bacterial activity (%) =

B (3 2.04 £ 0.04 cm, AFH 0.45
+0.04 g) & Azhd= Q=] AE FaligelA 7hA9} LA
g s FAELGAE o oI AT AR ALNA 257t
2] A2 F Aol o] 3fgiet. Al A2 30 L £ A
F5x 3700 47 300704 A g8k, A IR gk
aerationd 312m, $& 20T ¥ 30 psuF FA3HAch
AR F e AT A3 weh 22 T 4.2
g & 38kt (NFRDI, 1998). Ak& Fo] 147 5 2o
AtEE AT

2) €Y Xlmoll mE HAH HA

Z|ofe] Akl o]-8-1l Ak: AR Asle] -9t A3t
ojFoizlon, wjd A4S AR wieigl
52 R2HE 10709 AsizrE FEd EH
phagocytic activity, mnitric oxide % anti-bacterial
activity®] W3} 15 o FF SAG. 1y 4L A
o} FAdg SA WS o83kt

3. V. alginolyticus &2 3

7y 25 50070419 AES 257F o] mEFE™ ko] 0%
o 1% AeR ARE S %5 g A THIGSH, AR
o] 17 ] & AlmE AASIY. V. alginolyticus 3
A AL 7+ 252 AE-S V. alginolyticus (0.D. 2.7, 300
ul) o 30+ FF AA = WS o]gslgien, o]F ARS
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Fig. 1. Changes in the phagocytosis rate of adult abalones
fed on Immuneglue™ for 14 days. n=27

1. 3AE Qe AgY Fhas)
1) Phagocytic activity

2579 7+ 0.1%% 1%9] ol&=F™E F2 A7 ARE A
A AEL o]EFFF A7k A otz wlwst
P& uf 144 ¥ 47 30.52 + 4.41%, 46.58 £ 5.42% 57}
stsiet (Fig. 1).

2) Nitric oxide

ol HFFME Aoldl AE-2] NO HAHS 144 )% dix
T-o} vlwste] 0.1% H74eE 7% 29.45 + 5.25 RFU A3}
93, 1% H7}E A9al 39.35 + 4.16 RFU A53lsit}
(Fig. 2).

3) Apoptosis2} Necrosis

olE=F™E Adolgt AE-2] apoptosis ratex= A 717t
ob & aFedA 0.6%013HE Yed 2+ 157 At 7} ¢l
t}. 284y necrosis rate HETol v]sle] oF 1%7}=F Ak
3kt (Fig. 3).

O[-2 ML A ARE Aole A% B79) DNA £4
® (%) & 1T 23} A A2 B3 BE AR} 2}
0.5%¢15H8 e 5 b el AolE ek ik
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Fig. 2. Changes in the nitric oxide concentration in adult
abalones fed on Immuneglue™ for 14 days. n=27
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Fig. 3. Changes in the necrosis rate of adult abalones fed on
Immuneglue™ for 14 days. n=27

5) Anti-bacterial activity

277t OlBFEME AFEUA ST AR Ao V.
alginolyticus®| AT¢EL dlx27-¢ vlxsle] 0.1%2} 1% L
F 25 #2571 sglen, olgBENe St 284

5 AdYL "= Assisltt (Fig. 4.

2. FRAE X9 A9y FHaT
1) Phagocytic activity

olEEFME Alold AF A AAE YL b7t
nlazste] Ao] 39d7bAl= FEldt Aol7h glgleont 1A= &
A SrkeR e, o3t Aol A FE A7HA o]ofA
ot 53] olg=F ™ 1% Fd AELS 0.1% FH A
Hrop @A) 12 AAEES HeERH (Fig. 5).
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Fig. 4. Changes in the anti-bacterial activity of adult abalones
fed on Immuneglue™ for 14 days. n=27

100 1

80 -

60 -

40

Phagocytic activity (%)

20

0 T T T T
0 3 7 10 15

Day

Fig. 5. Changes in the phagocytosis rate of spat abalones
fed on Immuneglue™ for 14 days. 10 specimens were
pooled in each group.

2) Nitric oxide

Aol o]4¥ BE A% As)e] NOZE AR77HEet A
%407 Z7190t) o] 7|7k Eak ol HIEMI} 0.1% T
2 ARZ AR ARTY 0% dETE LF 2 Aol7) 9
ok, 1% FiE ARS A4 A% A% A 3y
B g} 253 v|iste] NOFo| =4 Yeldt} (Fig. 6).

3) Anti-bacterial activity

dzwo] A5 24 A 717 ek oF 20% Wl AvEE
BgloL}0.1%¢2) SHEFEME Alolgh 1%2) 75 30% 1<)
o] Ags By, 1%9] olaaF™ME Aloldt AR Aol
3R oF 40%<) ATHL 2ol o F A%H R Zrhele] A
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Fig. 6. Changes in the nitric oxide concentration in spat
abalones fed on Immuneglue™ for 14 days. 10
specimens were pooled in each group.
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Fig. 7. Changes in the anti-bacterial activity of spat abalones
fed on Immuneglue™ for 14 days. 10 specimens were
pooled in each group.

3 829 159400 60%2] A7ES Jebitt (Fig. 7).
3. V. alginolyticus &2 3
=28 F 1497 o]FEF W 1%

o] 55% R txT+=

V. alginolyticus®l
8 AEE Yol 2FlME AEE
27% &3kt (Fig. 9).

Kl
i3

B-glucan o158 WAES FYAFHLRA o7l
A iAss A B A =
o &3 Aol webd @A ok —’F’:}"E%q]’ﬂ B
-glucan®] &7} AFH L et 2t o152 7 e
G2 FollM 2 azpel] gt Pt o] FoAaL glon, 53
A4 o] W= B-glucane] o3 2AHA] ¢ 5=
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Fig. 8. Changes in the mortality rate of spat abalones fed on
Immuneglue™ for 15 days after Vibrio challenge.

2y 3 9lt} (Costa et al., 2008). WetA B-glucan] &
=5 Flsly] SJeiAe 2 o Tl wE Aol ek
ojol] mz} & AellA 3l B glucan FAEo 7 3}
olEEF™ME AFT AHe] HIHe 2R’ A A<}
o 25 AA|EE&o] S| FolEgleh A 2L A
oukg-el 7P Al Agow AF AEHXR
A2l A s & el 2o® oA gk
weba] o]FFFME Aol AL AubHoz wHAHo| A
S e= Avidh AAEAS oldex & dAFelA=
apoptosis®} ¥7-9] DNA £4-8 FARslglov o] 5] A%
282 F]l=]A] oo} olgaF ™ FAA I wlf- ARt
Aol Aoz hdH) ¥bH, necrosis$t NO+= o] &#2F™ME
AFH g 2FlA sl N0 - 22 & 74l o
a3 s 5] A5 dHske AR 4¥A 9low (Nam
et al., 2013), necrosis== G5 AT &2 9] vH&-g e}
Wl (Rock and Kono, 2008). #+ Xy 254 g
-glucan =3t 15 W& UehA] devhe Aol ol
= o7 d#A 9loy (Park and Kim, 2012), & ¢l
‘]L ek del 299 A5 N0 Aol ﬁ"”ﬂ‘” om,
T2} 545 B -glucand] =%% R. decussatus
3]- M. galloprovincialis?|l A= NOFo] F7}5ke] R =)
o} whebA o]lFEF™ME Aol A aFol7|E s dF]
Ao] o]FojA = Aoz st} Ty & AFoAE ol
g NO9 5ol dxTolx= vepdel wet 4377 5 A
F37 9] d3lx NO 45l 32 £ 722 o). e
A B-glucan AF el whE AE2| 15 F7bel Hjd vop A=
e 2APL a-EIdh
A felvel ok A8 o=k A 3 otske} 3
A Aol sfdlez AFH glvh 53] V.
alginolyticus= dqltellA oFeoz A== 2 ExA)
(Haliotis diversicolor supertexta) 2 oAl elFoz

4 o rlr

o

i oox

u &
O

[oX

=
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T+ 1l glew (Liu et al., 2001), Sl A s b=
A A g AE 2 Sl A V. alginolyticus7} HEE I 9tk
(Park, 2012; & -731e] wE 7). ujebr o] T2 A
eyl AR felA wAsta gle oiEsiAbet WA o
o] Qe Ao Al £ ATl olgEF™ME Aol
AE-2] Asfje} A= V. alginolyticus 74 A Fo] 3L
el ezl )3y Zqﬂ‘eﬂ"] Aol F8 Aol 9 25
wje] AL vepdlon, e of 157 FHE Yzt
_94_ ﬁj],ﬁ 103'7 /\134 g_ )\] Zo] _tlr_oﬂl— 01:2 HH'J =
- AEES Yehillth webA B -glucano] HrE o] Sl o]
FFF™ Mol= V. alginolyticus 774 A AEEE =< 4+
Q& Aoz Y=tk Wu et al. (2016) © <Js}H,
beta-1,3-1,6-glucans AJo]3t 2¥2}7] (H. diversicolor
supertexta) + V. alginolyticus ¥4t} sldels 52 A
o] Falgon & AT A} FARE B-glucan®] &7
LRk 5o
AEA LR, B-glucans FAELE 3= ol
g AEALR S Fole AR Wyd &
o F gle Zloz =

ok

ru1m N

N

F
]

N
o
ol
=)
£

2 A7E B-glucano] A7} ARATHA (ol &2F™) 5ol
A AE-e] n]Eo] Mogele] 27k gatel MG AW 2k Al A
T o]F H3te] FAE '1541
ez o]l gZF™, 0.1, 1%7} g3 A5E

A7k o) A WY, A, AEE 55 ABISIth i/‘}
Av} ol g2 Tt I ALRE Fold AR A|slel Al
ARGl FURIlen AL gl Vibrio
alginolyticus®ll g A7} AJEgo] 5sigich i 95
e Yehlls NOF 94 5718kl webA] B-glucane] A7k
2 ABATA olEFFNMEe AE A A AR HgYE =
ol sAES W 83 Zles sk

fo ¢
o,
&l
mlm

FU

h)

A A

B ATE HAARIFED ) A7H] AN £33
ek
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