KFAS #=+ et
Korean Journal of Fisheries and Aquatic Sciences

gh5=2] 55(5), 567-574, 2022

Original Article

Korean J Fish Aquat Sci 55(5),567-574,2022

si=F w2l 20| Fucoidan) B+ £0{7t Zi|==KSebastes schlegelii)
LHM U Streptococcus iniae ZE Xgtdof| O|x|= H&k

SEF* - ZFGE - OIHY - X - Zolgt - =23 - 2[6S

Effect of Oral Administration of Seaweed-derived Fucoidan on the
Resistance of the Rockfish Sebastes schlegelii to High Temperature and
Streptococcus iniae Infection
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Hye Sung Choi
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Immunostimulating effects of fucoidan administration to rockfish Sebastes schlegelii at a concentration of 20 g/kg of
diet were evaluated under high water temperature condition. The oral administration of fucoidan mixed with feed at a
concentration of 20 g/kg of diet for 2 weeks increased the interleukin 1 gene in the intestine and kidney of fish by 5.7
and 6.3 times, respectively. In addition, when the water temperature was gradually increased from 24 to 31.4°C for 2
weeks, LT, delayed by 24 h in the fucoidan treated group compared to that in the control group, and mortality also
reduced. Streptococcus iniae infection at a concentration of 1.50x10° CFU/fish at 28°C delayed LT, by 12 h in the
fucoidan-treated group. Furthermore, the overall survival rate was 0% in the control group and 20% in the fucoidan-
treated group. This study confirmed the applicability of dietary additives such as fucoidan as an immune activator of
rockfish under high temperature condition.
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Cumashi et al., 2007; Li et al., 2008; Mak et al., 2013).
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AMIES g e R ookt A7 = ik ARl &
HEfO]| A, He - Foll thek F3Lolehe] A4, WY 7E
of o gl t}ofslt §50] Hal%| o] Q) © w(Takahashi et al., 1998;
Immanuel et al., 2012; Kitikiew et al., 2013; Sivagnanavelm-
urugan et al., 2014; Salehpour et al., 2021), £3] o] 4
A= 95 =2 HUA| 9l Vibrio parahaemolyticus, Vibrio
alginolyticus, white spot syndrome virus (WSSV) Zr¢dof of
2 Baoleko] 719l U] Aol ohstol 2 s}olc o] -2 o
AFo.m Frato|ce] A, wol, AhAks} fk ol cfat A
= oo, E, Yehslo}, w715 ol el AR ol 5o 3
3, Abet 2B A AR 5 thee Barso] 9l euK(Caipang et
al., 2011; Yang et al., 2014; Sony et al., 2019; Purbomartono
and Isnansetyo, 2019; Nadia et al., 2020), H-LA 2ol oj
gk S50l 5ol gt A= w7|(Pangasianodon hy-
pophthalmus), ™=+ Gadus morhua), & 2}3]o}(Oreochromis
niloticus) -5 Y- F5l thsto] A[eHA Q1 A7} Harkfo] 9]
CH(Caipang et al., 2011; Prabu et al., 2016; Mahgoub, 2018).
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Table 1. Primers used in this study

ARR 1 kgoll 22 Z18 SARE & St joll A 24171 o A
ZA A Ao T2 AR (Z]F5 1 10, 20, 40 g/kg of diet) &
ARSIt AT Faolge YA S 200 mLY| S5
2 Aol Bslo] 2L 20w Az AE Fato]
o B AR WERESA 2 Aol g sttt %
o] QLT Fol =8 AY3] 9lste], vl Hol(F
A% 22944235 )2 10mk2]4 400 L §524) o] &x/2h
T AR Fao|G AR E 20 E ) 25 7H(4-2 24-25.5C)
ATEOSALHY ARTTF, AT 3%). 2582 ol
(14.96+1.78 g)9] 75~ 10u}2] 4] 40 LE] F=30]| =2 5to] 22
HhH o g7 Folck ALRE Fo5kgt) B A131L duplicate
2 A on 2%710] AL ol F, 23] (o)) 10}e]
(duplicate 5:]4] Sute] ¢Jo|= 2}F)2] u]g ol oy
2 3 #/5te] 5000 pmel 4| 1084C) YA Eelste] B £
25ttt @244 DRI-CHEM NXS5001 (Fujifilm, To-
kyo, Japan)Z o]-85to] o] whet o Yotebal 2|34l
alanine transaminase, blood urea nitrogen, glucose, glutamate
pyruvate transaminase (GPT), glutamic oxaloacetic transami-
nase (GOT), magnesium (Mg), sodium (Na), cloride (Cl)& &
Aaholet. w3k, W5t W 241517] Sistel 71, 414, vl
%W s 225 fFHst] 10% 5/ =T o a2stel
on, AubAQl 22 A& A2 dAE Foto] 22 AHE AR
so] BAJslich Holsteba X mo| Aot A elab

24 A7} wje}, o] 2] Aol et Bl S AR,
ST0ICH Eojof ME RmEsto] MY QFX} g
=Py
|

2 EH(HAAF 229.4423.5 g)2 10u] 4 400 L 4]
s=z0] 223k Z, 20 g/kg of diet = 2] THo|ck FALRE
£ 277 0] SHITH( Y AlREa, o1 AIF2] 3%). ol
9] 2200 24 255°CE GAFP o, Eojr|7t £7 19U &
o zujEeto] A%, A, A %A L A Fste] Eafoloto]A

Target gene Primer Sequence Reference
Sch-lyg-265f TGGGGACTGATGCAGGTTGA .

G-type lysozyme 1&2 gene (lyg) This study
Sch-lyg-528r TGTACCACTGAGCTCTGGCA

) ) Sch-il1b-389f ACCTGAACATGTCGACCTAC .

Interleukin-1 beta gene (il1B) ) This study
Sch-il1b-495r AGGTTGGATTGGCACCATTC
Sch-hsp70-948f AGAGCCGGTGGAGAAAGC

Heat shock protein 70 gene (hsp70) Schehsp70-1091
ch-hsp70- r

Mu et al. (2013)
CCTCGTCTGGGTTGATGC

Sch-txnl1-691f

Thioredoxin-like gene (txnl1) Sch-txnl1-791
ch-txnl- r

ATTCCACTGCGCTACGTCAA modified from Kugapreethan
TACCGGAGTGCCTATGAATG  etal. (2017)

Sch-rpl17-376f

Ribosomal protein L17 gene (rpl17) Sch-rol17-467
ch-rpl17-467r

AGGCGACGCACCTACCG

Liman et al. (2013)
CCTCTGGTTTGGGGACGA
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of Yo FA3}% . RNeasy mini kit (Qiagen, Amtsgericht
Diisseldorf, German)& AH&-5to] o Qof wheh 7 WEXZ]
© 2B H total RNA (ribonucleic acid)E $3}%] Nano Vue
(GE, USA)ol|A] RNA 5&8} =5 SRI5H3Itt & RNA 5
T7F100 ng/ul7} d= R EE-S T4k o & RNase-free DEPC-
treated waterg ARE-5lo] 100 ng/uLe] =2 34314t}
Quant-iT™ RiboGreen® RNA Assay kit (Invitrogen, Carls-
bad, CA, USA)Q] Al Z Aol A A|5-3t = 2 & o wle} 100 ng/
WL 3]413+ % RNA A 2 59] §-S 5] % DEPC-treat-
ed waterg ©]-8-514 25 ng/uL 2 3|4sto] ThA| X F =& &
Qlske] AREH7EA] 20°Col| Batoint. 2u]E2 22 A 5o
A FETRNAE iAo 2 AT A HAPCRE 38517 ]
3fl AccuPower® GreenStar™ RT-qPCR Master Mix (Bioneer
Co. Ltd., Daejeon, Korea)E ©|-8-5}0] PCR &5Z5H3-91-5 1t
=™, Applied Biosystems QuantStudio 5 (Thermo Fisher
Scientific, Waltham, MA, USA)< ©]-8-5}4] PCRS 33}
o}, A A o] ARgRE H-A}F A H= Table 19], PCR ¥H5- =
712 Table 20 Wi oict.

SI0IE R0 ME zO|Eate| 142 LY sut Al

Z] e @A 14965178 6% 1091214 40 L A2 5
el5:] 7 & 7, 20 ghe of diet 9] F0|e FAA}
25 277} AFEl S0 n (A ARTTF, oA 3%)
ALR EOA|7]9] 422 24-255°CE SA5HTE R &
2 270 % AFRE FoIsg) o, duplicate® A 4
YT 22719 AR Fo] T AR FgS SO Y
I'CHE 28 JHH o2 A5ate] gaph s g7tz
(BLAC) 422 SHOW, HAEE Fste] Fo|Tt Fof
of olg 142 WA AakE SHlstac.

Streptococcus iniae 24 g0 1}

Zu 82} 2|ofo) 3t S. iniae 24 T = 2HS Y8l =
T 7H AYE skt B Ao A ARESE S. indae
= 20184 89 99| MR Al A HARgE 2ujEEt
oAl 2] ste] ghatpAu| Y EA L2 BESEAL QL= ot
(KoCAM ID: 18FBSIn0001)E AR5t 0] 52 (H oA
% 14.96+1.78 gy 101} & 40 L AFZF f-2]<m220]] £2] 8 5
22924 255°C), S. iniaeZ 1.46 x 10°-1.46 x 10> CFU/fish =
L& B7kFARsal HAR-S Esgith AES duplicate®

Table 2. RT-qPCR condition for quantification of gene expression

Stage Temperature Time  No. cycles
Reverse transcription 60°C 15 min 1
Initial denaturation 95°C 5 min 1
Denaturation 95°C 15 sec 40
Annealing/Extension 60°C 1 min 1

Agstglon, 2= PBSE 100 pL E75A4) 81ic}.
F5o|et Fojof 23t S, iniae 7+ o] AI AFS 95},
Zu|EelHAAE 14.96:1.78 g)2 100H2] 4 40 L AHZE 5
S2%0] &3] 3 3(522 24-25.57C), 20 g/kg of diet =] &
2 AL 2557 AR o] o (Y ARSI, oA
%91 3%), 15397F A5 di24ts S olho] 28HE| A
WS AR E FHBIITh AFRRO] 7]17H] 2542 24-255CE
FAI8A. 01 duplicate® A sIATE HAZ|ZF F9F S
28°CR 28, 142 2702 S inizeS 1.50 x 10° CFU/fish
O] TR 57} FAFIL HARe-S TSk
s &M

RE glo]E] 9] B4 4 g% Graphpad Prism 9& AF8-5Fo] B
A5kt

3}

S} 2)32.9] H3HE A3 A, 5370t 40 g/kg of dieto]
o] AFoA tj2F = oh2 15 vwste] 9o GOT,
GPT, Mg, Na9] gfo] -oatA 7Haghs E1stoithFig. 1).
E3}, e 2 AshA] HAF A, Falolh Fol (10, 20, 40 g/
kg of diet)ol| A 7H83% 9] WA Z-go] thah W= gl o
U, A Al AREA, 81, 28t e] Sol A e
ERLER] oFol Saio|ch Fofof w2 2A W e|ehy] 5/ UEL
U] ¢k= 71 21¢18}9 tH(data not shown).

FHAYs}sHA Bt 22| shA A Foto, Saold
O] QPAgH ol F 1= 20 g/kg of diet o] 5} 215} 0.1,
Foet 20 g/kg of diet 9] F=5 WA e} A ruto]
I AL 93t Fof w2 AT

o o

SIOIT Fojof ofgt zm|=Ete| HY 2y st

Zu]Z 2ol $301TH20 g/kg of diet)= 257+ B 7o 8 2
o}, et vlasto] At A3kl A interleukin-10
(IL-1p)2} o] F-9)3 o= Z7Fghs 8183 th(P<0.05).
S 5lo|gk o 179 Al A= 6.38, AollA= 5.78) o4
IL-1R9] wal=Fo] Z715l%e). Lysozyme, thioredoxin-like
gene, heat-shock protein 702] W& ko v &}, A7 Aol A &
O3k 2fo| 7k L A] ¢hSkeh(Fig. 2).

SI0IE oo ogt zOj=2te] 142 Y gt

23] 22t 20gkg of diet HE0] Fio|E ATFo| F 4
2 5 oF 104 270 AR O AHH4C—3L4C
| A, ATl 4] WAL S A S L A 3 8 A,
©0] O] S 29°CE A5t Aol o, Faolg

> Y orle
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Fig. 1. Concentration of blood biochemical indicators in the fish administrated with fucoidan (20 g/kg of diet). ALT, Alanine transaminase;
BIN, Blood urea nitrogen; GLU, Glucose; GPT, Glutamate pyruvate transaminase; GOT, Glutamic oxaloacetic transaminase; Mg, Magne-

sium; Na, Sodium; Cl, Cloride.

ol72] TAL A A o] mirt 591 0] 39l 139] A, 4&0]
314C ol 47HA) BT A F 02 Uepdet, £ 18 BE 31C
ol4ye] 4=l 4 HAteo] G Z7hste] 4228 31°C o]
stz Wagloy gaTos BE Adolr}l Aty

Fa10]ek Eof g0 A 80%2] HAZE HAyakcE. 50%¢)
A7 PR 740 0] AIZHLT )& Ftolgh ol L5336
hyelA] hTG312 hyel] Hlste] 24x17k0] M ATE Belelel

th A8 FRAF TG Fol FR F 20UA)HA Faolg
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Fig. 2. The expressions of immune related genes in spleen, kidney and intestine of rockfish Sebastes schlegelii fed the experimental diets

containing 20 g/kg of diet of fucoidan.
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Fig. 3.Survival rates of rockfish Sebastes schlegelii. a, Survival rates of the fish exposed to high water temperature up to 31.4°C after ad-
ministration of fucoidan (20 g/kg of diet); b, Survival rates of the fish experimentally infected with various concentrations of Streptococcus
iniae; ¢, Survival rates of the fish experimentally infected with S. iniae (1.46x10° CFU/fish) after administration of fucoidan (20 g/kg of diet).

Fo oA HAF HTH20% AE) B} 93-S BelEk

th(Fig. 3a).

S30|T B0l 2I$t Streptococcus iniae ZE B
st

. iniac®] 5= 719 AHE B, £ Aol AHgoHs &
s g 44 749 SR 30%0] WAS dor] sEal
1.46 X 10° CFU/fish & 2 #5}1%.©.0(Fig. 3b), Z.30]ct Eo
T HAA ol ARSRE Alt9] 5% A4 A3} 1.50 X 10° CFU/
fish& gEdS glstoint. 2uEeo] $30]whZ 20 g/kg
of diet =2 25:7F o 5 114-2(28°C)ol 4 9] Alze] o]
£345 24 23, Fa0lg R0 1E6IA AL BAsHs
AIF(60 h)o] T 2148 hyof] Blste] 12A17F A A= 3lom, 2]
T AEEZ YR 0%, FLo|dk FoIFoA 20%E LEt
Yh(Fig. 3¢).

2

d|
[l

Ttk QA s= FollA WY A5 2, atsl 2
s 9 gulol R AmT 5 Helskd fio) g

A QLo ool gk Y & 5ol Tstol=
5014 Q1A gith. ofof whe, 2 Atoll A= S5tolth

g Eetof| Foisto] ap27| Wl S 3 Al ol ok |
A} A7} mIFE AR,

s meto] ofgt So]gke] SHlEt Fol S LS A 9
31010, 1,2, 4% %12(0, 10, 20, 40 gk of diet)2] F30]ck 5
3} abzzo] cislel AL FAIATE o9k UARE o8
3 Folgke] Al BAdo] Bt ol 2] AT FolA FRolgh
Fol F== 0.01%0014 6%7HA] Thefet s=et 7|17te 2 AE
skglom, o] 5 Fkeof tigt =/ of] wotol= Hark|o] QiR ¢
Q¥th(Chotigeat et al., 2004; Traifalgar et al., 2012; Sony et al.,

]
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2019; Purbomartono and Isnansetyo, 2019; Mahgoub et al.,
2020), & GO 23] Befo] Fi10]GHS 277 BT Kol
3 AT, 7P 2 w9 4% RN AR Bojststy
Z]3(GOT, GPT, Mg, Na)2| 3-2Jgt 747} Lelytt GOTL}
GPT=1H 7= Uehlle t3 4] A2 S A Qlek ol
O] &7t Sk Aol F 221 9f HA WA ol ekl
e RAOE F23 4 Glouk, Pt Ao AL o
#379] 2]0]7} gl Ao orelA Slrk(Brusle and Anadon,
1996). £ A7toll A el A o4 272 BT ook
oL} @oo] Mg8} Na®] gt A% Wkt 2l gli= Foket
2 A3 ol whet, 4% =] F3Lolt Foje 2ulEEt] 4l
4 542 907 THs Aol Y A0 BekEo], B 7ol 5
ol HA AT 2ARE 913t bR Fo = 2% (20 gkg
of diet)= A3}t

FHO|RhE 277} ATE] g Al Eete] Wel 9 Aud s
PHel §axe] Waleke 215 AT, 20 g of diet 0] F30]
&AL RE FoI gt o] 7ol AR} Aol A interleukin-15 (IL-1B)
AR o] thztol] v folH o F7hES 2elst
Ak IL-1p= Al 44, 23] &4, |9 vh3-of| gt A4 §E
o2 4l wiZRA R &) vkt WAl 4 Wolo] He4s
Q1 WY g@4o0|mZ(Bird et al., 2002; Lopez-Castejon and
Brough, 2011; Husain et al., 2012), 20 g/kg of diet 5= 2] &5
ol ot 2] Bete] wel 42w} Ol A0 Al
oAtk % Aol (B A% 3.8 )0l 03-04%2] FER ARo]
Ko} 60247k ATEC] 3 AT A, W, ARk e A
A= S7HIR S H(Sony et al, 2019), Hetujotof A= =
& L] FHOIEH0.8%) AL RS BE(04%)2] ARR
o} 19 Fof A3} 44l o 5315 9S B welgrk(Mahgoub
etal., 2020).

F0|ek Fojo fh2 12 Wy ke YH o R 455
7] 915tel, Fatol o] o] F 422 AAUH 0.2 A5AA A
o 3L4CHA EalA} RE TgolN aAMEol 23] 271
skof 2ol A= 100% HASE oL, -5Lo]th Fojotof A
= 20%9] o157} AE3FATE Do et al. (2016)0] &gt 1142
ol xo] zujEeo] el A At tigt Aol W=, 27°C7t
A 9] Lo M= zulmete] Yol 4ol skt ekt ¢
Ao, 30°C 9 g2l A FAZH Hstel §A 244171 oo
Aglol7} m wARHe st ) get ol AHg s
of =25 shRof oF I'C A o7 FFAX] & AollM =
S A} ofuis £E7E31°C o4O Lehd o B
oF, 30°C o] 0] 422 el et wh - MG A2l 2.0l A0
T agten, 142 =5 7|7k 2 HE Y] Zh AlTto]| ofs|
o] 54 ALp27]0ll= 30°C W] ] f=2ol| A =k AL LAY
T4 9 A0 AR £ Aol 31°C o] S
oA BE 159 FAG A RO, $2.8 30°C 4%
0 WA T30l FolTol 4 20%9] ol 7k &Y

o} E3F FAo|gh Fo] TIFof| A HAE AJRME = AR =
Z2T-0} H|aLsto] 5 A Ao whet, S5Loleh Fojof ofs 1
Fof gk W aart e AR ks Qi e a2
e g3 pEte TR0l Wkt B 152 AL,
T29] d7H HE F} e mEAIE 5 TR 2 a1
S A7bH HRed Ao g AbmE T

S. iniae= 15 SAtolF HARE Yov]= 8 Ul Al
o, & Ao A 2ulEet A Y w25 A5 fle =
&2t 2]01(14.96+1.78 g)ol| A S =3skqlet. 1 Ax,
S. iniae 7= 24-25.5°C2] 4~ H oA 1.46x10° CFU/
fisho] mj - -2 F ol A e HlARS-0] 30%= e 2u] 52t
of| uj-- 5/ o] 7k A& ISkl 3 oehS 20 g/kg of
diet =2 257F 2 uEeof Fofgt & 1142 27(28°C)°ll
A S. iniaeS 1.50 % 10° CFU/fishe] =2 7493t A3}, iz
Toll A= 100% AR F EAEsEl o m $-Fojeh Follof A=
20% AYE Aol g HAR A AlF O] 1247 A AE= &
7} ALt detajofof] 0.8%9] Flo|H-S o g A,
Flavobacterium columnare 7+ 3% getujobo] 2| & G117} 12
a1E o] Q1o W72 Aeromonas hydrophila Zr ol tigt &=
2 AE 717t H11E o] Qltk(Caipang et al., 2011; Mahgoub,
2018). E3F, 1H2hH0l EElo| AMNS-(Panaeus monodon)©l|
S Fo|e-S 100, 200 mg/kg of body weight/day &% & Fof
3 27, 58 g9) ofel A olAl Fol BEE AEgo] 217t
4.4%2} 44% UERd o 1215 g2 Aol A= 2}k 42%
9} 93%2] HEE-S 1ol 2] =7]0] T2 Eo] Fpol 7t L
epgr}. wal, S olch Eojo] ofa) Bejeol AA19-9] white
spot syndrome virus (WSSV) 1+ o] gt ®o] d50] 913l
© (Chotigeat et al., 2004), 2 2| A|-(Panaeus japonicus) =
oflo} 55 Tl A 500 mg/kg of diet 5= 2] SOl Fof
2 Vibrio harveyi 7+8 A3/d a7} B A% I ck(Traifalgar
etal,, 2012).

& Aol ARERE S, iniae w5-9] = 25°C Wl o] =29
A Z2a]EE Z]ofof| 30%2] HARE POo7]= A o= SRl 5
Eou, 28°Co 2ol AR AF 100%2] =2 HARH
HHARE A 0= Kol i42of of3F 2uEeto] AEY AL H
o Aotz Aot Aol B SVt Ao & 55 Gl 1L
T2 271004 S. iniae 0] 747 A/ © & Qlste] S5lolgt &
ol goIAE 3 2et Aoje] £ HAL LERE oL, %
T} BlaLste] 20% 2 AL BkE HYlon® ZulEetd]
37 A Sloleke] asol Wik A7t B BagtZew
A E T

Syt o 54 a2t A2 5o = Qe sfjapet oAl
Arge) ajs7} bl wel, 3 QAo A 148 ajalrt 7}
A 2 50 2 Rekg dhaon FHO[THE ol g3t Hole
d B ato]| sto] ALSEITE 5 o|the] HY B4 Bkt
oFet A7) ofsl AFE 00, 1 A7E Fal 0| Fof
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