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Effect of Dietary Supplementation of Diatom Melosira nummuloides and
Lactic Acid Bacteria Lactobacillus plantarum on the Growth and Immune
Stimulation Responses of Olive Flounder Paralichthys olivaceus
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The diatom Melosira nummuloides is a microalga that is widely distributed in freshwater and seawater is used is used
in the production of silicon and fucoxanthin. The objective of this experimental study was to determine the effects
of diatom powder on the physiology of olive flounder Paralichthys olivaceus. In four feeding groups consuming 0%,
1%, 2% and 3% diatom powder. After 8 weeks of feeding, we investigated P. olivaceus growth rate, feed efficiency
rate, survival rate, anti-oxidant enzyme rate, non-specific immune activity and immune gene expression. The rates of
growth rate, feed efficiency rate and survival were significantly higher for olive flounder in all diatom groups than in
the control. The results for anti-oxidant enzyme, superoxide dismutase and catalase showed no significance, but glu-
tathione was significant, depending on the concentration of diatom addition. The galectin and lysozymes of immune
genes were increased in the control group. Galectin and lysozymes were thought to have increased due to infections
by from pathogens during the experiment period. These results suggest that the addition of diatoms to olive flounder
diets is effective in enhancing growth rate and innate immunity.
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AA ol d= Aol 7] whE S 1 st Akm
el s orelyt e ar, dA o g QIS ARIAE S
7FSaL Qs Aol CHMIFAFF, 2003). ofof whe} ¢4 017-2]
W8/ Aokek Ao Zhdol 7ol whet A8 AIS] ARS-
W7t 5oyl QItH(Smith et al., 1994; Kim et al., 2014).
2| Foll= ol 3t A shEsk] HOM FAAE AL 4
U= FEAE A HAEAE o] 83 AARMTHA 7S F5t
of QFAlol ol A W A7 Mo Sl 91 At7E AlgE A
Qlth(Adel et al., 2016; Yu et al., 2018; Hoseinifar et al., 2019)

31, 12 (Bacillariophyceae)y= 1A ZF(microalgae) ~1

B9| A% BYAE F Y224 Chrysophyta)ell 453},
U % el W WAL tal, 2014), 77 A

T2 Folv, Fde Ff
okoﬂﬁ *"*}5]“ °]X} *}39—] oF 40%%5 AFA|gFcH(Nelson et
al., 1995). 1=+ oufjullF U 250 £2} AYARA] Hol Al
=2 @ol o] &F1 Qlo] 4 A o= ul-$- Fa 3t 7HA|E 7HA]
a1 9Jtk(Gordon et al., 2006; Onitsuka et al., 2007). 1 5= 3[|%F
1221 Melosira nummuloides= &2 323} A%4Kpolyun-
saturated fatty acids, PUFA), @7} &3 3}A] "4 Hmonounsatu-
rated fatty acids, MUFA), 21|7}-3 (®-3), eicosapentaenoic
acid (EPA) 2 2|9 (polyphenol)S FHa-3li Qlo] 5%
4 o] 7 oo o] 87Hsst AHF o2 Hark]o] QIr(Li et al.,
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2016). £3] AL Y 725729 7}l o) pacific red snapper
Lutjanus peru ¥ gilthead seabream Sparus aurata L.2] /3% 2
Hos MART7} Q= Ao g BaE N 9l 9 w(Cerezuela et
al., 2012; Martha et al., 2014), 3| u]A| 72 (Navicula sp.)2]
A9, 95 A7 uet fakEe EPslel 719 1 059
A 8 lojubgo] SA e 202 1 arE ol 5t Martha ot
al,, 2014). o| 47l 7]&9] 7o AR 2N AR E oA s
TFEFE o8 Aol 7o A7 ZH 9] 7FaAd o] HAL
oA AL Q= Aol

ESF 2 FE 4242 AL Q= 4 (silicon) Y fuco-
xanthin®] AR ZE FETT QIt(Woesz et al., 2006;
Guo etal., 2016). 3] F250] Z28 AR e 2T
o] A|ZHQHAI Aol Al THE0.R 71 ERe 24l Wbl
ofy e Carlisle, 1972, 1982; Epstein, 1994), 542 224 &
K] o} Sz HEoz W, T, Bk 3, 2y g Hop
5§ BE Ao Hmsle] AlEoRS S5 WS, AET 2
& A AN = 7S 7= Ae® dEA ot
(Carlisle, 1972; Schwarz et al., 1972; Rico et al., 2000; Reffitt
etal., 2003). Z|oll= o] A3t 1745 SR Gl TRt 7]
S AEEC] EAEE 5 9] 71Eel thigt B =7 =0t
AL Qli= Aot

E3| Melosira nummuloides= A58 3540l| A H2]| =] o]
g Ato] 7HsshH, Al5= &dsliaoll gal= ol e 7F4 Si
(OH), 2} vl (Mg )y = o]&sto] A2z A= +
A= 2 F(Diatoms) 2] THA~gkF2 200,000 ppm/tissue =

= SAEOIA 7 =2 A o= LA QITHING, 2020). ©f
of whet 712 thE 2ol Blske] af4 Foll SR =24
710l 8 Aoz 2EH.

wfeb) 2 ATOIA L ke S TSI Ol FERS
FAEA ARV A O] A B8] fIste], AlF &
oFafjg=oll A B wjokst M. nummuloides 2 -3-A+H(Latoba-
cillus plantarum) S A=0]| 2715}0] @ X|(Paralichthys oliva-
ceus) A 00| &, AFR A&, HARE, IS A, HIEo| A
HY 54 9 WAy {32 2A4S AASHIT

b

o ARg <o NSO B, F A OF S W 2T AL et
7108 71 F A Bt FA, 29794460 g0 AAE 1
o 3200k2)% FA9)2 vjX|5lof Ao AL A
2= 15X 1.5%0.7 m, 1,100 L 850 A =25 o] 835

o] 34 ABE AABtct.

£ AgTE 8509 AR FF Y F TR 2 4
FoA 650ke]E Aste] Wol, 71 W A4S A0,

Aol AR TF2(M. nummuloides)= o] A 3IAPH <1 E9A
o] A (Jeju, Korea)ol| A A|gto} A3 of A= Sict. A3 ol
AHE-8E M. nummuloides®] YRHJE A2 238 59.24%, =
A 18.87%, 22 6.26%, 4G 1.77% 2 2 A4 1.03%
0]%] .2 H(data not shown), ©| & 7| 2 & 3}o] 13 sFeo] 0% (
) 21), 1%, 2% B 3% (D1, D2 2 D3)2 H71e 47]2] A%
AR E AlAFSEAL, 29 A3tgTE =ol7] fisto] ikt
ol L. plantarum& 47181 tHTable 1). A@AIRE S AFRYS
23] ket E3ket 7, ARA 27| (SP-50, Gumgang ENG,
Daegu, Korea)&- ©]-8-51] 2-3 mme] 7|2 433t 43
HAFR = 24417 12 F AR A7HA] e EE(-200) &
SEolt AP T2 1Y 28](09:00, 14:00 hyol 24 wh=
B Hsaturation)311 .11, 3 T 0% 7 BT AAJsle]

29 $8S FABOL, A2 B 877 WALk
AE U MES BY

22| AR ) A7 Aol AF Hak] e GFE =
A7) S3te] 87:010) AR T T Y F IR BF AFL
2goto] A&, AR S DAL A7 AN JE
£ 19 21402 2 A7) AR A7 QA B
of b0 2 ALESHSAT Agole] oA H4e 5 24417 A
HE A F, 2 AP N 292 65utelE Aol

100 ppm2] w}3-8-2(2-phenoxy-ethanol, Sigma-Aldrich, St.
Louis, MO, USA) 2.2 t}3|A| 7] 5 HAS} I,

op

SIS B BN

kel AL 87Tke) AR BF AW T 0.01%2] v e
oH(2-phenoxy-ethanol) &2 WAl &, 7hE 2E5}o] su-
peroxide dismutase (SOD), catalase (CAT) ¥ glutathione
(GSH)®| 2H3& H4319k. SOD T4& 7+ 248 SOD
assay kit (Sigma-Aldrich, St. Louis, MO, USA)E AR5}
buffer solution= w23} g+ 5 10,000 gofl A 107+ A4 E2]
Sho] @2 S-S o] 8-5to] FEAISFITh CAT /32 7 24|
£ catalase activity colorimetric kit (BioVision, SanFrancisco,
CA, USA)E AR5} assay buffer= + 23} g+ % 10,000 gof
A 1587 rlite]sto] 9 A o]gsko] EAl5k3IT
GSH 42 Agojo] 7+ 225 GSSG/GSH Quantification
kit (Dojindo, Rockville, MD, USA)E A5} 5% 5-sulfo-
salicylic acid (SSA)E Z7Isto] w43t 3 8,000 gofl A 10
7+ Al sto] 92 4SS DojindoAt?] kitE ©]-8-5h]
A5k
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H[Eo|Z WYL lysozyme (LYS) 2 myeloperoxidase
(MPO) 42 Efo] u]aw H451gick. Bolo] A7 857
o A= T3 A T 0.01%Y tl5]-8-9(2-phenoxy-ethanol,
Sigma-Aldrich, St. Louis, MO, USA) 2 2 t}3{A] 7] &, 3f|5}3]
(Heparin sodium salt from porcine intestinal mucosa, Sigma-
Aldrich, St. Louis, MO, USA; 4.69 mg/mL, sterile distilled
water) A 2] ¥l A3 &FAZ|E AMESEe] m| R 02 AAJSE
ek et ol fHEe 7S o]8-sto] 8,000 gofAf 10
&t dEelste] @ (plasma)e 22 7 24 A7HA
-55°Coll A Basilet. @4 W LYS €42 @42 15 ulA
96 well plateof] 3+ 3, 150 uL. Micrococcus lysodeikticus

Table 1. Dietary formulation and proximate composition of the
experimental diets for olive flounder Paralichthys olivaceus (% of
dry matter)

Experimental diets

Ingredients

Control D1 D2 D3
Fish meal (sardine) 60 60 60 60
Soybean meal 12 12 12 12
Corn gluten meal 3 3 3
Soy protein concentrate 3 3 3 3
Wheat flour 11 11 11 11
Fish oil 35 35 35 35
Lecithin 0.5 05 05 05
Monocalcium phosphate' 0.5 05 05 05
Vitamin premix? 1 1 1 1
Mineral premix® 1 1 1 1
Choline 0.5 0.5 0.5 0.5
Cellulose 3 2 1 0
Lactobacillus plantarunt 1 1 1 1
Melosira nummuloides® 0 1 2 3

'Mono-Calcium Phosphate (22% of phosphate). 2Vitamin premix
(g/kg-1 of mixture): L-ascorbic acid, 121.2; DL-o tocopheryl ac-
etate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine
hydrochloride, 1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-
inositol, 181.8; D-biotin, 0.27; folic acid, 0.68; p-aminobezoic
acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol,
0.003; cyanocobalamin, 0.003. *Mineral premix (g/kg-1 of mix-
ture): MgSO,.7H,0, 80.0; NaH,PO,.2H,0, 370.0; KCl, 130.0; Fer-
ric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2;
AlCI,. 6H,0, 0.15;Na,Se 0., 0.01; MnSO,.H,0, 2.0; CoCl,.6H,0,
1.0. * Lactobacillus plantarum was purchased from woojin B&G
Co. Ltd., (Gyeonggi, Korea). *Melosira nummuloides containing
from JNC bio Co. Ltd., (Jeju, Korea). D1, 1% of diatom powder in
diet; D2, 2% of diatom powder in diet; D3, 3% of diatom powder
in diet.
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solution (0.2 mg/mL, 0.1 M PBS, pH=6.8)Z &7}t 3 25°C
of| A 137} HE-3- & microplate reader (Thermo, Waltham, MA
USA)E ©]-&5to] 540 nmof|A S35 S4% &, thA| 52
2 ak8 A7) 5] S Tl SRS S st] lysis A
o w22 ulwslel 245tk

g2 Y MPO &4 HBSS (Hank 's Balanced Salt Solution,
Sigma-Aldrich, St. Louis, MO, USA)E 96 well platese] 80
ULA B23t 5 87 20 uL 9o 2 20 mM TMB (3, 3' 5,
5-tetramethylbenzidine hydrochloride)-§-243+ 5 mM H,0,-8-4
S E7VakaL, 227 S A7) 4 M HLSO, 8243 35 ul 7}
3+ % microplate reader (Thermo Scientific Inc., Waltham, MA
USA)E ©]-8-3}0] 450 nmof| A4 SF=E S7gsH3th
Dot QHx 24

S7%40] Wishe ga-
lectin @ c-type lysozyme S H4]5} HA, | #E F
AR o] e S Felsk] 98l total RNAE= Al =5 4]
ZH(head kidney)Z 22 #<&3lo] RNAiso Plus (Takara Bio
Inc, Kusatsu, Japan)E AMEs1o] =& 319t A% H RNA
pellet2- RNase-DNase free water (Sigma-Aldrich, St. Louis,
MO, USA)o]| 8-l A|7] 12, NanoDrop (Thermo Scientific Inc.,
Waltham, MA, USA)E ©]&3}o] <X (purity) 2 5(con-
centration)E Z7A5}0] ¢cDNA gHAdof ARSI cDNAE
cDNA Synthesis kit (Takara Bio Inc., Kusatsu, Japan)& A
5ol gAJRE F -20°Co A Haslo] PCR F2of AR-311T
Real-time PCR (qQPCR)= ¢cDNAE 322 SYBR Green
(Enzynomics, Daejeon,Korea) ¥ real-time PCR machine
(Bio-rad, Hercules, CA, USA)E Alg-3dlo] AHS 2dsl4
t}. B-acting Wi 202 ARSI c-type lysozymed)
galectin®] & Ud 72 qPCRS ARE-8He] LR SITH
(Table 2).
SAXE

2 AR BE A Wi F2UEAE Ul o,
IBM SPSS Statistics 24 (SPSS Inc, Chicago, IL, USA)2 &%
5lo] One-way ANOVA-testZ S7] 242 AA|513T) dlo]
B 7k2] $-212+= Duncan’s multiple test AFEEA4]-S- A A5}

z

Table 2. Primer sequences used in the study

Primer Direction Sequences(5’- 3')

B-actin Forward TTCCTCGGTATGGAGTCCTG
Reverse AGCACAGTGTTGGCGTACAG

c-type Forward CTGTGGGCAGGAAAGACTTC

lysozyme Reverse GGAAGTGTTGGTGGAGAGGA

galectin Forward TGTTGAGTCACGGAGACGAG
Reverse ACCTCCATCCAGATCAGTGC
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Fig. 1. Changes of superoxide dismutase (SOD; A), catalase (CAT;
B) and glutathione (GSH; C) in liver of olive flounder Paralichthys
olivaceus fed the experimental diets containing different levels of
diatom powder 0%, 1%, 2% and 3% (Con, D1, D2 and D3) for 8
weeks. Values (means of duplicate+SD) in the same column shar-
ing a common superscript are not significantly different (P<0.05).

HE L dEE

T2 APRHZHA el whE gA19] AAE AREE E A
L&9] ¥i3} A= Table 20 Yepieh A 7HAl A AlE
Bt 29.79+4.60 g2 870 AvRg A3, 2E A3 A
2 oA 64.76+9.93 g, D19]A] 81.61+£15.02 g, D2
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Fig. 2. Lysozyme activity (LYS; A) and myeloperoxidase activity
(MPO; B) in serum of olive flounder Paralichthys olivaceus fed the
experimental diets containing different levels of diatom powder
0%, 1%, 2% and 3% (Con, D1, D2 and D3) for 8 weeks. Values
(means of duplicate+SD) in the same column sharing a common
superscript are not significantly different (P<0.05).

oA 79.3016.24 g, D30]I A] 75.16+:11.06 g © & LfEfLE, F
2 477t i@t Blasto] ol A v o, D1
AglrollA] ARl A BIsl 173.94%2] SAl&S e
of 713 whZ 4d78= e tH(Table 2, P<0.05). AbEa-&f 9
o] A= T 7o)l 4] 0.303%, D1¢l| A 0.411%, D294 0.369%,
D304 0.356%%2, D19 4] 714 &7 LIERS TH(Table 2). RHH,
AEEL 2ol 4] 98.13£2.65%, D10]A 98.75+1.77%,
D204 99.06+ 1.33%, D30l A 98.13+2.65%= D2o]A 7}
7§ 7] e TH(Table 2).

SIS Y BN

T2 AR S5l w2 g2 A W Akst S
ZA¥5}7] 913 SOD, CAT @ GSHO| B4 A}=Fig. 19} 2t}
SODE th 27-0f| 4] 99.06 +3.67 U/mL, D19 4] 100.14 +3.46
U/mL, D20}|4] 99.85+1.33 U/mL, D39l 99.63+1.42 U/
mLE 2 AF oA -4 <l ato]= vehbA] ASkth(Fig.
1, P>0.05). CAT E3}F tj 2704 5.51+2.29 mU/mL, D19]
A 4.67+2.42 mU/mL, D20]|4] 4.64 +2.08 mU/mL, D3] 4]
5.39+1.75 mU/mLE 2E Aol A {2042l Zfol= gl
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Fig. 3. Change of galectin (GAL; A) and lysozyme (LYS; B) ex-
pression change in kidney of olive flounder Paralichthys olivaceus
fed the experimental diets containing different levels of diatom
powder 0%, 1%, 2% and 3% (Con, D1, D2 and D3) for 8 weeks.
Expression levels were normalized against the internal control,
[-actin. Expression levels between the two groups were compared
by real-time PCR. Values (means of duplicate+SD) in the same
column sharing a common superscript are not significantly differ-

ent (P<0.05). PCR, polymerase chain reaction.

th(Fig. 1, P>0.05). GSH: dj%70A4] 5.25+1.30 pmol/L,
DI1o]A 6.01+1.42 umol/L, D20] 4 4.72+0.65 umol/L, D3
ol 4] 6.32+0.27 pmol/LE L}EL} D1 2 D32] A3 o] A o
Zto] vlsl] A UEf= FFE Eo, D2 ofjA= {2
1A WoFKFig. 1, P<0.05).

7 AbRel gt gxe] 4 9

[e=]
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o
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HISO0|E Bio 2

T2 APRAZHA Sl whE A AelA
o] 7124z AFeE7| flske] LYS 9 MPO 24
FAcHFig. 2).

LYSS thxFo)A 0.016+0.002 U/mL, DI04 0.029+
0.002 U/mL, D2]A] 0.031+0.008 U/mL, D394 0.036
+0.008 UmLE 2E 7% AFRA7FA9] Fo] AF oA of
Z ol vl oAl =2 42215 el o, 53] D3 A
FrellA 7MY =2 2498 VrER Qlth(Fig. 2, P<0.05). MPO
L ozl A] 2.37+0.65 mU/mg, D10]|A] 2.54+0.32 mU/
mg, D20]| 4] 3.59 +0.24 mU/mg, D3%J|A4] 2.69 +0.33 mU/mg
2 D27} o2 g o] vls oA o R A UErthFig.
2, P<0.05).

HARH FHXL 2A

T2 APRHZH Folol wE |A] AlelA el Wk
SHAAE ZARBH] ¢85k galetin W c-type lysozyme ZF
Be 27 A8kl UEhIti(Fig. 3). Galectin thx
Foll A 0.904+£0.169%, DIoA 0.614+0.144%, D2oJA
0.055+0.018%, D3°f|A] 0.103+£0.024%=, thZxo|A 7}
A &2 22 UEhfiglon, D2 @ D3 AFTollA of$
L 225 Ve ltk(Fig. 3, P<0.05). c-type lysozyme-S o
ZT A 0.725£0.177%, D14 0.504+0.155%, D2o]A]
0.284+0.066%, D3°]| 4] 0.416 +0.062%% LEFY galectin}
FrAFSHAl th2T7t 7 =31 D2 % D3 AR tel foj4 e s
UIQJTH(Fig. 3, P<0.05).

ol
=

n &

2 Aol A vehd o2 AFRH7H] gl whE dA]9] A
% wstoll A Abm W 2] H7he AR W BES] 384
VIS A= Aer A 2 ASAT A d2ARE
87t AF3E Adol(Hx 7 29.79+£4.60 g)¢] HFE A
L 64.76+9.93 go|glon, AARFLLS 0303%2 RO

o, AR ] P2 WM BE DRI daTEct God

Table 3 Growth performance of olive flounder Paralichthys olivaceus fed the experimental diets for 8 weeks

Experimental diets

Growth performances

Control D1 D2 D3
Final body weight (g) 64.76+9.93° 81.61+£15.02¢ 79.30+£16.24°%¢ 75.16+11.06°
Weight gain (%)’ 117.40 173.94 166.21 152.31
Feed efficiency (%) 2 0.303 0.411 0.369 0.356
Survival rate (%) 98.1342.65 98.75+1.77 99.06+1.33 98.1342.65

"'Weight gain (%)=100x%(final mean body weight-initial mean body weight)/initial mean body weight. *Feed efficiency (%)=Weight gain of
fishx100/feed intake (dry matter). Values (means of duplicate=SD) in the same column sharing a common superscript are not significantly
different (P<0.05). D1, 1% of diatom powder in diet; D2, 2% of diatom powder in diet; D3, 3% of diatom powder in diet.
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02 =2 FAA W AL o] 853 B T} Pacific red snap-
per (L. peru) & /42 Sk A5 Martha et al. (2014)0]]4
= 72 2 AR Eete ML AFR (R, Navicula
sp.+Lactobacillus sakei, Navicula sp., L.sakei)E Z7}s}o] 8
T 3att 5 ARES S5 2L AT, ool B
Navicula sp.2} L.sakeis E31eF @7 o802 713 &=
2 AAES B¥ O™, Navicula sp. T5—++ Y L.sakei S5+
E3F 2ol v w2 AFES UEho] 2 Aot A
et ATE BT 2 ©E0 R ARESIS o fAN
(probioticyE H715IlS wf ARS 74 a7t 2A A8 4
U= Ao dEh o]gh Al Zejrfo] e ElA Y g
Hfo] @ B4 0] Z3tsto] H75kgle o Uehd aitE weE
o, o|A Y £l Wl Foldte VA, 5579 g
9] 715 S AAE H3leke, 43t F4E AAIAI
Z1ttal B a1E|o] Qlof(Gibson and Roberfroid, 1995) &4 o]
A Aol A H A Atm F7HAI R hFsHAl AR EEA
o By

UlR) 257 FOIAE 2 L Thake Fol 4 Ho| AEE e
=3 9o (Kang et al.,, 2011), Ak W 5f29] H7}= o]ufj=f
0] 2, 7V 9 70) S S/ AoR B
o] QItk(Chen, 2007). =3+ A2 black tiger prawn Penacus
monodon®|| ©1¥] &2 u|A|zF(Nannochloropsis sp., Melo-
sira sp., Entomoneis sp., Chlorella sp., Stauroneis sp. 2 Du-
naliella sp.)5 457+ 533t A3}, 725721 Melosira sp.2] &
o] thE pAlRFO Fel v AEEol o] oA ew
EE TAE v, JEEl dolAE 1221 Aol =
U, 7M=& A5 e ItkaL BarE o FHrk(Li et
al., 2016). & AL Ao A= 72291 M. nummuloides®] A&
WA B0 Q8] A4 2 AR ERo] ol Aoz 1}
EfL}, oA ol 7o) AFR 7| = A O] F20] B 75/ o] v
- =ohar wetEch

SHAH, iAo offof ZheiAE =4 9 HE S
QL Q1A gt AE | A= Aol A g4k~ (oxygen free
radical, ROS)®] B4 F7HAIA A} AEHAS fE3t)
(Dalton et al., 1993). A== /A0 2t AlSE A E
BHE Aile Boskl S FAI8H] flste] aitsl i
o712k 7HA AL Jlow, Atk E FA g0l fle EEE A
gt AWN-8l S AsfistAY) AASH= A= ket A
o} ghiksl B2 2 Lol X Th(Martinez-Alvarez et al., 2005).
¥ BEollA AR Wl 7|2kl holsh= thEZQl Ak}
AA4F+=S0D, CAT | glutathione peroxidase (GPx) 5-¢] $1
o, gFASE E2lofl= GSH, ascorbic acid ¥ metallothionein
(MT) % o-tocopherol 5-0] A5}, 8l A4&2] 7hoilA] 444
Y& Aoz 4 A Qlth(Basha and Rani, 2003). 71 5 SOD
= ABIAEH Aof gt 12} o] 7|20 2 superoxide radical
= Ekea(H,0,)9 AF4(0,)2 Z8iAl7]= faxolH, o]

Sk - 3 - ojol

ek CATF GSHE W E(H,0)= Hgh
of Ao} Ao 2RE {7IAE Hishks qd=
A A Ith(Forman et al., 1973; Di Giulio et al., 1989). T
3t GSH, glutathione reductase (GR), glutathione peroxidase
(GPx), ¥ glutathione sulfotransferase (GST)& 3£ &3 2 FE}
B 20] o] o] AlLRLE uARA A 215t
ol o] | Ak} 219 AP S SRS Qo] T Fa4ol
% ¥ v} 9Jck(Srikanth and Gwack, 2013). &2 ALof| A 7+
AF: H7HE 8 AR U) 7#2] H71e] T SOD W CAT 2
K2 §01219] Aho] 2 Bl glskow], GSH 4 2t D27}
g 520] 113} 5Sf5 st DI 9 D3I £2J51) & 4
22 Rl o] = el 283104 BLE o) 4 SOD
Wl CATS o] §3}0] AR 2 it A4S AL GSHE
ol-gstol, Ilelpas B8 HMSAA B P 7]= 3t
g o2 ZI]lske], GSHE| /g o] obdl Aoz of ARt o] 7
T Avts E ARA 9 f 2 7S] S AR HA o &
drtas Mstoll= 2 G VIAIA g A o2 =L, GSH
o] 747 D2&] Aol A t 27t W]sf W2 A& LrER of
A ggikao] Ak aQlo 2 23S 7R/ ol Yo, DI
5 D3 Aol A= 28] #7 veht Al 284k sto
2= 2] AR AT7E Aol tisiAl= 7MYl A7t B
7oz AR

AEANA 7HA= A3 291 Bl S0l 4] o] )42 W A=
Aol sl A&3HA| /g ek v, g datoll @ste] ol 7
w3l7] ffsl WA FHE = A= 4P A Ath(Smith and
Lumsden, 1983). 1 % LYS+= ©]57%2] 14} HojAl 0.2 H|Eo]
2 1 9 5(innate immunity) 2] 2 A ARE-E| 0] 9821 (Bols
et al., 2001), o}k wtoll B2 Yetll= A48A, A
o A2 o] LA A B2 peptidoglycan?] B-1,4 ZAZHS 7145
sfoto] Gtz HYEFHTH(Grinde, 1989). MPO2] 7370l
© T5T, THYIA AR EAfske Wtk Ao, ot
AF3}4=4~F hypochlorus acid (HCIO)Z HEHA] 7 HHLA] n]A)
== APEA7 = 2ol e Alem, A W MPOZYY 57t
£ YA digt It anE SEAA HH(HaT 9%
Hhgoll 2H8)& S7HA7 1= A8 she Ao = BaE Qlrt
(Palic et al., 2005). Martha et al. (2014)-> pacific red snapper
(L. peru)y< ©|-8-8F0] +279] U< Navicula sp.o} ikt
Q1 L. sakeig: Akl A71sko] 37t A3, th 2t H]sf Na-
vicula sp.+L. sakei= %713t A7 o4 0= =2 LYS
& B0, Navicula 5+ 9 L. sakei TS5 E3F of
270] ¥ & RS Ukl AoR sk 9ok, £ <)
Frol| A QloI A& +291 M. nummuloidesS AFaol 2 7}5}o]
SHR A, LYS 240 25 7Rt gl A titi
O frold oz 52 43S Hilon, sk oA o S8t
= ATE UErlh 32 Ao A MPO €] §lojAl
&= D2 AFR A7 Aol A 25kl & MPO 242 et
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Wiglom, DI 5 D3 ABTE o3t Aol oLt 5o 4
& YERY AT Cerezuela et al. (2012)2 gilthead seabream
Sparus aurata L.ol| 7F25 H71et A3t A WSS A=5
of offFollA BlEo|F] ol S7HAIXITkAL B arskar §lct.
whepA] 2 Atoll A UERd LYS % MPO &4 9] 7= 4f%
HA7F At s 5 oke] oo HIEo| 4 e vkg-o] &
X 508 fmske AoR FAE,

Jin et al. (2018)2- 720 ZAISH= 47} Aol @ A ZA
HY B2 7= A= Harskal glom, o] Qo 12
of T el o] wed S10] g ATk e A7 S B
3to] 918 X 1L QltH(Seaborn et al., 2002; Russell et al., 2016).
oA A HA Al 78 A4 Q1 P AL 7l
F2lo] W Q3k A 072 Kr|o] Qltk(Seaborn et al., 2002).
B #ollA] F48 Ao BEA R ol §3 391G % gA TA
2229 Z7WA]71ckal B 1% 31 9 tHRussell et al., 2016). what
A 2 QAoA] Lpeb v S o] 4 wlof B4 o] EgkEol

gl thape] fof o) f s Aol Gl AL B
B 35 AT TR Hel AAlstel Btk Alde] Ha

g Ao s o
AT AR k= 2 A7} 2] Hls) tizRoll A
oA o =2 215 U Itk(Fig. 3). duhd ez A
A FAAE ol AF=RE HAAE A &
3] 2 B ¥ §l=1|(Magnaddttir, 2006), ~1
loctin A1 welvhgo] Zajn], 22 gl es
Ao 2H8-5 F3H WU (PAMPs) Q] Q14]of Fholalal 9lo.
™(Robinson et al., 2006), lectin®] 3+ 5391 galectin (GAL)
= QS FAFEE U o7 ol o] EAsh, W
Ao oJ sl W H kil 211 E o] QITth(Suzuki et al., 2003; Rabi-
novich and Gruppi, 2005). &2 A-of|A] Lepd tj 270 =2
galectin®| 5= AP A A7 F 972 A=
Q] el ot F7FR AARH, = H7F ATl M=
Ao Wl 5 ulEo]H welo] ofa) o Aol A2} 7|2 el 7
¥ t52lo] frobdl ATt ola) ool uls) W §AIA u
oFS Upebd Z1 .0 2 A E Tt Mistry etal. (2001)0]] w2, |
“¢ol(Anguilla japonica)©l| 1014 sfjg=o| Al Hp= 9] o]0
ofgt ob7hu] o A €] c-type lectins©] & o] FA 3] F7ol=
o= Buskal Qled], o]t Ak HRiEd S 9 Ak
Hie|2jotof] o3t AEg| Ao OfjE Ayfetal Huskal Qlek E
St Manila clams Ruditapes philippinarums: thAk 0.2 3t A5
|\ A= Perkinsus olsenioll 2% 27l o] 4 HL5 galectin®] BF
Auglon, 4oE) ok 2T EoI A galectino] W]
A ghol o= v elolr} aele] Wl e fEsth 2 st
Ath(Kang et al., 2006). 1 A0 F=7H2Ql A=, g/ A
W= 1 9hof| 24 A3 S AAIRH Ao X & Vibrio anguilla-
rum (KCTC 2711) ¥ Streptococcus parauberis (KCTC 3651)
o TS Aol sl 7= F7Hl A tizTkof Hlsl =2

[e;

o= el

oX

S EEREE TSR 603

J

ol
=
Al LR 2 AEELS P2 AR 7Sl gt HeE
~Ed

2ol & aikE A A 0% 7| Hrt
71831 lysozyme (LYS)o]l 1o A= 2 Ao 4] += galectin
of Axel ARt 23S YRt GALS| 2adiH] LYS
Of & 2ol A WA W2 Ul e yEhi o, 5f
7ol wheh o] oAl e W 4= gl o]
AR U] 28] H717F of Aol s Frofstod, 7] A2l
1 580l Fokdl Aor FAF LYS+ 35 55, 4
5w, A= % 9] (phage) & A=Al @2 2E5h, Ui
2|o} Al22H o 4] peptidoglycan®] N-acetylglucosaminei} N-
acetylmuramic acid AFo]2] B-1,4-glycosidic AgHe] 7}~ £-3
£ 2 As}o] A4 W) Aol ot et wofo] 4 4
= Hro] EAE A 9] QS shtl(Minagawa et al., 2001; Ye et
al, 2010). The}A] lysozyme 72| nE T} 2|45 0 2
Eote FAFTER Y sEolAl 53] T8t HY ¥ =
A2 dHA Qti(Minagawa et al., 2001). £ A5-9] Au}o
A UERH LYS 9| ' A= 952 AEoha] U4 Aol
gt WA o date W 1l S A5k Ao ® gk
ol Fe] AvS FAeEH, 2 Aol A HA| Abe W 29
A7hs FH e 22 AT dAES HioH, Arae ®
Tk =7 YEbstth AEE0] )lofA = D1 B D2ojA] tfztof|
vl8l 7| UEbd e, e whE-2] A 2RI LYS= = 7t wh
2t oA o8 FTIshs 23S e $lew, MPO ERt
T A7 A A A dizTto] vl w2 A HER Sl
ukebA Aol glojAle DIo] 78 Ak 4L, ol )
olAE ARl fFRF7OIA A7t &S Ao YERY
k. ol2fet Avk= AR Wl f2 H7P7E A 9AY AR R
o /M ko] ofy Rt S SAAZ|AL A A 1Y
T E4E5Y FES FAANA AR 2HE Y At ol gt
Hes e A8l sl s Aoz 4 ol uh
2t 2 AollA A AFR W 28] M. nummuloides2] 7
7he |29 4 £ W AAHY S feshe AARE7HAIR
Ao FAAEG e A A o' 7o 4= e A o= 7| EH

ot e by

Al AL

o] w=re 20183hdE A2 x| Akl Hrjeho] x| ojzd
ARIEA(R&D) 7147 A QARIEHIME P0003142)
2020815 A|Fof sk 3 334A A1l ofsfod ei7-l5)
s
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