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Abstract

The red type sea cucumber (Apostichopus japonicus) is valuable food source in Korea, China and
Japan. In Jeju, Korea put forth considerable effort such as supporting the red type sea cucumber farm
and releasing juvenile to increased red type sea cucumber natural resources. However, these natural
resources are rapidly diminishing according to the environmental changes such as high temperature
and low salinity. Thus, major issues in farming the juvenile red variant sea cucumber include growth
rates and environmental resistance. In recent years, studies have focused on feed additives to enhance
immune system and health. In this study, we used probiotics, levan and spirulina manufactured
immunity diet. And we compared the physiological activity in accordance with high temperature and
low salinity in each groups which common diet (CD), nutrition diet (ND; mixed nutritional
supplement) and immunity diet (ID; mixed probiotics, spirulina and levan).

The growth rate measured every 4 weeks and immune activities analyzed phenoloxidase(PO)
activity, lysozyme activity and protein level in coelomic fluid after 12 weeks. As an additional
experiment were analyzed the change of physiological activities in CD and ID groups on high
temperature and low salinity environment. Acute environmental change stress tests divided into
control group (20C and 35%o), high temperature group (30°C) and low salinity group (25%o.) for each
diet groups. Sampling is 0, 1, 3, 6, 12 and 24 hour was run at the time. Coelomic fluid was sampled
and analyzed the physiological activity.

As a results, the aqua farm environment had a higher survival rate in ID group compared other
groups. The results of immune activities showed that protein level and PO activity were no significant
differences, but lysozyme activity was significant decreased in each experimental group. The
environmental stress results showed that stress index was higher in the CD group then the ID group.
And we found that the each experimental group in the high temperature and low salinity environment
was higher immune activities ID group then CD group. The Results indicated that the immune feed
additive was enhanced resistance of acute environmental change in ID group. Thus, the Immune feed
additive will have positive effect which increasing fast growth and resistance disease in Juvenile A.

japonicus.
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al., 2014)

H2ol= olgst EAME dsty] flste] I AN FA WHoE AAdEAdS H
7hstol 237 9 WHols SXIAA PP AR A Ay ow Qs vafE owstr] fgt
o] o]Fo]X 3 ¢Jth(Zhao et al., 2010; Ma et al., 2013; Wang et al., 2014)

32 Hpo] @ €l A(probictics)= & PIAES duletH ST dAFS AHESIAE

uj
=30 AR E&S Fe 7S WatE Ao ZA(Gilliland et al., 2001), FE ZEHO| L

|

A2 Akt Lactobacillus 58] Aleto] 7F Bo] ARE-EH 3 Qlt)y X ZH[O|QE A=

>,

23 G408 T 434

o
i

=o]F= o8-S 3} (De schrijver and Ollevier, 2000; Ten
Doeschate and Coyne, 2008; Yu et al., 2009; Zokaeifar et al., 2012), & oA Bl Epwz} 2|4l
55 WA= §th(Sugita et al., 1992; Vine et al., 2006). o]ol], H o= A3l 213
HAAZ7HE St afake] AIRHIMAIR ZEupo]@HAE Wol] ARgstal glow,
Bacillus subtilis T13 ¥} Hanseniaspora opuntiae C21 &% X =Zu}o] Q€A 9 A H7} dj4to]
AR WS F7AA Fual BHaE o] Qltk(Yancui et al., 2012; Yuexin et al., 2013).

$HA, FHZols ZEAPOIE A G55 U A3t A7V flske], el ZEuto]
QEX AR W ans SAAZL F Sl Zuto] 2.8 X(prebiotics) 2t FA AFE-E AL
AE FAolg. ZZulo] Q€ 49l lactobacillus 2! bifidobacteria £ Zg|ulo] Qg AT

wol  AMgHEE Hukd ARl o= H(inulin)® KA

[l

gEg

AC)
R
oft

(fructooligosaccharide) ¥ 2> S 34 AMEsS A5, AUl 847 &8 57t

&

ot el pHZF SolA= &3/ B ¥ 8F Qlth(Akin et al., 2007; El-Nagar et al.,
2002; Gibson and Roberfroid, 1995; Oluwakemi, 2014). ©]¢} 7Fro] 3 Zu}o] @ E] A9} 3 gH}o]
LEAS JdY T 2 AE 59 FE fste] A AREskE BlE Alblo] e Bl A
(synbiotics)z} & HL o]E &Fg3F A¢rp s W3Ea Qluk(Cross ML, 2002;
Morelli et al., 2003).
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of, a4t A& Absel st A7 Y E ofof ghrh(Choi, 2014).
e A= AN AEEA F2 F7E, ok ddFE 2R 2 dEF T
S Aolet= Ao w o Frh(Yang et al., 2005; Yuan et al., 2006). wHEbA] djAF AR o= 1)
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Ten Doeschate and Coyne, 2008).
ek FHZoll= ke aste e XAV AE AT HWeol MAHI o, #
A ke astE S Fol7] S8l Abmel Holu RYE 88 58 AR o] FolA

3 Y (Yuan at al., 2006; Liu et al., 2009; Ce shi et al 2013). T3t FHALR o] Qx| HAA] 4



slo]l FQ3lo] YAS A K (Wang et al., 2014), AFES WHEA7 7| E alv A3stg &
ol =] He 7158 EHE £F sk S(Choi, 2014) si4te] 4 SRS fgt A
T7F wol X&)

o Htol= 4 AbRe] ZEupo]e¥aE Edete] wolstd Ak Frhsl HE

o] A3} Moo =S F= o7 H iy oj(Yancuietal, 2012; Yuexin et al., 2013), 3|4

FA gl M A ARHAAEA ZRubol QYAE Bo| AgEtA Ytk Ezuko] 0.

>

Z oA %= Bacillus polyfermenticus= Bacillus< 2] 183w S =, H] AT (bispan) S =

omn, v fAatdel mlste]l @Ao] e A&H L, A3ES SAANAF

o
&
30,

=
AbEe] el A= vitamin B1 4 B2S BASHE T4 Vies 7HAA e AoE o4d
A A7 R a3l Ao R W EATH(Lee at al., 2001).

@, ZejuloleEael ke I AARAE P, FEF FU 59 Aol Ak

Rairakhwada et al., 2007). &2 oA Zgulol e EAZ ik shi-3t A AE ALE
= AT, A FEATY FE xola i WY pHE HEes mdh glod
(Gibson and Roberfroid, 1995; El-Nagar et al., 2002; Akin et al., 2007; Adebola et al., 2014), ]
e AdSEE Bag Fu 7 F FeAEe FE AL B ohue A
Folup S FAFeRM 59 A4S SAAL F vk B A 3lrk(Kang et

al., 2009; Srikanth et al., 2015). 18y} el = o7 si4te] AR 7HA| 2 A Alvlo] @ ¥

ok B AgelAE ik AAde FolTe Ad Ty, Iga ZEbpoje AR
Bacillus polyfermenticus, 2| Hlo] L AR = #HES E31slo] Albfo] @ 4~ A AT H 7}

A At a Sk EW, FAoltelA AMHOR ASHT Yt S FUA
3 A N TAES B
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2. A5 9 0y

AL 20149 109 274 F-H 20154 19 27d7kA] F 12 X Al Ul FsiA oF

Al
)

ol

oA WyEOH, FAG e Fx IME ol &kt AdFEES T AMA

o= FYst Mo 2AAHE AAEGoH, A¥FH WIE S4s7] flste] Aol
A3 E) = Eok 450 3 WA 2= 7)(YSI, YSI Incorporated, USA) S o] &3to] =& <

B && 2k (dissolved oxygen, DO) % pH W3S =748 THTab. 1).

Table 1. Water environment of experiment tank for 12 weeks

Dissolved oxygen

Week  Water temp(C) Salinity(%o) pH
(DO; mg/L)
0 21.00+ 0.35 30.61 + 3.32 6.13+£0.13 7.64 £ 0.07
4 15.18 £ 0.06 33.47+0.03 8.35+0.03 7.88 £ 0.15
8 13.67 £ 0.47 34.45+ 0.01 8.37+£0.14 7.85+£0.25
12 11.60 £ 0.75 31.08 + 5.77 9.14+0.33 7.82+0.11




2-2. AFEAF 9 Fo)

AR E gAuLE F g5 2 3 Auk 284 A5 (common diet, CD)2} CDAFE ] H]

o

e

shel 2wk o 9k A (sanyihao/yantai, duolai feed co., Ltd.)S 2% FH7}3t Al

=

E}Y
(nutrition diet, ND), 23] F2]u 15%, 3= Zulo] @ ¥ A~ (Bacillus polyfermenticus) 3 x 10° CFU
2ok 0.1%E TAE WASAREHTIAIE EE AFE (immunity diet, ID)E AFE-sHS

t}. CDAME A2 Al X w2y el oste] &4 =% om 1 A= Table 29 72tk

Table 2. Proximate composition (%) of common diet (CD) for red type sea cucumber
(Apostichopus japonicus)

Moisture (%) 5.33
Crude protein (%) 21.07
Crude fat (%) 1.32
Crude ash (%) 34.65




T AA AR A2 AASTFERERE AAE AR 5T § ASeen, A
g AlFAZRE 45 vtk kS SAEC 1250 A F82 & SAE A9 AFE Y
AEES ATt A7 A A5 specific growth rate (%) = (logefinal wt- log.initial
wt)/dayse} o] AatE R om, SA&-LS weight gain (%) = (final weight - initial weight) x100

finitial weight ©. & AJAFE 21 T},

24, WES 7}

~

AL A AR RS ASEzERE AAE AF A5 T ASFAOM, A

g AIALZTE 47 i) gk AN 1259 A TR SAE W A3 AEE

tlo
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Balo] B4 A7kA] 4TolA YRR s AU ddF B4 A A dx
w25 2 M trifluoroacetic acid® AM7FE-3lskal o #H(0.2 um) W 3]skl dA P &

HPAEC-PAD system (Dionex, USA)S ©| &3] SATTHF 8- 58S Agsigict. 243

EN

A& o] FA o E 18 mM NaOHS AH&-3klom, Z9]2 CarboPac™PALS AHE-3H3iTT.

A 8rA BAE Fallah Aqrel AW xe] WEtE Setor #Qlshy] fleke] A
oAtk Eaiat X4ke] A¥S Al3te] Boulin’s solutionol] 24A17F a1 E 3 24417 ¢

hematoxylin-eosin (H&E) A A 510 #n]7gd o7 #2381t}

10



A4 std £
= 10v1e 4 &

2-7. 1<

A &g A4S skl 2 AT A AAke APAE go] &
T E Aste] Aol ARgERTh A AE FAIE o] gstel AFH[H] 1.5 mL
tubeol] Wi AHEE 75 o] g3ke] 700 goll A 15 AR F TS Tl

o A FH = 70T sAsta AP A7bA] Bekgith
2-7-1. A= W)
Wz Skl Lowry et al. (1952)2] W el whgl A EH 0
AFAS 18 F

23 24 A7Fe o
], bovin serum albumin (BSA, Sigma aldrich, St. Louis) & AM&3lo] ¥+

750 nmoll A 4=

2-7-2. Lysozyme activity ¥ 3} 4]
3k % 150 uL Micrococcus
Hbg- 5 450

Lysozyme /-2 A7FHS 15 LA™ 96 well plated] 5
Y1 25C oA 5 w3t

5 EAR g FPsel A

o

lysodeikticus solution (0.2 mg/mL, 0.1M PBS, pH=6.8)

nmoll A &3 EE =4 3sta, oA 57 7+ vES AR
o F3% AE vaste] A5
2-7-3. Penoloxydase activity ¥ 3} 4]
= &3t S4sk3lth 96
&<}

Z Y& F 25T oA 108

Penoloxydase (PO) &/J-> Ashida and Dohke (1980)°] =+
oA A 54 & A

well platee]] #|7F<4 15 uL &} phospate buffer (pH 6.0) 150 pL

59| ApolE #Atste] ® 49

s
Ty W 5



2-8. EAA Y
A3l EA 2] SPSS version 12 (SPSS Inc., New York)S &-£3}9] One-way ANOVA-
test = FA EAEHAOH dHoly ghe] Hit oA+ Duncan’s multiple test AR &

&3l P<0.05°lM 7t 1 b #elids daesih

12



& AdrelMe ZRupo] e gl gnte] &g wolrl Falat A4t Ay AEFA

of B&S FEA FAss] sl AntoleEs WMAZFARIAAE Aste] Fol

o

e
>

gshoivh

AT Ao R 125 3P AEEY AR ES

AR 2l 7 AREe 27PAE 24 + 01 g= fASGoY, AETAL

i

CDT 46 +059g % ND 53 +062golod, IDT % 6.1+ 053902 242
=A /3733 THFig. 1, P<0.05).

SAES AAAE Aels B AdTo]l fAkeH 24 £ 01 g ooy CDTE] A5
125 % 91.67 + 17.2%, ND* 2] 7% 118.75 + 35.2% %! IDTS 155.6 + 31.7%C. & Z7}3}
A TH(Tab. 3, P<0.05). U3+ AFE A CD2 0.21 £ 0.03%, ND*2 0.27 + 0.08% 18] 1L
IDT 0.34 + 0.05%% IDT°] A5, A& Y G EANA BF FFor =2

37 YR ATk (Tab. 3, P<0.05).

Table 3. Growth performance of the juvenile red type sea cucumber
(Apostichopus japonicus) after 12 weeks .

CD ND ID
Initial weight (g/fish)* 24+0.1° 24+017° 2.4 +0.13°
Final weight (g/fish)* 46+05° 53+0.62" 6.1+ 0.53°¢
Weight gain (%)? 91.6+17.2* 118.8+35.2° 156.0+31.7°

Specific growth rate (%)* 0.21+0.03* 0.27+0.08" 0.34+0.05°

*Standard weight = total weight (g)/ fish.
?Specific growth rate (%) = (loge final wt-log. initial wt)/days.
SWeight gain (%) = (final weight-initial weight)*100 /initial weight.

CD=common diet. ND= nutrition diet. ID= immunity diet.

13



Body weight (g)

Week

Figure 1. Body weight of the juvenile red type sea cucumber (Apostichopus
japonicus) experimental diet fed after 12 weeks. Experimental groups:

common diet (CD), nutrition diet (ND) and immunity diet (ID).
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3-2. BE& 7L

© Aol e ZEafolegael gute] 9 wolrh Faiat A4te] Ay AEFA

of B&S FEA FAss] sl AntoleEs WMAZFARIAAE Aste] Fol
F 47 Ao 12F 3 AT YRS SYsgth 4E& 48 A% T

73.1%, ND+2 70.9% 9 IDT2 76.9%7} L3R o DA 7HE =2 AEES

EFU) 91 tH(Fig. 2, P<0.05).

100
~ 90 -
S
@
Y
S st
s
=)
(0]
70F | —e— cD . ©p
O ND
-v- D
60 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14

Figure 2. Survival rate of the juvenile red type sea cucumber (Apostichopus
japonicus) experimental diet fed after 12 weeks. Experimental groups:

common diet (CD), nutrition diet (ND) and immunity diet (1D).
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3-3. A W A

Talatels v Wol $rHol e Ao® el o m(Mourdo et al., 1996; Yu et

o]
al., 2015), Aol AFEE nbe] A @Rl dF= A=A el

SREMIEEE
Falit A4S £4 Azato] AW o] At fructose} glucose®] T HA 3]

t}. Fructose ¥4 23} CD7*2 8.84 + 1.35 mg/100 mL, ND+2 8.06 + 2.07 mg/100 mL % ID
T2 9.25 + 3.14 mg/100 mLZ 7 = 9l th(Fig. 3A). Glucose 2143} CD-2 9.20£2.0
mg/100 mL, ND* 8.21+0.95 mg/100 mL % ID- 10.04+1.85 mg/100 mLZ Y-EFSTHFig.

3B).

16



(A) 14

12

|

[s1]

Concentration of fructose(mg/100mg)

(B) 14

-
[p]
T

=y
o
T
—

Concentration of Glucose(mg/100mg)
[or]

CD

Figure 3. Concentration of (A) fructoseand and (B) glucose in the body
wall of the juvenile red type sea cucumber (Apostichopus japonicus).
Experimental groups: common diet (CD), nutrition diet (ND) and

immunity diet (ID).



1z
PN
oX
=
N
i)
a2
Lo
o

gg wH=x lets] $)ste] xA A

Aol = FER}A ekSkTh(Fig.4)

Figure 4. Histological analysis in the body wall of the juvenile red type sea cucumber (Apostichopus

japonicus). Experimental groups: (A) common diet (CD), (B) nutrition diet (ND) and (C) immunity

diet (D).
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lysozyme % PO &

mg/mL, ND*< 66.1 + 24 mg/mL %! IDv--2 66.5 + 19 mg/mL= UEFSE S M (Fig. 5), CDT |l

Bjstel NDZ3 Dol A Fobdi= A@H S Hylont o4 Qi Aol e o

S¥TH(Fig. 5, P>0.05).

100

40

20

Protein level in coelomic fluid (mg/ml)

80

60

CD ND ID

Figure 5. Protein level in coelomic fluid of the juvenile red type sea

cucumber (Apostichopus japonicus). Experimental groups: common diet

(CD), nutrition diet (ND) and immunity diet (ID).
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3-5-2. Lysozyme activity =3} 4]

A A4 A7 9] lysozyme &4 AE AP CDT> 29.54 £ 9.2 U/mg, ND>
49.52 + 7.2 U/mg, IDT-2 14.09 + 3.2 U/mgl. & IDWollA foFor e X2 Jehygl

t}(Fig.6, P<0.05).

60

50 |

40 |

—

30

20 |

Lysozyme activity( U/mg)

CD

Figure 6. Lysozyme activity in coelomic fluid of the juvenile red type sea
cucumber (Apostichopus japonicus). Experimental groups: common diet

(CD), nutrition diet (ND) and immunity diet (ID).
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3-5-3. Penoloxydase (PO) activity = 3} 4]

A3t A3 CDWollA 14.7 + 6.5 U/mg, ND-- 17.2 + 8.0 U/mg 2 IDT&

o
Ay

PO €4

il

16.2#3.8 U/mg® CDvoll H]3lod ND#3 IDFolA 2k7ke] zloli= yebtont 2% <l

kol &= §L S BH(Fig. 7, P>0.05).

30

25

i)

20 -

15

PO activity (U/mg)

10

CD ND ID

Figure 7. Penoloxydase activity in coelomic fluid of the juvenile red type
sea cucumber (Apostichopus japonicus). Experimental groups: common

diet (CD), nutrition diet (ND) and immunity diet (ID).
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"

4. 1

rh
0

AT s o7t dirH o7 AMEE T Q= URE SAFAFE (common diet,
CD)ell 3i4tg d<FAl (nutrition diet, ND) Wi @AlE 2 2 AATAAE 7] vl EALE

(immunity diet, ID)E 1253F a4k X4F oAl wolst & AAE, AEE ¢ A F4S

247y mla A skgivh Ak Ashgo] whe Aow dugon AR F IR
AREE L AT B dlERe siae] astety] o9l siate] ay AAshA ke

EAHo] A= Ao w HuEAdrH(Xia et al., 2012; Shi et al., 2013). a4ty go] F2 %
FE AolstE A E(Haliotis midae)oll Al Z2Hlo] QEAE AL 39S AS dE2F7F &
35 o Ade FXMTIE FerE deFled, olFE ZEulo| e ATt xR &
et 3w AES wEA F57bs & A2 G E vl sl 92 8] Wi
© =2 B 1% tH(Erasmus et al., 1997; Ten Doeschate and Coyne, 2008; A. Newaj-Fyzul, 2014). “1

Bl ofue}, Alvtol 98 2% b4t Holo] Egslel Foldt ¢ Tmrlolog s

A
e

AARES AREE Aol vleto] A A3E e U o7 A3t RauEgl
U}(Gibson and Roberfroid, 1995;Kontula et al., 1999; Saarela et al., 2003; Gu et al., 2011;

Boonanuntanasarn et al., 2015).

olsh WA, B AT Alulo] GE A A

_,4
ofo
(o
O
SN
o
>,
oX,
o
e
e
ox,
I
fitlo

=A dEEHYoH, o] gRlo] =

—n
i
R
o
o
i}
[
Ao
i
oL
tlo
ol\
™
>,
N
s
pa
tlo
g

AL ol E Foko] AvFYue) 2w Suy 2 AR =29 B 23k Sl

A7) wiEoleta AAXG. Fallak AqtelAl Anpo]l L E A WATGA R HIIAE H 7L

Tob 7 AP A= 24 " el A4k AWl fructose$} glucosel] S
O A QL Afoli= YERAl AN, IDTOlA A E= §F Afo]lE UERYIQITE o] gt
A= A A4 A W9 fructoses) glucoses] EFo] 7R A O R 7] wife] EE
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Al &)

i
n 1
ol

9] fructose9} glucose] A dko] I A xpo]= YERA] S Ao g Holw X
2ol Z7] oFA Al e I8 WolME AA 79 BAUF A7) o] 7z 18 7 49
& zpol7F YEhA] ke Flow gtk @rh(P>0.05). AWrA o R wike Aolsl s A¢
I deo] dntk o]l &2} 7O Z A fructose! glucose &EFo] T7tskE Ao R A A

3l © v}(Rairakhwada et al., 2007; Rehm, 2009), ¥ AAG-ZA3}o A IDwA tha =& fructose

9 glucose &&= YERA Z> AU oA A o2 F4EH= o] vt Ay AR
of &S wx Aoz FAHHECLH oyt ke Folt FalAt A4k Ao ddF W

e AAR o]Fold gow, 7] WY IS st Ao LA SATHGlinski

A}

and Jarosz., 2000; Ramirez-Gomez et al.,2010). a4kl A7 o Sl Aoz thefst iy Q

250l EAEH, 75 A3t AFAoA HA C3, antimicrobial peptides, toll-like

receptors, lectin, PO ! lysozyme &4 T2 WSS [ st a4 s0] g2lEti(iang et

al.,, 2014; Xue et al., 2015). ©]9} & AFEZRE AN U vz 7= nlE0)d H
a

F 7] WU Wl f

12
=
i
=
i
ot
ot
o
Jo
Ao
iy
o
Hu

o) gk zpol7h vrERLRA] kSkth ey, 2 Ao A%
S7 A= 93k AIRE(P>0.05), ND* ¥} IDwollA A9 & X5 Yebd AL olgst
H|5ola W 43 A U AEEY Aol S AoZ A,

Lysozyme A 9 FE To E3E AHUY 54 F shUEA HAA uAEd

B G 27] M Qzolv FHFERY HSo]x WAN AU FRE 4TL

o2

3) 3+t (Saurabh and Sahoo, 2008; Nayak, 2010). 3|42 F=2o|u d& ~EH A7} S 7
ol lysozyme &Ado] F7F=E ™ (Wang et al., 2008), A ZFALE d 7 Ao H7ME kS

AolstR= A5 A Wl lysozyme &4 9 7]E} H]S0]4 Wejo] FUtH= JloR B
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1 = 2l tH(Rairakhwada et al., 2007; Dahech et al., 2011; Xue et al., 2015). L2t} ¥ 7o) A
= dHAZ7ALE A 7HA weAL RS Fold IDTe] P 2L AAETS HESS e
sol% B8ty 1297 %

_IIN'
o
i,
r
8
e
ok
y
flo
do
1o
2
o
i
W
rlo
4
i
i
A
=
32,
2 8

(P<0.05). o] st A¥i= 7]Ee] BHud A9 FUI A=A, o]He AFA =
AZHAIRHTIA] 23 lysozyme o] Z7]o| FFeFE Tl A& Al W xp=o]

24 ¢

o= Algko] A= Aol b 5}

rlr
o,
o

:10
>~
>
O
oy
)
>
o
>,
>~
>
ofo
%

]
gk Slth Ma et al. (2013)9] Aol A £ A As}
TR A0 Fio] wl lysozyme o] FLoEXOF WA N, A HZ <l
Hel #AS SAT A3 o= A Azre] Ad Tl e8]y 27|EY &Ado] Yol
© 235 el 3 Wang et al.(2014)2] AT oA E AGSHEADS sAA =
o] & A5l lysozyme &/Jo] SVt = Ao E YERG O, A& A1 lysozyme &4 9]
S7hE ol splen, ol Akl el ddn} e niAEA WY &4 A AE 9
S7kel o] Qi Ao yEytth wEbA 2 AdelA IDTel A ZTIEe] AbSol wh
2} lysozyme €AJo] @& FAE YEbA A¥el IDTAA =2 AEEY dFES KA
A¥E Feto] BH, IDTE S22 7219 lysozyme 24> SalA X 4Fe] AL
of W Az Wtk uetr FF REAE A Ao o3 lysozyme AW 59
ATE Fato] AAAQI WEE FAsH HWA B FAEs AuRAAE gotd s

o7 7ltyHc},

lysozyme &3} vpzb7x| 2 =2 A7 el A w3 Htl(Jiang et al., 2014). Magnaddttir et

(2006)°ll olstd UWtA o= PO @4 ZE A W anti-protease T3S -

flo

antiprotease, op-antiprotease® a,-macrogloblobuline]l ¢]3sle] &3} A, o]g st a4 s
ArtA o w Aol H = wWiwt FHsE aAEEA PO A4S 9% dgEAl

242 JhA Y Aol wext=sel st g st ttal B sl tH(Magnadottir et al.,



3}
=

14l Zpol7F vrebbA kst
UERH ST o9k o] IDEe] 7}

SR, °1F T

o)
s

o

1

=
=

=2 B
T

o] 9 ¥ 1]
=z

f

sl &=

Ry

3

A

b o7 AuFeL Yl
, lysozyme &

2006). wHelA]

o

F2L lysozyme €73 9] WA A Z ©

S

TolE =T

o
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Il BASBAEHTIAE Foldt Faiad A aed

Na
2
o2
s
rit

3ol diet A2ty AFHo w3}

Y L] Wk sk A= ASel ol mlg T2 Q40| tH(Dong et al,. 2008).
O FoAE & e R Hilke s el AdEarx e el gEFS v+

T e/dow, 1 99 a4t HEHor #Agst] BEolA JdTF= vIAA Hrk(Kinne,

A2 AT skl mebd A3 5ol Frksta o, Fuht e BRSO
Aetx ool AGE Wl Wol Aol Azae] ANet: AP PTEeNA B

& FL VAL Yok 53, Ak AL Bt 2ol 20 ~ 0CE Fsa gt

>
N
=2
s
ul%s
Shd
o
N
o
g\c’
o
K
i)
2
X
rir

I
-
o
ye,
g
Shs
()

SNE7F v AA Ao

dntA o ® gi4te] g FE 10~20T AtololA] o] Fo|AH 16 ~18C7F 7HE A%
F2o2 dHA L 93 (Dong et al., 2006), 35 2%7F 20T o]go] =W dqto] A4
)ee 150w BREAH, 26C o]Ao] HW 3|4to] & (aestivation)S = 5
Aefo] & J&e W ZloF By AT et al., 2008). 3 Ao HZAH A= 29 ~

32 %O 2 LA O (Tian et al., 2015) /138 AAE 7HA 1 Qo A5 2d7|Ho

_



2o 2 ® 3% th(Fankboner, 2002; Ruppert and Barnes,1994; Dong et al., 2006). 53], 3l4lo]

o
T
o

o
-

Barel g

99107 2gstel 5

29

AXEF

e

]

u] X1 Al #t}(Yang et al., 2005; Dong et al., 2008; Tian et al., 2015).
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2 AE D Py

ASEEL 149 Ady SAsHA 1257 dutalgel CcD+d HIALIE A A7 &

e ID AFRE AAFAT FEA A

o

Z A8 27466 g + 0.25)% AEStA) 874

AL Auk 7 (17°C/134%0), 1= 7 (30T/ 34%0) 2 A AF 3 (17°C/ 25%0) . & YT

= dAAEY AR A $359 tHDong et al., 2008).

AT UAukgtgoA o] AduAR AT F(CD) ¥ WAHMAAEAIEF(ID) 181t
152 BN AMALEAF T (CD+H) 2 WA HTIAAE A DT (ID+HH), A g
Aol el ARALEAFT (CD+S) 2 WA HTMAAE A I (ID+S) 0.2 o] 27t A4

stk TN A4S 7 3

i

3 APT T o2smkEd ARgEion AA AFe AEe

A2

_|_,
>~

]ZJ’T% 0/\] 7ro 2 /\qxﬁo}oﬂ 7171 0,1, 3, 6, 12 ul 24/\]7]-01] A]A]go% ou1 ]ﬂ%

2} AR sukeld AH sk

2-2. SHAAEH Ao WE YA E A

E

e AEHAE o WS wEshs Ao® delA Qlth(Tian et al., 2015). 115
< EE A9E $AHA v AEHA AolE gRlstal, ZF Aol A Algtel] mE

Wd Mz s Aol AEHAS ARE Aol FAHAR YUY oRAM AEYA ARE
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BPAEdzo) e We By BAS 149 2783 FAs] ARH Uk #Y

ftlo

gstol 7t PT TN AN w0vkey PAAR Hse] Aol AFgHAT

2

e FA)E ol gatel AR ANR/E ol §3ho] 700 oA 153 7+ A4

2 F 4FNS Belstel Agsh

2-3-1. whaz ek W3}

e
o
ol
o
38

129 2-7-14 3 EA3A Lowry et al. (1952)2] ®Heo] A7 o b z-S

o

2-3-2. Lysozyme activity ¥ 3} #2

ol
il
&
I
o

ol
o
38
iu)

Lysozyme A& 11 29 2-7243 HU3HA AFAS ALE-

2-3-3. Penoloxydase (PO) activity 3} 4]
Penoloxydase (PO) &4 &AA] 119 2-7-24 3} F5YU3&}A Ashida and Dohke (1980)2] -5

S AgSt] ST
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2-4. Lysozyme mRNA & & #-4]

a4k x4ke] AW ) lysozyme mRNA WA #2498 95t CDT IDTS UwkE
A, AT W AP FACNAEL N 24xF ARARAS] AHE A FH ]
quantitative real-time PCR<S 21 A 8141t}

Total RNAE Z3ll4F X4 A 20 mg= 1 mL trizolZ} 7] MagNA lyser Instrument

(Roche, Germany) #af7]o|A 20%7F 243t & Trizol WS AFE-3Fo] F=E3}th cDNA

e

2 FZ4¥ total RNAS} Transcriptor first strand cDNA synthesis kit (Roche, USA) & Al-&
stod A sk, ¥ 20 uL WS- el 80 L nuclease-free waters 34 7}ko] 8] A sfo] A-&-3)
AT}

1 % FlA %4 B-actin mRNA (GenBank: EU668024.1) 2} lysozyme mRNA (GenBank:
EF036468.2)°ll &-©]2] <l oligonucleotide primer (Tab. 4)& A|&sta A s a4k x4 A
W o] cDNAZ A}E3}o] quantitative real-time PCRS A A]3}2th. SYBR (eva green gPCR
master mix, abm, Canada) ™} A A]7F f-A =} 741 7](CFX384 Touch™ Real-Time PCR Detection
System, Bio red )& AF&3to] 2t Aol 1AIZF 24478 lysozyme A HE S H

=] =
o WA S

Table 4. Primer sequences for real-time RT-PCR analysis.

MRNA name Primer Sequences (5°-3) Product size

5’- tcaaccctaaagccaacagg-3’
B-actin mMRNA 150 bp
3’- acacaccgtctcctgagtcc-5’

5’-gctactggcaggatgcetagg-3’
Lysozyme mRNA 151 bp
3’-taaccctgtacagcccgttc-5’
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2-5. FAA

A3 EA X2 = SPSS version 12(SPSS Inc., USA)E &-8-31o] One-way ANOVA- test2}
Two-way ANOVA-test= &7 #A¥om, Holy ko] B [+ k= Student-Newman-

Keuls test AF$-3-4 2 &3 P<0.05014 7 1 1+ Fod& ddstlnh
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Falat AAko] AEHA @40 w=E:HIAS Al WlEShE WS AEUA AREA

A A, AuaFst AGE AL WFL AEFE AN dEbA 23

S m5e el 3ARARE WS wEste AA debten, 4%
=

A 2= CD+HT°] 10704, ID+HT°] /A2 115 oA ID+HT o] 1 &2 AE{
AE W= A o7 E thFig.8).
12

Il CD+H
10 + l:l ID+H

Gastrointestinal tract emissions(number of an individual)
(o2}
T
|

1 |

6 12 24
Time (h)

Figure 8. The number of individual gastrointestinal tract emissions in the
juvenile red type sea cucumber (Apostichopus japonicus) on high
temperature. Experimental groups: common diet + high temperature (CD+H),

immunity diet + high temperature (ID+H).
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12
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i
=2
i

DHE L AQE 27 selAe) cDe IDEel Falg e A%
S ZA% A3 0AelE CDE IDTO] AR FAE UEhfgln, AnBFNAE
BE AR #9149 2ol & vhehiA 2ehek(Fig).

TFE FAMME i AFRE Aol CD+Hw e AR @do] 4SSl 1

AZE 8 24Xkl L] ARTE sAl A TR} HAbE o] Al ) gl ASs

¢

= WERA okghth 244 3bel = TS AN A HAbeEl o A=A A )57 o
AtEo] HlolElE 9 5 SISTHFig. 9A). AR FANM A o dmAe BE

A EAK0R 98 Aol UEhiH 2ktrh(Fig. 9B).
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Figure 9. Protein level in coelomic fluid of the juvenile red type sea
cucumber (Apostichopus japonicus) exposure to (A) high temperature
and (B) low salinity for 0, 1, 3, 6, 12 and 24 hour. Experimental groups:
common diet (CD), immunity diet (ID), common diet + high temperature
(CD+H), immunity diet + high temperature (ID+H) common diet + low

salinity (CD+S) and immunity diet + low salinity (ID+S).
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3-2-2. Lysozyme activity =3} 4]

IFE e A9E 84 stelA e A W lysozyme WstE AER7] flste] 7
A9 lysozyme S S A, 0AFA = CDI Y IDwO] frAFSEHAl WERRL
Auket g slo A CDT 1A%k 27.4 + 1.1 Uimg, 3413t 385 + 3.5 U/mg, 647 11.5 + 0.3
U/mg, 12417F 59+ 0.1 U/mg % 24417F 51.5+0.1 U/mg. 2. & Al3te] wha} Axp Zadts= 2
o7 Yo, IDT YA 1A17F 23.3+ 1.9 U/mg, 347t 24.4 + 2.1 U/mg, 6417+ 11.9 + 0.2
Ulmg, 12A]1%F 14.0 + 1.2 U/mg 2 24X17F 16.9 + 45 U/mg. 0.2 A|7te] whe} ooz 7t

23} tH(Fig.10, P<0.05).

Ve FAAE kAT nwste] BE AETAA Azt wEr {FoHo®
lysozyme &/Jo] uwtolx]= Zo] X UTHP<0.05). CD+H @ 1A1F 3.06 + 1.4
U/mg, 3A17F 274+ 1.1U/mg ¥ 6A17F 42+ 0.1 Umgl. 2 A7+ #de] wa} lysozyme &4
wASHA fF2shlar 124)13F B 24X 72 Tt o] AHAIZE AR A R 3 AbE o
HolB & S48 4 USth ID+HT 9 A 1A 27.5+ 0.7 U/mg, 3413+ 21.1 + 1.7 U/mg, 64
b 77+3.0U/mgo = AlFte] whel gAdo] F2AsHA Yol o, CDI I gy 1247t =
AE3= NAZE Ao 1241719 lysozyme &S 13.6 £ 0.5 U/mg o & LFEFSETE ID+H
T GA] 24x7bell= CDT Y sUEAl tiFE e JiAI7E A AY 957 AAbE = |
S YERlTh 28, 6A1Z el A - CDFll sk IDTO] o)A 0 F =2 lysozyme
A& e o H(P <0.05), Wt o)Al AfolE WER SITHFig. 10A, P < 0.05).

AAw FAoA AAl AnkgA ol vlste] BE A oA lysozyme /o] wrolA| =

Ao % YESTHP<0.05). CD+Sw ¥} ID+Sw EF 12A137hA] A &Aoo x A skglttrt

24X 7roll = Frol A o7 Z7FEATHP < 0.05). TE3F 1A 7ol = CD+S 2 ID+ST B duk
34 o] nsle] 745 O}, 6AIZF = ID+STE] o] At A BT oS Fol

& 4= 919 th(Fig. 10B, P < 0.05).
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Figure 10. Lysozyme activity in coelomic fluid of the juvenile red type
sea cucumber (Apostichopus japonicus) exposure to (A) high temperature
and (B) low salinity for 0, 1, 3, 6, 12 and 24 hour. Experimental groups:
common diet (CD), immunity diet (ID), common diet + high temperature
(CD+H), immunity diet + high temperature (ID+H) common diet + low

salinity (CD+S) and immunity diet + low salinity (ID+S).
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3-2-3. Penoloxydase (PO) activity = 3} 4]
7y AT PO B8-S B4 A7 0AFtel= CDY Y IDY BT FUsHAl YERSH

Ak Aol M CDTS tFE e Albrhel M 7oAl Aol E WERA] ekt ot 24471

s

of oA ® S ek th(P<0.05). IDTE] AF A AEHACE fFARE FAE UE
o Agbe] wmE 821 Apol= HrEbA] ek SkTk(Fig. 11).

V72 A A E CD+HT S 3AI7AA = frAFSE 215 UER oW, 647kl = 26.6
+ 1.1 Umgo = +24< F7H7F YEFtH(P<0.05). 12A4]13F Bl 24| 3tefl= & 2] 7} A
7F HAEA L FALE ] HolHE 5 & Sl ID+HT 2] 3% 64l 3.3+ 0.6 U/mg
S & CDTH FYH #ol7F YEFGTHP<0.05). 3, 12A]3Fel= CDT e EE AE
AA7F AP POZ/F 174 + 0.6 Umge 2 YERTE 28 IDTANA A 24A13F
o= e A NA HAAF 9 92 A7 YERSTH(Fig. 11A, P<0.05).

AdE s o)A CD+STS 1A]7F 20.8 £1.3 U/mg, 3417+ 6.7 +0.3 U/mg, 6] 7F 26.6 +3.9
U/mg, 12A17F 40.0 +£2.1 U/mg % 24417+ 16.7 +1.1 Uimgl 2 A=A ZF7kete= d€lS Uebyt
O H, ID+STE AR = T Aastehrl, 12417 E = 16.7 £ 0.4 Uimg 2 24A]3F 20.0 +
42 Uimgl.® o2 or Z7hste HElS YEITHP<0.05). 8t 1A 7boll A 2ws A 1}

CDT XUt} CD+So] &A4Jo] o7 o x F7hekl th(Fig. 11B, P<0.05).
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Figure 11. Phenoloxidase activity (PO) in coelomic fluid of the juvenile
red type sea cucumber (Apostichopus japonicus) exposure to (A) high
temperature and (B) low salinity for 0, 1, 3, 6, 12 and 24 hour.
Experimental groups: common diet (CD), immunity diet (ID), common
diet + high temperature (CD+H), immunity diet + high temperature
(ID+H) common diet + low salinity (CD+S) and immunity diet + low

salinity (ID+S).
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33 fHSH ¥4

N1
oX,
)

Zaar Aol AH Ul lysozyme mRNAE Ay At ol A= lysozyme
mMRNAZ} 1A]7Fe] CD* 1.6+ 0.7 pg/100 uL %! IDT 2.7 £ 0.7 ug/100 uLO. 2 IDTo| A 9]
A9l ztolE YERASITHFig. 12A, P<0.05). 24472] 7% <Al CD* 25 + 1.7 pug/100 pL
9 IDT" 453+ 1.4 pg/100 pLO 2 IDw A F2ol A 0% A WERETH(Fig. 12D, P<0.05).

72 A oA = lysozyme mRNAZFLA] {Folli= CD 11.9+ 0.1 pg/100 uL %! ID 335+ 1.6
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Figure 12. Lysozyme mRNA expression on in body wall of the juvenile red type sea cucumber
(Apostichopus japonicus) for (A~C) 1 hour and (D~F) 24 hour. Experimental groups: common

diet (CD) and immunity diet (ID).
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