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FE KB LLUMN(6.05+0.44) g/3k]. F[(14.68+1.76) g/3k]. K[(25.64+3.27) /3]y 3 # 7 [F 1,
# 7| % (Apostichopus japonicus) ¥ #F # it 4., R T 2 &AM KE K 0, 2. 4, 6, 8, 10 mg/L Bt
R BRI ¥ 5 H BE(LSZ) . A A BE(CAT), #EA Y B (SOD)EHEN . 2REF, &
AEARE N 8mg/L B, & 10 Kjg, 3HARMABRASHBALT. I, HERT. AAKEN
10 mg/L B AR 57 7 F R, 4 86.7%. HAAKRE N 2 mg/L 714 mg/L B, /N, F. K#H
BRISW 3 MERREAEBEEAZ 4 REEAE, GXABAEELKRERT 0.05mg/L)= 7 2%
(P<0.05); % 7. 10, 13 X, LSZ. CAT, SOD Bg &= 5 % 4 KA, £771 B ZE(P>0.05), £4
FIKE 4 6.8.10 mg/L Bf ,LSZ .CAT .SOD B i £ % 7 Rk Bl 5 &, 5 xR 41 2= = M B 3 (P<0.05).
AAMEX 3 HAENEK SN EFRE BTN IGEELZR, AR A8 KERET, &

RAERRR A F > KA MU BRI, EAMER AR SHFE G RE £ —EHH, £
SR ART, KIGEHAERERFEFAE 6 mg/L LN,

Kigia

thESERE S917.4 SCHEkERIDED A

J 2 (Apostichopus japonicus), XGRS,
BEFOMEER, AEEMArmE. ERE, iz
FEHH E B AR LR | 3T A M T VA R DX (2R R
§E,2010), EAFK, Bl i 2 SR GE MR ) VR K T
H TR BT U H R W 38 I 58 R AN WAL, il 20003
PEFROH R TSR I AE, 2006, BXHEIF AR, 2010;
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ARG, A5 T 2 E W38 XA R RS i 2 i 5

T E T IE R B SE R, DU 0 2 55 5 K AR R B8 1A 4%
R4 R S B 57 5 04 G 25 WL B2 AL 3 ek 4 40 A

B
1 #MRI5FE
1.1 SRS

SEEGHN SR [ 1L AR B T SR A I, 2 A AR
TEH . TG JTRERS . RDRIRAE | BRI AR, ik
A R/NES) . hM) . KR@B) 3 AEAE, 510k
(6.05+£0.44) g. (14.68+1.76) g. (25.64+3.27) g, LI
T 2014 4 4 FHAE AR AR TP A Py A 52 e ol o 9% P AF
gL D = T,

1.2 RSEHR

SLEHIBAEAET N 0.5 m® 1 B35 A9 K H e
B, AR HIZ 200-300 S/, HOELAK T2 120
160 Sk/H8, FHAEHIZ 60-100 Sk/48 ., F25E K N Z
UUVERD UG B AR K, R EE D 31.040.2, KK
(15.0+1.5)°C, pH K 8.1+0.2, %% <0.05 mg/L, 5
B, Bk 1K, ELRR, BRI AR
1R, BFREN 7d a5,

1.3 LIt

HR AR 52 56 87 3% 19 A R FAS il = 2t A i R T
SEEGZERL 1) 96 h LCso MBI 10% M 5La, 1% 5 2.
4.6, 8. 10mg/L # 5 NEEIRERLE, Wi HEA
RBP4 9 0.066., 0.131, 0.197. 0.263 .,
0.328 mg/L. 54 % AW ] 1000 mg/L 1) NH,CI
WA Wy, DL ZM AR T 0.05 mg/L AR
T R X B 4% S22 5 0 R S0 i 20 30 3k,
TFEAE L BEAR (80 cmx 60 cmx48 ecm)H, FEILIAH K
3WVAT. FREESAMS H SRR FREY, B RIK
S PN QA AR I i R A TE K rP B Ak, &AL
W BVEH<0.1 mg/L, SEEmdtik T 13 d.

14 HFmRE. LE

FESS 4. 7. 10, 13 KEF43 0% 5256 30 S 1 T
FE, RRR BRI A S A B LA B 3 Sk, Bl =48
T I HEEAAR 9K 5 BB IS B 55 b, R A ) A
FISHEIRYIFE 1 em, 7 BPHIGHE 545 BT 13 by

SRR T A MG 5 b, AN BEAR 3 Skl SR s
WA, FKEH S BORAGARREM 1.0 ml T 1.5 ml
BT, 10000 r/min B0 10 min, B EIE R %
T 0.5 ml Eppendorf 1, —80°C IR yKA SRAFFI .
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FISAEE R R T AT
FT #(%)=5$%100

Kb, S ST B ) S 5 O ) S 8
S by S B 235 AR IURE 58 UG A7 I R S 50

FEEFEERHU T AZTH

NH;=[NH;+NH;]/[1+10Pa?)]

A, pKa B fif w5, pKa=0.09018+2729.92/T;
T ARG, T=273+t(C) .

WREH(LSZ) . A AR (CAT) ., HE YAk
fifi(SOD){ 7 B 2 341 FH e ot st b A= 0 A B A i A 7
PR & . LSZ MGt S TERFE ML AT,
BRI R OD fE R 0.001 R 1 NG PEH
£, LA mg/ml F£oR; RIEWR CAT iGN E L. &
ZTHREAEAD M 1 pmol 1Y HyO, HIFA 1 NG 12
fii, UL mmol/L Fin; MR SOD ML L .
BTN SOD i ik 5] 50% ) BT Xt b 1Y
SOD >~ 1 MM EFE AL, LL U/ml Rk,

iz Ffl SPSS 18.0 M Excel A A7 58 A 48 it
Ph P<0.05 A &b 31 22 bR o

2 ZERE5H5H

21 S@EBEMARMERSEFEZNIT

WL R G A S ARG R R WE 1,
TERAASE N 0-6 mg/L I, FR/NIAR HI S 70 & A ik
JEH 6 mg/L BHETG R N (97.8+3.1)%4, HAFIA S
B AE S A 5K 100%, 3 FhHLKS 3 S 4 RE 1E 16 50
B AERARRIHE FHE RO M2 EWKE N 8 mg/L
BF, 755 10 KJG, 3 FIASHEIRAS RIS B 80 70k
b Bz, 52 45 BB B A T R 400 R (91.143.1)%
(95.6+3.1)%. (95.6+3.1)%; 2 AN 10 mg/L B,
S B0 45 R P B A R R KA R =,
(91.1£3.1)%, AR 3 S A7 16 A 1K, }9(86.745.4)%,
IINFRAS I 2 735 2R (88.946.2) %

22 S@BEMNARMERIS LSZ FIERIZNE

L L(A)TR, 554 KA, 3 FOR L BLRS R 22
R FREE ) LSZ. 1 P B 35 7
(P<0.05), Bi# EAWSEMTFEG, LSZ Wtk LT
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Tab.1 The survival rate of different sized sea cucumber under ammonia stress(%)
A ME Ammonia nitrogen concentration (mg/L)
K% Size ~ £ £
0 2 4 6 8 10
S 100.0 100.0 100.0 97.8+3.1 91.1£3.1 88.9+6.2
M 100.0 100.0 100.0 100.0 95.6+3.1 86.7+£5.4
B 100.0 100.0 100.0 100.0 95.6+3.1 91.1+£3.1
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Effect of different ammonia nitrogen concentration on the activity of LSZ of three sized sea cucumber

P bR TEAT AN [R) SRR R B 2 22 53 (P<0.05), T AT [A]
Different letters on the graph indicated significant difference(P<0.05). The same as below

RUkaH, TR AW R 10 mg/L B, /. A KBS
fZ LSZ WM, 43X A 146.2% .
159.8% . 158.5%, 5} R4 25 5574 18 3% (P<0.05). #H
FZZWET, TS LSZ EEs T/, K
A2

& 1By 1, 8 7 KB, BRXFIRLIAN, 3 FlR
RS R 20 LSZ WGP s T4 4 K, SXA xR
3 (P<0.05), 5% 4 RAHEL, FAWE 2. 4. 6.
8. 10 mg/L i}, 3 FfA[R]RLAS JIZ 10 LSZ 1 1 43
W /NS 5.8%. 5.9%. 9.3%. 12.3%. 11.7%,
KA 9.4% . 10.7% . 8.3%. 7.8%. 8.9%, KIH 5.9%.
5.6%. 12.5%. 6.3%. 9.2%., MFZEKE T, T
RS0 LSZ it T/ . KRS HIZ .

A 1(C)RI A, 4 10 KEF, 3 B E RS fil 2
) LSZ 1GPERE 7 REBURMLAEE, 2 BIRFK.
INHIAG 3.8% . 34.5%. 37.3. 48.4%. 61.2%, FPILHE
3.4%. 8.1%. 21.5%. 43.5%. 56.2%, KIH& 0. 1.8%.
23.8%. 46.3%. 60.6%, AEIKE R 6. 8. 10 mg/L
I LSZ W& PEFEIR K T 2.4 mg/L. MR AME T,
HELAE IS 1) LSZ 1P T/ . KBS =

& L(D)ATH, 2R 13 KA, BfE & E K E R T
B 3 RPORTRI AR IS LSZ T Ik 5 B AR A a3,
TER AL N 2.4 mg/L B, 3 FlOR R RIS 21 LSZ
TGP i T X0 BR2H (P<0.05); ZAMKIE A 6. 8. 10 mg/L
A, LSZ 1tk K T XF B4 (P<0.05), /MK HIZ
LSZ Th M FREIRE R, 5 X BRALR) 51.2% .
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70.7%. 73.2%, S5%F R4 270 B 3% (P<0.05), A
AAMWET, THMBEISH LSz WwiEE T/, KM
e

23 S@BENARMIERIS CAT FHERF M

K 2(A) AT, 55 4 K, 3 RPN R B0 RIS 78
NI e B A S T CAT TE PR M2 B 2 T
(P<0.05), AHIRIELAE B SC B0 2 H, 21 CAT 6 4 Fil
AR KN T o AR R T, R =
) CAT WP T/, KBS Z

I 2B)AT %, 55 7 R, 3 FOREEAR RIS
CAT 1E M TH 4 K, /NS /3 55 5.1%.12.5%
17.1%.20.9% .19.1%, T HEAE 73501 F+ 155 11.9%.13.6%
8.5%. 7.8%. 5.4%, KM/ HIF 10.5%. 12.2%.

10 B2 mg/L H4 mg/L [[16 mg/L k] 8 mg/L []10 mg/L
=~35¢

A 4d d

CATIEME
Activity of CAT/(mmol-L
_ = N W
w o S K S

HZ MM Sea cucumber size

35 Eq0 B2 mg/L H4mg/L
30 L C-10d 16 mg/L [{8mgL 10 mgL
25 b b bcc b b b

—_ = N
w o wn S

CATIEM:
Activity of CAT/(mmol-L™)

(=]

M
RISk Sea cucumber size

20.9%. 22.2%. 16.0%, ‘S5%FHE4 25 i 3% (P<0.05).
R AW T, RS HIZE CAT kS T/,
KIHEANZ

& 2(C)r A1, 5 10 KEF, 3 RO R BRE fil 2
) CAT ¥ Ml 2 Rk B I R R IR AR ka2, A
WPl 2.4 mg/L B ) CAT 1% PEFEIR HE 6.8 10 mg/L
N, 5 %R LH 1] 22 5 3 (P<0.05), MR Z A HIE T,
HORIAK R 2 1) CAT T ME R T/ . KBS 2

HE 2D, 55 13 KEF, 3 FhOR[EHURS 2
) CAT &M K IRFENR . 2 EWE N 2. 4. 6 mg/L B,
3 FhORTA] RS 302 1) CAT 1% M i T X R 4H (P<0.05)
AAWSE N 8, 10 mg/L Bf, CAT iftE 55X} IaL 25
AN 2 (P>0.05) AH R Z AW T, A& il 21 CAT
WEPERE TN RS H 2
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d d

W

w
Q
[=N

W
(=]

N
W
P ]

— N
@ S
o

ol !

._.
)
L

il !

CATIEM:
Activity of CAT/(mmol-L™)

o v
P

HZ A Sea cucumber size

W
W

%[ p.13d 0 B2 mg/L 54 mg/L
5301 [16 mg/L Fd8 mg/L [110 mg/L
ﬂEzs—
T s 20
i
<215
0%
2:.10
& 5
Q
< O 1

M
HIZHA% Sea cucumber size

K2 AR R A 2 A AL BT 3 MO [R]IEA% il 2 CAT I6 L2

Fig.2 Effect of different ammonia nitrogen concentration on the activity of CAT of three sized sea cucumber

2.4 FEEXAREMERZS SOD F R

F PR 3(A) AT, 45 4 RN, Z A 2 .4 mg/L
B, 3 AN [ KA il 2 6 A [) vk B 2 /U 3R 35 T %) SOD
TS TR, R NS 10.3%.
11.4%, HHIA% 3.8%. 6.1%, KM 5.7%. 9.7%;
RAAMEN 6. 8. 10 mg/L W, /. o KA I
Z: SOD i M 2 BT = ka3, 43 ) it IR 1Y 128%
142%. 155%, 125%. 142%. 151%, 118%. 140%.
148%, X4 22 55 . 35 (P<0.05) . A A & Ak g
T, MRS E SOD MR TN KA HIZ

F I 3B)A %, 55 7 K, 3 FIASFEIRIASfIIZ0) SOD {i
PEAET R B THE (P<0.05), & AEWE N 10 mg/L i,
3 MOREIRAS RIS SOD VMR, 20 B %) R4
1) 160%. 161%. 151%(P<0.05), HH[EZEWKET,
HIRILRS 21 SOD 1M T/ . KBRS Il 2

H P 3(C)r AT, 55 10 KEF, 3 RO [E B 5l 2
) SOD &t R IMFEAL . 55 7 XML, dA
W 2.4 mg/L B Y SOD 15 PERFIR L 6.8.10 mg/L
ANy BAME ] 6. 8. 10 mg/L I, SOD & M43 il
e /NS 10.7%. 19.7%. 30.2%, THLKE 16.8%.
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[0 B2 mg/L H4 mg/L [T]6 mg/L ] 8 mg/L []10 mg/L
80

[A.44 c
c
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SODF M
Activity of SOD/(U-ml ™)

[=]

HIZHAH% Sea cucumber size

' |c10d [16mg/L [H8mg/L [310 mgL
g b bb
a b2b b
2 60 c b babgy, b
ﬁﬁ a | a | a a Ia a
£3 10 i) ! |
8 ; ® ! 1
20T H | 1
Q 1 X \
< 0 .
S M B
HIZH#% Sea cucumber size
A 3

22.7%. 35.8%, KM 11.5%. 30.5%. 34.3%. AHI[A]
FAWET, PHMBEIZSH SOD iHtEE T/, K
e

H & 3(DYRT%n, 55 13 KEF, 3 RN [E S fIl 2
) SOD IE AT IriEfit. A MRE R 2. 4 mg/L i,
SOD i PE4E R F- A2 /K H i 3 & 15 B4 (P<0.05) ;
FRWSE N 6 mg/L B, SOD & 1 B A Fr R EAT =
FXHRA; FAWE R 8. 10 mg/L A, /N, H. K
MRS HIl 2 SOD J% AR T4 BE AL, 40 5] g xF BR 40 ()
99.8%. 85.1%, 95.1%. 79.7%, 95.1%. 77.8%.
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FERTEFRAE Y, BRAE . ZEE LA S ARG
RA I KR TP Z A E2ORIE, HAER 748
HAR RGN, 255 MR EFE s h i, iE
SRR R CEE SI(EAE, 2014), AfFsEH, 4
FAK PR AT <6 mg/L B, SCEHHE ,
3 MRS RIS RRIE R IE S, R, AR SRR
s AHY AT T 8 me/L i, SLEe A, 3 RN
FERAS RS BT ks . fbRe, HESETS, 8 mg/L
MR IE R 3 FhRAS I Tt 2 R BRE . 734h, AN

10 B2 mg/L H4 mg/L 116 mg/L 8 mg/L [.]10 mg/L

% 80rg 74 .
o 60 bb ._
#HE e =)
puls) be]
R 40F .
O 8 e A
% ; b
E 20t '.
5 by
< 0 .'
S
HIZHAH% Sea cucumber size
80 E0 B2 mgL 4 mgL
D.13d [16mgL [A8mgL []10mgL
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Fig.3 Effect of different ammonia nitrogen concentration on the activity of SOD of three sized sea cucumber

IR il 20 G R T 32 BB R TRl (OG5 4%, 2012),
AR, BEAME N 10 mg/L B, ELILEHR,
AN FIHRAS B S A R —E 25, KSR
WA, TS RAL, HRREFE0 s, H
255135 (P>0.05) , F W 1 2 UMk B2 R 0o 2T 32 1
RRLEH, X 3t ol Py AN A1) 2 i TG 1 i BAS L ) 22 501

32 SEEMEXNR S IR REEFERM

F 28 TIEMESY, SRS ERES YT BA 1
eSS, TEAPUAN AR IR i R b, R R A
BERME T B RAEROEOCH, 2012)0, R )8 T3k
FEr Pt , FTECHHESI Y Sz it FE b A 5 2K
FEEMVER, AW S B4 R a7 = ™
AR A P AR S M A3 DL RS B G 5 T I Y 2
XL fE 4, 2012),

LSZ J&—Fid Pk 8 Ul , fE7E T s W A SURIR i
AR B A0 A W A 0 R A0 LR | GH BR ARk
s JEL AR W A B AR, S M S R R S
BB T bR Z — (F &S, 2014), FRAEHE
R R TR AR WAL K ABOEAL . BUR T
AL WL, ABFE R LSZ RN el ER T & 15
ScueHr, B A B AR, LSZ WM R T
TR R RIS 7255 7 K, @AEWKIE N 10 mg/L

1) Zang YQ. Ecological and physiological mechanisms on typical environmental factors in sea cucumber, Apostichopus
japonicus Selenka. Doctoral Dissertation of Ocean University of China, 2012, 4-6 [JiJC#7. 4 (Apostichopus japonicus Selenka)

X RN S h 3 ) A PR A 2o o7 S HCHILAR AT R P R T F S0 A 278 3, 2012, 4-6]
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BF, LSZ W&t fem, (Y2 U0 255 10, 13 KA,
LSZ 3% 1 3 A

CAT 1 SOD &A= ¥y i N W AR B OC R i bt Ak
fitg, PIE BES PRIV R 1 PR SE (6363245, 2007), CAT
B AL H,0, 53 5 5URT K (Bakala et al, 2012), 1fif H.
ET A B s 4424 . SOD JEREAS
b E A 38 T Ak R R e AR O, A HaO,, R4 4
Ji b 7 SR A0S (PR B 5, 2007), LR TR o e
it = 2 )/ B (Mus musculus) 2 & ™ 5 1 95k
(Huang et al, 2001), XIHL/RAFQ012)WF 5 KM, EH
VR ) B2 2R T R I T SN S R AL AR A A
HERI S ek, ik, BRR AW A CAT Al
SOD WAL A EZE L, AN, @A Wi
XPHIZ CAT H1 SOD WAl fiff 1t 52 e 2 390 B Jud 1 A L
e, FAMNRE 7 K, CAT Ml SOD MGt 5 & A
WRE R IEAR M, M AWK R 10 mg/L B, 2 B
WP B 10 R, 2 i M 2 T EL
T RRAL, POET%2014), (%2014 7EER
36 %6} F 5 3h ) G 16 bR B e BB 5T R A K TR
1) 22 AU A0 23 { Bl W AL B e 6 MR AR 2= AR T 1
HOKF, SRR LSRR, o] WIS 7E4ER5E
o S P R T P R 4 o T P A A — I TR PR
RAE A, 6851 F 5E 2 i 4 i g AR AL,
{2 717+ =5 (Chen et al, 2012; Rodriguez-Ramos
etal,2008), ARMFFEH, DEMGAFEIZE 4. 7K, 3Fh
AR RS 30 S ARy S P e i I T, e )
W IR, (EBAESE 10, 13 KEF, 3 FRORTRIHIASH 2
AR S G Bl T M T SRR A, Ay W el .
Ji DRI AT i 2 i 2 28U 3 I ) B A 2 i AR S
TREP T OB R PR, JEE T R SRR 5 e
Jig ) IE H RS L, MR BEZERE LSZ. CAT. SOD
MR TE R, HETTASRRAE R R S I8 A BRI
i 2 B . bR S

33 HEEAMENARMERSEFZERZEEEME
FIME = 57

RIS AR AT 7 J R A T30 L TR A A TR
JEMTAE RS, RN KIS | S RE 34
BrBe. ARSEHLL 3 TR RUAR B9 A S A DFFERT 5, 45
RAEW], RS RS0 d RO SO U, AR R

WEEIE, TS0 LSZ. CAT H1 SOD i Mk 4
AN RIS, /N KBRS 3 Bl 1w
A 22 IF R IR BRI S T /NS . RVLHE S5
(2013)F 58 2B, 2 AU 28 X [R) R o) 2 4 S 1
TRERPE T M2 R, (AER AR, FAF, A
[Fi) KL A% ] 2 X6 A FiE 1 Tk 360 0 98 2 R AN [m] GBX R 45
2015; MR EGEE, 2016), F W I A 2 I B2 AN [ A%
S R0 L /NI ) 2 0 I BE 0 SR B KT
W KRB IS, fEfl S Z GRS, NS E
M I (L8 A v o L RS i 2 (2 1, 2009) ",
ARSI, NI RURS 0 2 5 R [R] 588 BE 0 20 UM A AR
RS S R B MRS AT 22 5, BRI ATRE A2 /A
Z W ARFE S P e g2 R T AR 55, N BE A ORI AR
REIEAERE 3 FhARRr S PR S B Y S e, S BN S
5 i R v AR R e S R MR TP RS R =
(R RE S G e T RE AR 2, H S ORI S A
Lo, RS S I T R AR AR T, O HOER 3
Bl BT MERE T RS, W, PR
) 2 A TR P 360 A58 B 5T BB A 5 b ) A PN g O
P F B KT, DT ZE 2 e i e A S v
928 R B ) Ak v 9 1

HAl, s e S50 0 £ 2R —, Bl
I E SR FE ALY, W BT 3 Y 3R A A R
Ko FRIE R AT K R BN S AR A, S 30
PSR TG Ye e, KA bR 2R AR, A
AR AL TR R KGR AR SE, 2013), 1 B[] 4 5 2
RS FEOUNS 5P JIREAR, PRALRI S E 5 A R
A, mAHIRE. LT, ARG RER, 7EfS
FRoid AR, MR A E <6 mg/L I, B HEMs IR AT
M A4 IE H AR RS A FIRE =8 mg/L B, JIAT
FN(<10 d), HISEARLFEIEF RS, AR
Bl BRI AR RRAS R (R FE B A7 252 )
KAfE(=13 OpaSRECSAE . ki, HF5E
T-. WL, 7ERIS AR, KPR v 2 R B i
G HIAE 6 mg/L LAPY, DAPRIERI S IE 5 A K AVAEAE,
AnJEEFHE] T 8 mg/L, UHARES T 10 mg/L, £
BFHE(=13 d)EvkEJ A S RO S A4 RS EAL,
B S B FFE T KU o ARSI S R — R
A Ay S i 3 K B R 4 5 e A0 (gt R R T R A R i
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Effects of Ammonia Nitrogen Stress on the Survival and
Activities of Non-Specific Immune Enzymes of Different-Sized Sea
Cucumber (Apostichopus japonicus)

XU Songtao'?, ZHAO Bin? LI Chenglin®”, HU Wei’, HAN Sha’, LI Qi'

(1. Fisheries College, Ocean University of China, Qingdao 266003;
2. Marine Biology Institute of Shandong Province, Qingdao 266014)

Abstract In intensive culture system, accumulation of ammonia nitrogen, which is the principal
end-product of nitrogenous metabolism, has deleterious effects on aquatic animals. However, there is little
information about the effects of ammonia nitrogen on the immunity function of sea cucumber
Apostichopus japonicus. This study was conducted to evaluate the effects of ammonia nitrogen stress
(concentration gradient: 0, 2, 4, 6, 8, 10 mg/L) on the activities of lysozyme(LSZ), catalase(CAT),
superoxide dismutase (SOD) of different-sized sea cucumber with initial body weight of (6.05+£0.44) g,
(14.68+1.76) g and (25.64+3.27) g. The results were as follow: When the ammonia-N level was 8§ mg/L,
mortality occurred in three-sized sea cucumber on the 10th day; When the ammonia-N level was 10 mg/L,
the medium-sized sea cucumber had the lowest survival rate of 86.7%. When the ammonia-N level was
2 mg/L and 4 mg/L, on the 4th day, three non-specific immune enzymatic activities of three-sized sea
cucumber increased, significantly different with the control group (P<0.05). There were no significant
differences in enzymatic activities between the 4th, 7th, 10th and 13th day. While the ammonia-N level
was 6 mg/L, 8 mg/L, 10 mg/L, three non-specific immune enzymatic activities reached the maximum
value on the 7th day, significantly different with the control group (P<0.05). Under the same ammonia
nitrogen stress level, the activities of three non-specific immune enzymes of three-sized sea cucumber
were different. The sensitivity order of three-sized sea cucumber under ammonia nitrogen stress was:
Medium-sized>Big-sized>Small-sized (P>0.05). These results indicated that ammonia nitrogen stress can
affect the survival rate and immunity function of sea cucumbers, which will provide the theoretical basis
for the mechanism of ammonia stress on sea cucumbers.

Key words Sea cucumber Apostichopus japonicus;, Ammonia nitrogen stress; Lysozyme; Catalase;
Superoxide dismutase
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