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{E Fh R i E L B £ (Rhodotorula sp.) C11
Xt 40 2l L Bl R S8 IR N S50

/A S T - S 9
(CRIBICH SR LA BRAF KiE  116039)

E 4 4B (Rhodotorula sp.) C11 L 10%, 10° Fr 10° CFU/g 18 47 An 3| Fe a8 o6 o | 45 —
FIEHE 3 ANFAT, F—FAT50 k4%, F 100 L ZRAMAHAAT30d B AT AFMA RS, R 2 H
FHHE 1R, WRENDSEEN 5%, BRI EKE, TEEL 40 58 18R EZ R R Y
W, ARET, GaEAE, REEFELBEH CI110Y, 10°CFUg, BER G TH45ERER
B 7E 17 (P<0.05); "2 B8 C1110° CFU/g, B2 3 fnie BB 78 7 (P<0.05), 278 v 41 B2
C1110° CFU/g, 45 fh i 2 jo oy vl & 7 B 3% % T2t B 41(P<0.05), 5% B RAaEr a4 5k, #
BRI EEE CL110°, 10° CFU/g, 4 % EL A 5 & H0 1R 6 775 8 88 (LSZ) 7% 1 (P<0.05). #47B i sr
B EE C1110* CFU/g, 4 % B4 5 & i (R 5 48 i 24 AL (CLS)LSZ % 71 (P<0.05). 4% "B ¥ 7 21 B4 Cl1
10° CFU/g, 40 51k i B — A0 & A B (T-NOS) & /7 £ % i n(P<0.05), "B B+ C11 10%,

10°, 10° CFU/g, 4% CLS # T-NOS % /] & %4 5 (P<0.05), KB FN, 1R Hh 70 i 47 B2 BF

C11 T 3t 4h 5 th W AL B V& 7 Fn % 0% RN
XA 4%

hESES Q178.53  XHEEFRIRES A

o AE RO TE AR, B, A4 TeE
fd  (FAO/WHO Report, 2001), F& [ 7K /= 32780k A
1980 AFARFF IRl F 25 A= 11, o 2 4R B0 K (Qi et al,
2009) T BB ()38 9 Ny R ] 2 a0 6 £ RN %)) 2 i 1B
TH AL BEVE 71 (Macey et al, 2005; Ma et al, 2014; Yang
et al, 2014), JCRIMIMFFE RN, W EERE 2w R 6l
Haliotis midae (Macey et al, 2005). E[ 2 0 X 4f
Fenneropenaeus indicus (Sajeevan et al, 2006; Sarlin et al,
2011). BEY5 XF4F Penaeus monodon (Divya et al, 2013)

H1452% Apostichopus japonicus (Liu et al, 2012; Ma
et al, 2013)FE5H FH A R e ok 5] o I VR LL R
Rhodotorula sp. C11 A& a] 411 il 4y 2955 i 127 A4 A= 4
(ZEI4E, 2012). ABHFERT B 2058 R iz
P B X5} 40 2 0 AR G 3 0 56 R G 88 S L R s ], R
HAEL 25258 T A 26 A= T 70 o

VAT EERE C1L; W LBRIE 1 BRI
XEHS  2095-9869(2015)06-0107-06

1 #MH5TE
11 EEE

T PELLIERE C11 MR 42 18 53 25 3845, iR 41
A B0 ) 2 0 R R B A BL LG B Shewanella
marisflavi AP629 Fll%=35K1& Vibrio splendidus NB13
A A K (AR, 2012).
12 ZEMHRE

Ve HERE 2 2 (1-2 @) dEAT I8 TR 1k 19 &2 2 b
IRE 80 k4 S HIFRAEEA 70 L ik JEHE/K A9 100 L
SR, B 10 3k, JKIR 14°C, BHE 14d. TR
S5 ME T SR E A 107 CFU/m AFE B ik
(10 3k), FMEEHRR 10° CFU/g BERH30 %), A H
ML 1R, X R 2 A ) U AR FER K (10 %),
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PRI REN(30 SK)(F 1), id5% 30 d FRAH L FE P 4
%ﬁﬁﬂlﬁﬁtﬁm I B B RIZ A SRR 5%
B, &2 d #oK 172 MR BRIR I e 2648

x1 HSEMESRUEFEHM(g/ke )
Tab.l Formulation and chemical proximate composition of
experimental diets for sea cucumber Apostichopus japonicus
(g/kg dry matter)

247 Ingredients /E\i
Concentration(g/kg)
K1 Soybean meal 100
18 Fish meal 80
I ¥k Sargassum sp. meal 250
J S v 4 Degumming kelp powder 300
F A Maifanitum 100
£ ¥} Stone-powder 165
Z AR B Multidimensional premix 5
#MLEE 3T Crude protein 163
HMLUIEN Crude lipid 55
HMLEF4E Crude fiber 161
HUKY Ash 308

1.3 SEERNH &S5RI

PR PE LD RE CLL B FP 18 2R 1 ) 40 1
(YPD)RRK: 2 dkrp, 25 C R ZEm IR 12h, 4iE
Wi Lk 4000 r/min B0 10 min, 20T A PRER K A
SERCE TSR, BINEILh SRR, #4101, 10°,
10° CFU/g & itk

BERRE LN BAE KR 14°C oA FE 3R 14 d IFIR TR
MG . PEHE(1.374 £0.558) g i FEHL B 12 4
BT UEEK 100 L ASERHEH, AL 50 k%1%, H
3 ANHEE (2 T PR RE R AR 3 S 4 —2H 4 2,
I 3 AT, B HBE 1R, R E NSk E
1) 5%, & 2 d oK 1/2 FFMR K BRER I S e fil 5
WIRIEEE R 7-14°C, pH A 7.8-8.2, LA 33-34,

1.4 HEmRESLE

SRS R G , WS 2 5 — A 1K)
i 16 h i AIE N AEYHEZS . BEALER 5 Sk4hZ K
PR sk, Sr R MR, ORI 500 pl
T AT 25 AR FRBTEE 71 (0.02 mol/L EDTA, 0.34 mol/L
NaCl, 0.019 mol/L KC1, 0.068 mol/L Tris-HCI, pH 8.0
(Xing et al, 1998) . H, RG], B 300 pl fik

FWE SIS, Tl 4% AR IE W AE 6000 r/min 5.0 10 min,
B, W0 L T B (LSZ) Fl B — AL A5
(T-NOS){if 775 VLI FH A i 20 8 55 3 7.(0.001 mol/L
EDTA, 0.34 mol/L NaCl, 0.01 mol/L Tris-HCI, pH 8.0

(Xing et al, 1998) ik, 4 F AR TE VKA M 75
WA SR, SRS E 10000 t/min F #5010 min, I
T VRN A 20 i 2R W (CLS), 20 BT L LSZ #1 T-NOS
W RIRTBUE I, AR, INARA 9 5 IR
(WIV) TS (A BLER K B A, AT R 2 AR 20,
5 W B 06000 r/min, 4°C, 10 min), W& bi%
TR I AL RS 7 i g
1.5 ZEBAESENE

J a8 b AR s i P R A I e R
=2 ¥4 1 (Bradford, 1976), FH4- 107 B2 EEAR I .
1.6 HULEEFEANE

RS ZE P TR A SR R TS T 0 R 1 e A A
FHE A B 7 Az 7= 103500 & 7 i, 5 5 BRG] 6 150 B
%i&ﬁﬁéf’ﬁ 1 AR AR S 77 55 oA pH 8.0,

ST, i R 2 SR VRS B IO B AR L
0.003 Fﬁﬁﬁ%ﬁﬂﬁﬂﬁg s 1 UE R BTG 7 B LR 37°C
T, Wi A2 E A S IEYAER 30 min, Ki#
10 mg € FIT 75 () Tl £

1.7 SEIBIEMNE

A Hannam 2520104 77k, 833 I % HpE2r

Ik ) PR TG R A A A s 40 L ) A WG T, AR
2 0T TR R R 1% A W WS ok A o i AR, L
50 pl b bR 2 T AR 1A I O R RR 20 I A R R
W5 TG 1o LSZ 3 1 DAV BE SRR B R T W 4
% Hultmark 5(1980) W7k #EAT, JFmbiekt . M
0.1 mol/L .pH 6.4 AR £5 2% v iR Bt SR 1 (ODs70 pm=
0.3), H 300 pl 12 T4 P E K T, FOmA S pl
FRAE TR ST, ME A, SRIERHSE A 37CKIB
PR 30 min, HUH S ZIE FrKis o 10 min DI
1ROV, WH: A {E . LSZ 3% J5 U=(A—A)/A. T-NOS i
7 I A R R e R A R W A AR
b, P BRGNS I B T RAE, 14 T-NOS #E )
BN E XN E P A R 1 nmol NO Jr s 22 1Y Bl

1.8 BEZiITSHT

AT SPSS19.0 Bk AF#EA T LR 3R J5 2543 H1(One-
way ANOVA)LL K Dunncan Z 8 ik, 45 R USEYEE
FRifE 2 (X£SD)Fn, 4 P<0.05 BN W ZEF %,

2 #R

2.1 ZEMHIKE
RIS H LS ES AR A 107 CFU/mI &R
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0.1 ml, #MEETEM 10° CFU/g BERE, 1RFR 0% 30 d,
RGN AL S TR R MACT- S, R
LIEERE C11 7RIS IR B T R X R4 —FEXT 4 S o 77 .
22 ERFRMEFEIES C11 MHSELEFEH
A
S HELIRERE C1110*, 10° CFU/g, A
TR F S 7 B2 T X IR ZH (P<0.05; 18 1); SXF R4
Feds, THRP AL, CL1 10* CFU/g, Al {#i4)
2 38 UE A B 0 R 25 (P<0.05;5 & 2).
700
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“He
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JBEE R
Trypsin activity/(U/mg protein)
S 8
S S
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(=3

(=]
T

0 4 5 6
TR TRLLRERE C11 &
Rhodotorula sp. C11 levels in the diet/(Ig CFU/g)
Bl 1 LR CLL X 42 hiE
AR P 6T 1 5 )
Fig.1 Effect of Rhodotorula sp. C11 on intestinal trypsin
activity of juvenile A. japonicus
AR R FOR 22 57 . 3 (P<0.05),
RZELRIRIREZE(n = 3)
Means with different letters are significantly different
(P<0.05). Error bars represent standard deviations (n = 3)

2.3 (ERIHRIEELRE Cl1 4SS R IgtRHI T

WSFMMFPELIBERE C11 10° CFU/g, IARIE4NffY
WG 1 B = T AR (P<0.05; [ 3), SRR
PRS2 g, BMIETELIREEE C11 10°, 10° CFU/g
W12 HA B AR T TR (LS Z) 1 1 (P<0.05; &
4A), PELETELIRERE C11 10* CFU/g, 413 CLS BA
FrEiY LSZ 1% J1(P<0.05; [&] 4B); HEMEPELIRERE C11
10* CFU/g 4hZA 1 T-NOS 1% 77 i 4 hn(P<0.05;
5A), RMLEEPELIIERE C1110%, 10° F1 10°CFU/g, 4
% CLS 1Y T-NOS i /1 i #F £ =(P<0.05; &l 5B),

3 i

NS Nl A A, WG H . SOk Al AR

0.16 -

012+

0.08

TEMTEEE )
Amylase activity/(U/mg protein)

e H®

004 _T e 28 -

0 4 5 6
TR IS ELIRER: C11 T |
Rhodotorula sp. C11 levels in the diet/(lg CFU/g)

K2 MTRLLEERE CL1 X412 1 U 3 B 3 0452 )

Fig.2 Effect of Rhodotorula sp. C11 on intestinal amylase
activity of juvenile A. japonicus

TR 1 5 47 2 5% .35 (P<0.05)
P2k JRBRIER (n = 3)
Means with different letters are significantly different
(P<0.05). Error bars represent standard deviations (n = 3)

e
(=N
£ be
z b I
T I I
29 2f
# 5,
K g
L 11l
g
E 0
§ 0 4 5 6
N TR R PELIRERE 11 S i

Rhodotorula sp. C11 levels in the diet/(lg CFU/g)

Bl 3 MTELLEERE CLL X424 WIS I 5
Fig. 3 Effect of Rhodotorula sp. C11 on phagocytic activity
of juvenile A. japonicus
ANF YRR 22 53 .35 (P<0.05),
RELRFIRIFUEZE(n = 3)
Means with different letters are significantly different
(P<0.05). Error bars represent standard deviations (n = 3)

fifi(Fu et al, 2005; Gao et al, 2009; FE%E%: 2010). %)
SO I I 1 B AR A 9% £ Metschnikowia sp. C14
FUIl N A F 308 B Hanseniaspora opuntiae C21 [
TR, JCRAE R R AR A TS ) B P S (Ma et al,
2014; Yang et al, 2014), AWFRLEER B, R TR
I AELLRERE CLL Rl 42 M 1 e A 11l R Ve o il
T 77 RN, X AR T REAE SE LR A A i, 2
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7t c b
= 6 L 2 4t e
= b i = b
I I =S T 7
e £ T - S mE 3k,
®E 4 i &g I
g;‘; %gu N
520 a1
1F
0 . N P N . N . i O . N D N e L T
0 4 5 6 0 4 5 6
TR LI REEE Cl S R TR LI RE C11 ST &

Rhodotorula sp.C11 levels in the diet/(lg CFU/g)

Rhodotorula sp. C11 levels in the diet/(lg CFU/g)

K4 METRLLEERE C11 XF I 2 1A T (A) RIS 5 200 L SR A L (B )V T T 146 ) 52 i)
Fig.4 Effect of Rhodotorula sp. C11 on lysozyme activity in coelomic fluid (A) and coelomocyte lysate
supernatant (B) of juvenile A. japonicus

AR F R R 25 57 B3 (P<0.05), IRELFRIRMELE(N =3)

Means with different letters are significantly different (P<0.05). Error bars represent standard deviations (n = 3)

8r A

i L

HB— LA EREE S
Total nitric oxide synthase activity/(U/ml)
S

0 4 5 6
R HELI B C11 S R
Rhodotorula sp. C11 levels in the diet/(lg CFU/g)
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g5 4 b
4@3 I
]
< 3 .
g% . s
¥s3 , T S
L5 | [ [
8 PR
e 0

0 4 5 6

TERL G LR C11 R

Rhodotorula sp. C11 levels in the diet/(lg CFU/g)
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Fig.5 Effect of Rhodotorula sp. C11 on total nitric oxide synthase activity in coelomic fluid (A) and
coelomocyte lysate supernatant (B) of juvenile A. japonicus

AN FREFR IR 22 57 1 35 (P<0.05), IRZELKFRIRHEZE(n = 3)

Means with different letters are significantly different (P<0.05), Error bars represent standard deviations (n = 3)

RLHbL, 3 A g A (2 R TR BE TR RN 1 A 8 ) 9 ol T T
T 000 T A 30 i DX T I ) S G, 3k £
A0 IZ X B T A RIS 1Y) 1 2 3 0 A 5G (Macey
et al, 2005),

— Ny, G Sz iE R, S8 e WO
RN 7 A A he g Dt v o R B TR R R I T B
M2 . etk RMZHE RAFRRIR . e RJLH4E, ]
T B TR A S B 5 DR R R A 3 il (Sajeevan et al,
2006; Reyes-Becerril et al, 2008; Sarlin et al, 2011;
Divya et al, 2013)., AWFFEIEN, R ds i 2r

Ry C11 MRl 2 HA G R

A 40 6 A B2 50 0 A R e R 407 1 B — 3
sk, AT | 5 AL AR A 9 B9 VR T (Glinski
etal, 2000). THAR}HHds Ay ERE C14 A A 1l
DURMRERE C21 BEMRZN 2, AT 4 oy LA s 40 L %) 73 e 7%
Ji(Liu et al, 2012; Ma et al, 2013), A5 E£P, 42
PO BRI LTIERE C11 A TR, AR s 40 1) 7 it
T R B, 43k6H Sparus aurata $EMEIY
b 1% 1 FI] % £ Debaryomyces hansenii CBS 8339 14 d,
HESL B 41 A A A W ) 2 14N (Reyes-Becerril et al,
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2008).

W)z A e s 5t HARE AL 32 2 0e i
A 4 B SR 22 TG BH M 400 T 40 i B e b SR 2H )
N- B B A N-C BB IR 2 [j1 1) B-1, 4 BT
SRR KA, AE AR R S S8 4 TP B R R
A(Jolles et al, 1984), #H , WAL S5 R 322 A7
TE T R 1 4H B RN 44 i W (Canicatti et al, 1989;
Shimizu et al, 1999)., AWF5Eh, SXTHRA LI, 1A
WS PE A FERE CLL TR 2 SR AT CLS i
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et al, 2006; Ottaviani et al, 1993), 7R Mg 47 1%
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Effects of Dietary Supplementation of Marine Yeast Rhodotorula sp. C11 on
Digestive Enzyme Activity and Immune Response in Juvenile Sea Cucumber
Apostichopus japonicus

YANG Zhiping, XU Zhe, ZHOU Qian, ZHANG Cuicui, SUN Jianming”
(Dalian Huixin Titanium Equipment Dev. Co., Ltd., Dalian 116039)

Abstract Here we conducted a feeding experiment to investigate the effects of Rhodotorula sp. C11
on the digestive enzyme activity and the immune response of juvenile Apostichopus japonicus, and to
explore its potential use as probiotics in the aquaculture of sea cucumbers. Rhodotorula sp. C11 was
added to the diets at the concentrations of 0 (control), 10*, 10° and 10° CFU/g feed. The juvenile sea
cucumbers were randomly allocated in 12 plastic tanks (100 L) with 50 individuals per tank. During the
30 day trial, all experimental sea cucumbers were fed one dose of diet per that weighed 5% of their body
mass. At the end of the trial we measured the activities of the intestinal digestive enzyme and
immunological parameters of the sea cucumbers. Data were analyzed with one-way analysis of variance
(ANOVA) and Duncan's multiple comparison of the means with SPSS 19.0 software. A statistical
difference was considered significant when P<0.05. It was shown that comparing to the control
Rhodotorula sp. C11 at the concentration of 10* and 10° CFU/g feed significantly enhanced the activity of
the intestinal trypsin, and at 10* CFU/g feed, Rhodotorula sp. C11 boosted the activity of amylase
(P<0.05). Rhodotorula sp. C11 at the concentration of 10° CFU/g feed also increased the phagocytic
activity in coelomocytes of sea cucumbers (P<0.05). Moreover, dietary Rhodotorula sp. C11 at the
concentrations of 10° and 10° CFU/ g feed significantly elevated the activities of lysozyme (LSZ) in the
coelomic fluid, while that at 10* CFU/g feed increased LSZ activities in the coelomocyte lysate
supernatant (CLS) respectively (P<0.05). Comparing to the control, the activity of total nitric oxide
synthase (T-NOS) in the coelomic fluid was enhanced by Rhodotorula sp. C11 at 10* CFU/g feed, and the
activity of this enzyme in CLS was elevated at 10*, 10° and 10° CFU/g feed (P<0.05). Our results
indicated that live yeast Rhodotorula sp. C11 could improve the activity of the intestinal digestive enzyme
and activate the innate immune response of A. japonicus, therefore, it could potentially be used as an
effective probiotic in sea cucumber farming.

Key words Apostichopus japonicus; Rhodotorula sp. C11; Digestive enzyme activity; Immune
response
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