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(Poly-B-hydroxybutyrate, PHB)t - 3F 4 5 0k 5 5 f 7 % vm o % H S B 7R MR ok, kel i pt
A A A 1.0%. 2.5%70 5.0%8 PHB B4 & 523048 £, 7% 21 d J il € X IF R B vE p,
RKEREA S ax BAHATE A M EE, N E I H B MDA)EE, B FlA RT-PCR & A
WE B AME 48 h XTI R B X H KA KT, WEPHB A EER AL ENTH. ZRET, &
AN A (T-AOC)HE PHB K EAHEALE LA R THREASE, g, FEEEEZLY T-AOC 24
B4 2.5%. 2.5%% 1.0% PHB K J& B 3K 5| 5 & ; PHB AT i3 o 48 4010 4 B (L B8 (SOD) % /) £ B %
P, bk B R EB 4 d SOD VE 7 7E & 5 W E 4.(5.0% PHB) 5 it FE 41 = 5] £ 5% B 2 (P<0.05); LA
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POD A3t F 2t &4 2 5325 T 7.63 1551 0.68 15, LZM ¥ /7 4 745 7 0.88 X 0.18 £, & &Mt
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L BE J1(T-AOC) &Ml 1 WKL A AL il R 48 e AR BAE &R
GEXF AN AR T AR AR AR AR AR, 2005), ¥
P (LZM) 2 H 52 s AR S e e R B 24
RER AT, AT DAK A A 24 TG BH M TR A0 i e v N- 2 kA
BB S N- BERLBE IR 2 W] ) B-1,4-40 11 5, IR 40 g
WAMEE ., ZLRAMCEBLE, 2009), it 20
A0 FR S AT DA AR PN i I AR AR ) (MDA 9 2B B,
5| R A4 -

JFLARTEXT IR Sy 35 [ B 2 A 28 T SR B K = 3
PEE T B K= FRAEA T ) & o B A e % B AR 2
FUFRFE , FRAH R e S BK AR B TR, i )
A, H 2 ™ 2 UM E A MUY X R S 2o A v e
Sy B, Romano %£(2007). #E3£#(2007)" 1
Bucher %5 (1993)WF5¢ &, 2 A BEM IR K = 3h ¥ 1)
8 PRV, Il B Em A HIE AL, XK
FEIRIH S R (224 45 5F, 2004) . PRICRIA: K K&
BEA M6 4 5 FEH (de Freitas Rebelo et al,
2000; Chen et al, 1992; Koo et al, 2005), = 1%
A 52 3 W iR P9 Bt A AL T 0 A4 A0 4 FH O 3 41
JRORSE AR I, T 52 M 8 33 A (PR ZE 55, 1999)
Martinez-Cordova 45(2003)ffF 55 20, REAREAR
7 1 1T DA REAG LA e X6 0 1) 22 R HEE K

K B-F2 5 T MR WE (Poly-B-hydroxybutyrate, PHB)
S JH 518 W2 (Short chain fatty acid, SCFA)AYR A4,
AT DA g 38 93 K AR R L T B2 . SCFA EAA 4]
W . ALY miE pH (E AR HE 8 25 90 B oA 46
AR R, S P AT N s R AR ) i
FEPEHAS T (Mathew et al, 1996; Antongiovanni et al,
2007). Nhan Z£(2010)0F55 & B, etk & PHB
AERZ AL JE 2P G VA IR (Macrobrachium rosenbergii) (19 4=
£, WA FTiE & ERPIE . 54, PHB 7E—E
TR JE b RS2 5 b B X MR BT BEZE 5 AR B 1Y BE
FBHEM 5, 2014). ENSMFFT L EE T PHB XA K
FAMBEER, FOXAILAR &8 G 2s g Ao i A i

AHIFFE 3 FH 55— R IR G 6 R o ) FLAR TR I
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BYASMEWRE R 15 mg/L, T 0. 3. 6. 12, 24,

48 h LSRN, i) e UM AR . 22, WA TRAF -
RNA 2B 248l Trizol 32, HAAS % 5#1(2009)",
¢DNA & 88 J] PrimeScript™ RT Reagent Kit with
gDNA Eraser(TaKaRa)i{ | G171

1.6 ERMEXREEHNE

SOD. LZM. GSH-Px 5l#1i% it 2 MR XI55 4%
(2013), 18S JFFI S IR#EHIE(2013)”, CAT 5|4)¥51
Hi#E GenBank: AY518322.1 i%iT(F 1), RN RFS
1% SYBR® Premix Ex Taq™ II (TaKaRa)is 7] & ik 45
P BT SERBE 3 AT, AR 272 ki T
AEFE, fii ] SPSS H A ¢ K tE AT i RS AT

%1 RT-PCREZ3I#F
Tab.1 The primer sequences in real-time PCR

5|4 Primer 7% Sequence (5'—3")
18S-F TATACGCTAGTGGAGCTGGAA
18S-R GGGGAGGTAGTGACGAAAAAT
SOD-F TGCCACCTCTCAAGTATGATTTC
SOD-R TCCAACCAACTTCTTCGTAGCG
CAT-F TCAAGTGGCGATTACCCCTC
CAT-R TCTGCTCCACCTCAGCAAAG

GSH-Px-F AAGATGGTTATGTTCGGCAAAG
GSH-Px-R GCAGACAGGTGTCCAAATGAT
LZM-F TATTCTGCCTGGGTGGCTTAC

LZM-R CTAGAACATAGAGCTCGAAGTGGTC
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Fig.1 The activity of T-AOC, SOD, POD, and LZM in
different tissues of L. vannamei

+

(P<0.05)

Each pillar represents the mean value from three
determinations with the standard deviations (SD).
Data (Mean+SD) with different letters significantly differ in
the same enzyme (P<0.05)
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(P<0.05) SOD CAT GSH-Px
SOD (5.0% PHB) 3h CAT
(P<0.05) PHB POD LZM 3.54 3.35 3.35 GSH-Px
POD LZM 13.01 2.60 5.78 CAT
1.0% PHB 2.5% PHB 3h GSH-Px
POD GSH-Px
7.63 0.68 LZM 0.88 3h
0.18 PHB POD LZM 3
(P>0.05) LZM (P<0.05) LZM
2.2 PHB XM R&MEFELH MAD 2ERIFNT
LZM 6h Oh
2.5% PHB MDA (P>0.05)
PHB
(P<0.05) 48 h 2.4 PHB Xt & &AME 5 FL YR XS B 60 % B [F R ik 18
MDA (P>0.05) 58 38 Y
2.5% PHB SOD
MDA 6 h CAT GSH-Px LZM ( 3)
MDA 24h SOD  CAT
MDA 6h 43 h
3.81 1.56  (P<0.05) SOD CAT
48 h 1.21 1.18 0h
2.3 PHBXE&IMEEERHRBRERRIEZENZ M (P>0.05) GSH-Px  LZM
RT-PCR 2.5% PHB
2.24 2.36 GSH-Px
( 2
SOD 12h LZM
48h Oh 3 i
SOD
SOD PHB (Baeillusme
(P<0.05) SOD 6h gathefium) PHB
48 h
F2 SE&METAMNEMITREHLH MDA =
Tab.2 Effects of ambient ammonia on MDA level in tissues of L. vannamei
Haemolymph Hepatopancreas Gill
Time(h) 0 2.5% 0 2.5% 0 2.5%
0 15.443+1.209" 10.574+£2.094""  16.980+7.759" 14.079+2.524° 9.847+6.519° 9.712+4.269°
3 21.603+1.715 9.991+0.224>™  26.095+12.320°  17.921+£3.887*°  10.313+2.411° 10.001+1.659*
6 20.615+0.913° 13.802+1.003 %" 46.286+9.666°  38.711+4.623" 13.978+7.007° 11.800+4.289°
12 15.382+0.804° 9.521+0.633%"  21.573+4.828° 20.432+2.695° 12.007+2.846 11.000£1.507°
24 12.436+1.473° 8.214+£0.868Y"  18.097+7.063° 15.713+3.187° 12.034+4.869° 10.239+4.596°
48 14.128+0.904% 7.976£0.764°Y"  20.691+4.927° 16.6061.704% 9.282+3.121° 9.661+£2.719

(P<0.05)

(P<0.05)

*

MDA

Note: Data (Mean+SD) within the same column with different letters significantly differ (P<0.05), data with * in the same
tissue at the same point significantly differ compared to the control group (P<0.05)
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Fig.2 The relative expression level of SOD, CAT, GSH-Px

and

LZM in L. vannamei under ammonia stress
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Each pillar represents the mean value from three
determinations with the standard deviations (SD).
Data (Mean+SD) for the same gene with different letters
significantly differ (P<0.05) among treatments
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Effects of Poly-B-Hydroxybutyrate on Non-Specific
Immunity and Expression of Immune Gene Under the
Ammonia Stress of Litopenaeus vannamei

DENG Kangyul’z, MENG Xianhongzm, KONG Jie?, ZHANG Hengheng2’3, SHI Xiaoli?,

CAO Jiawang®, LUO Kun?, LUAN Sheng’, CAO Baoxiang’, LIU Ning

(1. Wuxi Fisheries College of Nanjing Agriculture University, Wuxi  214081; 2. Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao
266071; 3. College of Fisheries and Life Science, Dalian Ocean University, Dalian  116023)

Abstract Poly-B-hydroxybutyrate (PHB) is a polymer of the short-chain fatty acid B-hydroxybutyrate.
B-hydroxybutyric acid facilitates food digestion, absorption, and the protein and mineral utilization. The
bacteria-derived PHB can be potentially used as an alternative to the conventional antibiotics in
aqua-farming. Here we explored the effects of PHB on non-specific immunity of Litopenaeus vannamei.
The L. vannamei was fed with baits containing PHB at different concentrations (0, 1.0%, 2.5% and 5.0%).
The enzyme activities of the total antioxidant capacity (T-AOC), superoxide dismutase (SOD), peroxidase
(POD) and lysozyme (LZM) in gill, hepatopancreas and serum were analyzed and compared among
groups. The group with the best performance and the control group were selected for the ammonia stress
test. After the NH4CI treatment, we measured the concentration of malonaldehyde (MDA) and the
expression levels of related genes in tissues by using real-time PCR. The results suggested that PHB
affected the congenital immunity in the shrimp. As the concentration of PHB increased, the T-AOC
activity in the experimental groups was first elevated followed by a decline. The activities of T-AOC in
the serum, the hepatopancreas and the gill reached the maximum when the concentration of PHB was
2.5%, 2.5% and 1.0% respectively. The SOD activity in the gill and serum of shrimp fed with 5.0% PHB
was significantly different from that in the control group. In the gill and hepatopancreas, the activity of
POD and LZM peaked when the PHB concentration was 1.0% and 2.5% respectively. Compared with the
control group, the POD activities of the experiment group supplemented with 1.0% and 2.5% PHB were
7.63-fold and 0.68-fold in the gill and hepatopancreas, and LZM activities were 1.88-fold and 1.18-fold,
respectively. After the ammonia stress test, the shrimp fed with PHB showed lower MDA concentration
than that without PHB, and the difference was significant in the serum (P<0.05). Furthermore, the
expression levels of related genes were higher in the experimental groups compared to the control group.
Our data indicated that PHB could improve non-specific immunity of shrimps.

Key words Litopenaeus vannamei; Poly-B-hydroxybutyrate; Immune factor; Enzyme activity;
RT-PCR
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