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EYFLAE (LP HMX-3) JARISE4C, Hi,
IR MAE R A RSN

IHE, BRA, #WHT, RER’
(1. TR R, WL 73 3152115
2. REEEBE G W RO, R WE  264003)

WE: W HERXHEDIAAE LPHMX3 st & £ K. HimlEd. 2RI hhEE
B, WEMEEREN (422+0.05)g 7 fl &, FALL K X E 4 (C 41) #2 LP HMX-3
4Bl 10° CFU/g #y LL #4142 10" CFU/g # LM 41, $4T A 8 At L. £ R LT,
OLPHMX3 R E# BT H RS WAKE. HEFURSEEKF, HLL 404 KT
i, QLLAW e R LM AWk isErrEe T C4, ity LP HMX-3
TR G R S 0 A F % GLL 4 LM 414K Ji ik 6y 78 1k 5% B B o it A (L A0 B B 1
MR IM AW B Ma BB E ey 5T C4, i, LL 4 LM 44K 5 4 1 4j-pl05
Fn Aj-catalase A E UK LM 4 4-C3 (k82 F 5 T C4, 8 LP HMX-3 T #4538 {5
R B W %% A, @ 16SrDNAVA XM F o 41, a ZHMEHEKE R, LPHMX3 B E# 5
THRSHERAENESTEAYAE, ELLARLMAZETA; BEERINET,
LL 4750 LM AW i tma oL, EWHEFRRE T C4; ®@fFTAFL, LL 442 LM
AEBENEFELERTCA, LLAREFHITFEURLL AF LM A8FFE 1. EET
#n Campilobacterota £ F ZF & T C 4, BAF L, LLAMIM AAFEE. NEAFAEE.
HREEFAREENEEETC4, WY LPHMX3 R ERE T HH SR ESEHWEE,
ERERXW, ARFAMELAAFE LPHMX3 TURH#GRSHAK, A—FRE L
REHR Sy WREEY, HEPHWATHEMENTR. L, AFETH
BAEBERTREAFHNARBEAIFRZERE, FAIKTRARETLREFTN
B,

XA RS, EAAATE; Ak, Ml Rl BEMED

hETES: S917

1li§1%: (Apostichopus japonicus) & T H K 5
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Ay — R A AR IR T2 R T
IR ORI R A LS

4l FAO/WHO AV E X, 4 A TR 2 — il
FEG G R0 8 E A a8 IS TEE Y . Hor,
FEWFFT I (Lactobacillus plantarum) J&— AR
B2 PR . AR RCEE AR IR A i 2B T, B
PR SR M T, T R K B ) A P
Aefs i, HACH ™ AERMAILR., MEER. o
S A0 A W o nT A e ) AR Y, Il s
M0 A RELAS S SRR A i b e b B R
HHr, Cf XTI FEAE AR 220K ™
S g A E S . RN EEEE (Brachymystax
lenok) *v, AEY)FLAT T AE 1 25 18 40 68 e 14 4 o
AR, ARUEARY, EW Y @i s Y
ok . SO A S B EEE IR L, A 3tk
T8 W) 3L AT W 25 % FL 98 3% XF 4R (Litopenaeus van-
namei) W BUREAMEER, I8 A g6 6T
XoF 0 fin 8 A o s D R Y AR R FE B . ek, A
PIFLAT TR RESE 5 7K™ 2l W A A R S 1 S S
FF R T W 3B A A5 . #1140, Van Nguyen
UM PIE AE Y FUAT R AR L-137 T e
% B AR A (Oreochromis niloticus) fal Bl % 1 Jg &
AR, R IAOAR PS5 A0 M A e 3 P 0l
Hh U R O M W B s Zheng BT BFSE LN
FE ) LT T JC 240 45 B R A T 35 TR B AR R
5 LG TR ) BB R R R, B B £
AW T, BRI EOR, M FAT R EA R A
K. e MR miE AR RER, K™
FRHH T AR WG 1o SR, AV FLAT A
X0 2 1) g A= A FHRIBIL ) S A i

AR 52 55 2 A N 0 2 1 3 v A B AR A — Ak
MY FLAT I, 745~ LP HMX-3, 3 i & h 52
TR EA — o iR 5 PR A ER v, ATHE 30 1Y
TR, EARLE D, e TP A
| ¥ & (10° F11 107 CFU/g) i) LP HMX-3, #F5¢ H:
XGRS AR AERE . MBS PE . RBERe I
EEHER R, LA LT B AR R SR
1 1 A2 OR S I, IF A ) FLAT T 7E
Z:F%5H T i I P A At S

1 MEE A

1.1 SCISMR

SIS T AT RS 420 A G TR X O
FEY, SCERTTUATET, KiRISE T (17+2) °C B
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IRAEIR R e/ 5% 2 JA LGk i R8s B R i ) R
FRR AR S mg/L VL L, A H 4K 5 5 SL b i k)
(M 5 T IR TR PE B A BR A ) FieEe , iRk H
M A R SR Y 2%~3% (N 5 R ) o

SEIG AT LP HMX-3 S AR S5 28 (4% 588 1 1k
WA RIS W38 e Ak, 28 16S rDNA 7552
HAMEP AT . WO FP B LP HMX-3 4% 2% 1)
ool 4 Fh 1) MRS 55558, 28 °C # B 55% 24 h
JGIBERY KEFE, 4°C, 4000 r/min &.0> 10 min
e, WCERIR. HITCH AR K e, R
ODgo=1, RAPHOTEEY AW, B
% 10" F1 10° CFU/mL 5 @ m B fil Sk, &
DAL EC I
1.2 LIt

iflzasE 2 F)E, PRk, AE2E R
/NI B 2 [(4.22£0.05) g] BEAL 2> B 2] 9 A4 3% 55 ir
(160 L) 1, T 30k, L E 1 MXTEY C
20 (0 CFU/g) Fil 2/~ 4b ¥ 40 LL 40 (10° CFU/g).
LM 4 (10’ CFU/g), F4 3 NEE . FE5 LK 3t
HEAT 8 JB, AR R 1K, BFIK 1/3~1/2 K,
I 5 5 A R S0 DA B i) S0 I S A BRAR L, g
2 AR 2 A K 8 b

1.3 #H@mXRE&E

FRIH LA G, A58 24 ho HFHURRERL 43
BRI 2, 43900 S BBOF R E, R E R
(weight gain rate, WGR). FF & 4 K % (specific
growth rate, SGR) FIFEE 3R (survival rate, SR) &%,
M C. LL Fl LM 4/ &4 FA7HC 10 S0 0 2 H
THERCRAE o T TCR ST A% B 07 0 2 1 b R
R 10 mL, FFZ0U2 300 Hifigd 9. Hr,
2 mL AR T 4 °C. 800 r/min K &.0> 10 min U&
LRI, FF A 1 mL RNAiso Plus(TaKaRa,
HZR), FTE e Rk, a4
AT s AR W T e e B N, RRAL 6
DPAT. A, WEGTRIZ I EA L, HICH
PBS(0.01 mol/L, pH 7.4) w5 FHIELK W+, H
FIALBEG I 2, B 6 P41, [REE, WDy
fZhiE, HTBERBENINE, B4 5117,
Fin WA G, BIIRAFE T80 °C ¢l
L4 1EARE

A Ko AR T
100%;

WH A (WGR, %)=(W~Wy) Wyx100%;
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FE 4R K (SGR, %/d) = (Ln W~Ln W)/ tx
100%.
Ao, N R R S0 e 6 o I A T R 2 A
k), Ny MRS m i S R W R
W 535 R 5 R 2 1 B 2R FIRI IR IR TR (g); ¢ o0
FEFE LI AT I KL (d)o

Bl 7 PR i e m AR W T AR 5T
BBy Ak ) & (A060-2-2,  A059-1-1, A001-1-2,
A007-1-1, CO16-1-1, A080-2-2 I A054-2-1) 43 5]
DU 77 00 2 0K s g R PR i IR T (ACP) L Bk PR
FR M (AKP). 8 A L4 fL B (SOD) Filid & ik
fifi (CAT) [ 1 LA K B 3 vh U B g (AMS) . JiR R
1 /i (TRP) FS i B (LPS) IS PE; RIHE &K
AW ARA BRI BCA 8 1k 5 150 &
(PO012) M2 £ FH M FE

F AR KB A F 6y m X F TRI-
zol YL LA I SR s 4 ML 7 5 RNA, HH 0.1% Bt
REPHHEHEE L 9K A1 Nanodrop 2000 i 5413 6B EE
i1 (Thermo, &) I RNA SE#& P fn4ti g, LU
RNA MM 54 554 L cDNA, 3T ABI 7500 3
K & 7 LK 22 48 (Thermo Fisher A #], 3EH),
K SYBR green 1 J5 16 2 #e 8 3E K 47-p105.,
Aj-C3 . Aj-catalase [ A X} £ 15 & (& 1), & &
PCR By X WA 2} 20 pL, FHh 4% 0.4 pL 9 1 F
WiE5 14 (10 pmol/L). 6 pL #54% . 10 pL SYBR Mix
[ F1 3.2 uL /9 DEPC 7K o W2 ¥4 50 °C 20 s,
95 °C 7 min; 95 °C 7 10s, 60 °CiE ‘k 30 s,
40 NMIGH . SR 2702 SRR H Y 3 PR B AR T

K,

®1 ASMEMEREESY

Tab.1 Primers of internal reference and target genes

HIZER 540

genes  primer name

751 (5'-3")

primer sequences(5'-3")

P-actin actin-F TTATGCTCTTCCTCACGCTATCC
actin-R TTGTGGTAAAGGTGTAGCCTCTCTC
A4j-p105 p105-F GCAACACACCCCTCCATCTT
pl05-R TCTTCTTCGCTAACGTCACACC
Aj-catalase catalase-F TCCTCGTGGATTTGCCGTGAAGTTC
catalase-R GAGTCACTGGGTTCCTCTTCTGGGT
A4j-C3 C3-F GCGTTGTTTCGTTCAACAAGGGGA
C3-R GCCATTCACTGGAGGTGTGGCA
P& f A Al {fifi] FastDNA SPIN Kit

for Feces(MP Biomedical) 12t 51| & $& B {5 il = I i

R E K7 2: 2 E /) sponsored by China Society of Fisheries

A= W 9 &L DNA. fifi FH 5149 515F(5'-GTGCCA
GCMGCCGCGGTAA-3 ") F1 806R(5 - GGACTAC
HVGGGTWTCTAAT-3") § 3% 16S rDNA ¥ V4 X,
FH 1% B He b B e v TIOR3 15 2R 15 1) PCR 7 ) 2t
A7 DU IV M1, OKG B 2 1t J5 7 Novogene [
Ilumina MiSeq -5 L#EATIMF 5007 . HARFE
Z WA N T

15 Zitoth

FREER LI EEARMEZE (mean + SD) IR .
IS GE TR SPSS 26.0 Xt SEH A 1T L R R
53 HT (One-Way ANOVA), 24N [F 4L HZH 2% 7
2 (P<0.05) B}, >R Duncan [RiE/ELH LB IMT S
ARFFARAG T TR EL P oo, 5L
i AR AR N B B SF GBT2018 18 FREALE
I BECT U R 22 S5 Bl W b T R R
PAT

2 4

2.1 EARHRI LP HMX-3 SH{ARIS 4 KMk
SEA!

] WS [ vk B 1) LP HMIX-3 475 3 2 4 K48
PRRIAETG RS 245 R R, FRIESEIES RS, T
HHMTRI SR EA BE2ER (P>0.05); LL
AN LM 20 2R | B ER DL R AR KR Y
WEET CH (P<0.05), H LLAMA KIgtrE
FLM4A, HLLAM LM A ZEEE BE 2R
(P>0.05)(% 2)o HZERTLIE W, Wk Em Lp
HMX-3 Xl S i A K B B E R EEER, R
T BE X S A K AR

2 ARFEARM LP HMX-3 AR SE K aERI#2Mm
Tab.2 Effects of LP HMX-3 supplementation on growth

performance of A. japonicus

217 groups

¥8Pb5  indexes
C LL LM

YA /g initial body weight — 4.18+0.03  4.27+0.05  4.22+0.02

%fKTE/g final body weight  6.19+0.09° 7.20+0.42° 6.88+0.16"
HMEH/% WGR 48.18+2.80" 68.45+8.58" 63.34+4.66"
2 4 K% %/d  SGR 0.70£0.03°  0.93+0.09" 0.88+0.05°
TEIE#/% SR
VAT AR RER R AR IR 25 ¢ 535 (P<0.05)s FIAl.

Notes: Different superscripts in the same line indicate significant
difference (P<0.05); the same below.

93.33+£3.33  93.33+0.00 93.33+6.67
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2.2 ARRRI LP HMX-3 XA RIS 58584
[y )

LM £ Jiz 16 (% Ji 7 il 3% % & 2 &5 T LL 2 0
C 4 (P<0.05); LL A€M B, H 2%
BT LM 411 C 41 (P<0.05); 4% 40 =2 [a] 1 Jj 2 1
Filg 76 PR A 3 2 5 (P>0.05)(35 3). 45 EM,
TpEE AR i LP HMX-3 A Bl 46 i 05 i = i i v
AT AT P

3 ARFTRIN LP HMX-3 X5 %S M8
THUBEE MR

Tab.3 Effects of LP HMX-3 supplementation on digestive

enzyme activity of intestine of A. japonicus

b7 5 groups
indexes C LL LM
AR Wi §/(U/g prot) 1.13£0.13° 1.1040.19° 2.69+0.22°
LPS
Lﬁ]\'ﬁﬁs/(U/mg prot) 0.46+0.072° 0.62+0.10° 0.45+0.089"

J 2 (I EE/(U/mg prot) 1269.02+122.75 1285.49+239.87 1394.59+455.75
TRP

2.3 ARRI LP HMX-3 XH{ARIS AR R
EHE LB E M AR

Al M AS [] 9 B 14 LP HMIX-3 1] DAAS [ 72 BE 1Y)
PE 0 S AR R S M R TS M (3R 4). LL 410
LM 41 {4 Jis Y 1% Bk 1 ol e il 05 1k B T 4l
(P<0.05), H LLAHM LMHAZ A A 5 &£
(P>0.05); LM 4R PEms fR i s 1 o & = T C 4
(P<0.05), LLZHA1 LM 41225 R B & (P>0.05);
F AR ALY LR A B ES (P>

x4 ARTFM LP HMX-3 SHAR S8 ki
R EEE AT
Tab. 4 Effects of LP HMX-3 supplementation on immune

enzyme activity of coelomic fluid of A. japonicus

ki 27 groups

indexes C LL LM
Tl Tl R g/ 0.38+0.069"  0.74+0.098" 0.72+0.092*
(U/100 mL)
AKP
1 T T g/ 0.78+0.17° 1.01£0.31% 1.10+£0.12°
(U/100 mL)
ACP
HBA AL 106.18+5.22 94.82+18.59 104.22+18.50
a7
(U/mL)
SOD
JURaR =N 6.80£0.69°  27.17+0.22° 24.30+0.63"
(U/mL)
CAT
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0.05); LLAH M A A B E M Rm, HikE
IM4, 241z EREFEHNBEES T CA
(P<0.05).

2.4 FARRRIN LP HMX-3 X7 H15 4 B 2 Af
FREEXERFIEENEI

TR N LP HMX-3 0] DA A 78 B2 1 32 v
15 4 2 0 s 4t B v S 2 AR OGS D 3Rk i, v,
LL 41F1 LM 41 R 40 4j-p105 ik i 3% &
F C 4l (P<0.05), LL41F LM 2 [A%HA 3% 2%
5 (P>0.05); LL 41 05 il = 14 Jis 41 i 4j-catalase
B R IR K e, HUGE LM 4], 242 E2%
SEFEHHEEST C4l (P<0.05), LL4F LM
A v 7 2R 5 40 4)-C3 HE IR kK i T
Cdl, HLM 45 Cc %583 (P<0.05)(A 1),

COC EmLL LM

mRNA A% ik &
relative mRNA expression

S = D W A U N 3 0 O

4j-p105

Aj-catalase
I P
immune genes

1 AR LP HMX-3 3t /551 S 4 i 40 A 52 %
HAXERFREENFMW
AR AL B ) AN R b bR S B R R 72 57 B3 (P<0.05).
Fig. 1 Effects of LP HMX-3 supplementation on the

expression of immune-related genes in

4j-C5

coelomic cells of A. japonicus

Different letters between different treatments indicate significant differ-
ence (P<0.05).

2.5 BAEERSN

a ZHHESAT RIS E A TR
A RUFHI R 61 308~69 999 4%, it Hh—H: 1953
Br, ALK AR 1 649~5 574 4N HRAE 42 25 500
(OTUs). P52 miE R # Y o Z48EPELL Observed-
species, Chaol. Shannon. Simpson. ACE. PD_
whole_tree J5 ¥ AT PEAL o 45 R Wox, LL 4
LM 41 #J Observed-species, Chaol. ACE #1 PD_
whole tree 5 £ 3 . # & T C 41 (P<0.05), 1 H.
LLAKT LMA, H2HAZHKA BHEES (P>

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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0.05); LL 411 LM #H ) Shannon. Simpson $5 %%
mTCdl, HEHEUAZEEER BEZS (P>0.05),
o ZREPEZEIRFW], LL Al LM A i b ety
FEBEMYSEREG T CA, HLLAMK ST
LM 4 (% 5)

B ZARMSAT  EMFRIIHT (PCoA) AT LA
KGR A FIEA B REVE A2 4k . T INALHY Uni-
frac 5 2 19 PCoA F1 3E hn AL /) Unifrac B5 2 19
PCoA M, LL 411 LM 41 /9015 il 2 B 18 v 7 A0
©h, H5 CARN (B 2). BEoHdERTH
Rl FaE BT INALAY Unifrac 5 25 %8 M AEHE AL
f) Unifrac #E 2405 UPGMA B20Hral LIE H,
LL M LM R —103, Rig5 CHERN L,

&5 ARPRM LP HMX-3 3SR 2 858 5 B
o SHEERIE
Tab.5 Effects of LP HMX-3 supplementation on o

diversity of intestinal flora of A. japonicus

~ HE
b7 45l groups
indexes C LL LM

observed_species 630.40£157.69" 2 268.40+1 017.63* 1 910.80+1 087.39°

Shannon 4.34+0.81 6.62+2.05 6.22+1.61
Simpson 0.87+0.055 0.90+0.11 0.93+0.021
Chaol 760.23+182.20° 2 623.30+1 097.47° 2 215.65+1 159.34°
ACE 807.78+197.85" 2 711.77+1 101.59" 2 349.19+1 226.85"
PD whole tree  77.34%18.55°  212.68£90.41°  179.84+87.45"
0.8
0.6 +
04 p
/)
a X 0.2 ¢ &
b y
R
g 0
g 02 s LL
= C
—0.4
| ]
—0.6
—0.8 . . .
-1 0 1
TR 1
PC1 (80.25%)
(a)

K LL A5 LM 4l i an i BE & AL M= F C
2H (K 3)o H Veen BTSN, £ 409105 12 I 18k
AR I OTU A 726 4>, LL 44545 19 OUT %L
BHRZ (1564 1), HRELM4 (12031, &b
fh C 4l (690 1), BEZHEMMIZE R /R, LL
ZHH LM 20 B9 %) Fb 28 R 445 #6) AR 0L EL 7 R 2 AR
m T C4l. Wil R Z e B 3R IR R R
i LP HMX-3 A Bh 42 & 05 il 2 W 18 1 3 0 T 0%
ZAEME, WX R 2 AR R R
K.

i S 240 A Vi 2E B (5 R 2 W 1 A el A
T 79011260 151404, 3271 H . 498 M FL.
1116 MgE. 11KV L, fEfadrh, ZBIBHET]
(Proteobacteria) % 3= & f /&, IR ZJEBERE ]
(Firmicutes) . RIE W I TIIFELE C i m, Hk
EILM#4, HCHSLLAMIMAB R ELER
(P<0.05); JEEER T FEAE LL A/, HE C
HABFEES (P<0.05), HKELM4; i LL 4
A LM 4 ) #F % ] (Bacteroidota) . 5 3 ]
(Cyanobacteria) FlI Campilobacterota fit) = & i} & /=
F C 4 (P<0.05), HfE 2 MALHRL p A B &%
S (P >0.05), %4, LLZH M LM 4L HE ]
(Actinobacteriota) LA M R #1 I ] (Acidobacteriota)
FIEERET C4 (K 4, %£6). JRAKFL, S5
HAEL, LL 1A LM 4187 (1) 25 A TR A G T8 1Y
FEERm, EFLFT B (Lactobacillus) . RUSFT

0.6

04

02t /4

TR 2
(==}

PC2 (12.24%)

04 | =C

-1 0
FE 1
PC1 (38.68%)
(b)

2 HRISIFHEARESEEMRE LIRS (a) BTN Unifrac 385 (b) ETF KN4 Unifrac B2

Fig. 2 Principal Co-ordinates Analysis (PCoA) of the bacterial community from A. japonicus intestine (a)based on

weighted Unifrac diatance (b) based on unweighted Unifrac diatance

R E K7 2: 2 E /) sponsored by China Society of Fisheries
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LL

LM

05 04 03 02 01 0
@

C

LL

LM

05 04 03 02 01 0
(b)

3 FRIBIHERAEE SR UPGMA B2 (a) TN Unifrac FEE (b) ETF R Unifrac B

TR A PEEAR AR A A 11 S B 5

Fig.3 UPGMA clustering tree of the bacterial community from A. japonicus intestine (a) based on weighted Unifrac

diatance (b) based on unweighted Unifrac diatance

The branch length represents the distance between samples.

1.00

R E S
relative abundance
(=}

[9,]

o

0.25
0
LL
ZH 51
groups

HAth  others
W Campilobacterota
BRFTH 1 Acidobacteriota
W FF W] Planctomycetes
W #5¥[]  Cyanobacteria
P ] Verrucomicrobiota
m FFEITT  Bacteroidota
JUZEEE ] Actinobacteriota
B KA unidentified Bacteria
W EEERE]  Firmicutes
m ZIEHE T Proteobacteria

S

E 4 ARISEHESIIKFELROMEEEERE

Fig.4 Column chart of relative species abundance at the phylum level of A. japonicus intestine

# J& (Bifidobacterium) . $E¥KE & (Streptococcus)
MR & (Clostridium_sensu_stricto 1)(I&] 5),

3 Wie

i AR AR AR R AR ST N K
PSRN, HEAA O A sl A S PR A W
WSy, JEalEa S AR R AR . R R
PER NGy 2O i B = s,

AR, mPEH TSN 10° #1107 CFU/g 1)
M FLAT B LP HMX-3 A B P E (il S Ak K
PEfiE, H 10° CFU/g A9 88 I B AT A i R 2R
X — 25 15 DA g S R e BB FE (0.
niloticus) "' v I BIF 5% 45 R H A — 2 10 22 S
DRI ZH, Li ™ kB 2 R K FLER 1 T

https://www.china-fishery.cn

R EES AR, HAINES 10° CFU/g,
5T 45 SR 1Y 22 53 mT RES AN AOOIR IR . B A VR i =
HEHNEA L, —Bmis, MYFTE =4
QLR MY REFE YT, VE IR AN E
FEWGGRN o 5 — 5, AEYFLRT R AR S R LR
Y S IS AL, S BhOK = sh inse Xt 5 7=
SRR AR ST S, 3 S R R s T
LP HMX-3 ZJ5, 7 —ERBE Li#tm T HILUATER
[N T = )-SR I SN MR A4
WSR2
YERGETCEMES Y, il S = A5t
$E, FEAREEC RO RGORIRARIRE TR, L
ERFFEEM], AKP, ACP. SOD Fl CAT 1E iz 50
Y G g B A P R AR Y, Ho, ACP A

FRE K7 2E 4 E 7/ sponsored by China Society of Fisheries



EBE, &

K= 24R, 2023, 47(12): 129111

*6 HRSHEFIIKELNEBEBHNSH

Tab. 6 Distribution of dominant microflora at the phylum level of A. japonicus intestine

2171 groups

I
phylum C LL LM
ALHT]  Proteobacteria 0.9147+0.023 0" 0.2574+0.246 8" 0.4057+0.222 5
JEEER ] Firmicutes 0.0032+0.001 5" 0.3935+0.275 8" 0.2376+0.214 1%
unidentified Bacteria 0.0179+0.0096 0.0413%0.0159 0.0729+0.090 7
JAZH T Actinobacteriota 0.0012+0.0003 0.096 5+0.0778 0.089 10.0829
UFFF ] Bacteroidota 0.008 0:£0.005 6° 0.0702+0.058 8" 0.0409+0.0224°
PEME ] Verrucomicrobiota 0.0065+0.0046 0.0064+0.009 1 0.0632+0.083 8
W]  Cyanobacteria 7.7E-05+0.000 1° 0.0434+0.041 7 0.0195+0.0277°
## W] Planctomycetes 0.0073+0.003 5 0.0097+0.0208 0.0026+0.0039
FRFF# ] Acidobacteriota 0.0006+0.0003 0.0163+0.0124 0.0123+0.0098
Campilobacterota 0.0009+0.0007° 0.0049:£0.003 1° 0.006 8£0.004 0"
- URRERATEJE  Sulfitobacter 1.0
Marinicell 8'5
Marivita -0.5
Halocynt -1.0
EANIKEJE  Ruegeria
FRIILFFFEARL  unidentified Rhodobacteraceae

Shimia

| Haloferula

REAEE B Mucispirillum

2L/NBTE )R Rhodopirellula
FERATEEJE  Alcaligenes

Kini Rw-EBICHEE  Escherichia-Shigella
Lachnoclostridium

- Lutibacter

INENE R Gardnerella

unidentified Chloroplast

Lachnospiraceae. NK4A136_group

1 unidentified_Mitochondria

- JUFFEIR  Lactobacillus

PIAT R E B Romboutsia

Allobaculum

Halarcobacter

WIKH)E Roseburia

B EREJE  Ruminococcus

BERREEJE  Streptococcus

B SARK B 1 Clostridium_sensu_stricto_1
Colidextribacter

XUEAF W JE  Bifidobacterium

UCG-005

PURFRREJE  Colwellia

NENFH R Acinetobacter

DBS1

KA FHTEFFEFL  unidentified Flavobacteriaceae
Rubritalea

Persicirhabdus

c LL LM
B 5 {hRSHERBKELIMERERE

Fig. 5 Heatmap analysis of the species abundance at the genus level in the gut of A. japonicus
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Effects of Lactobacillus plantarum (LP HMX-3) on growth, digestion,
immunity and intestinal flora of Apostichopus japonicus

WANG Mengmei ', LU Chengjie?, YANG Dinglong >, ZHAO Jianmin >
(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China;
2. Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China)

Abstract: Sea cucumber (4postichopus japonicus) is one of the most important economic species of mariculture in
north China, but the frequent outbreaks of various diseases such as skin ulceration syndrome hindered the sustain-
able development of A. japonicus aquaculture. As an important part of disease prevention and control, probiotics
will hopefully replace antibiotics and be widely used in aquaculture industry. This experiment was conducted to
investigate the effects of Lactobacillus plantarum LP HMX-3 on growth performance, digestive enzyme activity,
immune ability and intestinal flora of A. japonicus. A total of 270 A. japonicus with an average initial body weight
about (4.22 + 0.05) g were randomly divided into 3 groups, three replicates for each group, 30 A. japonicus for
each repetition. The basal diet was used as control group (C group). Two experimental diets were obtained by
adding 10° CFU/g (LL group) and 10" CFU/g (LM group) LP HMX-3 to the basal diet. The feeding experiment
lasted for 8 weeks. The experimental results show that (DThe final body weight, weight gain rate and specific
growth rate of juvenile sea cucumber A. japonicus were significantly increased by adding LP HMX-3, and the LL
group had better growth index. @Compared with control group, the intestinal amylase activity in LL group and the
intestinal lipase activity in LM group were significantly enhanced, while there was no significant difference in
intestinal trypsin activity among all groups, but the value of probiotics groups was higher, indicating that LP HMX-
3 may improve the digestion and absorption of nutrients in 4. japonicus. @) Compared with control group, the
activities of alkaline phosphatase and catalase were significantly increased in the group of LL and LM, and the acid
phosphatase activity was significantly increased in the group of LM. There was no significant difference in super-
oxide dismutase activity among all groups. Besides, the mRNA expression levels of 4j-p105 and Aj-catalase in LL
and LM groups were significantly increased compared with that in control group, and the mRNA expression level
of 4j-C3 in LM group was also significantly higher than that in control group. These results demonstrated that diet-
ary with L. plantarum LP HMX-3 supplemented could enhance the immune capacity of 4. japonicus. @Al alpha
indices suggested that LP HMX-3 significantly increased intestinal microbial richness and evenness, but the level
of addition had little effect. The Beta diversity analysis indicated that the bacteria communities in probiotic supple-
mented groups were quite similar, while different from control group. ®At the level of phylum, the relative abund-
ance of Proteobacteria in control group was significantly higher than any other groups, while that of Firmicutes in
LL group increased significantly compared with control group. The relative abundance of Bacteroidota, Cyanobac-
teria and Campilobacterota was significantly increased in the group of LL and LM, compared with those in control
group. At the genus level, the relative abundance of Lactobacillus, Bifidobacterium, Streptococcus and Clostridium
in LL and LM groups was higher than that in C group, indicating that LP HMX-3 significantly increased the
abundance of potential probiotics. The results of the study suggested that adding L. plantarum LP HMX-3 to the
diet could effectively promote the growth of A. japonicus, improve its digestion and immunity capacity to a cer-
tain extent, and actively regulate the intestinal microflora of 4. japonicus. In summary, the results of this study
confirmed the probiotic effect of L. plantarum LP HMX-3 in A. japonicus, and provided technical support and sci-
entific evidence for its application in aquaculture.

Key words: Apostichopus japonicus; Lactobacillus plantarum; growth performance; digestive enzyme; immune
ability; intestinal flora
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