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1A A E SR 4T B HGee-1 XTEERARTIERR |
M5 4#MA K B 8 E A B S0

#oW, BmRK, HEHE, & B, A fF,
#o&, FALZN, wERET, ® &
(1. oML RS B RV S 57 o [0 60 250 A R U A 52505, B 100081
2. IR RS B LR 0BT, AR R R 9B R T ATF R, s 100081)

WEE: & T W R A E F AT HGee-1 x4 48 i I . g AMEfn s B om, L
Tk BT B A (13.10£0.39) g & Fe 2, B Lo 4 HGee-1 R fm 41 Fn 3¢ JR 41, 7778 20 JA &
WEE KR, AXAMNERNT 2 0EFNFF (LPS). AK# A% (ALT). A E # A%
(AST). K AMKA A EEe, Xt B H VAT T 16S rRNA M 7, T8 B K U A 41 3t B 41
W EEHEEELE DS, AERMNAEHRL 2R KNEZLE A% (LBP). ALT.
AST W AFFn C3. CARXF K% E; HEXLHLNT HGee-1 EHEATLHHL &R, L
B D iy ALT. ASTH AP C3. CAXE KK E. 4R B, HGee-1 2t # 1y 3% & %
KR EDW; SxBAMLL, AR F A HGee-1 B 2 & K # 7% W & £ . ALT #2 AST
AF; B B HGee-1 AR m 4 7 B AMEAAK TR FF & EITATF L, HGee-1 W fm 41 1 4%
HETFELABAEWT 47.1%; ZRHETFELTBLHBD T 70.7%; &R KF L,
HGee-1 Rn A ¥ AT H B (W FE F bt A T 47.1%; FEBRFHE R LR EE
(B £ F AT BB M D T 56.6% F170.9%. F|F £ H 385 & 4 A 3 — % % 3, HGee-1
AmA WA E R ERRT A F L2 LBPEERASTAF, BX AT AEHMD
BARCIFCARE KA, GB B, HGee-l 5 AW L & HHE T ME MK T &1k
ALT #1 AST K F . #F R KW, 78+ 5 ok 2 3F #AT 8 HGee-1 6 4% 70 & 48 i AT 2 &
MFARUB G EEERS KRARIEEFHAFE HGee-1 W T—F M Al EE T #ip
b
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1754 KopE o R 45 4

A B 2% 5E 7 SR RHRC O 45 0 & S BOK
W) R A8 RS TEY, T b R R R AR A
Yeypfd et fE b R A EEAE Y, Wi R
ZAL AT S B0 A G P A R A B N
= (LPS) S &3 hm, Jf H LPS BRI A Wi
AT RE AT 0 P A0 R P R A i A AR R T
R T = N SE e e s b S R (P S
B 0 2 T b 7 B A BE o R A E O, e
FETR T,

T et v b 7 25 A TR AT A S A R L 3 [n) A
Jrik 2z —" W B ZE T B (Bacillus subtilis) &
KPR PR B S AW EA, 252
N RAEAK SR R, I B A SC 5 I B A A
ZEFLFT B A S AL S Jin 790 5 RE A8 B8 i K 7 sh
AR YERE . BURRE S . R TR AP A ML BE
J1, TRV A I HA oS i TR R L R B AR
GOIRE™, HSE, XTI RS e R
KRRl 50, X Hab 7R AWF
A B F IR AT 25 A Ty e 4t B, AT
4 b ik 55 T /K77 3258 . TG B £ (Danio
rerio) B R 5 M 8 B 1 5 a2 £ HAE W
AR — BB RIF Y 2 G B B £ AR
A 5 AR rp s T 25 A TR Bk 25 AR e i S i g iE
PRAEXT A AR K MERR L R e ) RIS 1 1 5
Mg 1% ARHIF 5 45 A TG R B LD A A AR R3S T )k
F R I B4 AT T HGee-1 % 88 iz T 38 . 1fi.
T AMA DL i T B RS, A T R Ak R
PR S
1 MESFE
1.1 E#HRMEAREE

i B2 FLFT T HGee-1 b AR 52 56 28 11T 914577
GrE AP AR apiE), HHEIRLRE: 40% 2k,
60% 5K, K B H E oK & R 60%, 2l 2 h,
TN 6% M2 . 4% BERER N 0.1% i R4
WA pHAE R 7.5, 121°C, & EZTKE 20 min.
B P F BRI Bl T AR R BRI 3, R 5%
B AE %0, 30 °C 558 96 ho K Y 11 HGee-
1 F KT F 1x10"° CFU/g,

il 2 T FERE DR AT N HGee-1 1Rk, I
RIARDRHI LA AN 1 Fin, MRAERTIN ISR, %
JniE=h 0.3 g/kg BIZH LLER INEE ol 0.2 g/kg B3 K
O, TR INER 0.3 g/kg AT IE RS
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F1 ARNEREARREERS
Tab.1 Feed ingredient composition and

chemical composition

HGee-14H

iltﬂ;n?s HGec1 ﬁtﬁ:rii
group
R4 (g/kg) ingredient
KB rice bran 100 100
[fi#  wheat flour 200 200
GH  soybean meal 200 200
SEFFHT rapeseed meal 130 130
E=fif  domestic fish meal 80 80
XSRS Chicken powder 80 80
YEWF  pork powder 40 40
WH DDGS 100 100
RHEZEAIATH HGee-1 0.3 0
[+ bentonite 4.7 5.0
MR ERIRER  lysine 2 2
FZAM methionine 0.5 0.5
SALNERH(50%)  choline chloride 2 2
TR — 445 monocalcium phosphate 20 20
Sl bean oil 30 30
VCRERREE Ve lecithin 0.5 0.5
1% TRE 1% fish premix feed™" 10 10
SA total 1 000 1 000
TEEFRBRO(THHR) main nutrients

HEA/%  crude protein 36.00 36.63
HLIET/%  crude lipid 8.38 9.12
7K53/%  moisture 7.07 6.54
HK531% ash 8.29 8.41

1.2 FESLE

S EENG F b BT e A gy, O
T 0L /KA RG T, &M 14d L
b, EEER TN (13.10+£0.39) g fHEFEHE , B HL

430 HGee-1 ZH AN FE2H . HGee-1 41k HGee-1 %%
T PEIE ,  TTX FE 2 DA FE A e R A R, PR

Fegz 20 8. RAMENLEC 3 NEER, 1M
) M R R R Y 3%, 2 S A RO Y
il 3G 2%, B R 3Kk (L 8:00, T
12:00, T/ 18:00), FEMFEIINE], K44 26.5°C.
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A & >6.0mg O/L, pH7.0~7.2 H&E A &<
0.02 mg/L, F5H S 5o 7E H B Al B2 B PRl
e B B AR 7l el e ] - 2 T Ak A RS
SO AR5 R GE VAN SR AT

13 HKEFMNE

A —RRESRE, Hatia24nh, W
EHAR TR, KA RTHR T

1715 % (survival rate, SR, %)=N,/Ny*100%

14 H % (weight gain rate, WGR, %)=(W,~W,)/
Wyx100%

Tk %L (feed conversion ratio, FCR)=W, /(W ~
Wo)

H #% £ % (daily feeding rate, DFR, %)=W; /[t
(Wit Wo)/2]
K, N WEKEE, Ny MWIRRE, W, W&
KU (2), Wy APIIRTER (g), W, W EHEEHE,
t IR KA (d)o

1.4 [EEEE AR KRN E

XPAR 24 h py AT R RO, BT Y
MLFE 4 °C F CE 10 min, #RJ5 4 000 r/min & .0
10 min, YR b2 0003 o AR A0 A I 3R 6 (R o
A RO BR 2 ) 8 VR U BT A I LPS
ALT. AST. BFMA KA BTG

1.5 F7EEEE 16S rRNA N F

AT 16S rRNA W7 VFAL W 18 B BE S HG , 7E
e JE— W EJE 4 h BOEE B N B (n=6), 16S
FRNA W P16 1 55 35 A Wy B 25 B AT BR A/ (o
) i i Mlumina MiSeq PE300 “F & 5 AL A4, FT
21k 338F (5-ACTCCTACGGGAGGCAGCAG-
3") #1806R (5 -GGACTACHVGGGTWTCTAAT-
37 fii FH fastp R4 X 5 4k DU P P 20 2R A7 R
{85 1] FLASH x4 #:47 §F 42 . ffi ] UPARSE 4R #iz
97% (AL B XT P F #E 4T OTU %25, F|H RDP
classifier X & 25 ¢ 5\ AT W AP oy 2 B, HE XS

Silva 16S rRNA #Ufit FiE (v138)"™",

1.6 THEMD&EEEEZE/EHAM HGee-1 31
END&EHEER

TG B BE 5 ) v #% $ IR Rawls %517 Fl Guo
GO BRI AT . MR AR — IR
MLLE Y 4 h 5, B RE ZH A HGee-1 4 i 21 81 /Y
WiEWNEY, B3 RBalEh— A, B
A (PBS) Wi, ¥ IR 10° CFU/mL ¥k B 4%
W B (n=6), FFF 28 °CHi5% 72 h J5 X
FEo PR EIEAEM B L 1 HGee-1 B W0 21
TH3BLREK D M (ZRIEE 4K) 10 T25 41
MoBG SR, (AR S 10° CFU/mL, X |
HAINTE, 78 28 °C AT 48 h Ji5 HUFE

17 RERD & EMEXIETRNE

EEAS T25 20 M K5 57200 i 5 15 2 TS 1 B
A — R, A 400 uL A= FEER UK, FEVK
WA, Lh12 000 t/min 2.0 10 min, W4 b
B, RIERIEHNER LPS), KNEREGE
F (LBP). ALT & AST iX#| & (Fg 5t & ik W 3
ARABRA ) B 158 B 700 2
1.8 ETENSHERAES

FH TRIzol 12071 (V175 5 Sy th 20 A= M R A B
8] $2 BUJC TR BE D £ 4> £ RNA, i | FastK-
ing — 257k F PR 3 K 4 cDNA 55 — 4% A Wi 7l IR ik
[ RRAACFHE db 50 A BR 2 ) ] 48 e — 5%
H. % DNA(cDNA), f#i F§ SYBR Green Supermix
[ RAR AR b 50) A FR 2 ] ] #F LightCycler
480(Roche) | #1779 )¢ % ft PCR(qPCR 5|) [ Iz,
5195 T3k 2,

1.9 HIEHH

FiE AT G it Bd 24 LY {45 1 1% (meantSE)
Fono A 45 RAEKIYTE GraphPad Prism Version
S HEAT . TR EG T b A 2 2H B 2 18] 1Y
L5, 2R BEKT N P<0.05, HEIHEKAK

%2 qPCR3|#
Tab.2 Primer sequences of qPCR

FEH EH 519 (5-3") A5 (5-3")

gene forward primer (5'-3") reverse primer (5'-3")
C3 ATGAAGGTGGAGAAGACGGTG CTCACTCGGCAACTGGGAC
C4 CTGTTGGAGGAGGAGAGGATTC GGTGCTCTCCTGACACGATTG
P-actin GAAGTGTGGTGTGGACATCCGTAA AGACTCATCGTACTCCTGCTTGCT
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Ko AR

45 %

2S¢, BRI T R 22 5 R E KR P<
0.2; 3 *3RIR P<0.05, **F/R P<0.01, ***3L
7R P<0.001, ***%37RK P<0.0001,

2 4

2.1 HGece-1 384 <4 5E R

20 JE RSB AE WG, St T BEAAEN R
WER . FERHMHEER, g5RER, B
T KT B 2 Y 44 i 5 RN L R RO A W 2
5, [ HGee-1 X7 TG R EA #H (£ 3).

2.2 HGee-1 XHEMSE LPS. ALT X AST B9S2

HGcee-1 %S N 4H () LPS. ALT. AST 43 %K
(0.05£0.01) EU/mL. (10.25£0.93) U/L il (28.97+
2.10) U/L, *f M4 A9 LPS. ALT. AST %3 5l A
(0.16+0.04) EU/mL. (12.60+1.59) U/L Fl (72.52+
20.73) U/L; 5XFIRLHAH L, HGee-1 TN &%
WA 7 BRI 75 P LBP, ALT F1 AST 7KF (P<0.05)
(Bl 1),

2.3 HGece-1 ¥ &8 [ 55 MR K S B0 S2 0
XA M, HGee-1 SR B85 T

R I3 B AMA K (P<0.01), S AMARIE T
0.51 TU/mL (&l 2-a), X f& 20 F1 HGee-1 U8 J 40 %
T 5 520 9K (5.45+2.34) pg/mL il (3.09+2.92)
pg/mL (& 2-b), (AEAH B EHZER,

2.4 HGee-1 3T #8718 E B L A2

16S rRNA il 7 45 5 . 7R HGee-1 #8224
TR E WA . TETTKE, RAFHI]
(Fusobacteriota) . “ZJE I 1] (Proteobacteria) F14LLFT-
I ] (Bacteroidetes) 75 2 /> 2H HH #B O 11t 3 I 1 o
HGoe-1 %3020 AT 18 11 9 3= BE L T JE 2 3% in
T 47.1% (P<0.20); ZZIE T 1] 4 B o xof B4 g b
T 70.7% (K 3, % 4; P<0.20), 7EJ@/KF, ftF
W J& (Cetobacterium). ¥/ MRFT & (Citrobacter)
FHUFT 1 & (Bacteroides) 18 2 4~ 41 Fh AR R 0 H i
. HGcc-1 48 JINZH rp 0T 1 s 1) 2 58 Hs R 20 44
T 47.1% (P<0.20); F7 45 FR AT B A 20 ML T )
(Aeromonas) W =F B bt BEEH 23 5010870 T 56.6% #11
70.9% (Kl 4, % 5; P<0.20), $#UFF# &8 09 F B 1E
2AHZIANEA B 25 (Bl 4), JF2xpmiE W
BT T PCA ST, S5 R BI/R 2 B R
PR A W 2 5% (K5).

3 ERERKMEEMERRRHR

Tab.3 Growth performance and feed utilization of C. carpio

=R TS I% BT/ % Tkl 2 HARE3/(%/d)
groups survival rate weight gain rate feed conversion ratio daily feeding rate
HGece-1 100 954.31+38.70 1.36+0.04 1.61+0.04
CK 100 992.54+48.61 1.34+0.05 1.59+0.05
e AEARROIRE LI Tl (meantSE), FIF
Notes: Data represents the means (mean+ SE) of six replicates of each treatment; the same below
025 20 150
3 020} = 2
= S 15 + )
o 015 = S 100 f
2 | = T E =
=5 010 | w210 2
0.05 | z
= & &
0 0 0
1 2 1 2
45 #5) il
groups groups groups
(a) (b) (©

1 HGcee-1 M E2IM7E LPS (a). ALT (b) 1 AST (c) BYS2 M

L FERH AR 42, 2. HGee-1 TN, EHAE 6 IKEE 1) T3 MH (meantSE); P <0.05(*), P <0.01(**) I P <0.001 (***);

[

Fig.1 The effect of HGce-1 on C. carpio serum LPS (a), ALT (b) and AST (c)

1. basic feed diet 2. HGee-1supplemt diet, data represents the means (meant+ SE) of six replicates of each treatment; P <0.05(*), P <0.01(**) and P

<0.001 (***); the same below
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10 4] B4R, S JTIAGROZEIAT 1A HGoee-1 X 0 I A I A0 B2 i 3 T R 1 5 ) 1757
4 10 x4 TRANEREEHEEHPEZENHOENFE
- 3 o =) Tab.4 The relative abundance of the main phyla in the
§ E) §D QE) intestinal microbiota of C. carpio fed with different diets
— & = >
s g 2 =5 gii ] XHHL/%  HGee-1ARIZL%
& S B2 3 . .
= ° | ® > bacterial phylum control HGcc-1 diet
A <
W2 & HHFFEIT  Fusobacteriota 58.6+29.7 86.2+13.6%
0 B .
1 2 1 2 AJETEI]  Proteobacteria 29.7+£25.0 8.7+6.6*
41331 415 U] Bacteroidetes 6.5+4.8 3.6£6.9
groups groups
(a) (b) TMLRE ] Actinobacteriota 1.8+2.1 1.0+1.3
B2 HGee-1 XEMABAME () FSEE (b) R JEEEHI] Firmicutes 0.7+0.7 0.4£0.3

Fig. 2 The effect of HGce-1 on total complement (a) and

lysozyme (b) of C. carpio serum

—_
(=]

B AFHI]  Fusobacteriota

®
208 BT Proteobacteria
{t\b("g W] Bacteroidetes
+H_§ 0.6 JRZEH ] Actinobacteriota
'S 04 W F#EHW ] Cyanobacteria
B2 WUi others
= 02
&
0
1 2
2H )
groups

3 SBREREEIIKELNESEE
Fig.3 The relative abundance of C. carpio gut

microbiota at the phylum level

2.5 HGee-l ESHBERMNE T LERD
& A AT 2 R R AMA K

LBP &Ky LPS i) #4512 21k, LBP & & &
SN LPS /K ) B ZE 48 A, TG B BE 5 £ S

TETCHR MBSO T, & T fa Ry LBP K.
X R 2H A1 HGee-1 ¥ i 25 76 18 B 5 f1 f%) LBP % &
4% 1R (126.44+16.02) umol/g pro Fl (99.77+6.24)

A o* EREE (P<0.05); TH
Notes: *. signficant differentce, the same below
pmol/gpro (& 6-a; P<0.05); XJHAZHICHEBE DL ALT
FIAST 1% 1 43 591 2~ (7.05+3.46) U/g pro Hl (87.77+
15.87) U/g prot, HGee-1 ¥ I 43 (4.22+2.96)
Ulg pro Fl (66.22+7.26) U/g pro (&l 6-b,c),
AST fF7E I E V22 5 (P<0.05). C3 J2 ML LY

IR AERMERENEZ PO, C3H
6 Ja A e AT 5 B2 AMA B oy i EBIR , C3 1Y
RS EAMAR E A AT s T C4 2 RMA 28
TR N E B W, HmRBA R IE#b
PR A A30E 2Y5 DR] Sy A S 0 95 T 38 E R MAS f
E SN ETUE%@BE%@%B@EPMMT C3 Al
C4 WKL, AUFER LI HGee-1 TR M 1Y
B R T S B C3 Fl C4 Rk
i (&l 6-d,e; P<0.05),
26 HGee- l BEREHRFANELERS &
ALT. AST F#MEk7kFE

PR Kb BEOC T BE Dt A A R A

LPS MY#E = [CRIPE, RII AR AU LPS #1 LBP,
SRR, WA IO BE S 0 ALT F1 AST {5 1

LO w BT R Cetobacterium
8 W FFIERRITHEIE  Citrobacter
g 08 | WA R Bacteroides
il g 0.6 | SHE R Aeromonas
#H3 = Kok unclassified f Neisseriaceae
< 1
E o 04 m norank_f Rhizobiales_Incertae_Sedis
R E norank_f Barnesiellaceae
% 0.2+ m norank_f norank o_Chloroplast
= 0 W EHREE  Luteimonas
1 2 B T Thermomonas norank_f T34
B A others
2
groups

El4 SEFERFAERKT ENENFE

Fig. 4 The relative abundance of C. carpio gut microbiota at the genus level
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1758 Ko

S 45

x5 TRAMNRREEHEEHPETERNENEE
Tab.S The relative abundance of the main genera in the

intestinal microbiota of C. carpio fed with different diets

EiE X B 2H /% HGcc- 1IN/ %
bacterial genus control HGcc-1 diet
AT J®  Cetobacterium 58.6+29.7 86.2413.6%
FAZEBATHE  Citrobacter 12.2+11.4 5.3+4.5%
FFE B Bacteroides 3.543.3 3.446.6
SHMEE  Aeromonas 3.1+3.3 0.9+1.6

43 W A (12.42+3.68) U/g pro Fil (74.54+4.18) Ulg
pro, HGee-1 8 fil 4 43 1l (6.63+1.72) U/g pro
(52.77£5.72) U/g pro (& 7-a,b), C3 F1 C4 3 A (1)
TR EAE 2 A REA B EES (K 7o, d). ZLR
W], HGee-1 3 B #EAEHREAK T JCH 5 5
) ALT Fl AST /K-, {HJ&X} C3 Fl C4 & [H 1 3
IRBA R

3 Wi

AR5 LE W], HGee-1 BARTEA L FH 41
o B A PR AR, B i I TR R AR K T
Ji A B A/ FH 38 R 18 2 . HGee-1 BRI AT i
2B T RN B i RMAE S R S s
I o G e vh R #EE EEAE Y, O B ALK
ARG B AR 1 5 — I B £, R A8 UL A0k g IR
TAER I TG AMAR G N LAY B SRR, R A
JE A0 2K [ A SR 7 T B AL AR A Y, AMA S
R B HGee-1 1 3458 fa 2T I 1A 1 B

o SR control
8 000

6 000 |
4000
2000

-2 000 }
—4 000 |
—6 000 |
-8 000 |

PC2 (3.69%)

PC1 (95.77%)
(@)
5 HEFEERHEITKTE () FBKE (b) LAY PCA iR

Fig.5 PCA analysis of common carp gut microbiota at the phylum level (a) and genus level (b)
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ALT F1 AST J2 i {3 ) 2 248 bR ™, 7E A S
B4 R, HGee-1 WS N4 (4 1l 74 ALT #1 AST
KT S 2 RIS, S 3 O U A R A
2 PGB M 40 B R A Y LPS 2l gk o 3 v 4
LR P Bz 40 = A AR 6 TR R s W A 40
MLY% LPS fY &tk J2 40 W i 3 (gt 2 1) o 248 b,
AW ST B 45 9 R, HGee-1 %8 IN4H A9 LPS & &
% N, FWH HGee-1 WA Nt 35 1 48 44 g 16
fi i

Jigs T B R 5 A0 28 B A K R G B 2 A oG
XK=, AT T V2 W R ek
EAFW, BIFEIB0OA N 2 EEF 0 w2,
AW EE R SR, EIKF, RFETT., 2E
BRI 1 RIDUFT BT T7E 2 AP iR R A S i B s e @K
-, SRFF IR . AT RRAT I R AT R R A 2 4
HER R L A B . X5 B2 R T AT 5T 45 SR A
I, HGee-1 B8 AL 3 TR AT BT TR 3 5,
5 FF P RS R AT R T B 5L, e RGE, A
RK A1 B 38 Th 43 B Y SR B RE A8 e AR 4k R
E B-12"", 44K B12 XL AN A & B FIHLIASH
BRI 2 e Y AR 5T R HGee-1 N4l
R T A SE BE RSN T 47.1%. TR B HGee-1 %%
INEASIE BT TR BRI T 70.7%, FEIEAKF L,
K ST TR TR A R AT TR RS TR e 1Y
FBE B T 56.6% F 70.9%. A WFIEER W,
AT BRI ] (R 3G IR 50 I TS TR 2 Wb 352, A2
TEAE TR T e 8 <0 B TR e 2 K 3R Y R DL
g S A, R S K S W AR Y, AR

aHGcc-1 #8M4L  HGee-1 group

7 000
6000
5000 r
4000
3000 |
2000
1000 |
0k
-1000 |
-2 000 |
-3 000 |
-4 000
-5000
-6 000 |
—7000

PC2 (4.16%)

SR R R RN MR NN
AERES LTSS
/q) /q' /\ /\ 7
PC1 (91.50%)
(b)

o E K P2 2 320 sponsored by China Society of Fisheries


https://www.china-fishery.cn

10 1 B, . GRS ZE AR B HGoc-1 % 68 AT A RE 135 #MAR B2 1 3 BRI A R i 1759
—~ 200 [ 15 ¢ 150 .
g ° °
5 - 150 o & £
Ny +~ - QD ~—
3 5 52 10t &5 100 |
g g sk S &) 2 =
S8 100 ¢ i o = 3 I
I & w2 s ks 50l
ST 50 = = <
= < <
- 0 0 0
1 2 1 2 1 2
2H 51 2H 5] 2H 51
groups groups groups
(a) (b) (©
i < nig <
He 20 K 15 ¢
EC 15 ZO
%3 % 10}
25 10 z 5
7 x
E g E 98 051}
g %05 g &
o o
Bz o Wz o0
03 1 2 35 1 2
2H 5 2H )
groups groups
(d) (e)

6 HGcee-1 FMMIRBIEAMRERITHIMERETTHEM D & LBP (a). ALT (b). AST (c) F1&MAE (d,e) B9S2
1. S HE 2L i 3 T R b T OE T BE T f, 2. HGoce-1 5 128 W 38 T R Ab FE L BT BE T, B 6 YR E H 10 F 9 {H (meantSE); P <0.05(*),
P <0.01(**) A1 P <0.001 (***); FI[d]

Fig. 6 The effect of intestinal microbiota altered by feeding C. carpio with HGcc-1 supplement diet on
LBP (a), ALT (b), AST (c) and complement (d,e) of GF D. rerio

1. the gut microbiota of the control group was treated with GF D. rerio, 2. gut microbiota of HGce-1 added group treat with GF D. rerio; data was the

(means + SE) of six replicates of each treatment; P <0.05 (¥), P <0.01 (**) and P <0.001 (***); the same below
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Effects of dietary Bacillus subtilis HGcce-1 on gut and liver health, serum com-
plement and gut microbiota of common
carp fingerlings (Cyprinus carpio)

HU Juan', GAO Chenchen', YAO Yuanyuan', HAO Qiang', ZHOU Wei ',
RAN Chao? ~ ZHOU Zhigang ', YANG Yalin*, ZHANG Zhen >

(1. China-Norway Joint Lab on Fish Gastrointestinal Microbiota, Feed Research Institute,
Chinese Academy of Agricultural Sciences, Beijing 100081, China;
2. Key Laboratory for Feed Biotechnology of Ministry of Agriculture and Rural Affairs, Feed Research Institute,
Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: In order to study the effects of Bacillus subtilis HGee-1 on the gut and liver health, serum complement
and gut microbiota of Cyprinus carpio fingerlings, healthy C. carpio fingerlings with a body weight of
(13.10+0.39) g were selected, and randomly divided into HGce-1 supplementation group and control group, and
after 20 weeks of feeding, the growth indicators were measured, and the C. carpio serum endotoxin (LPS), Alan-
ine aminotransferase (ALT), Aspartate aminotransferase (AST), total complement and lysozyme were detected,
and 16S rRNA sequencing of the gut microbiota was made. At the same time, the gut microbiota induced by HGcec-
1 supplement group and the control group were transferred to germ free Danio rerio, and then the levels of endo-
toxin binding protein (LBP), ALT and AST and the expression levels of C3 and C4 genes of germ free D. rerio
were measured; finally, the levels of ALT and AST and the expression levels of C3 and C4 genes in germ free D.
rerio were tested when HGcc-1 directly acted on germ free D. rerio. The results showed that HGee-1 had no effect
on the weight gain rate of C. carpio, but adding HGcc-1 significantly reduced the level of serum endotoxin, ALT
and AST. The serum total complement level of the HGcece-1 supplement group was significantly increased, com-
pared with control group. The 16S rRNA sequencing results showed that at the phylum level, the HGce-1 supple-
ment diet group increased the abundance of Fusobacterium by 47.1% compared to control group; the abundance of
Proteobacteria was decreased by 70.7% compared with the control group; at the genus level, the HGce-1 supple-
ment diet group increased the abundance of Cetobacterium by 47.1% compared with the control group; the abund-
ances of Citrobacter and Aeromonas were reduced by 56.6% and 70.9% respectively, compared with the control
group. And it was further observed that the intestinal microbiota of HGce-1 addition group decreased the content
of endotoxin binding protein (LBP) and level of AST of the germ free (GF) D. rerio, and significantly increased
the gene expression of complement component 3 and the complement component 4 (C3 and C4) of the GF D.
rerio. At the same time, the direct interaction between HGcc-1 and GF D. rerio also decreased the ALT and AST
levels of the GF D. rerio. This study shows that dietary B. subtilis HGce-1 can improve the gut and liver health,
serum complement and intestinal microbiota homeostasis of C. carpio fingerlings. This study laid a theoretical

foundation for the further application of B. subtilis HGcc-1.
Key words: Cyprinus carpio; Bacillus subtilis HGee-1; intestinal microbiota; innate-immunity; liver health
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