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fafpz—, H= ek A3 E R T E RS it
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JE 2016 4EY 111 A%, (RS ™ i ik 150542 ¢,
o7 4 [ R B A0 3 P 1Y 84.75% (AR Ml AR A s v Y 1
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I« R A O S E N I A TR MR L A A B A
I AR TR, R R = l f B RS
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P53 o
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Tab.1 The information of biology samples used
for high throughput sequencing
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WIFAS T, B 2 AR PR SR B B T fh 18 1Y) 2
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Tab.2 The gastrointestinal microbiota diversity of large
yellow croaker cultured in different patterns

%1 Indices

B

Samples chao 1 AR

Shannon indices

1YS 823.97+45.33" 7.32+0.06
11YP 314.44+43.92° 6.48+0.27°
11YG 364.34+40.73° 6.23+0.03°
C1YS 744.64+72.44° 7.18+0.28
C1YP 465.79+£61.92° 5.36+1.38
C1YG 327.02+27.29° 6.28+0.31

T AR _EAR/NG 2R Rl — FR BT 1 AL
AR R R A PR 25 5 3 (n=3, P<0.05), 11YS, I1YP
M IYG 73512 T ALBIRE R AT | T H M
WHIERERL; CIYS, CIYP Fl C1YG 43l 7R WA A 77 4
KRt E | WITHEMBIER-ES . T

Notes: Values with different lowercases differ
significantly in the same aquaculture pattern for each index
(n=3, P<0.05). I1YS, I1YP and I1YG represent samples from
stomach, pyloric caecum and gut of large yellow croaker
cultured in industrialized pattern, while C1YS, C1YP and
C1YG represent those of large yellow croaker cultured in net
cage. The same as below
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R WEIRTE S h g F NS T HAH L P
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IR B AR T H TR AT E , AR
FIE W m TAEE T F B (P<0.05); HAT)H %
1# T ¥ T 1 J& (Flavobacterium) . Fructobacillus. fitiFT
Bl (Acetobacteraceae(f)) . EO1_9C 26 marine_group
()55 T4 Ja 1 F B2 1 W35 i T 1 P A 2 (P<0.05)
UL, T AR , Rt ) B ®m iz iE h
PR BELE I AR, 5B REES .
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K 1C). H, fi#hds )@ bl & | Parabacteroides
(AR X = B DA P 1 i 2 T KA, 7 5 Y B
i TR IE Y B2 (P<0.05) s BEAF I RH R A R
UUESYE)g <R 7B RNSES A TE S oA =il A= 4
T B2 (P<0.05)(81 1C) FLAFRFE . ToeCF MR
J& (Anoxybacillus) . E01_9C 26 marine_group(o) =511
TR B A T A A [ R [R] Y = 0
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26 _marine_group(o). fUFT & /& . Parabacteroides
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M ELXEWLAERE., L, UTEE.
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ME B iE 2R, MR AT e S
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KD ATRAE AN R 7 AE R o a0 A R — 38
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b 1 [C T & (Prevotella 9) . FLAFHRHA R HEE
53 AE B A 3 22 5 B 3 (P<0.05).
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Fig.1 The structural characteristics of microbiota in the gastrointestinal
tract of large yellow croaker at the genus level (n=3, P<0.05)

A 2 R FRFARBR KRB A Al & S A LA R AL B C: A0l 1) A A AR R fa
AL IE A T AL SRR 09 FBEAFAE s D AIRISRAEAET R ] — i 41 2122 S i s
1YS. IYP R IYG 73503 T ALBAGRE RS 08 | il TH R mmiE ;
CLYS. CIYP #l C1YG 735 3/m MFH SRR B . lI T HEMpIE . T H
A: The composition of dominant microbiota in gastrointestinal tract for large yellow croaker cultured by two patterns;

B and C: The abundances characteristics of dominant microbiota in different gastrointestinal tract tissues of large yellow croaker
cultured in industrialized pattern and net cage, respectively; D: The significantly different genera of the same gastrointestinal
tract tissue of large yellow croaker cultured in two different aquaculture patterns
I1YS, I1YP and I1YG represent stomach, pyloric caecum and gut of large yellow croaker cultured in industrialized pattern,
while C1YS, C1YP and C1YG represent those of large yellow croaker cultured in net cage. The same as below
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22 KEEHUEEB AT 0 S SR RO SR B LT AT
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Tab.3 Microbiota gene abundances participating in metabolic pathways in
different gastrointestinal tract parts of large yellow croaker cultured in two patterns

b Samples

TR H Stomach H4[ T H %€ Pyloric caccum M Gut
Metabolic pathways B B - W (1 - W B A 0 - VI T~ VN Y B 7 = W L 7 =
Industrialized  Net cage Industrialized  Net cage Industrialized  Net cage
pattern (x10%) pattern (x10%) pattern (x10*) pattern (x10%) pattern (x10%) pattern (x10%)
[ii%% iz Membrane transport 384.48+11.50° 417.59+39.9 512.48+28.64" 338.64496.69 540.94+4.55" 432.96+40.16
{555 5 Signal transduction 60.0143.36"  66.17+8.16  87.90+4.41°  55.65+15.39 88.67+1.28"  71.69+6.53
ER =AY =
185”7?? '31?_4451 d interacti 5.41+0.11° 536£0.20  5.98+0.20°  4.12+1.23 5.89+0.08"  4.91+0.37
ignaling molecules and interaction

IR
Amino acid metabolism

FAl R A= A= 5 1

278.34+5.90° 281.14+13.93 315.37+10.19* 215.30464.01 315.69+3.10° 265.67+£22.30

Biosynthesis of other secondary 27.52+0.91 26.25+1.13 27.26+1.22 18.93+5.83 26.45+0.32 22.75+£2.12
metabolites

O 1 A 3
kAL e YL ) 329.06+7.79°  333.83+17.62 371.26+14.60° 254.20+75.48 377.77+3.58" 311.09+27.06
Carbohydrate metabolism
it { L Energy metabolism 165.35+4.46  164.52£7.01 176.46£6.07 122.65+37.20 176.19+1.11 148.76x11.58
fit % i Enzyme families 63.85£1.31°  65.23£3.71  74.02+2.99*  50.38+14.90 74.62+0.63*  62.09+5.11
A7) I\ ~4~ A0 ’
éﬁﬁz%nﬁklﬁﬁlﬁj . 76.24+1.31 75.05+£3.92  83.54+4.33 55.86+16.41 82.89+1.43 69.45+5.56
Glycan biosynthesis and metabolism
825 Lipid metabolism 90.67+2.13° 93.33£6.42 112.07+£3.48*  74.88+21.67 111.54+0.72% 91.58+7.47
T IR T AN A A
Metabolism of cofactors and 122.94+2.65° 123.75£5.87 136.36%4.75°  93.91+27.95 137.01+0.98" 115.39+8.95
vitamins
RER e Y7 Aw
“%%%Mb% . ) 50.17+1.57° 52.40+4.24  63.63+2.47° 42.15+£12.00 64.38+0.81* 52.63+4.23
Metabolism of other amino acids
[P e Al
Metabolism of terpenoids and 49.18+0.91° 50.14+£2.87  58.17+1.76* 39.47+11.53 58.29+0.47* 48.524+3.73
polyketides

BEAFIR I Nucleotide metabolism  108.45£2.71°  108.67+4.37 116.02+3.51°°  81.52+24.84 117.72+0.72° 100.13+8.53
HNIEAE) 5T A W R ik 55 AR

Xenobiotics biodegradation and 61.05+3.37°  66.01+7.26  88.13+2.12° 57.58+16.18 89.46+0.62°  71.43+5.36
metabolism

G Z S Circulatory system 0.26+0.05° 0.28£0.06  0.58+0.07*"  0.33+0.11°  0.50+0.04*  0.43+0.04
1k & 4 Digestive system 1.50+0.04 1.48+0.09 1.63+0.12 1.09+0.30 1.65+0.08 1.43+0.12
N4> 2 48 Endocrine system 8.06+0.35° 7.47£0.44  7.39£0.37%"  5.23+1.67 6.92£0.10°  6.35+0.73
I 5%53E W Environmental adaptation 4.08+0.13° 4.10+£0.16 4.48+0.13% 3.10+0.94 4.43£0.04™  3.87+0.42
HEM 2 88 Excretory system 0.75+0.03° 0.75+0.04  0.86+£2.02*  0.56+0.16 0.84+0.01°  0.71£0.09
H B A 40 Immune system 2.28+0.12 2.19£0.10  2.08+0.12 1.5240.49 2.13+0.03 1.89+0.19
2 R4 Nervous system 2.66+0.19 2424020  2.08+0.05 1.59+0.55 2.07+0.01 1.83+0.16

T *RR AR SRR R B 0T A T8 ] — 2 28] T R 2 15 A % A IR 2 3 22 5 .35 (n=3, P<0.05), A [A] EAR
N S 3 7R [R) — % FE AR R 0 A T8 A L 1) A 2 5 A B g i P B 2 5 W 3 (=3, P<0.05)

Notes: * represents the significant difference between 2 different aquaculture patterns for microbiota gene abundances
participating in metabolic pathways of the same large yellow croaker gastrointestinal tract tissue (n=3, P<0.05). Values with
different lowercase represent the significant difference among different gastrointestinal tract tissues of large yellow croaker that
cultured in the same pattern for microbiota gene abundances participating in metabolic pathways (n=3, P<0.05)
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Fig.2 The similarity of microbiota between the gastrointestinal tract and environment

AH 56 3 B B (3300)(P<0.05), Hifth 2z K ¥R 5 #
(P>0.05),

23 XESBHALERMSHEEHNEXE

PCA 7HrH, B—AmARERT 1 DA R R
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FEES BRI, W T H RS AR 5
IKAEAF L, TH AL IE A 5 R A A PR 30
(K 2A). Ui, T fbFepa R s b 15 42
TR 38 10 TR R 2L RRAE B, 3275 5 3 0 P TR AL A A 3
KES; W, 3 AEAL A LA -S ek i A 6
PERE K . DAAEATREAR B B LA B RE 3 md, & 2C
WoR T T AR Ko i Ab il 5 PR 5T v
MFFARIEEN, B 5 TERIEARE 554, &
HrhwESEN 28.95%; MipiE S WM TEELARW

B PCA

c1ye2

0.50

PC2 (34.3%)
(=]
>

CIYG3

C1YP3
0 sLYF1

e

0.25

~0.25 0
PCI (52%)
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R B 0 AT FRRE 5 B0 B TR A 4 A R

A, B AR T MM AN R HE PCA 20875 C. D 43 5RER T AR AR B AS R BE A ] B RE 2L 4017
A and B represent the principal components analysis (PCA) of gastrointestinal tract microbiota in large yellow croaker cultured
by industrialized pattern and net cage, respectively; C and D represent the analysis of shared microbiota among different samples
from large yellow croaker cultured by industrialized pattern and net cage, respectively
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J& A 46 4, HHIEEE SR 56.79%; fRkHS5 L
B A B ECH SRR 42.06%, & TSK
FERY A T 8 E191(33.88%) o

MR TR, KEfmE . T HTE. BiEn
() B L B AT, I L = 3 5 R B R 4 A T
(F 2B), 5T fbaraig oA, S AT E %3
g 754, HEPHEEEN 45.73%; MiE S5
HRMIEAER 514, SHiEREE SR 82.26%:;
SIS REAR BT R, AR IE SRR S T R
E B8] (38.89%) 4T3 % v 1 AL 3B 5 /K 1) 3 B T8 Hb 4]
(21.02%)(&l 2D), Ui, FfERBEAEES, #ITHE
W5 138 1 TR LEL BSOAH T, Ak 3 PR R AR S R R B
T2 A o

24 XESFHUEHUEIESREREREENEHE

T AR IR K AT, BRI AR
Ab, HABTHALEE I3 T AR SR R fa, T b
FRPA R E ] H B0 E B HE(24.78 U/mg prot) I
TERIIE(0.16 U/mg prot)ifi 1114 B 3 & T M AR 25 K
HiAf1(15.24 F1 0.07 U/mg prot)(P<0.05)(F 4), [FIH},
T Ak R E R A ] R R R 3 ) T R T
(0.16 FiI 0.14 U/mg prot) . & & T B HJE K i %
(0.08 U/mg prot)(P<0.05),

AR L, TR K 0 A E AL

x4

ACP. AKP., SOD Fll LZM 7& N i35 45 S P G g i 1%
i TSR R BRIpE D LZM Sh, AR 53R
B AR ST AH [ Ak 18 4 20 0[] — 57 FE AR 5O [R) 9 1k
B2 SOD Fl LZM {if J1 322 5 18 3% (P<0.05).

3 itig
3.1 kEENKEEBISENT

IK T BN W) 5y 3% I S5 1 5 e 3 B ) B AR
FE, T A E R R . TR AE(2014)% T[]
—FRFEG XY 1 KB W B R T b, K
Ji BE DR TR IR DL e o ARG, SUFF IR A
KEc B P, A e H A
0.88%~1.32%, X ] B HURE s [A] AN [m] 32 18 i) R 558 45
fFESSIRRY, MR kA MKA BH2ER . R
—UREIFR], X R IE TR — SR B E /Y 0 i K E
THACIE R SEA TRIESE , & 'GHT T 8 (Photorhabdus) |
IR J& (Mbrios) . FLAT I J& (Lactobacillus) 55 ok 2 Fifi
I B A0 T A A A LSRR I M T
(Pseudomonas) . “<, . fifd 72 J& (Aeromonas) Fil Escherichia_
Shigella oy = %22 5 1 Jm (655, 2019) SRTT, A3
HOE 1R A A RIS A R B, LRI
Fructobacillus FI AT 7 & 55 ALK 1Y T &8 R 2 Fpsi =
FEHE K O AL T A LS B RE, Hoh, AT IS

FREEXFERNEEHNESILEUBIESREREEED

Tab.4 The activity of digestive and nonspecific immunity enzyme of the gastrointestinal tract
of large yellow croaker cultured in different patterns

EiEan FE i Sample
Indices 11YS 11YP 11YG CI1YS CIYP C1YG
B 25 1/ Pepsase (U/mg prot)  53.27+8.09  24.78+4.04" - 27.38+11.13 15.2442.36" -
JiEZE 1R Trypsin (U/mg prot) - 183.8942.76 189.68+45.57 - 659.81+184.88 481.99+255.75
TEHE Amylase (U/mg prot) 0.08£0.02°  0.16£0.01*"  0.1420.00° 0.10+0.03 0.07+0.01" 0.10+0.02
g il Lipase (U/g prot) 5.90£0.66  4.22+0.80  4.43+0.17 4.91+0.83 4.00+1.17 3.53+0.44

BRI 9% BR i Acid phosphatase
(king unit/g prot)

i 1 A T

Alkaline phosphatase

(king unit/g prot)

A B A

Superoxide dismutase
(U/mg prot)

W Lysozyme (U/mg prot)

270.84+21.29 230.09+40.01 290.60+64.84 304.50+46.15

220.55+30.53 519.08+99.97 480.62+134.29 265.93+84.35

1083.45+4.80* 861.77+6.03"" 839.31+11.03%" 925.32+21.00°" 1028.13+17.42*"

73.93£7.02%" 21.44+0.95°" 25.84+1.11°

217.98+£38.70  198.14+36.50

191.70+28.10  327.03+£140.67

716.68+9.04°"

6.53£1.13b"  71.59£10.05*"  20.70+4.02°

T R R I ALIE R — SN [ SR B SR B ) 22 53 W35 (n=3, P<0.05), A EAR/NE 3R [ — JRFE R

AR 10 1 A 10 2% 002 18] il 15 ) 22 57 {23 (n=3, P<0.05)

Notes: * represents the significant difference between different aquaculture patterns for enzyme activity of the same
gastrointestinal tract tissue of large yellow croaker (n=3, P<0.05). Values with different lowercase represent the significant
difference among different gastrointestinal tract tissues of large yellow croaker for enzyme activity that cultured in the same

pattern (n=3, P<0.05)
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Shabat et al, 2016; Sullam et al, 2012; Zhang et al,
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KN E IR AL . WSS 2 1 i . X 5 AN R AR
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Analysis of Microbiota Structure, Digestive Enzyme and Nonspecific
Immune Enzyme Activity in the Gastrointestinal Tract of Large Yellow Croaker

JIANG Yan'?, XU Yong]'iangz, YU Chaoyong3, LIU Xuezhou'*", WANG Bin?,

ZHENG Weigiang', GUAN Shuguang’, SHI Bao’, CHEN Jia', KE Qiaozhen'

(1. Sate Key Laboratory of Large Yellow Croaker Breeding, Ningde Fufa Fisheries Co. Ltd., Ningde 352103;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Laboratory for Marine Fisheries Science and
Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071,
3. Marine Biology Institute of Shandong Provincial, Qingdao 266104)

Abstract The aim of this project was to investigate the characteristics of the microbiota structure
and the activity of digestive and nonspecific immune enzymes in the gastrointestinal tract of large
yellow croaker (Larimichthys crocea). We systematically analyzed the composition and distribution
of microbiota in the stomach, pyloric caecum, and gut of large yellow croaker using high-throughput
sequencing. Moreover, we conducted comparative analysis of the gastrointestinal tract microbiota in
large yellow croakers cultured via the industrialized or net cage culture pattern. Under these two
aquaculture patterns, we analyzed the activity of digestive and nonspecific immune enzymes in the
gastrointestinal tract through biochemical methods. The microbiota diversity in the gastrointestinal
tract declined under both aquaculture patterns. The genera including Lactobacillaceae(f),
Fructobacillus and Flavobacterium, and etc, were the shared and dominant microbiota. The
abundances of Bacteroides and Anaerostipes declined from the beginning of the gastrointestinal tract
to the end, while those of Flavobacterium and genera represented by Lactobacillaceae (f) and the
EO01 9C 26 marine group increased under both aquaculture patterns. Genera belonging to
Prevotella_9 and Lactobacillaceae(f) were the main different species between these two aquaculture
patterns. Under the industrialized pattern, the composition of microbiota and number of genes
involved in metabolic pathways associated with nutrition and immunity were not significantly
different between the pyloric caeccum and gut (P>0.05), while these values obviously different from
those in the stomach. In contrast, under net cage culture, differences between the stomach and pyloric
caecum or gut decreased. The microbiota composition of the gastrointestinal tract of large yellow
croakers cultured with these two patterns was similar to that of the feed. Additionally, the stomach
and pyloric caecum exhibited nonspecific immune enzyme activities, indicating that the entire
gastrointestinal tract functions as a chemical immune barrier. These results can serve as a basis for
healthy large yellow croaker cultures and provide a theoretical foundation for studying the
physiological functions of the gastrointestinal tract microbiota.

Key words Large yellow croaker; Gastrointestinal tract; Microbiota; Digestive enzymes; Nonspecific
immune enzymes; Culture mode
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