HFEDKFERR2E 2019 £ 11 B, 26(6): 1221-1229

Journal of Fishery Sciences of China

DOI: 10.3724/SP.J.1118.2019.19132

BRFERFSVEIERREXEZRRER

TR, FE X

TR R K™ 2B, R B S 453007
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K 2 WHEERE IR
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FRIE A0S T8 5 B AN 4 i s A fig
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BFEENRZ —. SWHiE W e E B K
MAEWERE, BT — MRS RS, ¥
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I R SR, 518 Eh RS AR, —HZ
R T — R A3 e B2 15 3N I E
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Prrp—SexfE LI AL . RIS E SR, A e
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1 BXpEEFRHER

iAW, RS HiENTEE
MG A | ek R AR AL PRI A an i
Wroe e, Btk Ay ha 107~10" A4
e, 7R AR T 4% R (next generation se-
quencing, NGS)HFBIT, WFoH K B2k
7 S 7 B R AR JE TR 1] (Proteobacteria),
KT 1 (Bacteroidetes), LT 1 (Actinobacteria),
JEEEE 1 (Firmicutes) FIR AT 1 (Fusobacterium)!®
A, RGBS SRR . A5
A RE R FEE O AN R A BT X, L dn
fEME KR piEh, R AHE, BEINEE
(Vibrio) . 1B AN J& (Pseudomonas) . AT &
(Acinetobacter) . ¥&IRFT 1 J& (Corynebacterium) .
A2 MU T E (Alteromonas) . 5 T & & (Flavob-
acterium) K B8 (Micrococcus)* )l F BB,
TR K A 73 H ) =5 A< PR TR J8 (4 eromonas) |
1B 5 7 )& (Pseudomonas) FMIHEUFF I B A %l (Bac-
teroides type A), 259 J& (Plesiomonas). T
W J& (Enterobacteriaceae) . tWERH J& (Micrococcus)
AT & (Acinetobacter) . 121 J& (Clostridium) .
UFFEJE B HY(Bacteroides type B)FN%E J] i &
(Fusarium)W] 5 E/NEAIN O SR E, AR H
S RTRIEEAAR . AH R A [ A 0 28 04 B 18 D R
A — AL A BB AE TR, JF Hs S 1
F i 38 Ty e S AL 0 R A QI & #57 E H EEY
YEHL, Qi Ak 8 TR MO S g8 B B 45, IX R HE
ORI B0 B BE”(core gut microbiota)!'?],

2 EXEFVEXRFERFENZN

Fi T W AR Wy R 00 S S5 By ) P b 5 Y — o
FRWL WEE PR R —Fh R AR IR R, 1E
LA ML . MRS U A e R
FUHT R 1 R b R4 5 DGR Y. R AR
S 2 g A BRSO & A, 1T R
FErf, IER RIS ACH i E4ERFRE R AR S A
AR
2.1 BERGIRZEEIX & K 178 B R A R 00

A — ELLIORAR S R AR B Pk e 1

BRI IR, (HRIE AR, BEE K™ FRAH L A R
K, ERRAMERE T 16%MHE S 81% (5
aepktii i) R SR EO T3k
RAmmEEREDIE, HERKREZAINE,
Rhodes 2" 5 & B, HAR AP RRIH [ & n-3 K
5 N5 W& (long-chain fatty acids, LC-PUFAs)]fl &
K[ E & n-6 KEEAG IR (long-chain fatty acids,
LC-PUFASs)] 4384 f2191 £ 5 208 25 14 (Anoplo-
poma fimbria) N IR R b Kz 40 i i 2 s
A FIRAE SRR R A A 0 A5 . X B A TR
HELE R Sy BT 25 R 3R A, M i 23 AU i
7 18 A R K AR T B R AR AR, AH XS T AR
HOH, 5 K I 2H RN I JRR vk 2 o1 R 2 i /b, 182k
W98 W BH(Bradyrhizobiaceae) FIEE MR FT B Bk (Cory-
nebacteriaceae) L KM AL A 258, O FF R
(Cardiobacteriaceae) W KM L FEA ZEHF . LA,
TE T B8 R A ST A B, IR 100% 854 F 7
J5, WHiBE B DREEE | ] (Firmicutes) i St A,
17 ] R 0 b %) T 6 fizp P ) S AR TR T D
(Proteobacteria)t'*" (A WA BFFEEKM, kbt
EHRNIE BAEEY N, mReg s 5, x HipiE
BEIJC B MR 20 DU A T R R AL R
B B AR £ 3 R e e B B 4R A (Oreochromis
niloticus)12 J&, 7] DL E REAR I E S Ea, H
rR KA & (Escherichia coli) . SR (Aeromonas
spp. ) KR PRI R, P, R R AR B
T T 2K A R Y e 2 7 AR BRI N,
WA AE I 2B« A L8] B S ) 4 ke
T3 AT, [RIE, A0 3 B B A o0 A1 7 Tk X S e 4
R s . AR Z A Y A A R S
V(o ZIM . Fraakn BA Bk, 5455 3
S TR 200 R 1 B B2, DRI R D R A i A
VeI, A S R i 22 AT R RE T IR 5 i AT,
Gy W0 2 i B ERE S AR RN R
2.2 BERA/KEXEEFEREEMNZ M
FrAg W Rh S A, f0 28 g 18 TR R 1 24 8 45 4 ik
2% B R IR I K SF- RS2 . Wong 252 e
TR A Yy B AT, X A A R R
t o AR 3 FORTR AR D r AR, ISR BE S fh A
KB imiE wae A e, 4558 kM. AR g
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B AR MR SR T, 5 £ Jlg 0 R R Y 4 A
FA) 52 B AE 8 K H 74: (age-dependent), 3245 10 d,
RS S SARAEAARLL, A 2 DTHAES 2R
HiJC (operational taxonomic units, OTU)H Ff i &
A, MF 354N, A 14 OTU B EMEELE, i
A 134 OTUHk, #70d0t, A 81 OTU H4E,
H A RIFTE T (Fusobacteria) & 7 AR H 45 BE 45
IR, WA T AR XS AR B, w s H AR
Y BE I Jig T TR R AR AL . AR R I i
(Oncorhynchus mykiss Walbaum)f¥ i 55 7, Lesel
A2 3ot 2 40 4% AR (50 g/kg) FTHI AR (160 g/kg)
PIRNAS [F] iR W7 7K F RO GRDRE, A IR 45 2R o, iR
FRER N R R N S A N e X N S NN A
(Acinetobacter spp.) T ¥ & (Enterobacteria),
W2 T, mIEHZHEENE G, EEAANDITE
(Acinetobacter spp.). XL HMLE (Aeromonas spp.) .
% ¥T 1 (Enterobacteria) . # #T & (Flavobacterium
spp.) . 1B A B (Pseudomonas spp.) FlEE R AT
(coryneforms). oMk L&, RFmEIRREX1E FE M
EE AR, R ELS T ROt S, T
K EHETBFFER AR D o A E NN, BRI
BN B E U RS ) AW S U
FETE W A0 R b, MU H AR T E 4N
TR AR X RN P4, OUBEAT B R P P9 A 25 T
R, HB e 1/ 23 52 Jig 3 5 1 )RR 1Y &
. IR H, 2 s SLEAFR EoR,
e R KR B 75 5 W 3 P AT R D A T e, T
P e JEERE TR T A0 TR 1 B2, W N R RE TR ] 2 T4
FRTR T2 5 SO T A 250 W e £ v i A e,
TSI 200 ML 43 Hr, 4R A 22 i
(lipopolysaccharide, LPS)/2 2% [X A M B S 1Y
— M, WARKE T, BiEE AR, i
PN AR 2 QSR T T o B R X S, I A A R Y
P54, PUAIME S LPS S &EWThm, M
5 & 9 e BN B M AR g AR P Ak, H
BHIG W K T 23 52 e 4025 i T8 TR R G 25 0 41
G, 3 235 0 f 28 J E T AR ) TE R, T X AT
BE B T8 R RE A AR AR AR G . BB PSR 5 T 4
HE R AN [ B 105 5 oK P 55 i 18 T A T R A G
2, KRB NG IR R BOE W A AR a LA

O 17 e S S RGN, B R A R 0 A 3 A
EER

3 aXBHERMESIEERRBHNXE

30 BEEHESERRSPOERXR

Jo 38 T B S5 HLAR AR PR s U AR G, (BX T
i 3 TR AR 5 LA B A S =z ) A BT AR OG
RTEARK — B ) HLARA A6 . 2012 4%, L3
YIAH IR SE, St 2 7 18 A ] e 2 2Pl
TR R B A I 2 AL AR s (B R BT Zhao
M Fei b i Jo /N BUR B, & B0 — bk I Rk
s AR PN 43 B8 9 B8 B AT A T /D BRI B
x| /N AR =, IR IR .
T2 5% 370 9 it A S BB kB I <R Bk
N (Koch’s postulates)”, KA A iz 8 B FE 20 Rl el
AR TR R AE S R . 1B A 18 R
2SO T4 i o AT A 26 R AR,
M B AE ST, Wi B R 52 B RER,
Ji7 7 B30 a5 MR 2, R e g 1 TR AR M e
% 368 o8 Jg B W WA R i S0 B R A A I v,
Z A FEY B LPS . FAik = H ) BT, 2
i SGE 1= A, kiG] 2 PUARE MR AE . A
PR ZE AL AR & E AT I . o R B
WA AR, W AKEREEmENSKE
AR AE T AR A O T BE RS AR B e/ U, H
2 MR I A5 B e, JF B IR & (Prevo-
tella)) =FFE B 38, JHBE B & f A T B MG
A RERAE /N, WA B E R AR, [k, 3%
AT ZIAR B, LA A 25 L B g e 9=
BT, fa EMAERDRE S S AR L, IR AR
2 P 43 WA U 3R ol 2R A — R G AR B
38 1 o G IR AR i AR ik A Wil 5|k — sk
R W E WA RS A AR AR Ak, B iB B REE
A SOPE AR T LA RE B A, 51 % 5 m™
AR R
3.2 BFEFEREBEXYEE RSN Em

WHTAR Z 2235 I\, 0 25 7 18 T B 45 4 B
— . BRI MR G T R R i kR K
aisn RO e, Ok Uk R A2
[FIFEPA 208 2 22 M E IR, . 2B miE N
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FELE I X SE A W 25, ZE 8 W AL AR AR it
NI B AE . B b R ¥ EEAEH . Meng
SECSIRI I A o R AT B 3R,k B T R A
¥ Az B S AR Ak, — RS A I R AR TR AN Allo-
baculum . Blautia %5 7% 0.3 N, HIFIEREI &
B R 52 O, R M0 A R G ik R 3R 3k 2 T
1, I EL I B RESS R 1 8 Ak 5 08 B A A A
F AR M o Semova 45 7R G TR BE T A Y B 5 v
KR, 38 3 1) i A PN E R B R RE S IR 2k i L R A
I T i W R (fatty acid, FA) R W, 6 g i
(Lipid droplet, LD)7E/ bz 4 LR, I H.
W RER N A 1B SN E LU IR W R 5 & . i — 24,
DL TG TR BE 0 R B AR AR B BE S oy T H
Sheng “5WF5T & B, Wi v BE I A7 2E AT 2 i
B il bR BRI G BN, BT apoad
hsl. cox13. slc2ala P Iss 25 518 AT 25 VT AH 56
(PR k%1 Bates 200NN & G B BE 2 f 4
PRI 1 TE AN RE X R 4 F B AT IRORT A
SEAE T IE R AR, TC R BE D a4l R ML AR B = ik
We Mk 2 — W% 2 & B (farnesyl diphosphate syn-
thase, FDS)MIZ A1 B(apoB). #&1Mf, Arfiix
BOOR RPRER S BERE B I AT A 2 20 . %
W58 A — 53R S T S A e 1 AR AR i 1
FEAEH A, AT R, A2 AN [FH A
PITECE P2 2 S R BULAE Y= D e R[] o X
. B JE A IE R T D RE TN K A A
B R, S50 RW, J5 5K E R
FHIC I DR JE N 0 25 s 4R, 5 e o A A G
SEECH BRI . Be it . BE B AEY & )
W7t v i 2 40T
3.3 BXFEREBHEREERNKGERES T
HI1EREH

Wil 5 ) B 2 REAE P TR RE S i 32 R AR A G
PERITRABEFE, TRA AR AT — 2 1 B AEPLE] T A
Ry 20 O R A AR P e IS (S
% . MEZAKALA YRR, B3 Py 40 Re s
TRAE Z R IR = . BTk, HErXFipiE
B AR s AR AR AL (B D B 4E: (1)
5 R SCFAs F= 4 . SCFAs A/ iy Hop—Fp %2
) TR BE A I 52 AT . KA & e i

Wi A ERDE G . THIR . T IR AL
R, X6 SCFAs [AHXT LE i A1 3= B AR A #5 2 X6) 7
FoAsm . JFH, ANER SCFAs %15 32 A%
EYFEDIRMA T E R, ki, TRRE%Wm LRk
20 Mo EE AR R RTY, SRR AR
2 55 4 p E [ RN B 7 2 AR R AR, T PN T D) 3
25 T JE A i 3 A S 2L A P 1041 TR, SCFAs
Bl Ry SR M A TR R A e A S AR Y DG A A
o TE/NRMBES b R B, Z2IERFFE
(Bacteroides thetaiotaomicron)sy ;= H i ity & (Met-
hanobrevibacter smithii)ili i3 K BEW B 1Y) 22 Wi AR
N SCFAs (H4fZMR . WM TR), #ilih T
B AR G EAMIKZ A GPR41/43
(FFAR2/FFAR3) & %1k JF 5 SCFAs 454 12 it i 1y
g ZEEL () SR A (LPS) SR o 1 7
Ao BHIE S R M PR T 5 B iy LPS W] LAFI
LPS Z5&H AN FilFZik CD14 A &Y, &
A 1M TLRA-MD2 50 5 0 ML S i, 51k
i 5y FARPURIIR MR S Y, (3) Y AR R
PRt /NERARIANZERAIE -8 T8 TR RN 7™ 2 76 1R
S 7 g A 1 AT AR S IR A = R (TMA), i
— DA b 2 8 A ARl R R Dy S = T R
(TMAO), #Eifii SIS, 4) T H
THRRAR o AR R T o B A R 42 aF H O AR 7
R PEE A =, BB IE AT . 1R
W AR . FLRRW . A KA SR R 7 A I
R LK fire g, 38 Ao el AR R A O A 2 IRyt
M%) S ma AL e f A5 38 % TGRS 15 & IR
FUTRREO, St — RS K B, Bl B A I AR TR AR
WS4 AR GG, 91k BN
WA ZR A AR I AR Ak o A i = U R AEAK 1 (glu-
cagon-like peptide 1, GLP-1). [/ LB ZE FERK 2
(glucagon-like peptide 2, GLP-2) 2 Z ik YY (poly-
peptide YY, PYY), 25| % T4 WL ZR B 1)
BEIE A 2E AT it Ah, Velagapudi 2618158 4+ 3% 58
NS TEE /N B s, B . A4
FUFNE A H 9 =R S A XA EE K2
Sto Horp R bR AT A R I 2R B H Il =R (very

low-density lipoprotein triglyceride, VLDL triglyc-
eride) %) 7= A= T SR H I = B /K 76 88 /) B
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e T e

iEE253 e t\:‘,ﬁ’ cholesterom, ?

lipopolysaccaride peptidoglycan M
R o . N ’:{ o
TRa " " AN 2 JiEbAa A . polysaccarides
= HNmo/:H, HNI/CH! o % i :. bile acids * #:1 @%BEWJ‘@ ) %%
N o °. ) f‘ ‘P SCFAs intestine lumen
Y 1 [W“Wk < ) e e
‘ ¢t | T {GPra1/43/119
TLR4/CD14)~ D\JODI ™AL © TGRs\\ ;«
oo o000
i GLP-1 intestinal epithelium
| | widpn  wisGe ’
L T N Vi
1R 5 f5 5 @BE JE
proinflamattory si liver PR S
Wett B b Y ¥ e
N TMAO vessel
insulin resistance ] ‘
EEYER AR R
microbe independent pathway microbe dependent pathway
T R T
— ) 2R acetate JEE B ERERKT GLP-1
1 - Kz 4 PORZE N BB NBR propionate [P MR ALEK2 GLP-2
enterocytes Lcell intestinal microbiota T butyrate LIKYY PYY
Y Y Y Y e
CDI4/TLR4ZM  NODIZ{A  JHNRRZKS GEAMBZAR41/43/119 SHRAHAIMLE
CD14/TLR4 receptor NODI receptor TGR receptor 5 GPR 41/43/119 FMO
® ¢ ¢
SRR HE AR =Wk FAL=Hl
primary bile acids secondary bile acids TMA TMAO
PU1 i i A I o TR R AR A AT A A i A
Fig. 1 The pathway of lipid metabolism regulated by gut microbiota dependent or independent
ki, AR L TE H il = ER K AT e BNZ, T IE TR RS H 2 ) B SR

Fo At A B, 3XFh2E SR i T /D BRUAR R JOT A 18 RN i 3 PN BRI B R, i T R R ) AR R
fig Wi i (lipoprotein lipase, LPL)AH L TG /N B B, SR 2 ECH AR = 9 FAILAA T 8 7 9 o 1) W LA
PEHE T H W = ERAERE W A ZUh O, AR OB, SEm e — R 50 R E S PLAE R
T BRI RR B Y R s, MISCHIME S N AN 20 R AR A I 0k, i
Camp ZFCVFRERFHBE D BRI, KEM  BRES T 3 2 A s B PR A SR T A
W Jo B £, i A r e s T e [] P 25 B IR, AT 5% Wi 4 PN g o 199 °F- 5 1 Bl
B¢ LPL il i 48 A= R FERE 1 4 (Angptld/Fiaf) AR,

AP FRIR, MfEdE T LPL 9774 . i IWiFse vt e STE e o L2 S LS

WO 5 /B FOBF A b 5. W TEAT 4 ETFTHERERAEAEERKENFRE
fife I 1 T A ) 2 el B I A A T AL B R TR Y Br T FRGEKABEAh, B E W
WAE H AR R TR . R, 2
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E AR SR R 2 et BB A, AR
K, KB K, FEY) R IR R A,
P E R AR LRy —MEE, BREE
R, ok iR A S I R, o e
R G, SRR ZE LB s e B4 .
Q) FE G B 2 i A A Ry B MR R B (Cyprinus car-
piovar Jian), 255 & B, 6 7 I8 A 416 T
ARk, BfE TR AR ORI iR, B IE T
BEZFEVE T R, (38 2 ) ek v ok St 20 R 7T
55X AN R AR IR A A, 4508
7, RN TRt i i B B DR SR S B, HLIR Y B
B A AR 2 A R A A8k, I R AT S
(Clostridium) . ¥MRAT 5 & (Cornybacterium spp.) .
] % BK 8 )& (Staphylococcus) F1 % K J& (Roseburia
faecis){UAER YL P & B t,  MAEDEE
JRORHE fA BRI K, ARG IS Ry . AR,
FFAIFFE B BN N 5R) B RN C FL A R, X A Fr 28
ERRA, (RFEHUA RS B+ H

AN, AT . 25 AR JT I I G 44 g 3 L
AEBFEREL, HRL, @I EREREILAT
Wi (Lactobacillus rhamnosus) /s WEBE & £ %)y £, H:
Jo B JEREG ) RS 2, AT T, JF B
SR R b oH I =l AR AR A OGS
A (fit2, agpatd, dgat2, mgll, hnfda, scap, cck)ZZik
BETH, MBERKERM, Wb B 405w K
AN EFRARCY DRI . R A . H s
W WA 5, T ) A AL 0 TR 2 AR, BR
ECRE 105 & BTG P, oSO JHF I B WL IR 1 i 7 PR 135,
b B NGO 1 o g R R = s 1 1 R 57
Z 554 U 5k | IR B (fructooligosaccharide,
FOS) . %5 8% K 5 S b (short-chain fructooligosac-
charide, scFOS) . H #& %L ##(mannose-oligosaccharide,
MOS). Sz KR F M (trans-galactooligosaccharide,
TOS). iK% 2 F L Hi(galactooligosaccharide, GOS) .,
IR A B (xylooligosaccharide, XOS), FifiifH AR
H# (arabinoxylan oligosaccharide, AXOS), KR %
7 24 (isomalto-oligosaccharide, IMO)2507 ) 75 4
K 0 238 SR A 58 2 AR v, B IR A 7 2 B
A4 BT, JEARB 25 A 00, XA 45 A TR
(N Akkermansia muciniphila). #A %54 0%

B )X ILAHRE B AQ IR 42 A1 FHACR | 2 et LA
VAN o RIS, ORI A IR T B,
F 7 32 5 A [+ 42 288 R A8 3 L 1) S B R K
IExF HIFRIRADT IS, RS- EombLi, 5 Hf
Y

5 NG

MR B BEFERIA, 38 B A O BB
FIEHLARNR (S KT 122 4k, 1 H AP g BARAE H
PLHA TR Z H AL JE AR, iR AT — 20 L PR
AIRGE o e Il A AL T — R @ R AR 25
XA 2 B TE AR ORI AU B OCH B, ek
PEIRFAAT L, AR RIS b AL TR IR B B, T
ZAEAPLELE NS TEHE TN 583 o — S0 R 45 28 1
PRAAS TR | v B 25 R U AT A 3R A ARk ™ 57
FE L 00 A T KRR SRR AT S, N
DYBEM, FRZ TN R, DB e B
AR R i I — 2R RACRBOE S de . %
T, 4T RAEMFLSI AR TR i T T,
& 1T BRI o 0.2 i 18 A AL A R S LR
B AR 22 1] 18 56 28 B AR SCAR FHAIL, I LAt
S, JT A0 2 M 8 gt A T 07 108 MR AR (R A A
FR BB e 5 AT ST, 3 $anh s #1155 0K 7™ 2y
WINg A IS B (R 7 17 B 2o €0 it B TR AR A 5
SR B ST, e S AN K IR B Y
R TS K
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Advances of intestinal microbiota and lipid metabolism of fish

MENG Xiaolin, NIE Guoxing

Colleges of Fisheries, Henan Normal University, Xinxiang 453007, China

Abstract: In recent decades, the incidences of metabolic syndrome of cultured fish caused by unbalanced nutrition
components or excessively large energy intake, have dramatically increased globally, and triggered gut inflamma-
tion, metabolic disorders, body stress, and decreased immunity defense. Related studies have mainly focused on
target tissues of the body, such as the liver and adipose tissue. However, intestinal microbiota in fish, as another
most important “tissue”, is usually neglected. The gut microbiota plays an important role in the process of growth
and development, immune defense, energy absorption, and metabolism of lipids or glucose. To deeply address the
relationship among the feed, gut microbes, and lipid metabolism in fish, we firstly clarified the main composition
and structure of the gut microbiota in marine and fresh water fish. Then, the effects of feed lipid nutrition on in-
testinal microbes were analyzed, including the lipid source type and level. Regarding the relationship between the
gut microbes and the body lipid metabolism, the causality and effects of the gut microbes on the lipid metabolism
were expounded. Specifically, possible mechanisms of host lipid metabolism disorder because of altered gut mi-
crobes were described, focusing on the production of short chain fatty acids (SCFAs), lipopolysaccharide (LPS),
bile acids, trimethylamine oxide (TMAO), and the permeation of the gut epithelial cells. In particular, several
strategies regarding lipid metabolism regulation based on the microbes were advanced, such as the application of
new feed sources, prebiotics, and probiotics. Thus, we suggested that the structure and compositional change of
the gut microbiota could be used as the symbol for the dysfunction of host lipid metabolism. Furthermore, taking
steps based on the theory of the gut steady-state will provide feasible ways to improve the lipid metabolism dys-
function of fish, including clarifying the interactive mechanisms between the microbes and the host, and exploring
indigenous probiotics depending on the culture dependent methods and micro-ecological agents.
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