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—, MR E N EAERR B AR, W R MY Ed
(#1). JiangZE \CHERUT 244 B bk 5 A\ iE M
AW TR B 19 A A PR R A T O B IR, B
EREIE [ AR EAE R 2 R ar(51.67%),  HU= I
FIFEA(21.67%) . =LA (18.33%) . 524+ (5%) FIHi
£5(3.33%).
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coli)) 5B FRL RN (Rhodopseudomonas palustris)3t
KR, BRI BRI HT T A e s e A HE s A LR
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F(HEA R MR F R, XA AN A RS SR A0 e
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Figure 1 (Color online) Types of interactions of gut microbiome
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U EE N E TR, 2T (Bacteroides thetaio-
taomicron)jt—MEENS R ZR 2 BERIATE AN, HAT
WG Zh A BUEEERR IR . S SR A S ).
$ 1 BEAT B (Methanobrevibacter  smithii)ie—Firs
FRGER T 4T, & RS AT Z IR AT nd A ™4, an
AR SRR, i R e s A AR B RE LS,
g AR R TR EAER, 1R
AR, AR AR I 8 v i 40 TR A () A R X 25 ]
S FRA TG lE R a0 e RS A s 2 Ak
Yol T A AE B BT i R — A PR IR T4 3, 40
PRI (E)3E A B SRR AE BT B B SR o, i oAt 5
SRR, BIUN4IEE R ES, SRS 5RiE
i, BTER . EK . DNAGBMLHEE TR, &
VPR U, A ad kA bl 4 T
WS, 2 BT TR Ao A kR AR S A g UL Ay
) A0 TR A2 i A FF TR R KA FF TR . YD 1T R (
Salmonella) Fi 48 5 351 (S & (Klebsiella  pneumoniae)
SRR 2 (entobactin, Ent), ‘B& 515 FHEHE
F R [T, e A58 S TR 7E A Ar PR g v i 5 0
P ATEIRIAE T RSSO R T A S, A4
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DL i 56 e f AN ES A 7 s ok X BT e AR, AR
YIFLAEATF B 0612(Lactiplantibacillus plantarum 0612)#%
UESE AT DA SO 5 S i b R AR A 22 A o5, BB K
J FF TR R B 20 2 A 2= BT R TRT (Listeria monocyto-
genes)ERACL IEAN, AW H AR b B0 3 3L AR AR
— AP R AR I AR R L R R B
HoA R AR =4 S BN 55— Pl 2 4 7= A P i 5
PUEMEM. B AnmE W B R A D se Y 4+
TESIK B0 20 T TR 2 8] A AF B3 4 rh A3 DGV E I, Kie-
nesberger A7 % B v T 1A T 726 i 1 A
g, —MMERAR BT R, SR A R R AR,
S H A HBUEAZE R SR, [FEER, 20 R B i
AN R A T S A e S N
ST R AP R, PRV E AW/ 5 4L
RSB, X0 A R 2R AR 1 N T A R Y
AR DT RS AR, DAY BG5S ST B 4RI
TERIEE RS Th AL BRI AE, 72 A
PR R R TS0 FE S W —Fh i WLk, R
18, ZFAOFT I (Bacillus)RE%E i) ™ Az XA 2 FH B 4
O B ERE (Staphylococcus  aureus) {5 515 iR 1%,
A AT 1 A R R 20

% 1 A AT — 2 4 TR RE 54 T T AR L 2 7
Bdellovibrio bacteriovorus¥Micavibrio aeruginosa-
vorus S FI L T I & I Ab AN R AR AT AR, F2
Sl UM TR R . 3 S TR A U I R R
Yy b, 38R R 2 A A PR s 2 BRI SRS 2 A T
FH R LA ], PRI BT RS TR, A
HRRE 2PET-2H . H 5T & Bl Bdellovibrio bacterio-
vorusMMicavibrio aeruginosavorus "] /> IfiE N £

R 24 20 A 1 .

12 Rl SR R TG &

FUREAE NI e Y BT 7 Fo0.19%24,)
i A A h—A B/MBE Z ARG Sr. SERAE
J&(Candida) FEEEE & (Saccharomyces)TE NS 18 EH
RV s e, AR B R RE s e
B A AR L e Z A EAER, EME
FHEHC Rl AL T 18 40 5 L 2 ().

T A AR Pt 5 R OG T LA 5 A R ]
AEAEH IR, FE— TR M58 Hho 5 B AT &
¥R (Candida tropicalis). FMFT T (Escherichia coli)
FEE VDB R (Serratia  marcescens) P AIWE AR B5R

KPR, AT REALT 458 EOm s 1 LA R AR b
EARZ AR A ATy, EcksteinZ: APOWFSE & # A
8K (Candida  albicans)5 ZIEAFT B (Bacteroides
thetaiotaomicron)I:[F e T T, HEEIRFE S
FESETE P TR AR 2T G AP )2 B DA s AR
K. IUAL, Zeise: NP7V& A (SR AL UE i FL s H
I iE RO ZEHER T (Enterococcus faecalis) 1. G i#BHY
&, AHEE TR — Rl B B, R A 3
Jon 3K A %) e (] B e T AR/ 4 4403 40 9 B i e 1Y)
i, 3% U BT 55 A0 A R A LA R TR PR
A8k e AH BAE AR A 0 AR SR A R v nT e
R, HERX T ENZ B EEILE . PhE
AR5 T B ERARATI AR AT B

BCAR, 8 A PR 38 A — 2R S L) PR ) T 1) A
Ry A= Bt LA EE R A LA R s i A Sk BE
IEEF DY AR —2T 2 00 T il
AR, ER A s, A e S
o BRI 1A S M) B 220 A8 0 5 A8 T T R IR
RGBS g DRI R A I A R S R U
(short chain fatty acids, SCFAs)JE AT WIRETE =1
G Z —, WU ENT A PiERRE, 7
YERFIE AR T I K HE SCHEE FARY, B 40 B e A 1
SCFAsHE# AN H A&k WA, I H/NRIE
ISCFAs/KF-HIBEAIL 5 (S IR I B A 6. I
SN pE B AL R A S, RS S AU
A A TARNGEUR. BR T B2 5 I ORI ) AT, LA
HAE A AT BB AL 15 R R AT, TE— s at
AR, B ERIRIT /N T R 2
BEAIG, 1 30 SR A S bR i b, (A5 12
S, KPS BRI T BE 2 T B2 R AR TR (seg-
mented filamentous bacteria, SFB)HJU/P. X A4 i
PRt 2 25 52 Ml i S U L 2L 2T B PE TR 1 7(T  helper
cell 17, Th17)ZHREMSLATIRE, FEMiwE 7RO T
RL 41 MG - L I 4 4 9% 300 384 R 7 (granulocyte-macro-
phage colony-stimulating factor, GM-CSF)l 4 40 /il /2%
(interleukin, TL)17 AFY7T I  Feyie i B0,

1.3 il dni Swi A 1R &

T A D J B AR 2 R G B — > E A R,
X 32 B N RS AL RR A 45 5 2 G E MR
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B WERR AR 3 2 DNAWE R AL, Hoh K2R T
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A BWERE R H (Caudovirales) M/ N B AR Microvir-
idae), /4R T W H AR (Siphoviridae) **. %
T2 A -5 A ) %) R A PR X A P 1 R R 5 A R
Die EA s, 3 A C R AT LGl R A 8
T EE IR LR Bl (FE LR )k
PTG, WEpR AR Yers E A B T —k, 7efdiE
AR NGB N, 20 -5 0 T R i — R e 1 8)
AOVA. Bl ) 20 TR AN BT A L Sl s D A )
1) I 0 A A, AN DT i o 3 110 JER g R g, 3 A R 3 7
SEEL T KA P A

i T R P TR A R LA G Sy B 58 R4S R A I
. “RIEIS BN T AR U T 2 F R R R B
R S1E B PR, FIEE R AR R e, 2%
YDA IR AR B AR, U BRI AR E R A B )
H, Rets s iE N 2R AR R . A
PEA AR Cornuault@E A5 20 37 FE #i R (
Roseburia intestinalis)L1-82 F TR W B ARTE /N i B
rR A EIE LI T TIBERIESE. & B, Shimadzul B4
VRAENE 2R Ge M b 70 Sy B ELOK TR RE 1 170 2R B S8 AR AR
X S AR KRR AT RUR A K 22 50 5 1B & B B EG A
MRS T 38 P A S E AL, Corbellino¥5 A 1O1E
T3 I R A5 AR T — B R AR S o B i B — = AL
Wi R 14(vB_KpnM_GF), 1M PR AT LURE ) 35 B i 9
1 22 S 24 ve B IR T R, 15 BRI A 5]100%. Dis-
sanayake 5 NRFST R, XS RMAFFET . VD1 TG ERAN
ZE TR PR TR TR B 0 BB AE LT AN TR B R A A 150
A SRS N EOR R B O157:HTHY TH
PRI

AR LT U W A, i T8 P R e s TR A 2 DA A
W PR AR S AEAE Y. 40 B R e 1E e AR i B — 3
ZI AR AR DG ZR . IR R P A AT A L R 2 5 )
16 FATE IR A, BfifE R RIS S, IS
AN W B R AN R A R 2 R K S R R
FEEAR, v LGE ek ) Hsu APOF]
FHE DA TR el Y R TR AR, LSRR — Rl B R
R 2 SRAM I R, 2 3 W D 3 << A i =0 i
DNA R BiEA BTG E RS, R AT#fe
g i FNRE T R REE, D I RN BR AR Hh A
PRBER AR M AR —Fh 2 BRI e W TR A,
R A O AR GRS ERAT R E A
FUEHCI A AE 2R AW & R T Z 0], R KA
KGR SE IR 1515 F-DNA F Bl i U144 4 3]
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AVE AR LR L, IR & BT A i Ak
Trh, A A A0 2 TR G R O R R P
b, A B0 2 TR R I IV TR ARV 1T G R i R
P22 r S B (R ) B 3 SR VT R A A EDNA YK 5%
Fg231 0 G B A AT LA S50 EDNATE A B R ]
KA, DA RS s 2R rgn, 6e
i T Gy bl o A AR A

2 BRI SE I R &

RZ BG4 SR W gy 1 TR A A SN 45 4 52 31 2 b
RIS, EARGLHG T E NI R (AR A | 4R8N
R AR FIAMER B N R (ANRE . AT A2
P A, AL TAMER R, WTER 3R SRR 21 &
5t YR B AR 3275, Zhernakovad§ AP
KIE EABONL S S HiIN- LTk FUBEE (GalNAc) Fil
FHIER R BEAH O, Wi s (R HT 8 (Faecalibacter-
ium prausnitzii) A8 FH GalNAchHY EAGE 1. ZribHIA
AU R R GaINACH) EZORIE, R [P 45
WEAEMAEZ ARG ElpE AR KA A, A%
MBS, B A4 BRI b. AR T AN R,
AU X 1 1 R B SR 2 22 5 TR, AR B 28k B Rl
B GLE  THETRE ST . IR EFIAE IS 2T B el s,
HATA T 226k T HAWR N R G, RN 5%
R W E A A IARICY), WRSF R IRTE I (Fine-
goldia magna) ik XU KT B (Bifidobacterium  dentium),
I H e TR X0 22 i TR AR ] 25 I o 4 0 174 38 i o5
AR AR R, 15 S R 56 R A Y,
3 o8 RO P T A AT SE B A R AEBR IR, FE
W FE M IE YR EAEOC R IR M A,
Hon] DU e — 26 S B W 10 7 A (A JEL S s 7 7.
BRHRRAE), DN SE L5 1 3 BRI X 1 3 B HLARAR
WL AR E A e AR S (512).

2.1 iR RIRERITI R S 1 LA

FEBENR TR AR SR LT BOARI IR, TEAHE L
MR IR TR, il v Je A D TR A S BRI
i A I BT I A . H T, AR
FEEENR RS S1E EALR Z AR %, 2 1 0
516 EEARME Y. TEpE RO, KRt
T T RIERR IR B H = A TR AE R RAED . H
EPREET M RGP RO Rg
P 55 VAR R (¥ I PR A 3 T R, TR ARG
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Figure 2 (Color online) The interaction between gut microbiome and host

PARR BRI TR B i 1DTTR T L2 A I A RE AR
CTRER K HAH AR =) £ WLl A (acetyl-coen-
zyme A, Acetyl-CoA)Z 5L ZAGHE I, fiG6E
ARG RAE A AW P AEIL-10/9B
PR MBIOANME, AT LIJE#F Treg4i ffi(regulatory T
cells) L AN I A BIPETAN i (helper T cell, Th)1H1
Th17'%%, Daien AV I 2 Ba3hil i 71k Ky 2 Bk
A, SR =R (tricarboxylic acid cycle,
TCA)FIE AL B R fk. (oxidative phosphorylation, OX-
PHOS)#& LB R 38 nge & /T I, DL SGH i 2 P4l
i AG RAF2 (acetyl-coenzyme A synthetase 2, ACSS2)
AT A A7 205 F B 100 M b & 55T RAE
FH. SR, FERE AR (i i 1 P R ZE L s e T
ORI i, RS T RIS A RS, (1535
FWEAROR IR 8 2 A I Eg i, SRR ARG . IR
FHSEREARY, Araujos AL & B 8 vh K B 7
A1 TR T AI I R 40 B o A FLBE SR, A1 HE R T 4R
b, X FEZIE R TR 1R, K H AR L4
i AFI FABE IR AR (adenosine monophosphate, AMP), i
Jei LA T A 5 A AL B AMPK/PGC- 1a/PPARaIZ 2.
Ak, ZERIA Rl 3 R A R oE AR AT K45 A 25
YER, SongZi N0O1%& Bz i SUBEFF B 43I Y 2,

1% AT DA3E R KA A, 5 40 M G e AR 1 32 44
(G protein-coupled receptor , GPR)43%54, i
IL-6/JAK1/STAT3{5 St ¢, BHIEARPORG MR 7 1 ik
AHOC I 2 .

Jizp i v N R 3 E A B FARE B R, TR R
b, FUURT R A0 20 TR R IR Ak G ) s JER R TRT ] 1 4
PR i FLRR B B IR AR P AR AR, RS 5
HUARER g% . TR AR, Pk . FeRE R &5
VEFIOSTOL Ry 3 v Z2 JEADURT A1 2 PR R 7= A ) S B FT ol
HorfrmutA-Flscpa2 g i i B I D — k4 i A A2 13 i
(methylmalonyl coenzyme amutase, MCM)2& i 77 N iR
AP R RGN T, Z2 IR AUAT TR Y T RS I
it A7V it T L 30 3 GPRA 13010 Mg 8 TR 1R /K P I8 o
f b Rz A sk, IR B BB R s s fE 7). IR,
Duane AU % B s ] LA 2 i 18 T 20 B 14 348 5
Forak, X RS HAE N T R T N R T A TR
FhAE F B 50 2 QT (dkkermansia  muciniphila) i 2B K
WIS ARG, Ak, 72 LRGSR, NIRW L%
HERZEMEMN. ZILFIHEFRA RN G
Wi A J 0 LIS PR 28, BR A i 3 b A D R R i
ADAMI0{E 44 5 R A A 4 K Frs ¥ i 2 B2 U 3
fit {4 (Fms-like tyrosine kinase 3 ligand, FIt3L)RJL, #5 Bl
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PR BEFAOR SR oAk, SE T AR 22 05 T A R X
Jei AR iy S5 A i 2,

TR A IR LA A, FE2EpimiE -
K, VeI EERE A RE ik IR 2 SR A 2 i
. TEFTA RREENRIDTRR D, T RS 2 ik Y
PO THRATLL 5 GPR41, GPR43HIGPRI09A
WATES G, BRI A5 S NODFEZ /R AR 45 A S8 AH 5%
FEF13(NOD-like receptor protein 3, NLRP3)4& /M
PTG AL AN ZE 1 b B AN I -1 8% 4, fEk Hh M A iy
] AT BS54, 58 XSk £ 1P3(forkhead box pro-
tein P3, FOXP3)JAT5 # TN 43 1L Al g 27,
TR ER A P B N A AR 1 2R AR A B Ik e )
AR, Semln E R AN . EEARAE . RESAR AR
WRELARME, FFEE Treg 40 Ma i JE R Feak, HE w15 AILA
G880 T fig B s S i, T BRANN T LAY i
T ARG A 34k, iR AT HE I b R A A R A A R
(claudin 1. claudin 3. claudin 4Floccludin)®*2f¥)5%
TR TN b pe 240 B g A A i 55 AR g 1 B )
REL AN, TRRFERTR .t R G0 BV A 5l 38 0%
PIVE R A, T R R A B3 ) 4 B
2= Z BEAL 1 (histone deacetylase 1, HDACI)AI |1
it gEg i 7 R AP 1 % IR A% R BEHATS 25 11 (RAP1
GTPase activating protein, RAP1GAP)®] LA /NR T
" DA TSR A PR RN PN R 400 e ) A ),

22 R R S TR

JOEL - i 2 U L [ s s ) B 24 77, WO IR
FRAEFFNE ™2k, 54 H 2R 45 & 5 4 2%
18, 78 i W T R AiE i IR AR /K A i(Bile Salt
Hydrolase, BSHY AL IR HNAIHR. ARZW5 R, 1
T B mT LAGE 5 R R R A 5 1 e A A
ARG AL IR BT R T LIAE RS 5, it
ERE R IK, Nk Jefg2X3Z 14 (Farnesoid X receptor,
FXR) G 1B Z{45(G protein-coupled bile acid
receptor 5, TGRS)Z54A, 4148 AR G 1) #5 A ags
12, SAEABURAE Y, it R E 9 i 3 R A A
[EER- A e e e i

H 1 57 5 22 1 R YR T R 3 22 A I 40 IR 1R
(deoxycholic acid, DCA)FIf1IHR(lithocholic acid,
LCA), XPHZEURNATT It 2 Ml i E 4 e = 5 )
U1, ASFIR PR BRAE A5 b I AVE AR R K
25 Jin%E N BSL BB AR T LR R B b
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ANl (gastric epithelial cells, GES-1)ZIa%E, Hahfe
R F A E bR Y RIR L D AR T F i
TGRS 515 3 S sl 8 3 (signal transducer
and activator of transcription 3, STAT3)WRfk, J5 &4k
& B Kruppel FEF% 5 K F-5(Kruppel-like factorsS, KLF5)
FERE 3 FIIEKLFS 3Rk, Mmfestia b A &4
K J; SongZE NN RS T BRIk £ ad i 2E /N R
RN T A AR S R, AR T
Apemin/+/)> UM 41 O3S 58 S b K | Ak, 3K s i
A AU TR A B I A P R A 4 32 AR 2 (vas-
cular endothelial growth factor receptor, VEGFR2)# %,
PRI e A= AR T SRR R A U6, A IR S AT AR
Yrte R 28 ioa b N2 A BWAER. fedlal, v %
NGB T AR E K EE R, FEEH N
PUFFER A0, R ER AT A mT L aE s i A
T, P E ARSI KA. A IR ] B
TGRS EAEHLRAEH, IS5 I thM 1 E B4 ik
P Rt i S O JE Y, 8 Ml s B e A LA X 4 £
RAMAEAZRZDRYWNL, ek . Wih AT
RS T B>,

AR, BlERATEEE 1 TIRZH AR R,
oo LTI AR [R B (Christensenella minuta)BE4E R—25 LA
3-O-BEFEAL O FFIE B B AR, Wn3-0-4
W/ e/ T e -IAR, HORFXRIEHUA, nT LA
FXR- (5 Sk 4 BT, F R (Iso-
deoxycholic acid, isoDCA)T{%V‘]é\%iﬁ?%, F Hif o
SR SORGEM P FIFXREAE, (245 hay SR
PETA R A M) E B IE 71 B2 (microbially conjugated
bile acids, MCBASs)ZTE W /REFE F (Enterocloster bol-
teae) S U YPAENARR 55 I SRR AR . wE TR A
P S PRI T RIS 2, RUEM MBI R AT RS 5
MUIRESE 1) A K, (R ELRVE B o T HLBAT s it
gﬂ;a&‘;’ﬁ%[%].

2.3 RS F RV R QA S I

Wi 7R EEAR TR AR IR AN, AR A
BOAE A S EEAR R R EhE g, OHEOER
TE A PR A A s W R B 26 1 5 0 25 22 A A
FEY, LA R R

REAGL, I7 B RASERR A gl i i
PUIANIZE 8 5 55 T O R A 45 6 WA . Laur-
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sen 4 N7 1o it A= iy L0 g T 55 A I A SRR At
W AT R IR, 5 A LR S BB I JE A,
FENRE LM IRAE R4, Ol E2 e
BERRE 7. HrP 2R FLER (phenyllactic acid, PLA)#
N SHUR GRS, Al RGsE I n/ Mg Rz 40 i
1 B I AR B 5 W) 4T 32 A&y (peroxisome  prolifera-
tor-activated receptor y, PPAR-y)f{) & &, (R ez i
FREAR B S R AR T BE AT AR ) ng|Epy
fi(indolepropionic acid, IPA )i i3 il Tef73E KL
SRT FAYH3K27 LML, P55 CD8” TN T, 1
ISR N HTAFESSCDS ™ TAHAfL(Tpex, ML HLPD-1f
I BTN ) AR oAk Rk i T4 Al ]
WE-3-FH % (indole-3- carboxaldehyde, I3A)2 (0,22 45
T PRI S A e A, ORS00 8 AR/
IL-10/Wntf5 5 38 B A8 A &6 /& 5, i fe
LgrS T4 s s oAk, SCENT iz B D RE )
AU FERI T )T, Sugiyama®i ANk B ELRE
WIS FEE (Blautia . Clostridium . Enterococ-
cus. Ruminococcus M Tyzzerella) BAG 1814 75 & A LML
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Over the past few decades, significant progress has been made in understanding the potential relationships between gut
microbes and health, and clarifying that the intestinal tract is an intact micro-ecosystem with highly complex interactions
between gut microbes. At present, studies focusing specifically on the relevant relationships between gut microorganisms
are still in their infancy, and only some simple one-to-one relationships, rather than networks of interactions between
microorganisms, have been elucidated. The present review summarized the interactions between gut microorganisms, as
well as the pathways by which they interact with the host via metabolites. Among the relationships between gut
microorganisms, bacteria are one of the most studied microorganisms in the ecology of intestinal tract communities, and
the main interactions among gut bacteria are neutral, symbiotic, competitive, and predatory. Neutral or beneficial
interactions can be defined as symbiosis, and mutualistic symbiosis is a special mechanism of microbial interactions in
which some microorganisms are able to provide each other with nutrients or survival conditions needed by the other and
thus mutually benefit, e.g. E. coli in the gut ferment glucose to excrete organic acids to provide a carbon source for R.
palustris, while R. palustris converts N, to NHj to provide an essential nitrogen source for E. coli. Resistance interactions
(including competition, mutualistic symbiosis and predation) also occur among gut bacteria, where they compete for
nutrients and ecological niches, produce inhibitory substances (e.g. antibiotic bacteriocins) or invade host cells to cause
host death and thereby exert an inhibitory effect on other bacteria. Candida and Saccharomyces dominate the human gut
fungal community, and the relationships between the gut fungal and bacteria are mainly cooperative and antagonistic, e.g.
C. tropicalis can form biofilms with pathogenic bacteria (such as E. coli and S. marcescens) to protect them from immune
cells, and L. plantarum can inhibit C. albicans abundance in the gut by producing beneficial metabolites. The relationship
between gut bacteria and phages is parasitic and can be characterized by “kill the winner” kinetics and the “red queen
hypothesis” depending on the type of phage. The relationship between host and gut microbes is mainly mutualistic, with the
host providing a favourable ecological environment for the growth of gut microbes and the gut microbes contributing to the
health of the host through a variety of metabolic responses. In the process of microbial regulation of organismal health,
microbial metabolites are the main medium. Key metabolites, such as SCFAs, secondary bile acids and aromatic
metabolites, can stimulate corresponding immune cells, and regulate the intestinal barrier effect via intestinal receptors and
transport proteins, and can also dialogue directly with the host via the circulation, ultimately playing an important role in
the host’s nutrient absorption, metabolism, immune system development and pathogen defense. Overall, the regulation of
health by gut microbes should be the result of a network of interactions, rather than changes in the levels of individual
microbes in the gut. The interactions between gut microbes and their potential relationship with functional metabolites and
health should be further explored by combining culture genomics and artificial intelligence.

gut microbes, metabolites, interactions, host health
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