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Fig. 1 Effect of QS molecule AHLs in bacterial quorum sensing system on immune cell function
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Fig.2 The QS molecule 3—ox0—C12:2—-HSL inhibits the JAK-STAT signaling pathway in macrophage
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Fig. 3 Paraoxonase 2 hydrolyzes QS molecules and induces the PI3K/AKT signaling pathway
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T, X2 E]IL-B ak IL-1B FF A Lz 4 Caco-2/
TCT HAVIRIEM, Al 40 T IL-8 7 bk L,
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Fig.4 The QS molecule AI-2 stimulates the cell signaling pathway of human colon cell line HCT-8
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Fig. 5 Effect of the QS molecule 3—0x0—C12—-HSL on the adaptive immune system
BE5 QSfES4F3-oxo-CI12-HSLXI RG4S E RE RIS



2860 EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (1D

2.2 AHLsXE fth 625 40 A 9 =2 M

DC SR AP Gouyae iy 24 v B L A Tk S
AT R Y o S L R 0 2 i TR AR T
DC FENLARMK 25 B MR R h# A A, il
PiE R KA. CAMERI, 10132 LPS BB/
L DC P AR JE R AN 3-0x0-C12-HSL, fdi 1512 4 41 ifd
PRI F-4n TL-12 B FTIFN-y i8N, HHT 2 40 A
FIL-10 Fik3Em 7 (£ 1), Shalek 55 ©V B¢ &
M, DCHFALE QS AL, T IL-10 42 4 15 DC ¥
KRB IN{E 5001, IL-10 YR 3 n2x i Hofth DC
RES, BEJE I FREARHAR 48 4 P 1A R P 3R
ik, MAb, 3-oxo-C12-HSL X KB 25 41 il DC2.4
(ANZEDC) BHARMTAEM.

BT DCZAL, I RGPt AEAE— M2l 24
MI——RE KA, &2 nl DA S DR A s oy 7 o
PLRIEWT AN, AT LA 2 R A -,
AT TE B2 R B RGBT 0 0 8 T BBl . i i B
3-0x0-C12-HSL BEiffl i Ca* {5 5 filh & L b AR D BE 2
FALLA S IE KA M 4n g T 2, b4 Khambati
5 ) ff 58 & B, 3-ox0-C12-HSL AE 3 il FE K 41
i e A AR Iy 22 IO B AR BRL R o3 (R 1) 6

AL, AHLs {55 09 /E G L pAR B )3,
B 7 /EH T DC 4 i AT {2 i 40 R R 7 i R ik Z 4,
PR KA TS S AE e, I, #HzfE
AR A L S e N A AL R S S 5 )
A

Table 1 QS molecules affect the secretion of cytokines by immune cells

®1 QSESHFHMERMMESSHWMAEEF

(RPN s 20 A 0 Bl R -0k o ML A g2 ZH R

HA IE=diipAL
3-0x0-C12-HSL TR 2% BT TNF-o F ¥ HURAE (3]
3-ox0-C12:2-HSL 4 ix Bk (RAW 264.7) IL-10_F- i (6]
3-0x0-C12-HSL EEgiL (RAW 264.7) TNF-a. IL-127F [4]
EWEgHi (U937) IL-8 11 R AEM [5]
NS B 4 IL-6. IL-8 i RRAEM [28]
3-0x0-C12:2-HSL SZIL-BRIE T b R 4 IL-8 i FRVEH [31]

(Caco-2/TCT)
Al2 RIR EiMGE40M (RAW 264.7) IL-1B_L i fR#AEH [40]
A 4Epaii (HCT-8) IL-8 [ iff B [37]
B bR NF-kB. IL-8 Fiff [38]
3-0x0-C12-HSL RGP g Ttk 2 it IFN-y 1 11 J 1 [48]
AT HETA A IL-10. TGF-B_L i B AE [49]
IFN-y. IL-12 p70 i
8 AR 2 PN 12 R 0]
IL-10_1 1

52 W6 22 B A A K 4 TNF-a. IL-6 T [53]

3E fb

31 QSlESAFEEMEE

FE T RE A AR AT 14 6028 2R G X D ol 7 A Bt
PR, MR EE AR, ARV, QSfF%
O3 F AT HA TR P A — R A . 4 B S AHLs 15
Y FR GRS VEPUYE W AR W B IR AT O R R
AHL-J7 3l ™, (B 40 T8 7™ A 09 AN [ I 6 4 1<
AHLs XY BRI SE AN ], 51 0 0 S AR S AT
(Pseudomonas putida) 7= 1) C4-HSL e 08 1 i 7
WX AR RS E (Alternaria alternata) HIPitE,

i AHLs RGNEFE T T /KGR TN A WO 1) 77 4 2
P2k, Liude > WF5esRW], C8-HSL fikbHn]
filf 400w v X AR W0 R B —— T R R
(PstDC3000) 7= 4iVE, 1E PstDC3000 W 7 )5
C8-HSL At H A AR R I th i A Ak il . RN R
2P T R R A A 0 A A Tt 5 97 R R DG i ) 955 7 3
e SANEEL, C8-HSLXFIRAEMERASE b H0H FLik
R NIER (Pectobacterium carotovorum ssp.
carotovorum, Pcc) WHAHME ', C8-HSL 7 H
SRR IS This R LR (TAA) FLEMA:
KRR FE N DRS . SAUR KL, YIAATERH



2024; 51 (1D

Ox#, %F: BEBRMESHTFHREREHNZM

<2861

TSR R AAH] 10 pmol/L IR, J0E T AEPI A N
PIERFIR (JA) 342, MMBESR 1 H B X Pec it
P, X450 ERY, IABRSERKRREBREBRZS
5T AHL-JA3h. B 7P 2, A i
R, HEEQSIHE T TAEARM ARIBUE 7 M 1y it
P AR BAT] ZAFER], LA Joseph 55 7 Bf
FERIL, FIHE AHLs JIBCK S0 Fr BERS I s 2 B A
AR E T T, DA AERE A Yl T
&R HAs N C4-HSL 2334 e iy Ca* e 2 (K1 6),
P AR BRI Y S

5% AHLs fif A8 9 48 75 o M i 7 A 52 o ) 451
T, IH WS 550 F 3-ox0-C14-HSL AH SR
5o BEARMEPIEMIEE  (Sinorhizobium meliloti)
77 HE Y 3-0x0-C14-HSL AN TAEY) M6 F /5, R T
18 FXT s AR, HAESPEDLSIB0E]
WOt T HE E AL FK AR >0 i A Adss 55 1 BF
FER I, R 3-ox0-C14-HSL J& 15 37 1 K G A Bk
RRZRL AR B FW A, HEFHE3, 7. 15K
Jo FROCRIEN , SEB R SR ARAR R AR e iR
SRIEXTHRALD, XS5 R U, FEYIEAE “fsefl
W, T —FAE R N [ B A 2R AHLs, Bt
PIpA AHLs BOHR SORAR 9E 2 . Duan 25 7 i i
XTHE RN JA B HARI ) & 52 o0 B A3, 740
TR R, SRFTRRER X AHLs 1R 5 W) 1915
EREELEEN, XEREIABRMESST
AHL-JE 3, {HARPEXT Sanchez-Mahecha %5 1) i fi
(IRIESE 08T, AR AHLs 7EALI R N 015 5 T3
SN AR S, XA TR A
MR S R E IR AR EAE R, ARG RE
WG, N L AR 5T N [R) AHLs 204 97 FA ML A
RN IZ TG SEAE YR IN 2207 T R AE )R AR 0

TEAEH) 59 5 W S B ) 2 A s A
HYIEHIE I TR RER G, ZRGEH Ik
K FIRRE A — RSN O, A TTBH I
g I AR W Ry R g o BB O SR R M AT T
(Xanthomonas campestris, Xcc) W QSAIE54rT N
DSF, HAJTERIRGIT . A [RUH R FK R A b o |
RPN L A < SR 1! U U N
(extracellular polysaccharide, EPS) i [ % HE W% il
il H = A E (Kl 6) . DSF G #% 78 5 A% vk B
(<10 pmol/L) A T 2 54 40 41 HE R 1977 0 14 )i
B, 5 i A W AR kR OG ) AR S
(MAMP) 415 MAMP fil % i) %o (MTID) ; 4k
1M B Xee A0 ECE B9 WTEE i, DSF (197 &b

Z XA (220 pmol/L) , X A DSF 2175 A4 2L
FUIBE R, (BRIRBTIORY . TEMEARE & . B
IR AE) 5 4 Xeo FERE IR N AR SE1G 4 28 77 A
He K - DSF (50~100 pmol/L) s}, EPS f= & ik
—H 0N, EPS J&—F i DSF 1E [ 815 A2 F1 40 56
K, = 7KF- EPS AT LA i B DSF 5| i 48 4 b5
TR, AL FE B O B IR B (hyper sensitive
response, HR) FRIEAR. Ma% Y KB, DSFHEE
AT BOE M (formin) AYEREE,
TR 22 B AR A ) i, H 32 el it 42
FAEPIAT AR 7 AR T D R T R A, i
RN A%, e ra ) an i L sh &
HEHES B eI e % . BRIk =z 4k, DSF
W BEAE 1 5 A T 5 = Y PR I AL G, BRsR R
W1, X —AR LA REMOR T MPK3 {5 a1
32 HMQSESHFEBIERE

BRANTEZ AL, BRI E M QSH S
SR miE ERERG . HEKKW (Candida
albicans) W QS{E54F MiLel: ., JEMEREEHL
T PR AL 20 R B A 20 3 5 A E S ) (L 6)
TIHME BA R H SRR Y B vR A Re g o,
{6 5 W 2 P TL-12 p40 SF LI TL-12 p70 3.3 [ 5k
VA e B AT LG S A T b T 4 A IFN-y
FVIL-5 =4 7, DT HEHT B 55 18 0. XF
THAB AN, LeonhardtZs ) WFgE A, )2
RSl T 0 T ERAR G, I il e AR
RE. BN, EJERERENSIRIA R UE AAZ A (CD86 .
HLA-DR) Fif#ERi4iffe (CD66b, CDI11b) Fifi
AR B TE, DL A0 M6 P 48 0 A A e 4
P TNF-a R, LABLIRTE At 5 5k 2 g (]
6), (HIXFMELAIGINAE FXF A TR A H R
o AL, BLJEREA EAT WEORSRA% A A 531k R A B
PADC (iDC) WIRES, DA RGE 7 40 i #e A7
S AZR AR R, HI55 DC SR T 40 B 5E 1) fiE
Fo Bt s RN, FERRANME M iDC 434k
R, R BES T TR0 - A A 75
WM ¥ (GM-CSF) AZ{& CSF2R B9 T I FIRLN 73F
FIRMAE . SRR, Vivas % S kL, e
38 3o JH 1% 2K (PPARy., RARa., p38 MAPK)
BT SRR CDId A, MMTHIES DC g
FEHE L T UM AR RE ), fif &R 50 lk DC A
S REER N (K 6)., 2RI (MS) J&H
G DIRE S T R AP, EEF R T A S
EVERKN A #E R (EAE) /NERAE RIS 4, ik



<2862

EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2024; 51 (11)

(a)

£ LT
e s i o BUIALIEP Cat YR E—> it 2
R e E o [ERRREE (LRSS KRR TS — W, Sk
v o_, HIHIIB R F R —— (Rt RN
3-0x0-C14-HSL I\ . AR TN T 0 FE MTD —— B R B (BHARR TR e R B3R R IX)
ST B M4 22 8 —— 0 5 4 S o
[ | AL S —— BRI R AN
() : s 5
AR J D1 I
MIP-1o, TNF- 1 cpidt CDla, CD83, IL-12 } oy GHt Pt T
CD86, HLA-DR t = CDla, CD80, CSF2R | CDld, CDI14, IL-10 1 ’_F A= ]
LR A »iDC RANTES, MIG, CCLI | K
MIP-la, TNF-o 434k Ili;llcl{:l EI\(;I%}I(’HEZTT JNK  NF-xB p3SMAPK
CD66b, CD11b 1 HeE o— ! a0 (B [ B
HEAT L~ - .
\@@ TlEE) 123) [/ -
- FOH v MMP12, MMP25 e
A mDe ADAMY | i -
[ESSi 0 I : ) cD4ot
IL-12  |TL-10 t Ay prns
A FE if 55 24 it I (PAR) IV
IEN-y, IL‘IZILP:‘;O’TIL'U P70V [L12pa0, L-12p70 ¢ ST, INKTANM o5 JElE (FOH) ’

Foxp™ T4 (E L 5HE)

Fig. 6 QS molecules and plant immunity ( a ) and antifungal immunity (b )
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Abstract In recent years, the development of host-acting antibacterial compounds has gradually become a
hotspot in the field of anti-infection. Through research on the interaction mechanism between hosts and
pathogenic bacteria, it has been found that the immune system is one of the key targets of host-acting antibacterial
compounds. There is a communication system called the quorum sensing system in microorganisms, which
mainly adjusts the structure of multi-microbial community and coordinates the group behavior. When the quorum
sensing molecules secreted by microorganisms reach a threshold concentration, the quorum sensing system is
activated and the overall gene expression of the microorganism is changed. In addition to regulating the density of
microorganisms, quorum sensing molecules can also act as a link between pathogenic microorganisms and hosts,
entering the host immune system and playing a role in affecting the morphological structure of immune cells,
secreting cytokines, and inducing apoptosis, leading to host immune injury and causing host immune dysfunction.
The key mechanism of 3-oxo-C12-HSL and other acyl-homoserine lactone (AHL) molecules in the innate
immune system has been extensively studied. The lipid solubility allows AHLs to pass through the plasma
membrane of host immune cells easily and induce dissolution of lipid domains. Then, it acts through signaling
pathways such as p38MAPK and JAK-STAT, further influencing the immune cell’s defense response to bacteria
and potentially leading to cell apoptosis. Additionally, the human lactonase paraoxonase 2, which can degrade
3-0x0-C12-HSL, has been found in macrophage. It acts as an immune regulator that promotes macrophage
phagocytosis of pathogens and is hypothesized to have the ability to reduce bacterial resistance. The mechanism
of quorum sensing molecules in the adaptive immune system is less studied, the current results suggest that 3-oxo-
C12-HSL is closely related to the mitochondrial pathway in host immune cells. For example, 3-oxo-C12-HSL
induces apoptosis of Jurkat cells by inhibiting the expression of three mitochondrial electron transport chain
proteins; it can also trigger mitochondrial dysfunction and induce mast cell apoptosis through Ca** signaling.
Among the quorum sensing molecules, the AHLs have the greatest impact on plant immune system. The different
effects on plant resistance depends on the chain lengths of acyl groups in bacterial-produced AHLs. Short-chain
AHLs (C4-HSL and C8-HSL) induce plant resistance to pathogenic bacteria mainly through the auxin pathway
and jasmonic acid pathway. Long-chain AHL (3-0x0-C14-HSL) is commonly used in hosts against fungal
pathogens by inducing stomata defense responses, and the reaction process is related to salicylic acid. Diffusible
signal factor molecules also interfere with the stomatal immunity caused by pathogens. It may act through the
formin nanoclustering-mediated actin assembly and MPK3 pathway to inhibit the innate immunity of
Arabidopsis. In summary, AHLs induced different plant pathways and affects the plant-bacteria interactions to
trigger plant immunity. As a quorum sensing molecule of fungi, farnesol has similar effects on host immunity as
AHLs, such as stimulating cytokine secretion and activating an inflammatory response. It also plays a unique role
on dendritic cell differentiation and maturation. In addition, studies have found that farnesol has a protective
effect on autoimmune encephalomyelitis, which may be related to its effect on the composition of intestinal
microorganisms of the host. Therefore, targeting the host immune system and quorum sensing molecules to
develop antibacterial compounds can effectively inhibit the invasion of pathogens and subserve the host to resist
the influence of pathogenic bacteria. This article will review the mechanism of host immune responses triggered
by important quorum sensing molecules, aiming to explore the targets of host-acting antibacterial compounds and
provide new directions for the prevention or treatment of causative infectious sources and the development of

related drugs.
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