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Abstract: Biological nitrogen removal is one of the important links in the nitrogen cycle of the
earth dominated by microorganisms, mainly including nitrification, denitrification, and
anaerobic ammonia oxidation (anammox). Under the combined action of microorganisms,
organic nitrogen and ammonia nitrogen in sewage are transformed into nitrogen through a series
of actions in sewage. The cost-effective and environment-friendly treatment has been widely
applied all over the world. Quorum sensing (QS) is mediated by signal molecules to regulate the
behaviors of microorganisms by changing the density of bacteria and the surrounding
environment. Many studies have confirmed that the regulation of QS signal molecules has
application potential in biological nitrogen removal. This paper introduced various types of
signal molecules, summarized the application and detection methods of various signal
molecules from the aspects of genomics and practical application, and introduced in detail the
role of acyl homoserine lactones (AHLs) in biological nitrogen removal. However, the
deficiency was that the study of signal molecules only stayed in the laboratory stage and only
studied the effect of a single signal molecule on biological nitrogen removal. In the future,
signal molecules can be applied to actual sewage to study the interaction of multiple signal
molecules and QS phenomenon among multiple microorganisms.

Keywords: quorum sensing; signal molecules; biological nitrogen removal; regulation; detection
method

K I LIS AATTHRAE R 90 20 T8 1) A B A2 3t P
YERHLE, B3] 20 42 70 4F4%, Nealson 25!V
TEWFFE M 2% RO (Vibrio fiscberi)if k& B 3%
OO A2 S R E MG Z MAF AR R,
AT B R AR S 40 B R AA AR AR B g il (B 1), XA
AR IE] A 15 ELAS TRAE 20 T4 90 4E4X 8% Fuqua
v & BRI (quorum sensing, QS). B
HBFFE LB QS FERUA Y L BT h 2 AF
16, B8 YA A K A v o W ) — i
b B % S ¥ (auto-inducer, AD)RITE 54 F7E

AETRRERZR e WEE, W%
5, AL A Ry B AT, S T
FEDA Rk, DT 8428 T A (B] AR BV, 3k 3]
M Z s B p H, ey ee. o
WM 7N A W (extracellular polymeric substances,
EPS). ARSI TAEHRA QS IWZ5, T QS H
AT 5 43 AT LA 3k 4 v M 260 T %) T 2 A A
RKHR | P EPS 7 i ML g Uk T e Ak B aE
S $ v AR, HET QS I8 AT - Hh A s
R AR RIL, A QS M HE Y TR
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B1 BRIMEFEBERIEED A EAEHEEMRE, ALKFHME, LuxN, LuxPQ Hl CqsS W
XA, LuxO BEBEmRAL , i e REA 45 /N RNAs (Qrr sSRNAs). Qrr sRNAs i LuxR 7% AphA. AphA
P AARAT AT R EE DY, IS S0 A AR P R B s 1 B D (FERE SR ). B 7EAH M2 B2 i
ALK, LuxN, LuxPQ F CqsS 2 1AAE R i R EE & 4 1E . LuxO L1k, Qrr sSRNAs RfE5E; (R,
ANFAHE AphA TR LuxR. LuxR $EGI AL T Ry Bl (9 RE A, A48 157 AR W) A 06 i ik DR (FE MG 4E IR )

Figure I Quorum sensing diagram of Vibrio fischeri™. A: When the cell density is low, the Al level is low.
LuxN, LuxPQ and CqgsS act as receptor enzymes. LuxO is phosphorylated and the transcriptional population
regulates small RNAs (Qrr sRNAs). Qrr sSRNAs inhibit LuxR and activate AphA. AphA controls genes
related to individual behavior and activates genes required for pathogenesis and biofilm formation (in Vibrio
cholerae). B: When cell density is high, AI level is high, LuxN, LuxPQ and CqgsS receptors act as
phosphatases. LuxO dephosphorylation, Qrr sSRNAs not transcribed; Therefore, no AphA is generated, but

LuxR is generated. LuxR is a gene required to control group behavior, including genes responsible for
bioluminescence (in Vibrio harveyi).
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NEHFO A 16 KA 75K, AR HR e 4%
KA AR AR EAEIR ™ R A, A kb
PR EBRTTKP AR RIIME . STk
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{k (anaerobic ammonium oxidation, anammox)%¥
JENE SR TASTE 2 A% 52 i i Ak S A A b /U a2
anammox B AR TE—SL it , il an 2 Ak 4
%(ammonia oxidizing bacteria, AOB)%HE‘%%%
A AL 4 T (anammox bacteria, AnAOB)#RFETESS
SRS TR | X PR AU AN B T I T 5 A
J T U AR S T it

QS iy AHLs {5571 1] LLid i $2 mi fif 1k
15Xt NH, RIRE AR HE, 75 EPS 7 i FIHE 5
TR AR TR LA A A= B, AR 2 JBORL 75 e A=
kAR A AR Y fE R AL R T, QS
F G0 T B o e 53 T B IR R A g B Al A A
A, 1M7E anammox H' QS A LIE#F AnAOB #
#ERY EPS 4 UK 5 AnAOB A K BRI AEY)
T

QS RV KL K T VFZ I SCER ik
HXTAYBE T QS MALHIL LD, &
SR T QS H Y 32 55 5 43 1 2 BUFIAH I Y
Ko7k, UUKRBA AR ANTE T QS ML
M, QS (A & By S PR L P AL e
Hehit

1 F5HTXRA

QS & — P 5 B Py A0 a] Y T A= P i TR
BLII, AT IR 3 AS (7] PR 458 > 2R 38 AH 07 g 1A
AT 892 240 T P A B BT, SR IS B 2 T G
BB AR EA T FE SR MES AR
WY, VRSB A BN UE T R 25 20
w2z, A DAER AR E Z m . i
BNE 3 RET0 T AHLs RG550 T A
$ Z ik (autoinducing peptide, AIP)ZE{5 54> F
UK A2 {5590 T
1.1 AHLs 559 F

AHLs K55 017 LA S35 22 G PR
QS R4t, ER—FKEW/NrFEH, st

Y N 28 A v 22 S R PN P A Sk A i, Hevp
T i ) e 8 3 LA SRk, R 22 AR PN TR 2 3k
WEAH KM, i AHLs 28554 F#RE
B 22 GRS TR RSk, T 0 T e ) i 114 K
MZERUE T AHLs (2 HEE . AHLs 80554
T3k BB AN B 4 1 e (o LR AT K 1 A
BB AR, RALRENS F Fh 2B 20 O 7 R b
HRUER, I AT LAAE 4 T 22 (R R A T Rl P R ) 4%
U MEILONAE KPR E T AHLs AOYTHLRE
71, HVEWEELSER AHLs 2 TEA S, T
KWL LA ) AHLs 0 3= Z 43 A 7E 5 e N 1T

LuxR &l LuxI & F & K455 2% KA
PR QS RS0 E 2L AR /3", LuxR 2K 12
DNA 25455 sk oo tE, W55 0 F
2R, AR SR E RS —E BEN
AHLs 456, HHMIERFERFRE; Luxl &
FUE 1R 540 T A i , AR A2 A s AHLs™
(TAEMLHI LI 2). HAET, XHE S0 FRITF5EE
Z A TP e 2% FC I 40 B 5 T, AHLs 30224
IG5 TGS M E S, B AT ATR,
BLR SR ST AR A

Gao ZEPI g SR UERA, SMNEERIN AHLs
AT AR s s e th R E s, AR AL
WP EREEMEN . 25T LUsE L T A 4 i e
SFAESVER, ARSI A R A A QS
AR BRI B BRI Ak B K
1.2 AIP £ESHF

AIP BT H L KHME QS RAEMGS
yF, HBERNE A, W shis ki )
WA AN, FR TR 20 A A0 RN 20 i P LA
FE G SRS R, i A R 2 22 R BH AR 43
W AIP 550+ HA S5 B e s, Bk
AIP (554> 7 REEH TANE A g >,
2RIV QS RYLH & —1 ABC %12 RS
FERRRGAMN . Kb M ABC #i2 25t
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Figure 2 Schematic diagram of AHLs quorum sensing control system™ .

A VE FH 2B Y ATP 328 3% 2 AR 06 b iy
ZRMESZR T T FoHTRENERMZ
PRI BE IR 2 B ATP 15500 737 53 shi
LN R A INRERY . AR REE . £
JE - 9 4 R 2R RN B ATP (5 5 TS
PEE2H SRR BRI A R , AR AR LK
MR Z R EN, RN ZREARS
DNA FFEE M SRS A CLAENLERIILIE 3).
1.3 AI2ES9F

ARFEF ERBEGE ST, A2 7§
FC BH 1 T A0 BE P B R R A e, i ELBR BB R 1 1 A
N Yady Y5 o 2 1 1 e el [ R T o
X 25 540 T A 5 2 A 4 2 vk T A R
s, HAETCTE 80 ZHF4np Rz, Al-2
55T LuxS EAS 56, 7EAH A KA
W FE T BRI A B A BRI rp A A TR A W 7Y

A2 5590 1, dNETE AL-2 f5 50> FH9RE T
PEAT E B AR, DLE IR AR A P
A YRETE Z Bl S AETE AL2 {5 550 T T RE
R IS, LB AR, Rz
A2, R BARCRPY . BRGS0 T RN
W 1.

2 BEATHEENMA T EA

B T A PR L 2 — R RS A A
Wk LBRAE, 15K PSRN MY
YHTE, T QS AT LASuE 4R ] A AE , R
W RRIARTT R, QB . EPS 43 DL R 41 2
FEERRZH) QS RGuryvaTs, M E Y I AU
AW A BRI R S REIE 45 R, X S TR
20 D T B A B AN S YR R AR AT 5%, B QS
Fen FHEAYN AR R T EEEM.
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Figure 3 Schematic diagram of AIP quorum sensing control system ..

z1 ZFLEAIHNAE
Table 1 Introduction of various Al

Signal Example of molecular structure Structural Mediating Synthesis Function
molecule composition bacteria type process
AHLs ko Lactone ring ~ Gram negative Controlled by 1 Intraspecific and
)\/"\\ head and amide bacteria LuxR protein interspecific
N . side chain and LuxI communication
protein 2 Promote EPS generation
3 Promote aerobic sludge
granulation
4 Adjust bacterial activity
AIP ﬁ _@ Oligopeptide ~ Gram positive  Synthesized  Intraspecific
s - bacteria from bacterial communication
H*GI}'fVuIAA;m-AIa-H/}Scc q}glr-ﬁu ribosomes
O
Al-2 m].l.(.). ::tm Furaboronate =~ Gram positive  Synthesis by 1 Intraspecific and
diester bacteria and LuxS protein  interspecific
o™ ° Gram negative communication

bacteria

2 Promote biofilm
formation
3 Bioluminescence
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21 ESHFEBURNPHEAR

AOB I fiff 12 £ %4k T4 (nitrite oxidizing
bacteria, NOB)Z A= Wi RS b 5 b il T 2%
5 AN AOB 4et% NH, 16 NO, ™,
NOB FiHf NO, #4kky NOs ™ i E M i A
AOREARON T =, HBTRRIESE 28 T g1k
PR Y QS T 5 Tl - Wu 25 PO DAY il Ak A 18
(Nitrosomonas europaea) -} F 1 i £k PR 15 Ve
HESE T AHLs BYFAAE. AL, FEGHAGAE P RE
T2 e FVRH AT 1 75 e 2 s P S K
2 AHLS®Y, B T 7EAS k75 U8 o & B Al
AHLs 4b, Gao ZEPPMfe# g g & T
AHLs 75 B S KA 32 AR ] it AA A i 52 IR
B NOB &N ) AHLs & I ) nwil 715 AHLs
M, T QS RGEAERM AL T VZAFLE
WEAE AL SRR S IR £ H) AOB Z—, KT
AOB HEMEN R M SR — 18 SCR R T 20 it
4l 90 UK, B STHFIT R AN AL B
W RIS, R A0 R B Y A= ) AT i
TSR AR R R T LR R 2
f) AHLs,, It 22 AR 20 i 5% B2 0 B P B 3R W P A
SMIEYE AHLs 5, 47T LLSE)Y AHLs B3
ZIEWE AR, BEMRE T AR T S
WBY. Burton SFPVRBR, AR fb BRI B 1 BR R
Schmidt %/ Cs-HSL, Cg-HSL #l Cjo-HSL
X 3 RN 540 T Lux UR FR M 5 AEVF
ZHE I EERE LR QS WiERS, HIE

x2 ESATEMEUIEFHNA

i 1 B 7T 4= 5 [ 2H (ATCC 19178)FpJft LuxI [
TRVE A LA AHL &8 . I, a7 RAHED 78
S A A B TR H A AE — RO [A] T Lux /R (580
ARG, ARG ER, ZT00% YL E
R(TCC 25196) 774 AHL &, T
L&Y Lasl, 1% AHL & R nmul 238500,
4 nmul Y51 A KA R P, 724 2B AR
AHLs (Cy4-HSL Fl 3-0x0-C4-HSL)P? ) Lj Z¢(1]
WA FINSME AHLs 15520 TR 17 HXH ik
15 MG A K AR AL ROCR B2, & B Co-HSL
A P 4R v AL TS TR X NH, Y R A R
3-0x0-Cs-HSL Al ¥ AHLs HIAiH AL Bk i5 Je dn i ik
s o R e YR AR, AR TR
AR, I, WG IE 2874 AHLs AT LI$E
Y U AR oA R G X 7/ R I (S i e ot A S TR
PeHITE L, 28 AT A 50k S Ak K G218 B A AL TR U
K, MR AL R G R RE. Sun 077
fis A= W RS B vy £ R 1) AHLs X ARl Ak
N A A7 AE 22 5%, Hirp C4-HSL 5 AOB i1
A, 1 Co-HSL 1 Cg-HSL {2 3k NOB 7% 1 . Shen
A SR Y FC RS AT T8 AR AT 18 (Escherichia coli)
R T —fpEr A AHLs {5543 T Cy0:1-HSL,
AN 2 umol/L Cio:1-HSL A] LA 5l £k 176 3k
IRy Rk, MR REMHEIER, £ 2 &
457 LR LR AHLs ZERS Ak SO B9V
AN, TR 4 A Ak IR AR 2 4R Ak (partial

nitrite anaerobic ammonia oxidation, PNA)J 2

Table 2 Application of signal molecules in nitrification process

Signal molecular type  Type of mediating nitrifying bacteria Effect References
3-0x0-C4-HSL Nitrosomonas europaea 1 It is conducive to the formation of biofilm  [14]

2 Shorten AOB lag [34]
C¢-HSL Nitrosospira multiformis Increase the degradation rate of NH," [32]
Cg-HSL Nitrospira-like Promote NOB activity [37]
Cyo:1-HSL Nitrobacter winogradskyi Increase nitrification rate [38]

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2256 (YIS Gk

Microbiol. China

W, S E TR IR IE AOB TEME . M NOB
PE, MI$EE AOB 4hifE MR B E L,
NH, H Z b 6h NO, TidE NOs-, DAL
AR RS BRI SR E |
fi#t % (dissolved oxygen, DO)., MY . WiF A
(free ammonia, FA)#l, QS 7] BB 7E R AL VAL
AR A E AR, i, R R S 0
AHLs DI$2 5 AOB &, (H i A & B 5T il
RS NOB ) AHLs,

QS Wi Ak 2 v G s A A A B S PR, Tk
WKLY YA DB IE i, DL R AE BB 4 i Akt
kiRl AOB 1 PEHR L T8 i .

22 EENFERMCREFHIER

AL SRR AL LE IR TP Y 2 AR iR
7, ARG E BRI, RO A TR
A DATE DR B AR B 254, R BLE
HLFHEA . NOs 5 NO, 1R M L3214, ' NO5~
8¢ NO, #4460 N, 8 N,O HR i, K HIE R X
FRRRMBIER

SAEEAE ) QS whsRE D, FEMIE
F) E AR B BRI T - Kariminik 25P°7E 4 4%
R R BT W4l AHLs /39 QS &4,
rhl I/R il las I/R R4t 435 {553 F C4-HSL
1 3-0x0-C1,-HSL /it F AT HIFERBIX 2 >R &
S 55 4 SRR TR A SRS Ak TS R AT AR
IRAR AL 2R 58 AR AE AR IR 8 8 K Arhl T
Ml Arhl R, EATHA AT ZRABIRE KT
NO; W b, FEa] IAE BE 21 Ny, TTE
S P D A1 P L R 3% 7 VR b T A AR [ 5
AHLs 43 F 0] LI UL BRI NOs IR JFAi R
F W] rhl VR Z2 48 AT LA 1o 5 S D e 2k DR fie itk e
H AR

AR, FE A A T I AR AR B TR g
Wil 2515 543 F (Pseudomonas quinolones signal
molecules, PQS) AHEAH 1 QS R4, PQS R4

i i pgs R/E 4" FH9 N,O ih JR i (nitrous oxide
reductase, NOS)HI il {f F F15& T pgs R/E 37 5%
SEXF NO if )i i (nitric oxide reductase, NOR),
NO; if J5 i (nitrate reductase, NAR)F1 NO, i JiL
Jif (nitrite reductase, NIR)AJ 15 /EFH 2 482k
PR RO AR Y. PQS B i A Ak
TN NOs FFIEFI NOR. NAR [ 44: ,
BRI B TR AR 1 NIR BO3EPEMY ) R, B2l
A S PR I 4R AT LLE 1 6 PQS (75 F Bk
BEAYERRR I,

QS 7 HAh S 6 Ak 20 T Hh i A A8 AR
ARG, AN [FME 5 50 5 7EAN [R5 A Ak 40 7
AR A i 48 . 5 2 — 2D LA 7R QS
P A AR
23 ESHTFEREREUREPIER

Anammox sz 5 75 PR B A1 25 1R T
AnAOB Jf] NO, %Mk NH, A A Y R . A
BTESEAYRA LZ, anammox [ ZiBkid T
NO, E AL NO; (it 72, HAH 2™, H
SE T AR U | ARG I [A] X PR S5
RS A KR, AnAOB Ry & 48 55 F 11 TR X!,
anammox A= g — B AL = R 5 7K Ak BB T
2, ARMER TSP AR . Gnfar o 45
anammox 13 sl [E] FI$E 5 AnAOB 61k, B
JEA AR SK anammox  AH SR ZE Y $A s 24

WAL AnAOB AEFEIE S, 440
FERTF 10°-10"4~/L Bf, AnAOB A fig KM
AR B PR, Sl A B A0 A AR G
ABLGEILT Y QS BAGL, 1M H. AnAOB fF 44
ZRBAMERE, e B H& G5 T If i
7 QS WMae 1. it —2matsEh, AfTx
anammox L. Z, Y AHLs #1471 e FIE &4
Hro Gao ZEUNYE anammox S W #F H ARG i )
Ci2-HSL, 7E anammox ¥53% b E WA Y
AN T Co-HSL I Cg-HSL 407,
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WEHAT, MIEMS AnAOB HIZEH AHLs 4
KPR 3-fk i A BUCEE R AHLs 11 3-oxo-
Ce-HSL . 3-0x0-Cg-HSL ; 3-Hk fo Jo BUAC 3 1
AHLs 4l C,-HSL, C¢-HSL™ (25 s I L
Kl 4). 5i5b, WH5EEIELTE AnAOB HHRBL T 4
5 AL 4 A KL R ) Tang Z5P°9E Candidatus
Jettenia caeni "PUESE T 2 Ff HAtS %Y AHL &%
g (A7 AE RN I BE , I UE S X B8 A Bl il ] LA AE 1A
W74 AHL, ItAh, Schuster Z2P"R &30 T 4
T AHLs fB0E Z B L, XKW J. caeni
AIRE A SEHEN QS [l %, mILASCEBAN TR 1T A
Y AP, X IEPZ FIER T anammox
KR H QS HIAFTE

AATXF anammox KR H Y QS ML AT T
KAEFSY, de Clippeleir %P2 7E — 2 SR 4 [ F7 il
- I A AR AR I R g A RS il Cro-HSL, 45
KIL AnAOB (17 P4 3% 38 11 X AOB R M A K .
XESEECIIE R 3 anammox a2 B AN T 2>
PR R anammox FURIT5 YR, fff AnAOB
WA TRERS, SR EASCREA T
KIEHET 5 #i0 R AT e 2 A = 76 P AnAOB
B AR 5 R BE AR, NI #E T AnAOB
MRFER P RE, HXIFAEIA NGS5
THIUEHL A AnAOB 5 PE L IEASE, 40 fH]

A

4 WWZE AHLs &£Hr=E

FEZW M Cp-HSL, Tang 41 HI T 5 de
Clippeleir #4538, i 7E K 121789 SBR Jx
NI Co-HSL 5 &3 AnAOB R9i& P H
BT HH S BRI X R B AnAOB 11 QS 1%
IR AHLs MG, i 5172505 S50
PEAR R AT | S0 A E B A RIS R
sk T A RS EAREEIEREL, hkE
[i]—F AHLs 7EAN[F 2514 S X5 AnAOB 15 g1
MRS A R RARE . Lin 200 gk is e
) EPS 5 AnAOB —if£#55%, 45 /K AnAOB
PG AT B EE T, DO h kiS5 e EPS
& HZF AHLs, f#h C,-HSL. C4-HSL #il
Cs-HSL, H:H C,-HSL il Ce-HSL AI A3 R H 340G
AnAOB WML, #& TA LFR*. Zhang
GPTHERIIE 1T 0 A ROV I Ce-HSL
15 AnAOB F R KT ILAIHEE T 10%, Tang
S0 % B Co-HSL AE i 35 32 55 AnAOB YA K
WA XEEESE T Ce-HSL 7425 AnAOB £ K
RN

H T AnAOB A= K ZZ 1% (155 E] R 10-14 d),
RS E MGV, N T 4ERF anammox 1 F#
FITERE, O Z00R BCA: 1 BB A T 108 SR Ak 1) 5 i
KeBij 1-27F AnAOB T5RMHAR, F AP
FBRL TS U6 B AR A T LAXT AnAOB A5k

A: C¢-HSL. B: 3-0x0-C4-HSL

Figure 4 Structure diagram of two types of AHLs. A: C¢-HSL. B: 3-0x0-Cs-HSL.
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HEATA S0 B S EPS 75 AnAOB AR W E R A1
TGk A FE & ¥R 5 AR . Zhao %PY
TEELLBATHY CSTR S # o 43 In# Fss | ik
fLlE1E AHLs my4mi ], 4558 &3 AnAOB
WUk 5 e i £ B (polysaccharide) Fll 2 [ (protein)
W IR, SRR AR, T 2 AR
FIE & EPS A9 3 24 R4, fh b mT HE
AnAOB W #f EPS & 32 %] AHLs M52 .
Tang 24 3E 3-0x0-Ce-HSL | 3-0x0-Cg-HSL Fl
Cio-HSL AN [A)FR EEHi A2 i T PN Fl PS HY-5 K,
F30 AnAOB BRI 2R B KN 3G 1 15% .
19%H1 23%, LA EAF5E B8 QS X AnAOB [# #f
1 EPS & MUK B AR, £ 3 M4 T IILAE
55 F7E anammox I HEI/E

HHT, % AnAOB FEAARIERN Iy T 057 I8
AN, WATEE anammox 1.5 QS MHZE &
53 anammox T. 255 H 8 A SR I 24 fa 5T
M A BUA 5 R AT 7E anammox T2 1%
2N g H R NS v B B T o B e T
) AnAOB V57, MM &5 AnAOB T PEFI A=
KB, fEdk anammox 75 e BAEMPRIfL, &
F|il anammox T ZR# JF 3 fog iz H Y.

3 fFE5aTmaeN

fRonTiE QS REMES, B AF D
DR T, FCREAS 1 41 B S 158 1] B3R 5 b AN [) Rl
NSRS Gt P R L BN B TS R AN RS ]
ST A SRR AL S EAE, E

%3 15559 F7 anammox & B F

Table 3  Application of signal molecules in anammox

T XHE 543 B 8 MR R E AT, A BT
TR A KRS AR BRAT Ry, Ht, B
25 A543 PR T SO A (4 ARSI 3 o A A
SN i — 258 S R R A R X
3.1 AHLs 5S4 FrIEM

AHLs 53T & 240 B8 43 W 1 K B P /N oy -4
Ji, TEARSE AR SR EARAL, %k HAE
ML AR, 4§75 AHLs 437 B9 75 24K
SRAFTEAR ZMER . A 19 AHLs ARSI B ]
3R B A I RN B A 0 A SRR ARSI 2 b
1 2 e I 5 3 A A A — o R I SRRy BR 1

W) PR AR SR I 9 2 A R SO A
5T 3% 3% F (HPLC-MS) . <A 8 335 it 3% B H
(GC-MS) ., W AH 335 - HR B T 3% (LC-MS/MS) 35K
SCELXF AHLs 94 #r o Morin 45 Pt 57 (1)
LC-MS/MS J5 3 A 72 1 5 Fe A I HH g P B 425 90
B (Vibrio vulnificus)™ 6 Ff AHLs, % &% 000
T HPLC-MS/MS )77 ki & Pk 15 U6 H Y
AHLs, Hishtih ZHE-/K, SR AR 5 U5 E B
Tk, A% 7 B AHLs $E47 8 Pk 2 A
Cataldi 2T GC-MS 1528 T % £ Fl 4 i
PEHUR P AHLs BRI, 1%L RERSTE 14 min
PAASE I R 5 RS Y 6 B AHLs . Hoang 25
AP AR I A £ 1 3% FH v 40 B IO i o ot 43 B
AHLs, AJLI7E 16 min P [A]#}5E £ 30 4~ AHLs
el o (AT EMEH 5> AHLs i TR #A,
ST B A R S Z iR, LA RE
SE R

Signal molecular type Mediated AnAOB type Effect References
Cy,-HSL Candidatus Brocadia fulgida 1 Improve the activity of AnAOB [15,52]

2 Promote EPS secretion
C¢-HSL Candidatus jettenia Improve the activity and growth rate of AnAOB [55,57]
Cg-HSL Candidatus Kuenenia Improve the activity of AnAOB [55]
3-0x0-C4-HSL Candidatus jettenia Promote EPS secretion [15]
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IR A IR P v 16 VS 5 0 T U I
L A A R I AT, N T BT U0 2 Bz e
A AHLs 1% 2y BE 3 P ok vk BUA B R BB Ak
AHLs WY TEF, kA iE 3 57 49 AHLs X4
AT E A N e N N g S R D R e = P
XoF I IR Bl 0 At FE L, X R N TLRE R
JE AN sk AHLs (B P58, 245 41
U8 AHLs 006 #4536 R A PR 3k, K4 45
FE R 75 Tk st A S e R A AE AHLS™Y . 1
A= A2 TR TR A T 9 2 — A s AR A vk, fH
I E ) AHLs WREERAR, WH SINTFAEY
2 R (R ARG A B, [ B2 e 1) 15 3 ik 2 43 25
HNFLIRES B 5 10

KTFAERE PRI AHLs 9777, Schupp
21517 [ #H A5 B (solid phase extraction, SPE)
FeIRE IS G AHLs B9 R f5% , 445t SPE
Je K ) 3-0x0-Ce-HSL Fl Co-HSL -5 ¥ AH A5 B
Je MR 25 SRA L, R 4 T 2 fi5 A
10 %
3.2 AIP ES 4 TR

AIP (KI5 £ 2 LC-MS/MS , JEfFH
HIHO AR L 2 A TR ] BT (MALDITOF-MS) |
7 e A8V £ T - L T 5 HL - v 4 BT T IR
FH(UHPLC-ESI-HRMS)%: . MDowell Z£615%
[P A AR B4 8 T A KT VR, SRS L SUAH R
RORAR L B Bralifl, 15 210L AIP-1 KL
AR & 8439129 10 pmol/L 1 14 pmol/L,
SRITIX — 2t B AR M FERT , IF B 2B Ay
Iy A K 4R B 4y Bt B . Kalkum 25 R
MALDITOF-MS P A6 il 4 2 €2, 75 28 3R 741 15 97
FEH ) AIP-1, 207 R B R 46 B SR
B i T A B 5 5 b A T A& W A AE
ToAM AIP-1 43 F 851, M HiZ AR
A AIP VR EE 5 T Junio A% VA
UHPLC-ESI-HRMS 46 il 7 0 g sk I iy 1

Tir FF 42 PG PR 4 B (0 R A BR TR P AR 1Y ATP-T {55
ST, BARASIPR A3k 0.25 pmol/L, JrikhyLk
PGSR 2.6-63.0 pmol/L . 1% )7 ARk H i
%6 min, P ER TBBEAEE Junio AYIERE
LT 4 Fl AIPs 5543 F 1 LC-MS/MS
2, U 0.1%H BRI OIS ATE 0.1%H R
IKEEHANE AR shAR , FF7E MRM T HE1 788 G0
TEZ )T RIS 4 Bl ATPs 3 AOAG:I BR 7 [l
£ 0.001-0.006 mg/L, ZMEFEFEN 0.1-4.0 mg/L,
[RHSCRTL N 65.7%—122.3%70 % 7 B RE Lk
WER X ATPs 2 FHEA 758 P 2 A
3.3 AlI2 5S4 TR

HAETXT AL-2 Rl iy 5 . (1) i RO
(Vibrio harveyi)4: 4y & 630 1%y vk 1 e
WINAMER AL-2 FIARUS I AL-2 B i FRORE Y &
JEHF B] 25 SR RGN AL-2 JE A AE7E, T H
PRVEMIOE , B i M ik Z — (B HAEXT AL-2
PEAT PRSI, T LA I &5 SR % o =2 R s T
b B (4 . MRS U 1 SRR UE R TG
FC O A ) Sk de AR 45 4, BRI 0 A
pH {2} 7.0, JNFELLEIA 1:100 B, FREESZ0N
AR /N (2) T A2 5ZKREASSE
DA 22 %0y 1 AT S W AT-2 4 AR
ARG R, IR E 22 Fh 20 A R b 4 A A
FARR R AL-2 VR, (HAZ R E R 4%, W
B Z IR PR AR E . (3) # AL-2 FyHE
PN 4,5- TR I 3% Tl 1,2-98 e
A= k47 I N, A F HPLC-MS/MS B GC-MS
R LA S, 2 TR R A 2 H A B 5
£ 4 B TGS o BRIy 2 SO Ry
RIOES T

4 ZHERE

ASCEENA T MAEY QS P MBFFEit
JEE, EES T 550 AR Y A B o R A AR
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Table 4 Signal molecule detection method

Signal molecular type  Test method

Characteristic

It can effectively separate AHLs, but AHLs will decompose when

separated by gas chromatography

Detection of microbial sensing The detection is efficient, but AHLs cannot be purified, and other

AHLs Physical and chemical testing
bacteria
AIP LC-MS/MS

MALDITOF-MS

components affect the detection results
Rapid and accurate qualitative and quantitative detection of AIPs

No pre concentration of culture solution is required, and

quantitative detection is not available

UHPLC-ESI-HRMS
Al-2 Vibrio hastelli

bioluminescence method

Fluorescence detection

Fast and efficient detection

It is easy to operate, but it can only be detected qualitatively, and
the results are vulnerable to interference

Complex operation

Detection of AI-2 intermediate Complex and expensive operation

products

WA TEE . EPS AR U FI AN B AR S Oy
THT P58 R, AT DS o S R A 0 i AT
A ARG S (R, AT AR, DA
SRESH T EMEE RN L. BET, QS
B TE A M R R P A 9 38 5 76 DL R LA
D5 T IR A

(1) HHEIXHE 5 53 F 46 £ PR 7 1 1 B
FAUR PR TR 5 ;RL, SEhris KA (55
43 B IO o A DL, AR R A S PR TR 4R
14 18 A A AR R A Bk K o

(2) BA W5 K L4 B — 115 54 7 Xt
YA, YT 2550 TG 1R
T RGN AT BESE AR FERE QS MEAHH
TERB ISR DB W I, JEEm R gEa £
F{E S50, W AHLs 5 AI-2 ¥7E7E TH 22 %
FIvEw s, B 2GS0 FHEE R T XA
Wy 158 R B D55 T A R 0 — 25 BH A

(3) BBt s £ RS FAE QS LA,
iMH QS ARG AT EHEMEM, HEH
2% QS HLHI A QS ARG AZS F R S A WA,
JREEAT IR AR A RIS Y 55T QS 2
RO, AREXTILHEA TR AR, AT LLh 4T B

fift QS LR W AR A IR P AT N B Rt

BEXF X Se ), 5 S5 AT LALE S A
ol N K o= e i T I N G R TR R e )
AHEL A PR AL PRSEBR I K, [R] I A AR 25 2K
EHEATRTE, RAETE NS A I A 520
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