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Fig. 1 Structure of common acy—homoserine lactones ( AHLs )
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Table 1 Physicochemical properties of 12 commonly existed acyl-homoserine lactones ( AHLs )
Iy hE IRV SR EZ .
A 24 2 i SR Moleculsr  Waer el 0
AHLs Acronym Formula mass solubility Polarity AR log P
(Da) (mgL™") foe
N-butanoyl HSL C,—HSL CsH3NO; 171.2 1.40x 10° 5.80 0.02 0.03
N- (3-Oxohexanoyl ) HSL 0X0-C4s—HSL CoHsNO, 213.2 1.04x 10° - 0.09 0.14
N-hexanoyl HSL Cs—HSL CoH;NO; 199.3 1.48 x 10* 5.81 0.64 1.02
N- (3-Oxooctanoyl ) HSL 0X0-Cg—HSL C,H\NO, 241.3 1.06 x 10* - 0.59 0.94
N-heptanoyl HSL C,—HSL C HsNO; 213.3 476 x 10° 6.00 0.95 1.51
N-octanoyl HSL Cg—HSL C,H,NO; 227.3 1.53x10° 6.19 1.24 1.97
N- (3-Oxodecanoyl ) HSL 0X0-C,—-HSL C,Hy;NO, 269.3 1072 - 0.71 1.70
N-decanoyl HSL C,,—HSL C4,HysNO; 255.4 1550 5.90 1.86 2.96
N- (3-Oxo-dodecanoyl ) HSL 0XO0-C,,-HSL CsHyNO, 297.4 107.2 - 1.57 2.49
N-dodecanoyl HSL C,,—HSL CsHyNO; 283.4 15.62 6.44 2.53 4.02
N- (3-Oxotetradecanoyl ) HSL 0X0-C,,—~HSL CsH;NO, 325.4 10.62 - 2.11 3.35
N-tetradecanoyl HSL C,,~HSL CgH33NO; 311.5 1.56 6.54 3.21 5.09

H: log PR/RAHLSTEIE VA KB R H AU 53 B L Note: log P stands for partition of AHLs between n-octanol alcohol and water
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ib, ARG AHLs M 9 3 nmi s o 255 0F
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T2 BMESZEBRANEE (AHLs) ZEEF

Table 2 Extractants of acyl-homoserine lactones ( AHLs )

EEHE ] PEIGH] sl 275 3CHk
Strains Extraction agent Solvent Refs
C. violaceumATCC A ZNE [20]
31532 Dichloromethane Acetonitrile
R. leguminosarumbv. S - LI -IK T [21]
viciae 248 Chloroform-methanol Acetonitrile-water (v/v, 50 : 50)
(viv, 97.5:25)
P. aeru-ginosa FRAL 212 Tk CWE-KIETR [26]
strain PAO214 Ethyl acetate Acetonitrile-water (v/v, 90 : 10)
P. aeruginosa LR TR FH 2 [22]
Ethyl acetate Methanol
Vibrio vulnificus A M (faggal) [24]
Dichloromethane Acetonitrile ( chromatograph )
E.coli strains LR T LR TR [23]

Ethyl acetate

Ethyl acetate

3 MEEE R Z AR N BRI A E

KIS0 F I SE X T M YRR I i 15
BACmEE 2 X EENIEM . AHLs 45 58
OG- FiG N . B Xl H UK S BB
6 Lt A o 5 [ e e R T 9 R R PR A B OR
(R3) , Hrp, FIwE )k BEnl a M T g i .
3.1 &iE-FUEE A

o RO A 8 3 — JOT i 3 R AOM 83— o vk —
Pt >R FH S AH e S0 RR €835 - BT 1 K H ok 23 BT AHLs
PIOK /B B K/ G i shAl, G o AT #1743
B, Bk SRR s B R, CRAE S
T AT LR SO 3 — R I
AHLs, % UZAEREA, FBFTHEMA100°CE
280°C, 7E20 mK M EBAEH DB, DIikeE
PEB TR IR (m/2143 ) #474047 " 0 Charlton
& 0] MR T —FhE EA M 3-0x0-HS Ls I 5t Bk
Jik, 185 3-oxo-HSLs ¥4k M4 @ i AT A4,
b SO S - BTG 0 A . T AHLs AIREE &
PEFIAE i FE E i R M, AR I T o
T MESE E o SR, R ASORAH €235 HR B T ik 25 32

PR TS AR BRI, 40 SR sh A 5 U B A 224k,
W B W) ST AR 7 ORI B 44 23 3 S B g e
HERCREEAR, IF AR E R S B E B E
AL BAS o
20 T+ 9HORE £ 1 A UG o
WFR T —FlR 98 TH OO (38 R BT (nano-
liquid-chromatography-mass/mass spectrometry,
nano-LC-MS/MS ) %8 WK T AHLs( J5 3 1, Al
iTfEnano-LCFIMS Z [H] T A — > H i S i, H
Pl W e SR U S AR ek e O 14 6 A0 A A 1 i
FIed, 4236 8 ok A HILIE S AR BEA T DR BRI E 5 1%
B, R IR AR AL T/ N Y [ AR AE B, R T
WA CHEEK (viv, 80/20) ) FRERET ( HIEE
Pk (viv, 30/70) ) BOBHEA B, AT REAS A
B 1 R R E M A I AH Ls o 125 R 4 B RUR
U, REUER, K1 pg LM BMEES S E
7 HLR S AR i RV R AT S8 N E e ]
frvEm .

B4 X7 K BRI T (capillary zone
electrophoresis/mass spectrometry, CZE/MS ) 7]
JrHTAHLs, AL TR, O Tkt TR T
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Table 3 Methods developed for determination of acyl-homoserine lactones ( AHLs ) compounds
Jrid HE T TR E FE b A 2 22 30k
Method Substrate Product determination Sample treatment Refs
SR o 2 RR T — i ik E.Coli, P.stewartii ox0—Cg, Cg=, C,—HSL [6] 4 B [31]
RP-HPLC-MS P.aeruginosa SPE
e WAL St Cystic fibrosis patients  Cy—, C¢—, Cjp—, Cj,—, oxo— WO ZEI ( & W e ) [26]
Biosensor Cs—, 3-ox0-C;;—HSL, 3-ox0-Cy- IR 335 16¢ 1
LLE plus LC
AR 5 OB €41 — BT 1 V.Anguillarum OH-C4-, C4-, oxo-C,—HSL W AEIC (5 ) [32]
RP-HPLC-MS infected, HIVRAH 35156
rainbow trout LLE plus LC
A - Halomonas specie Cy—, Ce—, Cs—, Cih—, ox0-C,— WORZEEL ( & ) [33-34 ]
FpL I 25 H B — o - S Sinorhizobium HSL I e A e 1
GC-MS, ESI-MS-MS meliloti LLE plus HPLC
ARG -G T Bacterial supernatant C¢—HSL VR AEE ( &) [29]
GC-LIF, GC-MS 1 BOR A (3515
LLE plus HPLC
JAH R AR A6 -PDA/Ji 1% Bacterial supernatant C,~, C¢—HSL WA ( &5 ) [35]
RP-HPLC-PDA and MS TR0 AT (5 53R
LLE plus HPLC
H YL Ias Agrobacterium oxo—Cs—HSL, Cs—~HSL [ AF A HL [36]
Biosensor tumefaciens SPE
AR - BTG Burkholderia Ce—, Cs—, Ci=, Cg—, Cyo—, WA (5805 ) [37]
GC-MS cepacia Cy,—, C—HSL LLE
SAOTE - RS Marine isolate C,~, oxo—-C¢—, Cy4—, C,—HSL HE NI A1k [38]
GC-MS Derivatization with
pentafluorobenzyloxime
TR AR £ - Vibrio vulnificus Ci—, Ce=, Co=, Cg=, Gy, T () [24]
HPLC-MS P.aeruginosa Cp—, Cy—, oxo-Ce—, oxo—-Cg—, LLE
ox0—C,p—, oxo0-C,—, oxo—-C,—
S 2 BSCROR 2 1% — 25 43 o Fillets of cod Hydroxyl-C4—, C,—, C4—, Cs—, WA ( LR OB ) [39]
RP-HPLC-HRMS oxo—Cg, oxo—C,, LLE
SR 5 R 033 — 2 43 P S Spoiled meat ox0—Cqe—, Cq—, oxo—Cyg—, Cg—HSL WRAEEL (57 [40]
RP-HPLC-HRMS 2 2 AT
LLE plus TLC
JAH SO AH £33 - Soil and Bacterial Cy—, Ce=, Ci=, Cg—, Cyo—\ [41]
KR L B o % supernatant Cp—, Cu—, oxo-Cg, oxo—C,—
RP-HPLC-APCI-MS HSL
J A RTRURE 0,1 — Bacterial biofilm oxo—C,—HSL WIRZER ( 2R T ) [42]
B LLE
RP-HPLC-ESI-MS
AR RBOBAH @ 1% - 4 WEBTE Standard solution Ce—, oxo—Cg—, oxo—Cg—HSL [43]

AR v RG34 A [ 5]
RP-HPLC-APCI-MS
RP-HPLC-DAD
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Method Substrate Product determination Sample treatment Refs
TR T - Burkholderia cepacia  C,~, Cg, C=, Cy=, Cy=, WA (D) [44]
PRI 55 P 2 T 33 G-, C,—HSL LLE
Nano-LC-ESI-MS
B X7 LYk - Burkholderia cepacia  C,—, C4=, Cy—, Cg—, C,o—, WO AR (&) [45]
HRLIE 25 1 12 I3 Cpp-» Cy,—HSL IR A T A A 1
CZE-ESI-MS LLE plus SPE
JEE L B B AN A (i - Burkholderia cepacia  C,~, Cg, C=, Cy=, Cy=, WA (i) [46 ]
EENAE TN Cp—, C,,~HSL LLE
PF-MEKC-ESI-MS
BRI AR (A 3% -3 HPLC—  Spoiled bean sprouts oxo—C,—HSL [ FH A 1 [47]
HRMS SPE

M S BR WIS R BUE TR, R B A IS
o ARG YRR DA = R . CZERR /3 #T il
AHLsTRE K i 7= Az 1) 22 R 5y F o B SRE T,
22 F R R TR LS o8 & L 1k, MM SE 8L 4y
B WA AHLsBIEES FFOIAL mol L™ NaOH
HEATK A, 2R T EEFR15 min, KK P m 2k 3
CZERMZE ) o i T2 &Mt BB 7o,
Mk, Z&8RWKEEBREK (4 FlK) , Bl
PR, AT BT 5 0 s5OR R C% IE rA B . X
J5 3 Wi Burkholderia sp. Mmil5377=/4EFJAHLs,
PLC,—HSLJ AR, il C-HSL, C,,-HSLA
Cp—HSL ™7 0 CZE/MSHAE T —FhE R IX i 2 &

P N I 5 K gk = B T % o
32 BEMTHRBETERAKRRERESESH
i 8 R A

SR AR L AR 3 8 1 [ e SE R BT (Fourier
transform ion cyclotron resonance/mass spectrometry,
FTICR/MS ) %5 AHLs 25 4 1 7 75 5 o vh 728 1 1)
P. Schmitt—-Kopplinif @ 21 iff & R TS
AR B RS, fEIEE TR kA
TA. AHLstEA R FIES [ M+H | "ML &9
[ M+Na ] "2l ¥ FTICR/MSH LIk £
FT 0y Z— BB, X TR/ T (CRZ) 500
Da) ZitNAEEAR T T 5t . HBHERT a0
Oy Z— M, TR LR AR Y IE A U D AR RS
s TaA, MAZMITER (C, H, N, S,
O, PHIF, CI, Br, Si) MR, GEAS%E I
WEEY . FREHFTICR/MS (1412 R )

RERS 1] 5 06 52 &2 e AR A 254 . TS AE
AR R, R A TE(E 2 00000, TEE
PR E AT LIGAE] T 000000, SR, FTICR/
MSAZE 5y X 4345 LU H B8 1o

B E R A 3% (Ultra high performance
liquid chromatography, UPLC ) J&F /Ny ZfL 0k
A R B, R4y B 8 I AHLs, HoA
OYERE . RERLA . R R R . R
6 LA S I RS 7E 21088 197 nmpE 470 5 127 .
i C A BIRE, LG Kk B B KA R i B
M4 BSAHLs . Morin® >*) HCA T 33 9 A 6 0
KB, S A Sl U R (R i AR
I 5 58 JSEAFDOE T4 o > feff ) e P A 32 1 Y et/ K
WHIME R SIAR, Ve S L2 AHLs N
SRS LA T B M ke E R B A A
LW, log PMH (PRHLEE BN ) 55005 K AL
Fof) 7 PR, AT L e AR B I A — A
AR AHLs 705 B M BE R

FTICR/MS5 UPLCHE H 218 R K3 o 45 78 A
EAYIIRE J1 . 9 T UPLCHY B R R FIFTICR/
MSHE 5 I RBUE A HLLE A, Lids Y R —1964L
M Hz, K UPLCA B RIRE S o 4, SR )5 SR A
FTICR/MSIl&Z .
3.3 IR

% 0 LR 2 5 7 A WLAL B W 45 R B —

Jrik, ANEE Y TR . SRR 1 T M A DT
o, TEAFE R T IR 2, DL |

X = ISR AU . B SRR © T T A
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AHLs """ DKP ") ( ZEIWREEEAMEY ) 55
aF. mTHOREZ R ZB, MUEY RN
AHLs/> T, 365G Sk as Ry 1 3 5 U
TERREE LI &, A% IER 70 M vT DA e it [ 8t

4 ML R 22 B TR N e 1) 52 R e B

SE R AHLs B 7 I 6 4% . AW idds . W
JRIENTE L ORI F R BR Y L MRS L L
CIEMEIE LS, o, YSRGS RN
@ AR S BEdE 2w T Ji ik, (HEgf A e
AP BRSPS AL IR B 35 R AR G, (2
B AHLs ¥ 75 200 E 1Y B RRFIBORL, O B 25—

K BYHF A A BB SE B 2 . W2 ZMT AR, H
AE FH R I 52 0 5 W B A A H Ls o TBFIBE 500 28 v AT LG 1
PR Oy fE L P, ERBEX AR AHLs
s o] DA TR B A S A 2 FP AH s, (HRFR 75 22
U TP AlifL, Wi S 2N, X BN A
4.1 HYfEEREE

e AL S T T AHLs BRI . iy T 45
AHLsH S 30 7l AMFAHLs R ), 33X S84 W45 R as
BIEA S ARREAWAHLs . (2, ESMNFEAHLs I1E
T, ENTRe &G . A8 0 ok 3k B2 7L il
Wk, PR AR AHLs S AE . AR A [ T Bk
A N AHLs I 2 e 08 A1 5 e 280 b A I A [R] %
KIAHLs ($£4) . TESteindler%[ﬂ]ﬂi’iﬁ, e Ji

=4 BIEBSLEMAE (AHLs) £

Table 4 Biosensors for determination of acyl-homoserine lactones

A=Wl i Z3U HER N, 7 458 e R Ge 6 B9 AHLs 228 3k
Biosensor Source Quorum sensing Reporting system Detected AHLs Refs
CV026 C.violaceum Cvil/R Violacein pigment C¢=3—0xo—HSL [20]
Cs—HSL, C,—HSL
(Cg=3—oxo—HSL
pSB401 E. coli LuxIl/R LuxCDABE Ce—HSL, Cy—HSL [54]
Cy-3-oxo-HSL
pHV2001- E. coli Luxl/R LuxCDABE C¢—AHLs, Cg—HSL [3]
Cy-3-oxo-HSL
pZLR4 A.tumefaciens NT 1 Tral/R B-galactosidase All 3-ox0—HSL [55]
C¢~ C,—HSL
Ce ~ Cjp—3-hydroxxy—HSL
pCF218+ A.tumefaciens WCF47 Tral/R B-galactosidase As above with more [53]
pCF372 sensitivity
plZ384+ A.tumefaciens KYC55 Tral/R B-galactosidase As above with more [41]
plZ410+ plZ372 sensitivity
pSB403 V. fisheri Luxl/R LuxCDABE Ce—HSL, Cg—HSL [56]
(C¢=3—oxo—HSL
pSB536 E. coli Ahyl/R LuxCDABE C,~HSL [15]
pAL101 E. coli RhIl/R LuxCDABE C,~HSL [57]
pSB1075 E. coli Lasl/R LuxCDABE C,y—3-oxo—-HSL [54]
C,—HSL
pSB406 P. aeruginosa Rhll/R LuxCDABE C, ~ C,4=3-0oxo—HSL [54]
C,~C,-3-HSL
pKR-C12 P. aeruginosa Lasl/R gfp Cyp~ C4—3-0x0-HSL [21]
Cyp~ C,-3-HSL
pAS-C8 B. cepacia Cepl/R gfp Cp~ C,—3—-0x0-HSL [21]

Ce~ Cpp-HSL
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220 nmol L™'AYAHLs U L5 | 4G 0 35 []] ) %
ik, MTH, KR R S A pAS-C8R
SEILH TR P putida F117K5 13 -0x0—C,,—~HSLIF
RPJEHCL,-HSLE 100245, Aid, BTaEMAE
PG s BB IS 2 I AHLs 2 1, Hik,
e e 22 PP WAL SRS R A I — Fh B A W 7 A ) — &R
51 AHLs .,

He W A SR R A T A H Ls J2 75 47 7 110 55 7 2.
AR T H, %07 T DL B A A R A
AHLs, 53 A7 245G a] Dl f /il AH Ls 1 i
BE. BRI, BANBEIX 2> AHLs A M 5% K 2 5 A R Y
B, PIMIJCEE X 43 %1~ AHLs . b4k, 75
FRA EAE R, WAl S EUE R IR e s . Mk
Pyt 1% 1 FH T A8 P U S SR 00 B I N B A AR,
filan, VFZ w2 7 A T AHLs, SRR AR
WAL B T A0 s I 2 50 ) e, %o
W S HA DT EBA M, gk Y o2
JENTE . T IR T R B R 2R )
AR A — B RS B R R AL E, B gR
SRR, BTANEAHLSIINA , FBIZEEE 28
— R
4.2 HERERMZE

HE R C AR 2R, 2P
CETE S AR B E T, ASRIRPER AHLsHE
i AR R BRE S, fER)E b, — &R0
Pk 35 15 22 Z TR M B 3 T B B B AR LUAT 85 . 4 i
Je B AT SR FH DL = 0

A WDAG A - K — R A A H L s B8N TR Y K
HRE S WZEEN LI, 30CFHF16 h,
AHLsTAE /Y X3 4 S ol i fa 2n fk, &
FF 8 28 04 7™ Sk 8 B—F= LW 7 il %) 35 P 2R A7 4y
Bro 38T AHLsHR MERE AR5 FobRfE M 4k, R A i
J2EHTHL B X T AHLs OB BRI

TR . 2 2 M AR L A RE S R AR 7 & T4
G, K ERRAEE ORERE TRRIE®R (v,
40/60) ) WEFEZHIA L, 200°C T I#A10 min, %E
R R RDURY W e B st B T ok, i iR
AHLsHE S AFRHE S A2 % L, BEW) 20 1 AHLs
fLs R s B 8 L SR, TR BRI, R
MJE M AHLs RBEE TR, Ir LAASBE >k 70 5 A4l 4k
AHLs,

WA g FEE RN R B SO X
BORIR ok, &b slH O OBRAEI, RIE

4, AT a0
4.3 W MHERMI R RERE

AR 7 A B9 AH Ls ¥R 32 38 R ARG, i Ho el
VR AATE, AHLsH4RICE R WM. Schaefer
A O WY — bR A A A 3R Ok R K
AHLs,  H s 32 T35 1A 290 3 08 A 1) o 1 2 R 2
HAHLs W . HAP By Bl e A & R R
10 o b s 7R AR E WA, I AR R 1% 1
Yo-mEMR, Bigr—wnth, HUHHEEAR S S
AHLsTE imE 3 i 22 H R N R — HARE S Y, W]
DLEH EVEW, AR5 SRR R RN, R
VAR TR R T B0 B 5 0 A BT 7 TR AN 2 38
BB T, ARSI, i, %
T HBe € AHLsIR B W B i, TIEIX 7 AHLs
1 FARZH A
4.4 &%
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Advance in Study on Methods for Analysis of N-Acyl-Homoserine Lactones
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Abstract With the development of microbiology, Quorum sensing ( QS) , closely related to many
physiological characteristics and activities, is getting more and more attention. QS in bacteria is a kind
of mechanism for intracellular or intercellular communication in response to variation of the community in
density, aiming at coordinating their population behavior and controlling gene expression. QS of Gram-
negative bacteria is generally controlled by the Luxl/R-type information system, using N-acyl-homoserine
lactones ( AHLs ) as signal molecules to regulate diverse physiological processes such as generation of
exoenzyme and toxin by pathogenic bacteria, formation of biomembrane, bioluminescence, biosynthesis of
antibiotic, bacteria motility and even degradation of organic pollutants.

How to rapidly and accurately detect and monitor variation of AHLs in environment and cells is an
important basis for the study on quorum sensing. Therefore, an overall review is presented here on AHLs as
representative signal molecules, summarizing their characteristics, structures, derivatives and different
analyzing methods as well.

As the concentration of AHLs in the cell and the environment is usually very low, pre-concentration
is necessary for its determination. For pre-treatment of liquid samples, Liquid-liquid extraction and solid-
phase extraction are two common methods used to isolate AHLs from liquid matrix. The former is the most
widely used one, while the latter has dual functions, concentration and purification, simultaneously. The
identification of unknown signal molecules plays a vital role in understanding the information communication
between microfloras. To identify structures of AHLs, the techniques of chromatograph-mass spectrometer,
capillary zone electrophoresis/mass spectrometry ( CZE/MS ) , Fourier transform ion cyclotron resonance
mass spectrometry ( FTICR/MS ) and nuclear magnetic resonance spectroscopy ( NMR ) are commonly used.
To quantitatively analyze AHLs compounds, the techniques of biosensors, thin layer chromatography, high
performance liquid chromatography ( HPLC ) , radioactive isotope tracer and enzyme-linked immunosorbent
assay ( ELISA ) are used. Each technique has its own advantages and disadvantages. Biosensors are
very sensitive, however the analysis of each type of AHLs needs specific strain and plasmid. Thin layer
chromatography, with a lower sensitivity, is only used to detect high concentration of AHLs. Radioactive
isotope tracer is immune to interference of the external environment and hence makes the pretreatment
of samples simple, however, this method can only be used to determine the total, rather than specific
components of AHLs. HPLC is the most widely used to measure the content and structure of AHLs, but the
samples for determination need to be pretreated for purification. Being low in cost, easy to operate and high in
accuracy, ELISA has turned out to be a promising method, nevertheless, it could not be used to determine
molecular structure of AHLs.

The determination and characterization of AHLs are very important to understand inter-microbial signal
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communication, however it is still a big challenge to determine AHLs qualitatively and quantitatively because
they do not vary much in molecular structure and are often very low in concentration. Although the above
mentioned analytic methods are quite high in sensitivity and selectivity, each has its own disadvantage.
Therefore, it is advisable to combine some of these methods to bring their advantages into full play and
complement each other in determining AHLs. At the same time, how to combine these methods into one that is
capable of determining a variety of AHLs efficiently and rapidly shall be the focus of the researches in future.

On the other hand, the current methods are mainly focused on aqueous solution. In complex natural
environments, such as soil and sediment, the existence of organic and inorganic compounds simultaneously
presents a great challenge to extraction, purification and determination of N-acy-homoserine lactones. It is
necessary to develop some efficient methods for qualitatively and quantitatively measuring AHLs in complex
matrices. The determination will play an important role in unveiling the mechanism and action of microbial
quorum sensing in the natural environment, especially the soil ecosystem.

Key words N-acyl-homoserine lactones; Chromatography-mass spectrometry; Biosensor; Nuclear

magnetic resonance; Enzyme-linked immunosorbent

(RERIE: FHE)

http: //pedologica. issas. ac. cn

2016-7-1 9:48:40




