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SR - BT R AL

£AAY & B FTAFE MR B OH
P. Schmitt-Kopplin® F 37"
(1 M5l ] e e Il 5 o o 92 i 8 (b [ L2 B i o L SEIE SR ) , B A0 210008)
(2 Department of BioGeoChemistry and Analytics, Helmholtz Zentrum Miinchen, German Research Center for Environmental Health,
85764 Neuherberg, Germany)
(3 HEPFEBERY, LA 100049)

i ' IR TR UM 35 - (Gas chromatography-mass spectrometry, GC-MS ) 6 0] 5 & &
24 5 TR W Tig ( Acyl-homoserine lactones , AHLs) (4 5387 J7 vk o 383 fRALTHR B )Y, R L B B F 400 (m/2 143)
A [ AR 7 i AHLs(C, \Cq .Cy \Cy \Coo o Cpy F1 €, ) B BR AR 31k 1.50.2. 00 1. 50,2, 00,2. 00 ,2. 50 F1 2. 50
g 17176 2.0 mg 17 WS R N B SRR VESC R (R >0.997) o DA [l i 56 5 e 3R W), OR 2R 2R AE B, 7K o
7 # AHLs ) FIMCR 8 7 54% ~ 97 % Z 18] 5 R [F] o] ) /K 1A R v, i 20 38 R0 3 A 4R IO vh AHLs 7 [ %
TR 56% ~ 108% Z [6] o AN [ S Jip AHLs B 5 5 5 LogP {H (P: AHLs 77 1E T B MUK 3 0P B9 20 T2 Le) Kok
VA ik JEE K B2 R OG , FE TR £ R TR A WOK R L 4R O Th ) AHLs 1 LR 2 5 AHLs 19 LogP
EFKIE MR A 060 SRIWIZT7 163 L HE SR O T AHLs BEATI0 52 K BLG% 21 38 A0 9 A e SR O D 7 Fh AHLs (9
WRHESX 54 3.8 ~8.7 g 17 A1 4.2 ~9.8 g 17" PRI, A AU K 7 ¥, + 368 U %5 52 244 A W 9 AHLs

WAl LR 2R SRS GC-MS #4743 Hr il 5 .
KR
RESES  0657.63; 0657.71; 0658.2
FEMA R (Quorum sensing, QS ) RI A A 6] 1)

5B, B8 WU A &7 A VR — SE A E 1

{55001, JF RE R HL v B 748 Ak, AT 81 19 3 2R )

RIBERAT R BB WUE YRR A K R, QS B

FEE R FE A, EAUFEAE TN IS 7E T

AL 2 50 AT SR VE S MU i

FEEFNE Bl 24 5 AR BB AR OG . B 22 IRk

B AR B SRR — i 2 LuxI/R (5 B R G i, ot

LLBE & & 22 2 B2 N TiE ( Acyl-homoserine lactones,

AHLs) fE 4 A % 355, W55 40 710 AHLs 2 —

KRNI TR (R 1), BBIEIRE S

i A H TN 3 T A A R ] A% 3 1 R TR

552075 A0 AR 5 UM T8 - 5 1 S 42 O

AR ARIR D A

SRR SO b (A5 A0 B R RE A BOsC . W gE R B,
AHLs fEVF 2 A Mt B b Rk 6 EEAEM, e n - %
Ji 240 BT PR A iR B R A A W B R L AR
R AT G O R S s T
FATH FHF R R, MAEYE 51 S8 5605
Ye ) R P T 56

H i, %t AHLs {5 5 43 7 8000 Jy v 3 245 g X
g R R RN iy
Vo Hip BRI ERN T ROk
AHLs fb& Wi W 7 o Hob, A= Wy 4% IR s K
DUAS B3 35 REE JR %, {A B F AHLs ¥ 75 224 2 1) 18
FRATORL , HL 58 i 75 22 1d Rl )2 20T
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FE R 5, FLURE R 05 40 vk B ) AHILs  iiIBE %3
VAR 7 D BE, (HOR BE R B AHLs 250, (A%
VAT AT A W R T A B LA RE R ol T
HCRE NS HE B 40T 22 0 AHLs 7 FH ook B ok L 5
7 AL SOM (3 -3 (GC-MS) T R A
WOAR €3 (UPLC) 77" e 7 i A5 4 B - [l e 3 4R
Bt (FT-ICR-MS) ' * " /4 UPLC AT LA I 5 k53
BT & 5 5 BRIE I 2l AHLs, FT-ICR-MS & —F 7
DL e E AHLs S5H0 B SRS AN 07 . H i Tix
T S8 LA S 5, S % R R BIE . GC-MS U7
VAR [ I 5 M L S AR I A Ls . AR SCEE ST IR AR
16T GC-MS ¥l AHLs [ )7 3 , 378 7 + 4 U
i AHLs (942 5O 5E 7 4, R 8 — 25 TR A B9 + 3
PR R W 015 T AL 5 15 T R R 4R i R
HHE .

RS

1.1 IR F

AHLs #5 #E & ( C,-HSL, C,-HSL, C,-HSL, C,-
HSL.C,,-HSL . C,,-HSL Fi C,,-HSL) I T 3¢ [{ Sigma
O] AR E L 17, 2R R (ko)
W T J. T. Baker A (€H), ¥ —E A AHLs
LR RV MR T L 1 000 mg 1" bk o i 45 4K
T -20C T RAEE M.
1.2 GC-MS & & H KM R AHLs fRE & 5

& H PR B 7

K H GC-MS ( 3 [# Agilent 7890A/5975C, 7693
H s EFE RS ) X AHLs #F 77 @ M & 50 o (A 5%
%4k Agilent HP-5MS 7 95 E 4145 4 (30 m
x250 pm x0.25 um) ; #HS N E AR, FE T
A R B R R T IR AR AR L ARt AR
BT P R AR TR R T RN 3R B, T
HERE R AT AR, B R T s X, P Ak o
Wto Bkl FREE 70 eV, B T IR %
230°C, PUZ% AT B 150°C o Jo ok FH 2 F R k47
GIHT L AR SR FH ok B B TR S R AT R, O R
1wl

M B2 5% AHLs BRI R R 0 ~2 mg 173

I 12 A ] A6 B2 09 7 1 335 W, GC-MS Il |, 2 1l
i TAEM 2. WIEE, 4% AHLs B %% 90 B, GC-
MS 7 , B % AHLs 15440 i, 8 7 #h AHLs brft
B AG: HH BR 5 - 9 $R BOR  AHLs A9 A H BIR AR 4 A B
B ARG 4 FR R A S 58 O P AHLs (9 I 5 J7 6 (1.5)
HEAR,
1.3 7k AHLs B4R [E 4 2 3K 36

0.5 ml £E KT 2 ml B.08 43 5mA
10 pl 25 mg 17'8% 100 mg 1 ™" (IR AREESH (C, .Cq . C, .
Cs.Cy.C,, \Cy)  TER T 10 min , fFFHK H AHLs (1)
WeSEAT SN 0.5 mg 17 A2 mg 17", Bl ml LR
Be, m A bR B A P, D i 2R B 2 min,
12 000 r min " Bf.0> 2 min J5 , IR _EJZE 2R 2 BEAR T
FELE T (BLEPHEEMA 1 g JT/KNa,S0, ) , i
BIRY 2 min,12 000 r min "' B.0 2 min 5, G E 2
FHLAE 0.5 ml TR, GC-MS &
1.4 TIEREUEH AHLs B4R E 4 2 216

YU P i 21358 P AR AR B LA K 122
1:5 1:10 B Eb i m A 2] 50 ml 2.0 %, BL 160
rmin” G 8 h il 4+ HEAR BORK, 45 % LL 4 000
r min " B0 5 min, 2 AR 0.5 ml FE LA
HO A 10 pl 25 mg 17'8% 100 mg 17" B IR AREE &,
WJERE ¥ 10 min, 157K ¥ AHLs B9 #2054 0.5
mg 17" A2 mg 17" AIA L ml ZR 218 , e i 2 B 2
min,12 000 r min "' B0 2 min, W R 2% L4
MTFEA 1 g JK Na, SO, 18 B O, e iR Ik 7 2
min, 12 000 r min "' B> 2 min, WH FEAHLAH 0. 5
ml FHEAEH, GC-MS 5
1.5 TERBEUEH AHLs Byl E

7 50 ml B A5 a3 A 10 g 165 1 fif 21 1 5
BB AE A SRS DL K B 122 L i A 20 ml
K, LA 160 r min ~ 7E Y 8 h il £ - HEHR O, 3
4000 r min "' B0 5 min, A RHIBL FVEW 0.5 ml F
2mlE LA, A 1 ml 4R 2B, R A )
2 min,12 000 r min "' .0 2 min, W H |2 2R 2B
T &4 1 g /K Na,SO, 1957 8 055, Wik IR 4
2 min,12 000 r min "' B> 2 min, W I 2 A PLAH
0.5 ml TR, GC-MS M % .
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1 4] A LA b R IO P I g 22 SR N TR 1 ORE (% - B A T O v e Ak 97
F1 THEABESLEMAE (AHL) ESSFHELER""
Table 1  Physical-chemical properties of 7 commonly observed acyl-homoserine lactones ( AHLs)
e oy T K et Y o
5 i 55 22 SR N g 5 7315 . . , VK 43 R B
Molecular Water solubility Polarity XY LogP
AHLs Acronym Formular Kow
mass (Da) (mgl~") Koc
N-butanoyl HSL C,-HSL CgH ;NO, 171.2 1.40 x 10° 5.80 5.99 9.51 0.03
N-hexanoyl HSL Cg-HSL CioHy7 NO; 199.3 1.48 x 10* 5.81 30. 47 48.37 1.02
N-heptanoyl HSL C,-HSL C, H,,NO; 213.3 4.76 x 10° 6. 00 57.67 91.54 1.51
N-octanoyl HSL Cg-HSL C,, H,, NO, 227.3 1.53 x10° 6.19 1.09 x 10° 1.73 x10%  1.97
N-decanoyl HSL C,o-HSL C,,H,5NO, 255.4 1.55 x 102 5.90 3.25 x 10% 5.16 x 107 2.96
N-dodecanoyl HSL C,,-HSL C¢HyyNO; 283.4 15.62 6. 44 1.40 x 10° 2.23%x10° 4.02
N-tetradecanoyl HSL C,,-HSL CsHy;3NO; 311.5 1.56 6.54 4.66 x10° 7.39 x10°  5.09

TP 3Ro8 AHLs ££ 1E T BRI 7K V8 W 19 43 Tid kb Note ; P stands for partition of AHLs between n-butyl alcohol and water

2 FRHWHE

2.1 GC-MS #&ill AHLs & &8 4K

i GC-MS Kl AHLs 5 i i, R FH 4 43 i
2, AR A S 56 285 SR 11 32 0 R T s ) O Ak T IR AR
P BRI A, A £ 0.8 ml min ™,
HERE O IR B Ry 250°C, W) 4 AR IR i 120°C, 35C
min =B TF 2 280°C B, b Bk H 04 R R A e, HL 4
TE U R B IR B . 24 25C min ™
Fh 2 280°C W 0 pof (1 A 4G o 22 R R 2RI R ik
S Iml min ™" FEWE 1 35°C min B EE I FHE 150C
B3 25°C min T BEEETF £ 280°C , {4 6 min, It
BF7 Fh AHLs B848 58 240 85, (B4 F B T I i P 42
Vi o B XV 0K B IR FE B 2 80°C B, % BRI [R] 23

2800
2600
2400
2200

42000
21800
2
1600
el

21400

%1 200
1000

800
600
400

200

C-HSL

C,-HSL

Al

aaliy

adia Ly aa

C-HSL ¢ HSL

ST

FE 575 T 160°C I, C,-HSL #2318 2%, S &4k 4]
BRI R 100°C . # F K LA 59C min ™' Bh B 2% 18 Tt
e HEAE 13 BE I 4% ol o3 B 0 2y R AT Ok B
7RI EWH R, IFTE 200°C I B B i, 1
HPIE K IR A3 A 2, T 25 T AR B, LAk 43
W 51, A& R LLE LT F AHLs 7E 12
min N 5E42 73 (B 1), AHLs B C J5t 550y 15
AR U AR 0, B O B8 I |] L3k 20 B 2610 L5
YR 22 5 [F) — AR HERE &, O/ B IR 1] ) B v i 22 /1N
F0.2% o Xk B 7 A0 AT RIS 408, g
e BE R ERE AR T (M),
Hi C,-HSL (m/z 171) ,C,-HSL(m/z 199) , C,-HSL
(m/z213) C4-HSL(m/z 227) .C,,-HSL(m/z 255) |
C,,-HSL(m/z 283) #1 C,,-HSL(m/z 311) , T C,-
HSL 7£ H 28 AP AR A7 7E, N HAt 6 Fl AHLs 11y

C,-HSL

C,-HSL

C,-HSL

Dasaslancal aaleaaclansilusy

6.00 7.00 8.00

9.00 10.00 11.00 12.00

{28 5} ] Retention time(min)

K1
Fig. 1

7 Tl 22 R N T (AHLs) Bkt i) GC/MS 3% 5]

GC-MS chromatograph of the standards of 7 acyl-homoserine lactones
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B R R (K 2) ,m/z 143 Jb FEEEK &, B
fE m/z 10171 57 F1 43 554k 4 390 FAth 1 25 -
XJ 7 Flv AHLs 24 fift BAEAE #F — 25 40 07, & B iy
T2 T HE RN, 77 A R o M B RIS I B, R
BT m/z 143 R EE  FERET m/z 143 R LK
SR BT m/2z 125, AR R 8 m/z2 71 m/
z 57 Ml m/z 43 258 b 7 HE SN i B o2 i

BRI e EERAL T TR
+ m/z 101 fe 5 PR A e AHLs MBE % A o241
THEC BT 7 M AHLs 22 TS5 FE K m/z 143
RET (K 2), T Lk #E m/z 143 B 515 R brid
PR R, SR PR 88 A, X oK HRE b iy AHLs 3k
AR o DRI, R SCRT A R il 33 LA A 9 (5385 2% 1
Ak 4% B TR (m/z 143) gEAT 70 i 2E

34.000p 571 28001 57.1 671
30 000 2600} 40000
28 000 143.1 35 000
26 000 2200}
° 24 000 2000t 30 000
5 50000 1 800 1451
2 18000 C4-HSI 1600} Cs-HSL 21000 Cy-HSL
2 16000 143.0 1400} 20 000
14000 1200}
# 12000 1000 15000
10 000
8000}
8000 | 10 000
8000 1260
6 000 !
4000 85.1 1250 4000} 5500 85.0102.0
102.1125. [
2 008 2 oog 170.0 . | 170.0
60 80 100 120 140 160 180 60 80 100 120 140 160 180 60 80 100 120 140 160 180
145.1
143.1 7 000 143.0 6500 o
15000t 57.1 6500 6 000
14000 4000 5500
13000 5500 5000
1 000 CurtiSt sooof s71 CeTSE 4500 Cy4-HSL
8 10000 4500 4000} 87.1
f=}
£ 9000 4000 3500
£ 2o 3 500 3000
< 7000 3000 5500
#6000 2500
#5000 2000 830 2000
4000 830 125.0 102.0 1 500 g31102.0
3000 1 000
1000
2000 500
1000 1699  ° 08 183.1 0 176.5
0760 80 100 120 140 160 180 60 80 100 120 140 160 180 60 80 100 120 140 160 180
JR e bt m/z JE e e m/z JE T m/z

B2 7 Rl 22 2R N TR ( AHLs ) bR i BT

Fig. 2 GC-MS spectra of the standards of 7 acyl-homoserine lactones ( AHLs)

2.2 AHLs BFR# h 2 fn 46 H R

7 F AHLs FRME I Z8 75 2.0 mg 17" LI N 4 7R
LR, e 2B R KT 0.997 (£
2) . 7 Bk AHLs bRl S AR PR AE 1.5 ~2.5 pg 17!
Z0E] 1 R EGR T 7 Ff AHLs A9 KS H FR7E 3.0 ~
5.0 pg 172,
2.3 sk AHLs By in4R @ 4

FEJ BT AR SR 525 v 7 Ffr AHLs [
PR HE 2275 8% LA (£ 3) , RIUIZ i K

FERE . BE C,-HSL LISh, Hifth 6 F AHLs [ [] 1
RIGEEE (£ 3) Y IbR R 0.5 mg 17" B, [k
RAE T6% ~85% 2 [6] s IAR U E A 2.0 mg 17" i}, (]
WHRAE T4% ~ 97 % Z 18] . PIFP ARV B, C,-HSL
4 [ e 2 4 B, 7E S5% A A (£ 3), XEMT
C,-HSL 78 7K v 75 fiff i AH G Hofth AHLs 305 (% 1),
HR A AFARUAH 1 119 J B, K M A ML - TR TR 3
SMERE LMK A IR K
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1 4] AR BLZAS A+ o MR MO T S R 22 TR P T ) R 3 - R A I T YA Ak 99

R2 BESZLEHBRNE(AHLs) OIS EME LR

Table 2 Linear equation and detection limit of acyl-homoserine lactones ( AHLs)

. S R IO, 1 R
B2 75 ‘ Y b 710 7 B _— i B PR
% B I [ I Detection limit in
R N BR Linear regression Detection limit of standards
Retention time( min) R? soil solution
AHLs equation (pgl™h) .
(ngl™)
C,-HSL 5.920 Y =1.044X -0.29 0.998 1.50 3.00
C¢-HSL 6.910 Y=1.210X -0. 38 0.999 2.00 4.00
C,-HSL 7.374 Y=1.371X -0.56 0.999 1.50 3.00
Cg-HSL 7.821 Y =1.448X -0. 67 0.999 2.00 4.00
C,,-HSL 8.811 Y=1.635X-0.69 0.999 2.00 4.00
C,,-HSL 10. 09 Y=1.338X-0.78 0.999 2.50 5.00
C,,-HSL 11.94 Y=1.101X -0.01 0.997 2.50 5.00
®3 KPEBETLEERNE(AHLs) B0 x E ¥ =
Table 3 Recoveries of acyl-homoserine lactones (AHLs) in water
T 5 w55 22 %R 9 Tl A iz pEajuliEs o 1 Al 22
AHLs Spiked concentration (mg17") Mean recovery (% ) STD (% )
0.5 54.29 3.78
C,-HSL
2.0 56. 19 1.49
0.5 75.56 5.36
Cq-HSL
2.0 96. 67 3.00
0.5 80. 00 6.23
C,-HSL
2.0 88.33 2.89
. 0.5 82. 67 6.43
Cg-HSL
2.0 92. 67 3.78
0.5 85.24 7.87
C,,-HSL
2.0 91.43 0. 00
0.5 84.00 8.11
C,,-HSL
2.0 90. 67 4.06
0.5 84.44 5.05
C,,-HSL
2.0 73.78 3.01

2.4 THHHREUGE S AHLSs i 00 R E g %

5ok AHLs f [l i %€ 52 86 45 2 24, C,-HSL
[ i 25 {1, 2+ E A 3 A 4 7K He 3 O P g Tl
YR TE 56% ~T1% 2l (% 4), R H T C,-
HSL 7 -+ 242 U FF 3% i J5E H X G At AHLs %5 0%
2T 20T 5 M 4 FG A 0 5 O T AR L e, G
filL 6 Flt AHLs [0l iR 45 55 S AR )% 4 0.5 mg 17

2.0 mg 17U B, 2038 3 Fh A K L [E] i 3R 43 W A
71%~93% 1 68% ~ 104% 2 @,ﬁﬁﬁﬁ%[M&ﬁV\
WITE 80% ~ 108% il 67% ~ 102% =[], i ., 7 Ff
- HEXF [ —Fp AHLs IR I B 22 5, R +
AR OB A AL LA G X 3 R 4R T 5 T
SEA U8 B 5 0T A RO T AS TR] A R O
t AHLs f95E #5301 5 i .
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100 + B % 52 %
R4 FAELEKLRRAEDBESZLSE AN (AHLs) B4R B 4% =R
Table 4 Recoveries of acyl-homoserine lactones ( AHLs) in solutions different in soil/water ratio
M 25 42 e Bl Hecesen ()
AR NIE  Spiked concentration fik 21 3¢ Latosolic red soil W REHE Yellow brown soil
AHLs (mg17") 1:2 1:5 1:10 1:2 1:5 1: 10
S 0.5 59.66£8.20  58.88+9.04  55.77 £5.80  61.47+4.84  59.96+0.33  66.75 £6.62
2.0 70.91 £1.82  62.42+12.34  59.54%6.70  69.09£2.92  62.73+2.10  67.73 +5.06
— 0.5 93.17 £4.15  93.45+6.34  85.66+7.99  91.61+£7.94  90.46 +0.41  100.48 +9.01
2.0 103.63 £2.67  91.67+3.39  85.26+2.67 101.92+3.16  89.42+6.09  93.27 +8.33
o 0.5 81.22£10.60 87.90+5.20  79.02£9.52  86.48 +8.63  85.82:0.55  95.84 x8.26
2.0 103.49 +4.83  92.55+4.90  84.10+3.84 101.38£3.75  89.29+3.33  91.01 +8.70
o 0.5 86.31 £8.66  86.99 +11.19  88.20 £11.92  94.25=11.21  94.63 £1.37  102.37 £4.39
2.0 103.52 £2.66  93.80 £4.50  83.92 £4.02  102.01 £2.94  90.70 £2.03  89.20 +8.85
S 0.5 86.27+7.75  88.24x11.22 88.248.99  99.61 £2.43  99.61 £3.73  108.23 4. 61
2.0 98.80£9.34  93.50x1.70  80.33£2.92  97.56 +6.43  89.61 £3.98  84.04 +9.07
S— 0.5 79.61 £6.54  88.18+9.52  81.18 £7.60  94.12+6.00  93.33 +5.45  102.94 £4.05
2.0 87.10 £6.56  88.11+0.77  72.11+0.87  86.43£1.05  83.92+1.81  74.62+7.40
S— 0.5 71.32£3.40  72.95+7.56  75.07 £10.89  79.06 £10.00  83.92 +8.55  95.30 £8.75
2.0 71.88 £7.43  79.61 £4.03  67.55+2.81  77.66+2.68  80.59 £4.02  67.02 +5.03

2.5 AHLs BINEXS5EBUMERNXER
38 3 %R R A B AHLs (i85 34 [ i 3R 5 H g
P & R 347 0 B, & B AHLs 1 [ R 5

LogP {8 (P:AHLs 7£1F T EEF/KEWR P B2 BC ) |
A0 675 e Jir. 50 RI A S e B 0 0 B 38 A I 3 TE A G
KFR (Kl 3a & 3b A& 3¢) 1M AHLs [ [0 5 1%

100 ¢ 100 r
90 | o o
90 % 6
8 80 .
> 70 70
Z 60 60 t o
8 50 b y=-3.85x>+21.19x+ 65.94 50 F y=-4.02x+19.86x+70.61
(=2 = =
% 40} R*=0.84,p<0.05 40 L R*=0.84,p<0.05
X 30t 30
E
20 f 20
o} B2 of °
0 t 0 : |
0 1 2 3 4 5 6 0 1 2 3 4 5 6
LogP LogS
100 100
9} o 90 SIS
S g0t 80
5 70} 701
§ 60+ O 60 F o
© 50F y=-0.99x*+ 18.56x+ 7.81 50 y=-125.9x4+ 1552x-4689
N 40} R*=0.85,p<0.05 40 R*>=0.36,p>0.05
= L 30
= 30
20F ¢ 20F 4
10 + 10 |
o — .0 : —
2 4 6 8 10 12 14 16 5.6 5.8 6 6.2 6.4 6.6
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Fig. 3 Relationships between the recovery and the LogP (a), solubility in water (b), number of C molecules

in the side chain (c¢) and polarity (d) of acyl-homoserine lactones ( AHLs) in water and soil solutions
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Table 5 Concentrations of acyl-homoserine lactones ( AHLs) in the

solutions of Latosolic red soil and yellow brown soil

- RO vk
Tk HL 75 42 G P T The concentration in soil solution( g 1™")
AHLs i 21 8¢ H I
Latosolic red soil Yellow brown soil
C,-HSL 8.69 +0.72 9.78 +1.18
C,-HSL 3.81 £0.29 4.19 +0.47
C,-HSL 7.86 £0.24 8.58 £1.02
Cq-HSL 3.80 +0.06 4.29 +0.57
C,,-HSL 7.90 0. 20 8.47 £1.99
C,,-HSL 5.66 +0. 10 6.03 0. 81
C,,-HSL 7.26 0. 00 7.29 +0. 06
3 4
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OPTIMIZATION OF DETERMINATION OF N-ACYL-HOMOSERINE LACTONES
IN SOIL SOLUTION WITH GAS-CHROMATOGRAPHY-MASS SPECTROMETRY

Sheng Hongjie'” Song Yang' Bian Yongrong' Liu Guangxia' Jiang Xin'  P. Schmitt-Kopplin>  Wang Fang'*'
(1 State Key Laboratory of Soil and Sustainable Agriculture , Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008 , China)
(2 Department of BioGeoChemistry and Analytics, Helmholiz Zentrum Miinchen, German Research Center for Environmental Health ,
85764 Neuherberg, Germany)
(3 University of the Chinese Academy of Sciences, Beijing 100049 , China)

Abstract Quorum sensing, the communication between microorganisms, is mediated by specific diffusible signal
molecules. Gram-negative bacteria generally use N-acyl-homoserine lactones (AHLs) as their command language in coor-
dinating their intra- and intercellular population behaviors. AHLs play an important role in controlling diverse physiological
processes, including generation of extracellular toxin and enzymes by pathogenic bacteria, formation of biofilm, biolumi-
nescence, biosynthesis of antibiotics, bacteria motility, etc. The authors have found in their recent studies that communi-
cation of microbial signals is closely related to microbial degradation of organic pollutant. Therefore, the detection and
quantification of AHLs are essential for investigation of quorum sensing in gram-negative bacteria. Currently, there are
several AHLs detection methods, including mainly enzyme linked immunosorbent assay ( ELISA), biosensor, thin layer
chromatography (TLC) and chromatography.

In this study, a fast, simple selective method was established for detecting N-acyl-homoserine lactones ( AHLs) in
soil solution by the GC-MS ( gas chromatography-mass spectrometry). The novel method can detect AHLs qualitatively and
quantitatively at the same time. Using the full scan mode, seven kinds of AHLs (C,, C,, C,, C,, C,,, C,, and C,,-HSL)
standards were analyzed by GC-MS. The best results in terms of selectivity and time consumption of the analysis were ob-
tained. Sample injection was done in the split mode (5:1) and pure helium (99.999% ) was used as carrier gas at a flow
rate of 1 ml min '. The GC injector temperature was optimized to 290 °C. The oven temperature program was optimized to
start from 100 °C to 150 °C at a rate of 35 °C min ' and then to 280 °C at a rate of 25 °C and maintained for 6 min. Under
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such optimized conditions, all the 7 kinds of AHLs were well separated within 12 minutes. Furthermore, the mass spec-
trum of the 7 AHLs exhibited a molecular ion peak [ M] * that was unique of each compound, i. e. C,-HSL (m/z 171),
C,-HSL(m/z 199),C,-HSL(m/z 213) ,C,-HSL(m/z 227) ,C,,-HSL(m/z 255) ,C,,-HSL(m/z 283) and C,,-HSL(m/z
311). Probably as a result of the McLafferty rearrangement, they generated a common fragment ion m/z 143. As the 7
AHLs all contained abundant m/z 143 ions, the ions could be used as a marker fragment to detect AHLs in unknown sam-

10 » ClZ and
C,,-HSL) standards were 1. 50, 2.00, 1. 50, 2.00, 2.00, 2. 50, and 2. 50 wg 1", respectively. The standard curves of

ples on mass detector operating in the SIM mode. The detection limits of the seven AHLs (C,, C,, C,, C,, C

all the 7 AHLs displayed nice linear relationships up to 2.0 mg 1™" and their coefficients of determination were all higher
than 0. 997.

The recovery experiment using ethyl acetate as extracting agent shows that in the solutions with spiking concentrations
being 0.5 mg 17" and 2.0 mg 17", recoveries of 6 AHLs (C,, C,, C,, C
76% ~85% and 74% ~97% , respectively, whereas the recovery of C,-HSL was relatively low, being about 55% for both

C,, and C,,-HSL) varied in the ranges of

7 8 10 2

spiking concentrations. In 3 soil solutions of Latosolic red soil and Yellow brown soil, different in soil/water ratio, the re-
coveries of C,-HSL ranged from 56% to 71% for both spiking concentrations, while the recoveries of the other 6 AHLs
were all relatively higher, being in the ranges of 71% ~ 108% and 68% ~ 104% for spiking concentration of 0.5 mg 1~
and 2.0 mg 17", respectively. No significant difference was observed in recovery of each AHL relative to soil solution, in-
dicating that the organic and inorganic compounds in the soil solutions have no influence on extraction of AHLs in soil so-
lutions using ethyl acetate. In addition, significant relationships were observed between the recovery of AHLs in different
media and their logP (P stands for partion between normal butanol and water) as well as logS (solubility in water) , but
no relationship was between the recovery of AHLs and their polarity, showing that the recovery of AHLs were mainly relat-
ed to their logP values and solubility in water. Therefore, this extracting method coupled with GC-MS can be effectively
applied to analysis of AHLs in different soil solutions. Thereafter AHLs concentrations in the soil solutions were deter-
mined. It was found that the concentrations of the 7 AHLs varied in the range of 3.8 ~8.7 pgl ' and 4.2 ~9.8 pg 1™
in the solutions of Latosolic red soil and yellow brown soil, respectively.

It could be concluded that AHLs in both aquatic solution and complex media, such as soil solution, can be analyzed
using GC-MS coupled with ethyl acetate extraction,

Key words Signaling molecular; Extraction; Recovery; GC-MS; Soil solution
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