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The activities of natural amino acids to induce Xanthomonas
campestris to degrade DSF-family quorum sensing signals
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Abstract: [Background] Xanthomonas campestris pv. campestris (Xcc) is a causal agent of black rot in
cruciferous plants. The diffusible signal factor (DSF)-dependent quorum sensing (QS) system and
RpfB-dependent QS exit mechanism are closely associated with Xcc pathogenicity. [Objective] We
investigated the effects of 18 amino acids on the biosynthesis of DSF-family QS signals, to provide a clue
for developing new strategy to control plant diseases. [Methods] The Xcc mutant strain ArpfC was grown
in the XYS medium supplemented with 18 amino acids, respectively. The crude DSF extracts after 24 h to
36 h inoculation were then analyzed by high performance liquid chromatography (HPLC). [Results] 1) Among
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the 18 amino acids tested, methionine, tryptophan and cystine were found to significantly decrease DSF
and BDSF levels in the ArpfC culture. The inhibitory effect was closely associated with amino acid
concentration; 2) Additive inhibitory effects between three amino acids were observed; 3) Addition of
methionine, tryptophan or cystine had no significant effect on the levels of DSF and BDSF in the
ArpfCArpfB culture. [Conclusion] Methionine, tryptophan and cystine probably induce Xcc to exit from

quorum sensing stage via the RpfB-dependent pathway.

Keywords: Xanthomonas campestris, DSF-family quorum sensing signals, Methionine, Tryptophan, Cystine
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Figure 1 Effects of 18 amino acids on the growth, BDSF and DSF levels of ArpfC strain in XYS medium

T AL B: ArpfC HFKTE XYS e iR K2k, FrA MR AR ZKE S 0.1 mmol/L; C: HeFh 24 h 8 36 h )5, FRINE L
B AR R 53X IREE A R b BDSF WUAHXT K3 D 4580 24 h 5 36 h J5, IRINESERRIF IR R SXTIREE TR K R DSF (XS /K
V. AR ER 3, BIRAFRTMEARMER 2. ot B 25 5 (P<0.05) el RIR.

Note: A, B: Time-course of bacterial growth. The ArpfC strain was grown in XYS medium supplemented with 0.1 mmol/L amino acid; C:
The relative BDSF levels 24 h or 36 h after inoculation; D: The relative DSF levels 24 h or 36 h after inoculation. Averages for three
technical repeats with standard deviation are shown. Statistically significant differences with respect to culture without additional amino
acids are indicated by “*” or “**” (P<0.05).
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Figure 2 Effects of methionine on the growth, BDSF and
DSF levels of ArpfC strain

TE: A ArpfC RIFRTE XYS Higpih g R ik, W iR i
LR ST R 0.05. 0.1 2% 0.2 mmol/L; B: B 24 h5{ 36 h
JG, HiFRikZRH BDSF KF; C: #:Fh 24 h 5 36 h jEREFR(k
Z ™ DSF K. B EE 3 I, BRI T35 (Hhr
2. it b B2 R (P<0.05) ]+ B« * KR,

Note: A: Time-course of bacterial growth. The ArpfC strain was
grown in XYS medium supplemented with 0.05, 0.1 or
0.2 mmol/L methionine; B: BDSF levels in the culture 24 h or
36 h after inoculation; C: DSF levels in the culture 24 h or 36 h
after inoculation. Averages for three technical repeats with
standard deviation are shown. Statistically significant differences

with respect to culture without additional amino acids are
indicated by “*” or “**” (P<0.05).
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Figure 3 Effects of cystine on the growth, BDSF and DSF
levels of ArpfC strain

TE: A: ArpfC BHRTE XYS BifrBbrP gL QL Beamms
WHESM B2 0.05. 0.1 8% 0.2 mmol/L; B: #%Fh 24 h 5k 36 h Ji
FiFRk & BDSF KF; C: 4%Fh 24 h 536 h G FRIA R+
DSF K. AT Ses s 3 W, BRI Ehn i fi 22, 48
T b 3 22 5 (P<0.05) i+ 30K,

Note: A: Time-course of bacterial growth. The ArpfC strain was
grown in XYS medium supplemented with 0.05, 0.1 or
0.2 mmol/L cystine; B: BDSF levels in the culture 24 h or 36 h
after inoculation; C: DSF levels in the cultures 24 h or 36 h after
inoculation. Averages for three technical repeats with standard
deviation are shown. Statistically significant differences with

respect to culture without additional amino acids are indicated by
“*? or <R (P<0.05).
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Figure 4 Effects of tryptophan on the growth, BDSF and
DSF levels of ArpfC strain
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WSESM B 0.05, 0.1 5% 0.2 mmol/L; B: #%Fh 24 h 536 h
JE IR R H ) BDSF K5 C: Hff 24 h 536 h 585 JR1k
F WAy DSF K. FrAScse i 3 W, FRfCaR v Ehn
2. Geila b 22 F(P<0.05) s * &R,

Note: A: Time-course of bacterial growth. The ArpfC strain was
grown in XYS medium supplemented with 0.05, 0.1 or 0.2 mmol/L
tryptophan; B: BDSF levels in the culture 24 h or 36 h after
inoculation; C: DSF levels in the culture 24 h or 36 h after
inoculation. Averages for three technical repeats with standard
deviation are shown. Statistically significant differences with

respect to culture without additional amino acids are indicated by
“*7 or “**” (P<0.05).

W I Met+Trp . Met+Cyss .  Trp+Cyss H,
Met+Trp+Cyss HIE;FEIK Z W BDSF 7K F43-5] K
0.39. 0.68. 0.69 1 0.05 pmol/L, J&XJ ¥ F1A R
f1 BDSF /K 30.5%. 53.0%. 54.2%F1 4.2%;
DSF 7KF405124 0.67. 0.74, 0.73 1 0.14 pmol/L,
JENTHREE SR R DSF KER 40.4%. 44.5%.
44.2%7#1 8.1% (K 5B).

IR E T 0.05 mmol/L 4544 F 535 36 h
Ja, W Met+Trp . Met+Cyss . Trp+Cyss 1§
Met+Trp+Cyss [ Fk & BDSF K451 R
0.08. 0.15. 0.12 1 0.00 pmol/L, J&XJ B FRIA R
H1 BDSF /K 30.6%. 61.2%. 50.6%F1 0.0%;
DSF 7KF43 5124 0.18, 0.25, 0.41 F10.11 pmol/L,
XTI IR R R DSF K1) 31.4%., 43.5%.,
70.0%7F1 19.3% (&l 5C). ZIEMMSEH 0.1 mmol/L
S REESE 36 h JA, W0 Met+Trp. Met+Cyss .
Trp+Cyss 5 Met+Trp+Cyss )15 F#1Ak & i BDSF
JKF43514 0.00, 0.01, 0.03 Al 0.00 pmol/L,
X IR R T BDSF KR 0.0%. 4.6%.
13.2%71 0.0%; DSF 7KF-43-51°4 0.03 . 0.03. 0.07
M 0.02 umol/L, J&XfHEEEFEIARH DSF /K1Y
5.6%. 5.6%. 15.9%# 3.8% (& 5D). Z& LAk,
W Eib A F IR XS ArpfC T RERE IR 1A &R A
DSF #1 BDSF /KF-EA SR, 24 FEBR K AL B
R A1 NN =9 1 G 2T
2.6 Met, Cyss 1 Trp X} ArpfC E#k BDSF #l
DSF 7K Ry Mu{k#: DSF [£#7E RpfB

H THRFE Met, Cyss 1 Trp J& /il i RpfB K
A A BN IR AL SR FEAIR ArpfC BRI AR B IR 1K
% DSF A1 BDSF /K, BE—£H0 17X 3 fg
FLFRXT ArpfCArpfB B ik DSF Al BDSF 7K B 5210
NIRRT Met., Cyss BY Trp (¥ EE 4y 0.1 mmol/L)
FI| ArpfCArpfB bk XY'S 353544 2 v % g bk 119 4
KWA B E 2 (E 6A), HPLC /3 #ras 20 .
Met . Cyss 1 Trp Xf ArpfCArpfB [Pk F5 1K & h
DSF #l BDSF /K34 & 520 . 3 RE 3% 36 h
J& U Met, Cyss 8¢ Trp (ZH 4 0.1 mmol/L)
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% S 0.05 mmol/L, 24 h —BDSF % Sr 0.10 mmol/L, 24 h = BDSF
£ 20t _ =DSF £ 201 = DSF
= 15} T =1 = 15F
wn 7]

2 Lot Z 1ot

& 0.5F T =05 ﬁ ﬂﬂ ﬂﬂ

wn T 7]

g 00 1 ﬁl 1 1 I_Ilﬂ g OO L llln 1 1 .J'—.nlll
N = S < x > S <

SR KR P
C D

~ 0.8+ ~ 0.6

S 0.05 mmol/L,36h =BDSF 4 0.10 mmol/L, 36 h = BDSF

3 = DSF ° = DSF

g 06} g

2 2041

I =

Z 04t A

5 802}

CZ 0.2 _ ’l‘ ‘l’ ﬂ %

= 0.0 . Ill. A ﬁ. .’ll = 0.0 . Fesm I‘T‘I.ﬁ o
X ) S < 25 > » <

¥ S ¥ L
%\e} @2} &R <+ @6 @@\ &8 A\

5 3FEEBRX ArpfC E#k BDSF 1 DSF /K E M) & m{ER
Figure 5 The superposition effect of three amino acids on the levels of BDSF and DSF of ArpfC strain

T ArpfC BRRZER IR R ZSERR 414 19 XYS K573k BDSF #l DSF /K F-. A &2 BRAL & (1 B — S 5L MR 0.05 mmol/L,
gt 24h; B: FA—SUEERRMKIEY 0.1 mmol/L, 3% 24 h; C: H—Z BRI N 0.05 mmol/L, 55 36 h; D: H—ZJLRRHk
29 0.1 mmol/L, #55% 36 h. FrAScse i 3 Ik, B IUR T IE bR 2.

Note: The levels of BDSF and DSF of ArpfC strain in the XYS medium with different amino acid combinations. A: The concentration of

individual amino acid of each combination is 0.05 mmol/L and incubated for 24 h; B: Individual amino acid is 0.1 mmol/L and incubated
for 24 h; C: Individual amino acid is 0.05 mmol/L and incubated for 36 h; D: Individual amino acid is 0.1 mmol/L and incubated for 36 h.

Averages for three technical repeats with standard deviation are shown.

A B
13 30T 4 fCArpfB
ArpfCAr, TRJCATD)
P R — XYS wmCyss -+ T
§ ma Met = Trp - T
S 20t
g
2
Q =
© &
= 10} T I =
%
: H
M
0.0 L 1 ) 0 1 1

12 24
Time after inoculation (h)

36

BDSF DSF

Amino acids

6 3 FhEEELNT ArpfCArpfB BERETE XYS 155 E 4. BDSF #1 DSF 7K A0

Figure 6 Effects of three amino acids on growth, BDSF and DSF levels of ArpfCArpfB strain in XYS medium

TE: A: ArpfCArpfB I HRTE XYS Kigr kA f ik , 3 Pl BRI B LK E N 0.1 mmol/L; B: 457 36 h J&, ¥i3%/& & & BDSF
1 DSF 7K. FrA SEBed5E 3 Ik, BRI TP EhR v 2.

Note: A: Time-course of bacterial growth. The ArpfCArpfB strain was grown in XY'S medium supplemented with 0.1 mmol/L amino acid.

B: BDSF and DSF levels 36 h after inoculation. Averages for three technical repeats with standard deviation are shown.
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)35 SRk & v BDSF KF-43 5124 10.61. 10.95 F
10.94 pumol/L, &XJ B EE IR K R XYS H BDSF /K-F
) 83.5% . 86.2%F1 86.1%; DSF /K F-435 K 25.22 .
22.60 I 22.56 umol/L, JEXTHEEIFRIKR XYS H
DSF /K19 102.1%. 91.5%71 91.3% (/& 6B).
3 W55k

TEIR V5 TR 5 AE 0 AH EAE T R v, 2 A
Az R A P e S e o D R O P B Al
YA S A XoF il 4 Al ERUR TRT R B0 M A 0 T4
YER, FEIR AT . BRAEShaE T . T
PRIZR TR 22 B 1 i R M R A R ) R KR
24201 yuan ZEPTR B SA REMSINHRIMYR AT A
FRIRFHWAE T, BRI AHL NERREGEEH
attM fi ik . Wang ZPUL MUK IR | B3R 2y

& o5 2k JE R (Chlorogenic acid, CA), BEEE T

] 2 A B M TR PP BRI RN A DG SR IR 1 R8T I, O
PO A PRI K . Yk ShRE ) DA R A5 AR TG
SR I L BRSNS e B R AE N Y R
(774 o Xee S AEY) BAE LR o RARACH ™ 2 AR
FHILAF AL 25T o Xee S — A il 22 R IV 42
SLRREE(Pip), HOAMLBESE 2 5 PR #05 )5 0 1912 3
PE, REAESN T 0 R 730 AR 4, il
Mg ROV, pip &A% 3] AHL 55321k
IR 2R 11 XeeR IEICY, J5 H it —452 85 5
F XerR 0l ; Wang %01 % HE RN B
(<1 KDYARHFAP B P BEAT R XerR 4545
Fl| XceR FEHJE s+ X3k, HIE i XceR 455 %) pip
L 3T, Coutinho Z5P2I7E bt 1515 Bt 4 A
PRI AR LA B ARG, S A A i
W] RE 2 2 AT LE ) . Wang 2503V SR 40 M
STHE 2-iP RRARLE G Xeo 2 MR I A2 AR
PerK, 3 Xcc PiéA AL AH S FE R ik .

A ™ P AN T s D D P 00 e, 34 7T
Al TP S5 T (4 B IR, 53R Y R G - FEAR R AT
WS B RES, FREEYAETY -t
TRRARFFIEBRRE /> 1155 AHL N EREGSEE attM

M aiB my&iLs, WA AHL K, S
Ti STk A0 R T 2k &4 B 0, 78 Xee
SR R R, Xu SR SA — 5
Xce iz dhfe )1, H—JiH XEeiEiET Xee Ak
DSF il DF #4055 40, 5 R i 2 3 A
SRR s VKR (Abscisic acid, ABA)ANFE
M PR A N 15 5231 1 A, (R RE RIS 385 Xee 132
BlE JJ . Zhang LSV PRAR AR N W 5 A B
5 pk Xec HEFIA, 25 DSF BEARBRNE5A Al
F1 DSF MK FRIE . AHEIE B P AAR Y
BRIER XYS B iE oy iR, FIH
HPLC 43 I T 18 Fh 2 JEFR X DSF-Z A 1Ak
NAF S FE A, HIREI Met, Cyss Fl
Trp REA SKFEAS ArpfC BRI IR R H DSF Al
BDSF /K, il 5 /5L UM 5
AN, Met Fl Trp AR AR 15 15 35 B R] 25 DI AR ¢
Met 5, Trp ¥ & #55 , BDSF 1 DSF /K-F- A4
R, AT TN R G S vh TR B R AR R
BN, AR B B R R A fE s B A R R
RAE IR o 7 SHY EAE R b, S W 2
# MR = Y SE A, Yuan ZU%
B GABA Fl SA X AR AR AT B HEA I 1R H AL
PRI E R EA SR, M SA 1 TAA XFHLH
A FF B S0 B A0 R Pt B B s . 5 X sk
WSS R A, AR &I Met, Cyss Al Trp
Xt DSF {554 F Il e FAAAE B nsion o A
Kb K Met, Cyss Fll Trp X} ArpfC itk BDSF
1 DSF /K[ 52 i 46t DSF B ff i RpfB.

Xec /e H LA, HAT EZ BB iR i
JEARF B, B AT A EE R,
e 2 [ KR B ok TIREE s 3 AR
RN TR FIORR A2 A 2 i ) A, A4S0, g A
o I A TR B 77 SRR A 3k AHLL AR A TR 0 1
Jir £ TR R AR SRR 0] P SR B ) I FH T E S AR A A
B E IIBTIAT0, BN, 72 HAT AHL BEAEN &
St 0 AR ) e S 8 D SR AT T (Pectobacterium
subsp. carotovora, Pcc)sk PG &I AH B 1 SR B

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



FRESE: ROk

B LIRS B il S B MU TR A DSF- S G REAI,

EREALT Ny 2961

(Acidovorax citrulli)Hh 5 5 ZFfIFF A AHL F¥
fEfE LN aliA, BERSA IR TN i AR AIEL
TRPERT S AR AR AR SR
HFIRRS aiiA B, LYY Pec BT
I AR FEEAE D RS R R I S A AR A
OB BE PO AR R AN B R 2R B T bR
Pseudomonas fluoresens P3 Al fiEfT 1% OHI11 rh#%
A aiiA e TR B RUR P, SR AR
T (Xylella fastidiosa) ™ 4 — 2 H7 B RF (A (5 5
XfDSF, Lindow %84 XfDSF 4 i3 R 5 A i
(‘Freedom’ fh Ffr), % 35 K] 4] 728 %) f S5 AR AT B BT
otk B R Y e A AR ST s R R R A
TR FR G 2 BT R ) A R R R A . ANt
52 % B Met..Cyss Fl Trp G205 45 2% {I% Xcc 1 DSF
BRI 55 20 FIAKCE, A B TOER s G R
(T FAE R R B TR A i, LA it
— .
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