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Research progress in the biosynthetic pathway and regulatory
mechanisms of diffusible signaling factor-family quorum sensing
signals

SONG Kai ZHOU Lian Ya-Wen HE"

State Key Laboratory of Microbial Metabolism, Joint International Research Laboratory of Metabolic and
Developmental Sciences, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University,
Shanghai 200240, China

Abstract: Quorum sensing (QS) is one of the most important cell-cell communication mechanisms used
by bacteria. DSF-family QS signals are present in a range of Gram-negative bacterial species, regulating
bacterial virulence and adaptation. In this review, the structural diversity and conservation of DSF-family
QS signals, their biosynthetic pathways and two regulatory mechanisms controlling DSF biosynthesis were
firstly introduced. DSF-family signals are all long-chain unsaturated fatty acids, their biosynthetic
precursors include carbohydrates and branched-chain amino acids; the major biosynthetic pathway include
fatty acid elongation cycle and the key enzyme RpfF with both dehydratase and thioesterase activities; two
regulatory mechanisms involving protein-protein interactions were identified to control DSF biosynthesis
in Xanthomonas and Burkholderia, respectively. Then, the key in planta QS signal used by Xanthomonas
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campestris pv. campestris during its infection of Chinese cabbage was introduced. Finally, some key
scientific questions in this research area were discussed and prospected.

Keywords: Xanthomonas, quorum sensing, DSF-family signals, RpfF, RpfC
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gk BB A R X -2- %% 4 R
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Figure 1 Chemical structures of DSF-family quorum sensing signals

2 DSF-FJk QS 155 &M1& Bug bl
2.1 RpfF EBFAEEFRKEEEME, KL 3-8
E sl ACP ARYIE K DSF-RIZESHF

Xce 1 rpf JLH#% 5 DSF A= ¥4 S 516 5
WUIMISE, H rpfF gl s mtiing A KA
DSF fy/E 14 5. Cheng Z:Pbr RpfF 1 ik
ghky, KB RpfF JB TEGMREMG, H C ikl
—A™ o BRE X, N sty —A o SREERA—AS B T
2H RIS O K, 2 AMEST RIS SRR A
(GIu™* I GIu™) 5 RpfF EHEVEH VI, RpfF
WA —AN 20 D BK SRR A B IEE , T RES
DSF & RLIX I, s A8 FoH (A ] — A~ 2 FE R
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A TR B T Bcam0851 1 % BDSF A #14
A%, Bcam0851 5 Xcc RpfF 28 KEfR— 25tk b filik
379%%, Bi 2 4 s BRAE L -ACP A B ) D
BiF, Bcam0851 fffk 3-8+ —hEfE3E-ACP
HE I -2-F R T BE-ACP, R REIR AP 3-F5 5L
T e A ACP Hh B EREHE, BRIk holo-ACP,
I JEA B T T A /A A 35 7. Zhou 25047 1
HPSZEG FRHLIIESE Xee RpfF AT A7 156 1 115 7K S
P, BN 3-F8 5L+ Bt 5L -ACP #%4kh BDSF,
2.2 Xcc #IABERABRTEIRIEZ G K DSF BRI
K 3-#2 EE5EE ACP

Bi 25 JEiiF 5 RpfF YIS 3-¥2 56+ — it

JE-ACP >k B I8 iR & 1l (Fatty Acid Synthesis, FAS)
TR AR A2 i W R B e ik A% o A B vf FAS J2 i —
RGNV ST B AT PE NG DR A B (FAS )58, &
AL R IR SN VI B0 SN o 7 R O P T R
BT CoA:ACP %%Ti BL T (FabD)Fl B-fiid 575t ACP
A U 1 (FabH) AL S8 . Bl S HE A ZE R B
N, Ze N E-ACP 5 3-fil3%-ACP 4 iff (FabB =¥,
FabF). 3-F [t JL-ACP i i fiff (FabG) . 3-3%FL 1k
FL-ACP LK i (FabZ) FJfTHE ACP 3£ J5ifif(Fabl) ity
AL T HE g HE-ACP T F— 2 %), 24
SEAR 2 10 MRS, 74 B-FEIE S IR HE ACP £ FabA
5 FabZ ik 54k M [ -2-35 4% ACP; FabA it
SRS T S -2- 2% Tk ACP Seb Ak =R Jini-3-2%
Mk ACP; JIii-3-2% Tt ACP ANREY Fabl 65, {H
AES N R ACP 1E FabB ik 464 Al
Jii-5- B~ & -+ Bk M BE ACP %7 W) FE R E A G
15 R A B I A0 B 1, e 2 AN AR A i
MR Xee % 5 FAS FYFER T2 4U4% Xcc0115
(%% FabV). Xcc0581-Xcc0582 (4#h% FabB il
FabA), Xcc1016-Xcc1020 (4ifih FabH FabD \FabG .,
AcpP 1 FabF)L) &% Xccl1362 (Fabz)?Y, i Fhg/y
PR LR AT T4 T A7 8 G H S, Rt e i
1 A PRI TE L T AR . VRIS T R ARSI FAS
wAEH 3-Mfig L ACP A | 5% 11 (FabF 1 FabB)
AT, REFEIE RN 30 mo/L AR5 TH R AR
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M Xee PERAE R, (A2 2] DSF-FIGHF AR
fEEM4 Y, B FAS 35 DSF (5 5L M4 .

FEAN AR AR & A f ) i . FabH ik 2,
TG A 5179 _fR-ACP 46 & 7" 4 LTk £ T%-ACP,
Yu 2 CONE B 3-S5k ACP 584 it (FabH) 4 i 3L K]
Xcc1016 J& Xce A KT bTi i), S5 AEM A
A TERANRN H, Xee FabH H R #F i FabH
50z MR EE . Xee FabH AL Z Bkl
fitf A VERIEY ™ HERR TR A AT, A8 LU B
I3k ACP 515 15 ACP 1E M iKW A il B K Ay 1 3
ACP; I KIZHFF fabH %4 Xce fabH J& frfs Xce
HkRAE KK ZE, DSF SR E R,

3-M & T ACP i J5 i FabG 75 2 1 i 17 1k 4 fif
EER LI 00 e 4 ) i 3-FR ke ACPRY,
7 Xce Hid ik FabG w3 K Xcc1018 i it
DSF. BDSF. CDSF Fil IDSF 44 0. Hu
BUF yu P25 5% 1 Xcc0416 Zifidi FabG2
F1 Xccd003 Zfih ) FabG3 [RIFEFLA 3-Fil ig it ACP
W JEEHE Y, fabG2 B fabG3 itk DSF f= &1y
B REAR ; VRIS 43 M7 25 S R - FabG2 25t
FIF 4% 3-EAHERE-ACP, (AXTmaER 3-44t T
P 3E-ACP il 3-54% L BESE-ACP 16 P .

23 HELBRKKEM A E—RKIBERIEFRERSB
Xcc EFEE R BDSF

T HR5Y DSF KIGAe 550 FEW A ik,
Zhou 2P XOLN #53:3E[g/L: K,HPO, 0.7,
KH,PO, 0.2, (NH,),SO,; 1.0, MgCl,-6H,0 0.1,
FeSO,7H,0 0.01, MnCly-4H,0 0.001, [#Hk4EH
Y1 0.625, JEEFNE 0.625, pH 7.0] WA 55
I, ANEBSIRERROKIE A, KiFE 24 h 5K
DSF {55 F AW, 4 RRVIT KL
HYIVER . RENE . MIARE . RS E AR
BDSF 4414 i, DSF 1 IDSF 4414 52 13
Srmifl . Deng 2B g AR IR L 2 AR
PIAMIEERIINE] Xee Kigedkh, DSF HIGfES 4T
PR EAR R, P PC AT R A
W& DSF {5520 F Pk B 221 e U

2.4 DSF #A IDSF g9 B E M 5%k B X fE = EEL

IDSF. DSF #l BDSF [{fb 4454425 55 F 85
PUAE H MBS (] 1) b T HRGT X el B L0k
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(FFR XYS) IR 73, KB In 2 s R A4 2L
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IDSF AW1& i 42 7t, Kk, DSF fyH JLEE
FHORIE T AR AR, IDSF 1% F LM Bk
BT R am™,

2 P T 3B AR DT R ) S R AR 1B S Y T
S A, JEESBEA 3 M EEE o-fR: ool
C R (KIC) . a5 LR (KIV) A o-fili-B- B 3 1% ik
(KMV), B3R B 522408 . 402 B fl 552 2 R
AR ANEG I KIC 8% KIV & 425 T DSF /K-,
W KMV $255 1DSF AR i BERRd 5 5 b
(B 2 AE IR AIVG ASfg il i i K Ak A AR ™
A KIV AT KMV, HARRE G A 2 R 1 5 2R 5
AilVC =4 1) DSF M1 IDSF & 2558/ 25 | ik
Zhou ZUMEH T DSF KIk(s 540 THEM 4 ik
e, WE 2 fis.

3 RpfC/RpfR 5 RpfF ¥ H/EHE# DSF
B2 FHEDEE

C A DSF-FKIR(E 5 A Wa BiaE LG £
BT RS o 28U A A TR e R
B ZF SRR R SR AT R A AT R
L RREAL & — A rpf SEFRAE , 4iHD DSF 4 i
RpfF . DSF 5 92K 5F S5 &S WHT RZE
RpfC/RpfG J-171 5 DSF {5 5 A1y Rpfl %],
X FIE A7 2 O K R AR B A5 B B Xoe Fh gt
RpfC =% [ #itf%k RpfC il RpfG &4 ” DSF
K-, mikk RpfG &R T DSF K-, 1iiH
RpfC F1 RpfG 25 DSF iy AE ¥4 i 4 . RpfC £y
5 N5 G5 F3 (Transmembrane Domain, TM),
1 /™ 2H & PR i 45 44 18 (Histidine Kinase Domain,
HK) . 1 M55 #2104 #448) (Receiver Domain, REC)
F1 1 AN2H PR IR 74 45 kb5 (Histidine Phosphate
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Figure 2 Proposed biosynthesis pathway of DSF, BDSF and IDSF!!

Transfer Domain, HPT)®%, He 210 % 3 RpfC F
A REC Z5yidumd & A -EAMEERYS S
RpfF; @ifk REC &5y iR 2 $2& /5 DSF A&k,
1F F 1k REC 45 #4385 4 1 | 7 A= AN rpfC 28 A8 {4
4% DSF; Bk RpfC Hii) HPT Z5#y38)5, Xce Jif
SRS NEEAE WA U 5 AR, DSF A&
WAZ#0 . Cheng @i T RpfC(REC)-RpfF
EERB IR, &I REC 45#3k 45 5 1E RpfF
B AKGEE A AL, FIES T DSF A BUHT AR
A, 1T DSF fEY4 (B 3A). Cai %127

FRWATF R B FLlifh T 5248 1 RpfC, UESE RpfC
J3 DSF B2 K 11 24 DSF 254 %] RpfC N-ii i
22 AN GE LR A A BN DX I, HIK 485 b 3ol 38 it 7
PRGOS, RpfC ARBEMRIL . 5T k%R, He
VORI DSF A4 R A I s
DSF ¥ FEAIR TR — MR B2 (B ), RpfC A& TR
%, H REC 5% 4 RpfF, Ml DSF A9
G BEE AN EAE, DSF OREE o R E S
E BIERT, #0% RpfC AFRBERR L, B S A1k,
Rl RpfF, DSF K& ml. iX— B FIAEALGI#E
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B FEAKT TR FN0E 22 2F T2 75 A A h A5 2HIE S« 2
RpfC Fl RpfF [FIBA74ERT, DSF {55454 fkut
FTUSAL WA | AR BR AR I W 27 2 BE 5% M 7
SEHRAS 2 ERAEBRFIAEE—FDY
RpfF/RpfC R4t : —E 4ifih RpfFL FIAH N ) RpfCl,
F—EYi RpfF2 FIAHNE) RpfC2, —F——XF
N, ANREMIE R, (U5 rpf-1 LR R E 2 2
TEFR B AT LA A RS R E 9 DSFU, il i
XF 2 T oy B AR AT 25 A3 BT R B . 4871 rpf-1 (10
A SRR NIRRT B- N BRI AT A T 24 1
SR, ST rpf-2 RG22 2F S0 R PRI IR G K R
Fg TR 24 1 o i %440

5 2% DSF-RIG(E 54 W& R HLH 3=
BEAEAE T A5 B0 T 28000 e E TR A 08 i A 7T
t, RpfF (1 [AHE 1 RpfFec 71357 & 8 BDSF, {H
PR b /b RpfCIRPEG WUZH 43 2 45 1 [R5 26 11

RpfR (FI)

RpfR i3 BDSF HIfr 5 N Al fs 514 140,
RpfR {7 PAS. GGDEF #l EAL iX 3 PIhRES,,
IEIL: BDSF E"J;Lﬁiﬁlél, ;H\:EP 8169\ N172\ NZOZ\ R187
S BDSF £ Aty s 5 1) dikk RpfR Ji, ¥
AIAVERH N BDSF A4 MUK B i w el
Waldron 253 % 378 i 5 RpfR [V 119 N B4
E— B ERTF N EILRIT Y, w4 Fl (RpfF
Interaction)Z5#4) 3k, #iBR FI 458485, RpfR BER
TR PR E, N C-di-GMP K ERE{IL, BDSF
KAV F A s AT RpfF-RpfR (FI) di A4k
¥4 % B : RpfF-RpfR (F) & &1 JEH 3 4~ RpfF-RpfR
(FOAS XS FREL TR R 225 7 A 1 S S R A, A
RpfR (FI)ZE RIS 5 2 4~ RpfF A EAEH, %
FHEAEFHS RpfR (F)E T RpfF IS A T, A
T BHL L BESE-ACP IRMIHEA RpfF 3G A, ]
RpfF 6k B 1 (] 3B).

Pocket for DSF
biosynthesis

Substrate tunnel

3 RpfC/RpfR 5 RpfF EfEiBE DSF M & B 3-4 sh iy m = E e
Figure 3 Schematic diagram of RpfC/RpfR interacting with RpfF to regulate DSF synthesis?24!
TE: A BRMSEE U P RpfC 45444, REC 5 RpfF 454, BH1L DSF A ARTIRIE A B KA BGHIE ; B: PEAA R E# o RpfR-FI

Z5K938 5 RpfF 4544 BDSF & MR H#E A G il 1E

Note: A: The RpfC-REC domain of Xanthomonas campestris pv. campestris binds to RpfF and inhibits DSF biosynthesis; B: The
RpfR-FI domain of Burkholderia cepacia binds to RpfF and inhibits BDSF biosynthesis
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T EE Xoc Al Xoo 75 IR i o= L £ Fil
DSF-FK RN AR 553, BT i Fndk B
SRR AAEEIARE . Zhou 2% HL Xee ArpfC
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4.0%F1 3.6%, 7E NYG Kigeskrh /34l 52.5%,
45.5% ., 0%l 2.0%, TEEFRTKEN XOLN HiFkt
Hi435k 20.0%, 79.0%. 0%F1 1.0%, Xcc ArpfC
FEE SR W R R b £ 574 DSF, (HAEE I
R Z SRR A NS 54> TRk £ BDSF.
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A R AT PR o SRR e FE R YR
P FEH Xee HREIE ) B AR AR ) A0 B ARAS E IR T
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B VO T P B R 10 TR D TR RE A
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FRYR SN R BTt R ey, #:8h 1-3 4
J& , A R4 F (500 g LA_E)HEE DSF 55401,

I AR %A 3 - AT ) 3 (UPLC-
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BDSF 5 S ArpfF B bEG LR H R Ah 2 b hg
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HRARA 1) T BRI AR 5

5 BE5R%

HHT, DSF-FIERBHARIRN S5 F g £
FEPE (55 BV AL TR . AW A R R K LR
B SEA B , 2 H RTFIE IR IR A BB RN, 2
iz —. DSF-ZIEBEARBN Z2 GEAN IR 97 I
R P, T)EE 552 e D A 1 i 245 44 AR PR 1) 3
I S SRR S5 AN B T A A0 R 3 B
AR S FAL], A BT3B 0 R B B A
Jiiko

R, fEE AR 2 /1 LR L
A RARIER . (1) DSF A ¥)& ik ik
VT RENBR A i, DSF S iRt Y& e 17
FERIRTE R 27 DSF UEANRIIER B-A b4 iRk
BIET MR RS S0 DSF Ak 2) A
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