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BRFRH M 5 OBD A w. ABEFH T WS E
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Table 1. Strains and plasmids

Strains and plasmids Characteristics

Reference or source

Strains
E. coli
DH5q ®80lacZAMIS A (lacZYA—ar‘g_F) [o]
U169 hsdR17 recAlendAl thi~ 1
SM10 F—thi~ 1 thr~ 1 leuB6 recA tonA21 lacYl supE44 (Mu, , )\~ Kan" [10]
P. aeruginosa
PAO1 wild type, Spe® (11]
YFFd fabF knockout mutant of PAO1, Gm" This study
Plasmids
pEX18TC Suicide plasmid, Tet" [10]
pPS856 Cb"® Gm" source of FRT-Gm" cassette [10]
pUCP18Gm Gm" This study
pUCP18Gm—abF pUCP18Gm with fabF, Gm" This study
F2. XHEHASY
Table 2. The primers used in this study
primers Sequence (5 —3") Restriction site
Acp¥4 CCATTACCGTGAATGCGGTG
AcpR TCAGAGCGCTTTTGAAGCTAATTCGACACTACGACTTCCTCTTTC
Pab¥ AGGAACTTCAAGATCCCCAATTCGCTGATGCTGGACTGG
PabR GTTGCACAGAAAGACCTCGTCG
Acp¥-=2 GGGTACCCGTGCCGGTCAATGGTGG Kpn 1
PabR=2 CAAGCTTACGGGCGAGGACCTGCTC Hind I
FabF (OUT) GCGCAACCCCGTGAAATGAG
FabF (OUT) R CCATAGGCCAGTCCGCGATC
FabF-¥ ATGAGCTCGGTGTCGCGTAGACGCGTCGTC Sac [
FabF-R AGAAGCTTCCAGGCGCGCCAGGTG Hind 1M
Gm-¥ CGAATTAGCTTCAAAAGCGCTCTGA
Gm-R CGAATTGGGGATCTTGAAGTTCCT

Restriction sites were underlined.
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1.2 FabF fREKEIHEE

1.2.1 pEXI8TC-AcpP-Gm-PabC [E i & ¥ 12 :
R A 4 25105 B L B PAOL [ 5 DKL 40 % 51 fab F 3 [
1 bk AcpP JE DR, NI PabC 35 R . 43 i) 1%
i AepP 11 L F U 51 W) AcpFd AT AcpR, I
Acp-R 19 573 | 20 = 30 AN LK) Gm 5 41 ; %
it PabC (¥ b F 514 Pab—F 1 Pab-R, 3 7 PabF
[ 570 F 20 =30 AR Gm J¥ 4. Bl PAOL
1 5 DR 4 Dk B 3 ) v B 58 B 1K AcpP S TR AT
PabC JE K o F ] pPS856 J5t ki 4y #E 4 ¥ i 51 4
GmF FI GmR, 7 & Gm J¥ 4. ¥ DL L AcpP &
K\ PabC JE KR Gm B4l Ax [ e 15 S B AR, 1% 1
5|4 AcpF2 Fl Pab-R=2, F] H] overlap-PCR 7 A ¥
PLE 3 A\ Bed 4 e 1A K v B BT AepP-Gm-
PabC, Wl J7* i 08 LA b 3 510 0E i v 58 o DL BT 5
YW 2,

SHFIH Kpn 1 1 Hind 1 8 V) AcpP-Gm-PabC
FrBEA pEX18TC i ki, & 4%, 3518 ki pEX18TC-
AcpP-Gm-PabC, L i 4k 3k K Ji7 #T 5 SM10 B8 bk, ¥
4 B [7) I 25 10 wg/mL Tet F120 wg/mL Gm [¥] LB 3
me,37 CHFEER. FIH AcpF2.PabR2 5|9
5 Gm¥.Gm-R 5|4 PCR, i ik FH o w B . DL E K
PR ERAETE W SCHk 9]

1.2.2 AW LIEW T pEXI8TCApP-Gm-
PabC JFURL (] SM10 B £k it 44, PAOT BF A= 7Y B #
N ZARBEAT &5 G, B AR ROy % 200 Ll 5
TR SML0 B BR85S 95 2 0D 208 L 1337 85
FE 1 PAOL BF2E A B bk 50 L, #275),37 C i & i
H3 ho HUS50 WL WA W W A 2 G P19 LB ~F
Bl AR 97 LB SRR BN — BB R
fi# A 100 wL 1, % 4 # 100 pg/mL Gm [¥] PIA #%
Fedk BRI, UE R A T HAEH I PAOL &
PRo A PIA K373 b Pk B 47 T o 1% 2 G i #E LB
AR B R 5L, 48 B0 A K VR A B 10% R
117 100 wg/mL Gm (¥ LB [ 4 55 J5 3 oy, 35 5%
1.2.3 PAOI1 FabF 275 {k & ¥k YFFA B9 % 1% #n
EE WPk, A3 MEN: — &S Gm
Al Tet [f) 85 75 36 #8010 AR K 0 1R 94 5 bk B AR
BRI AR Gm FlI Tet [ 15 77 56 1 #0042 K 1 14
o M R AT R AS I B AR = AE S Gm [ B FR
B B AR Tet IR IR 36 BN 1 B % % 18 BE

SabF FER e gm 5 RUEUAR, by XOAZ e A4 AT 42500
€ A FabF i 28 S8 Bk

P A AT PCR Y858, 4y W0 - 55— 30, L FabF
(OUT) -F 1 FabF (OUT) R K 5%, 2 Wk L L 3
Tl A2 K17 0 ) B PR DNA S BEARGEEAT PCR, AR RUAL
B A 1 SR & gm [ BH P 455 (1164 bp) ,
RARAZ AR BB gm (1164 bp) FI fabF (1347
bp) W 4% i » 1 B AR AL KA fabF — 4 7 (1347
bp) ;5 20, Gm—F fil Gm-R K 5|4 PCR, LL& i 5
— % PCR %52 2 BH Pk (19 14 7% DNA by B8, DL EY
A7 PAOT JE R 41 DNA /E R0t . KA kAT X
AT AN TT LA B Y gm 2% s 6 AL AT 4%
PE A

E— 5 AT P 5 4 A, R 4R 5 B AR Y PAOL
XS )5 s fabF K& DR 4 gm S5 DRI ERCAR 11 B Oy 5k 2k 58 AR
Bk YFF .
1.3 pUCP18GmfabF [RHity#1E

DL PAOT K&K 41 4 #5545, FabFF F1 FabF-R 4 5]
W1 fabF F:H, Ky 7@ pMDISTfabF J§ifio JHSac LA
Hind TIT 43 5| 4] pMDI18TfabF Jii i Al pUCP18 Gm
Bk (pUCPI8 # & I i N Gm JE B 7 %) W)
pUCP18Gm # k) , T4 Y H: 7% 82, # & pUCP18Gm—
JabF JFORL, WAL B K 7 #F 1% DHS ot 3 35 Gm
(20 mg/L) 1) LB [# fA 1% 77 5 I, 8 i 1 % PCR i
TEBH M ve B % IO R, R R AL B4 2 B SR M B
YFF 548 B Ak v 07 0k BH P o B F T 5 2R 58 50
1.4 Swarming iz 3 §€ 71 B9 42

FH T W0 A 24 0 B4 swarming % 7 (4 ] 44 1% 35
FEWC 7 1% [ A R (tryptone) 0. 5% P RF 412 B
¥ (yeast extract) , 1% 5 AL 4h (NaCl) , 0. 4% B Hig ¥y
(agar) ,0. 5% 4 %5 $¥ (glucose) « 23 ¥ PAOL B 4=
BYFFA Al FabF [A[40 ) YFFA B BR3P 2 LLF Ay
JE 1) LB [&] {45 7 5 v, 37 C 85 70 80 WL 541 B 1)
JEAZE 5o AW swimming [ 55 77 5L C 5 1% Wik
F 15, 0. 5% 1% BE 32 HUH, 0. 5% NaCl, 35 Ji§ 0. 35% «
PR JE 30 CHi 57 12 =24 h W %€ swimming 1238 . for
B twitching [f1 35 72 5L /L 77 1 1% W B (iR, 0. 5% 1%
BESEEU 1% NaCl, 1. 0% Biflig . )5 37 C 5 3%
24 h W % twitching 12 3)) -
1.5 B5AAES R G Y 32 BR AN AR
1.5.1 BeAAES BA ER 42 BX: 70 ol #k PAOL.YFF4 Al
FabF K RIAM YFF W KT 72 8] 0Dy b 1.0 /¢
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A7, Y8 10 mL B, 1 mL H,0 &%, 0 2.4 mL
FE /208 (98: 2) ,1 mL CHCL, %7, Fin 1.5 mL
CHCL, 1.2 mL H,0 Wi, B0z HBUF 2 200
dr, 0 1 mL CHCL, ) 508 b f 0 32, & IR FF S 2T
ST, NN 1 -2 mL HCI-CH,OH 3 g, # & i
B BT 1 mL E CRE M 2 mL H,0, #5053
R EBHE L N 1 mLOE Ake i, & IR FF
B BT, SO L iF Oy MY .

1.5.2 SHEGE®RN: MO Z A GC-
2010, & KA B TR I 4%, B 4045 (i A DBS, 2 )7
TR 4% 4 A 190 °C (1 min) 245, LA 2 C /min 3
FEZE 200 °C (1 min), F LL S °C/min % 240 C (1
min) , JEFE SRR 25 i E 270 °CL R 1 pL.
1.5.3 BRARER & 215 - LL 20 ANk 1 W R iR 1y 1
(C20:0) Jy P A I 2 i 107 12 1 25 &t o 43 Jil) &2 11 A R
W (C16: 1) kMR (C16: 0) R (C18:1) Fifs
e (C18: 0) DUF i s 1% 1 A HE M 2%, 1T LA oF 55 g

(A) Double exchanged mutant

Single exchanged mutant

2 SRR

2.1 fabF SR RTHRMTFIEFEE

223 P PCR UG H 17 XA 4 A A4 B AT A
MORTEF AR 1 Pz o SEAf DR IE 4 R A XL
PR B AL B LG X, PAOL H i1y fabF HE D
Weogm 7 A BT AR CEIBG) » & iE sE A3k T
FabF it 2k S8 A2 44

A AL A 5 I AT G 2R SR AR AR (1) R v, R D
U5 2R DR B G LN A B I B R BORL DL AR
KUAZ e 1) 75 902 8 I —Ffr o ARAIE S P 3RAT) 2530 T
41l 5] N pk18mobSacB.pEX18 ApGw F1 pEX18Tc 3
B8 SR UKL, I A I\ pEX18Te i ki i By i ik
HH XOAE e A A, HLC A A R0 ) SR BE o 38, 7
¥ pEX18TCAcpP-Gm—-PabC Jiki T N PAOL 1) it #2
o, AT R T L A R S R R AR 2 R
WOREEG A M R A W] T . R

Wild type

1 2 3 4 3 6 7

9 10 11 12 13 14 M

— 3.00

— 2.00

1164 bp—> '-Uguuu‘.: A MUUUU

(B)

— 1.00
— 0.75

PAO1 Marker

1054 bp —>

5 6 7 8

kb
— 5.00

— 3.00

— 2.00

—1.00
—0.75

—0.50

B 1. fabF $R R RT1RE PCR ¥ 7E
Figure 1. Identification of fabF deletion mutants. A: PCR analysis using FabF (OUT) = and FabF (OUT) -R as primers. lane 1 -6, double

exchanged mutant; lane 7 — 10, single exchanged mutant; lane 11 — 14, wild type; M, marker. B: PCR analysis using Gm-F and Gm-R as

primers. lane 1 —6, double exchanged mutant; lane 7, wild type; M, marker.
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ARSCR AT T LRI T 5] N pEX18Te | A i
FL I 5 e 7 10 5 SA3RAG FabF S84 44 1 $f4F i
P A RS RR3 m TAE R .
2.2 fabF R RE K%K E swarming B¢

¥ PAOT1 By A \YFFA SRtk {& F1 FabF K& %
KH) YFFEA B RR 7 0 /0255 0. 4% B lg ) LB
MR IRH L, 37 C R IR 80 4 BT 2 30 W)
BERH2) . B4R PAOL H B Y] B #) swarming
MG YFF i 2 A 10 181 7% 4R 2602 — A /N Bl R T
FabF K& RIAW YFFd BERIKE T swarming L4 o
XYL fabF 1 O ] DL AR S R M R R 2%
swarming HE JJ, 11l FabF [1) K & 32 3 ) 52 8 [5] £ e 2%
PRI swarmig B8 7o X7~ % FabF [ R K KT 5
swarming 12 ) §& J) [ A7 75 B I K R o
2.3 SHEHEBEENAERREKNT K

AT DR fabl R GE K5 PAOL
swarming B¢ JJ i) % &, AT 20 M1 7 PAOL B 4= 7Y,
YFF- Ml Fabl K 30K 1 YFFL 1 Ak 1 5 7 1% 41
P o AR HE AAH A I 25 R B oR (B 3) , fabF i 2k
BN R IE 5 & B IR D7 R 1 B S AR T AR
s Forhd g W R IR T BRI R (el g C18:1)
B, AEIFAE R R g 33.6% , 7E YFF SRR
(%% 8.9% , fabF B4 5K 2 & 20.9% (£ 3) . 5
A5 IR 7 R 1 o R R B A AT o 1 AR AL, fabF B K
J& UFA: SFA LU th 0.96 TR 0.74; fabF [14M 5

WA A 1.09. KRR (C16:1) [l & BARTE fabF
B S 15. 5% 3 & 33. 7% » B A5 fabF |9 %b )5
HoA BB AE 31.3% A A7, IX WG 7R 45 A A wih 12 O
ANJ 5 Wi A 2 BN TR swarming B8 ) ) G B IR 2 o
S Y TR 5 R IR U7 T A R R R B 0 AR A, R ) A S
TR T B W BEAK, 7T e & YFF swarming 12 3)) & )
MR E R A .

YFF-1+FabF

& 2. PAO1.YFF4 #1 FabF X = &% 8y YFF4 & #
swarming 8¢ 71 B9 44 i

Figure 2. The swarming assay of PAO1, YFF4 and YFF- with
pUCP18GmabF in LB medium.

% 3. PAO1 70 YFF- B985 BA BR 40 B
Table 3. The composition of fatty acids in PAO1 and YFF-

Fatty acid composition

Strains
C16:0/% Cl6:1/% C18:0/% Cl18:1/% UFA: SFA
PAO1 34.6 15.5 16.3 33.6 0.96
YFF4 37.9 33.7 19.5 8.9 0.74
YFFA + fabF 30.6 31.3 17.1 20.9 1.09
W% swarming B0, BT DLBEA 1E S 3 BEHF ST N 45
3 g IS 7 12 5 4 T 200 Y P () B 4L BB 4 G I 1

Swarming 12 2 /& %2 A M (8115 5 N S —Fh £ 41
H3E 2, 5 40 1 00 S0 T T 25 T 2% % Bl ol e 5 DA
KMo g TR AT WA M swarming B 77 1) H
KR T I R B A SCRIEE T fabF (5 2 53 4%
WK YFFA I fabF 323K R pUCP18 GmAfabF , 4 K
Wl fabF JE PR 0 5 5K T3 B PAOT () swarming 32 2)
A8, 1M fabF (F) 8] %h 0] P& & 2% 4R 1) swarming §E
JJo fabF Bt 9%} H e I8 8l swimming Al twiching [ 5%

AR 2 M A AT A, R IZ B R T wE AR KO
JERIY A fiE g %5 7 . Swarming B %K 40 1 Fh
HEHZ )8 J) » swarming fE J) 11 91 59 L 40 i N A0 34
B4 010 Ml U7 R 41t 77 AE B I R e Liaw " R
Lai''™ 2 4% 3 £E 1% 3% Proteus mirabilis F Serratia
marcescens W% I+ Z k® (C12:0) .« + V0 &% %
(C14:0) N5l (C16:0) Fi-+ )\ Fifg (C18:0)
I 07 1 » 25 ] U0 40 AT swarming B G DL K W OfL 3R
B 7 A UE WY LB R I T R MDD S A TR R R AR G2
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(A) 4.0

3.51
304 C16:0
2.54
2.0
1.5

1.0

0.51

C20:0

_——

(B)

70 80 90 100 11.0 120 13.0 min

1.50
1.25
Cl16:0
1.004
0.75

0.50

0.25-

0.00

80 9.0 100 11.0 120 130 140 min

© 300
1.75
1.50 1
125
1.00

0.754
C18:1

0.50+ C18:0

0.254

C20:0

0.00

* Y

7.0 8.0 90

T T T
100 11.0 120 13.0 min

3. PAO1.YFF- 71 FabF X8 FRiAR YFF B4k A5 BB 4H B B4R

Figure 3. The fatty acid composition assay of PAOl, YFF- and YFF4 with pUCP18Gm-abF in LB

medium. A: PAOL; B: YFF4; C:YFF + FabF.

BNfkJ1 e Inoue 557 K B, 7B IR HE PR N 1250 AL
+ 70 %% B (anteiso-C15:0) & % #1 # Pseudomonas
aeruginosa [f] swimming Fll swarming ¥l %, iF W 37 %%
LN IR U PR L 5 0 900 < A 2 M N T ) s Bl RE -
SR ANV AR 07 1 X swarming F) 5% W BIF 58 & A1 &
AR . Inoue 25 R B FEIL RN T — o B AR
MR (C14:1) A R (C16:1) Lyl (C18:1) Al
W R (C18:2), K LA [ 7% B 0 i) 7 P

aeruginosa [f] swarming Y % ; 1fj Chatterjee 45 oI5
B Vibrio cholerae F {F] i1 - Wy I8 (C18:2) A£ 4 DU
1R (C20:4) Be% 18 N flrA e 15 (¥ 08, B Oy i 5k
K& V. cholerae iz 7y it J) i 455 30 #% 1) 26 — A FE K],
M T A B s B g e AR AT AR ST
fabF K B KR UFA: SFA {8 1 0.96 [% 4 0.74,
swarming fi§ JJ B2 1% 2K ; fabF [0 %) J5 UFA:SFA J} %
1. 09, swarming fi& JJ tH AH WY 3 Pk 52 48 BF 2 K P, X
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HE— P EIIE T Chatterjee [ 45 5%, Bl 41 B8 A 10 F0 A2 &
B AT RE 2 5 30 swarming RE N FREI R R 2 — -
AT W Z W AT 5T 45 R 2 P BAAS — B0 AR AT fE
(K24 Inoue 3 i 71 3% %k vp s n A0 U5 i W 82 1) 77 =X
SO i 10T PR 2 7 0 Chatterjee £483F (K U 52 40 11 A< B
JI I3 T2 2H B 1) AR A o A 5 R AR P R n A U5 IR 07 1R 1)
75 AT BE 2 AR KR M 50 15 9% A B 1) i ) 7
FR 7K 77 028 T 40 B AR K R AR R 53, AT A R
L5214 A ) swarming B 5

R ) A A5 R AL R A AT A R fabF B
2R T S SR R U7 R AR A v B SR TR R SR T TR
(1A AL » 7 fabF AR v 5 il R 75 et 33. 6% S|
W& % 8. 9% » swarming BL R B B 2 i 2K 5 fabF [0l 4h 5
FWMBREEWE £ 20.9% , swarming I % 15 75 DL 1k
5. LA O R Liaw ™ 5 ik 75 85 77 3 P i A
Vw8, ¥ = T P. mirabilis swarming 1 ) fig 77 ;
Chatterjee g 16l K T V. cholerae W8 W 5 W MR &
S, UE B EE A il R R S vl PR W) R R swarming 32 F))
RE ST o TXPHANIIFST 23 00 AN AL YR AR 523 B T i R
SRR R BE W I s TR R A 3 0 4 s
Bl RE T BB AE S 000 it 2 FATT B WF ST SR A T E

SR (C18:1 ALL) J2& 41 i R 1y B2 & 1 i1y — Fir
JI I 12 » FRATTFRIBIE 5T o T VS 0D e AT A 1 il TR
(C18:1 A9) , W& HLAR BURE 11 AL & A BT AN [) 5 5 2R
A SRR 25 AN K A8 T 07 19 Vs o SI2 56 B0 AE 5 o R
JH A0 A1 PR 3 P 5 AR S T TR

FATH &5 R AR WY, S b R i 2 B0 U 4 AR R
swarming §¢ JJ i $) 42 ¢ H L 4E L JIE 05 R A g
FURE JE AW AT A — 8 1 B 5% Wi AR 5 i 1T 1Y) swarming
A& o FRATIHEN , fabF & ¢ 5 307 40 7 ol 1R 5 &=
BRI A RN TR R JEE S S 3K RO D PR 41 )
AR REAE — € RS B TR N T A IR TR
R WA T AN M B0 S T A T B T
swarming ) §8 7 ; 5 17 R 201 ok 1) o5 A A, W] i o
1% 40 43 W6 6L 25 B g (rhamnolipids) 141 1 & £ K
(exopolysaccharide) %535 3% 71 4 g 11 7' L B A% 7 41
IO 3% THT P B R 5K g 5 JE T S W swarming (9 B8 )

2 7% 3Lk
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Effect of cis-vaccinate acid on swarming ability of
Pseudomonas aeruginosa

o 1 . 1 . . 2 ... 2 . . 2 2%
Feifei Yu , Xiangyong Yu , Haiying Yu", Mingjie Hu", Jingqiu Qu”, Kun Zhu® ,
. 1*
Meifang Wang
'Guangdong Ocean University, Zhanjiang 524088, Guangdong Province, China
* Institute of Microbiology Chinese Academy of Science, Beijing 100101, China

Abstract: [Objective] To study the effect of fatty acids composition on swarming mobility in Pseudomonas aeruginosa.

[Methods] We constructed a fabF-knockout mutant of PAO1 (YFF-) by double exchange principle, overexpressed FabF
in YFF- mutant to recover the mobility, and compared the swarming ability of wild type, YFF- mutant and mutant with
plasmid pUCP18Gm~abF. The change of fatty acids composition was analyzed using gas chromatography to explain the
difference of swarming ability. [Results] Swarming ability disappeared in YFF mutant and was recovered in YFF- with
plasmid pUCP18Gm—fabF. Gas chromatography analysis revealed that fatty acids composition changed in YFF4. The cis—
vaccinate acid (C18:1A11) content decreased from 33.6% to 8.9% , and the ratio of unsaturated fatty acids to saturated
fatty acids (UFA:SFA) was deduced from 0.96 to 0.74. The recovery of cis-vaccinate acid content was 20.9% and
UFA:SFA 1.09 after expression of fabF. [Conclusion] Expression level of FabF played an important role in regulating
swarming ability of PAO1. The decrease of cis—~vaccinate acid content and unsaturation degree of fatty acids, especially the
sharp decrease of cis—vaccinate acid, may be vital causes of swarming ability disappearance in YFF-.

Keywords: Pseudomonas aeruginosa, fabF, swarming, cis-vaccinate acid, saturation degree of fatty acid
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