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bacteria. However, at present, there is a lack of in-depth research on the pathogenic mechanism of bacterial LPS. In this
study, differential lipidomic studies were carried out for the first time on the wild Escherichia coli strain W3110 and its LPS
structural mutants AwaaC and A(IpxL IpxM IpxP), and the effects of LPS structural changes on lipidome. The results indicated
that the loss of LPS-related structure in E. coli significantly altered the type and relative content of cell lipids, which was
closely related to the change of OM characteristics. Compared with W3110, the permeability of AwaaC and A(IpxL IpxM
IpxP) increased by 13.59% to 19.00%, and the fluidity of the OM decreased by 23.71% to 32.84%. Differential lipidomics
revealed that 416 lipids of 22 subclasses were identified in W3110. The types of lipid species of the two mutant strains were
reduced, while new lipids such as CL(14:0/14:0/15:0/12:0)-H, CL(17:3/15:0/12:0/14:0)-H, and CL(18:3/12:0/14:0/15:0)-H
appeared in both mutants. In addition, most of the lipid contents of the two mutant strains changed significantly, in particular,
the monounsaturated PE decreased by 3.07%~9.02%, and the monounsaturated CL increased by 1.11%~1.73%. There were
also large differences in lipidome between AwaaC and A(lpxL IpxM IpxP). This study revealed that the structural changes of

LPS resulted in significant alterations in lipid type and relative strength, which was an important factor for the change in the
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OM characteristics of E. coli.
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Table 1 Strains and plasmids employed in the present work

AR A MR S
W3110 254 A Escherichia coli ATCC
ER AwaaC W3110 AwaaC ZAR,
A(IpxL IpxM IpxP) W3110 A(lpxL IpxM IpxP) ZEEE
pBluescriptlISK (+) HHN LRI lacZ, Amp Tarce
N pKD13 oriR6K. FRT Kan' FRT. Amp" [19]
s pKD46 oriR101. repAl101. araBADpgam-bet-exo. Amp' [19]
pCP20 oripSCI101 cI857k Py FLP. Amp" Cm’ [19]
% 2 AW FIPCRY 1314
Table 2 Primers for PCR amplification used in the present work
B Pl gl (5-37)
waaC-U-F CGAATTGGGTACCGGGCTGCCGCAGCCATTGTTATG
waaC-U-R AACTGCAGGTCGACGGATCATAGCGGCGGTGTGAAGT
waaC-D-F GCTCAAGACGTGTAATGCTGCGGTGGGTATGGGAAGAATCA
waaC-D-R GCAGGAATTCGATATCAAGCTGGTAAGTAGCACGAAATGGC
waaC-Fkan-F ACAAGAGGAAGCCTGACGGGATCCGTCGACCTGCAGTT
waaC-Fkan-R CTATCCAGTGCCGCCGTTAGCAGCATTACACGTCTTGAGC
waaC-pBS-F GCCATTTCGTGCTACTTACCAGCTTGATATCGAATTCCTG
waaC-pBS-R CGAGCCAAACAGAACCACGCCCGGTACCCAATTCG

1.13 &K HA

B [ 20 DNA $2 U A & JookL /b 321K 77 &
R RARAMEHE AR A s [ /DNA Al ik
%5+ ClonExpress” IT PR 3% vp B IR 7 £, 1 5t i 4 4%
AW BB A BR A ®) 5 2xHieff Canace® 15 {4 2 g T
R, B AR R A IR A A 5 2xEs Taq
MasterMix i, FEAMHLEMBHE AR AR %K
ekl GoldView, JLIFEH AR BEREE . AR,
Ji[H OXOID ~ Wl IfEN, bl ey LA
FRAR: Sbsh, EZEIMEARAR . RIEE
. BEEER. SEEM L-BRAARE, LR
VR ARAR s AV, HiERER RO
AR A PBS B R 2% mfls i Mk (pH 1 7.4),
R IRIVE R A R A A s N-2K 8- 1- 281 1,6-—
hHe-1,3,5-C0 =M, [ Sigma-Aldrich A7 i+
PRI B e M) 35 o [ 24 4R [ g A 24X
AR =
12 FENBSEAE

MLS-3750 1= J& K B %5, H A& =¥ ; DYY-8C
W KA, AE3iS —AX 8] s ETC811 ¥ & PCR
3, TR R DY ; Micro Pulser HE#41X, %[ Bio-

100

Rad A #]; SW-CI-1FD #1% TAEG, b
Allegra@X-15 R & X ¥ % & 0 ML, 3£ [E Beckman
Coulter 2~ #] ; Legend Micro 17 /NUEE B OHL, 3
Thermo Scientific /A #; HWS12 HLHVE IR /KB4,
g —ERH AR A R s THZ-300C HlRPEIR, -
Mg —TE R AR A PR A A s UV-1800 4840 A] WLk s
i, RigRHFE AR R AR s G:BOX HR #
J5E % 2y BT A%, 55 B SYNGENE /A & ; Vanquish Q
Exactive Plus EIx800 yiAH)5 1 LC-MS, &[EHIEE K
H/REH A ] ; BioTek Synergy 2 £ I REBFIR N, 3
Bio-Tek A ;5 F-2700 %% Yt/ 1, HAH
ST HIAR A F 5 R-210 Jigkk 2 kAL, Fi 4+ BUCHI
HIRAF.

1.3 F&

1.3.1 E. coliR EArAwaaCH=A(IpxL IpxM IpxP)#)
#iz

LK S W A-red At 5 10 AR 4LE T, xt
E. coli W3110 %0 Z WS EE R waaC FEATRR
MR AwaaC s FIAENE A A kR IpxL.
IpxM 1 IpxP JEAT Ry e VER B, 1) RAR R A(lpxL
IpxM IpxP), SN 2.
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M E W3110 Al € 78 ¥k AwaaC Fl A(lpxL IpxM
IpxP) (AR LR, T8 BRI PRI 7R )5
PR — IS B E 5 mL LB Wik, k.
B N 50 mL LB VRARRS IR 250 mL =
I, FEHIHTUE ODg, N 0.02, 37 “C, 200 r/min £
REEFR. MTE ODgopr L2 MHIZEKHIZE
133 JER#RH

XF W3110 A1 5848 B #R g AT IR i $2 L, =
Folch 255 i kW A8 B 7 = 1 WA Kfeaoe
WIRIRTFRM, 4 000 g B0 10 min, 25 BERZEZMIA
WPEE 2 I, B 2 W ODgyo N 5.00 5 2) H
T 15mL SEOEEOER, 77 EE, AKX 10min,
BTk Bk, b Sk 3 Ok, fEg s
fils 3) FEdhS 20 AR/ HIBE (2:1, VYD Fi
100 mg BEIEEL (EL4% 1 mm) 7F =3 T g 20 min,
2 000 r/min &> 10 min, Y& EEA M 4 Lk
RAERPUSFREL 2 %, A IFA PRI BRSO T
5) $EEHUYpEE 200 uL EO5 / HEE (2:1, VIV) WEE,
B A #ET UPLC-MS 43 #7 .

5 5 2 /AT RE™, R A Ultimate 3000
UHPLC % %; £ Waters CSH C18 4 3% ¥ (2.10 mm
x100 mm, 1.70 um). JENAH: A Hl, 25 - 7K (60:40,
VIV), % 10 mmol/L H g% ; BAH, FHEE - LI
(90:10, V/V), & 10 mmol/L HI &% . KR MERE
VEAEF : 40% B 0~3 min, 40%~95% B 3~20 min,
95% B 20~22.50 min, 95%~40% B 22.50~23 min,
40% B 23~25 min (fAFR4> %), #EiE 45 C, W&
0.30 mL/min, #EFEE 0.50 pL.

{245 HLmE 55 HL 2 (ESDD ) QExactive ™ +
TRA TUA% Orbitrap ™/ A BT e Bism ", R IE.
R AR S, WS B 3 i) 3.50 kV ORI 2.80 kV,
YEFRI N SR B 35C A, Al B SR & 15CArb),
BT IEBSKT 50(Arb) . BRI N 325 °C,
HEARE R 350 °C, AF#E R 200~1 800 m/z,
4333 140 000 FWHM  (m/z=200).

1.3.4 @SS E MA RS M E

2 Jf A1 B2 375 14 D 5 R 2R S I N- 2R - 1-
ZE % (N-phenyl-1-naphthylamine, NPN) %¢ % # &
HEP D) 4B T 50 mL LB VAR R EEREFR 2 ODgy
91205 2) BT EN N A 4 000 vmin 250 10 min, Y
LW, pH 1H 7.4 1 PBS i vE MG vk, I B
ODgyo N 0.50 : 3) HX 1.92 mL B EW T 24 fLIR, iR

T 80 uL NPN ¥ (10 pmol/L), &R 3s;54)
BEEARACIN B2 R GEOR I 350 nm, KT K
428 nm, FRAETERE S nm). B LA AL ODy,
(ENRS i LICE R S =

E. coli AL 2 14 388 1 58 Y6 4R £ 1,6- — 2K I
1,3,5-C =K (DPH) ™, 56t 4H i 5% 5 fim 1 A1
B 1) S5 R 0 SR A R ok T i 908 3 ek () AR
b, B AR : 1) HUODgy /9 2.00 ()85 7% 5 mL,
pH {H 7.40 ] PBS WL 2 Ik, &0, B H 2 W
ODgyo N 0.50 5 2) HU 1 mL B &I 1.50 pL ik
J& 4 0.20 mmol/L f] DPH ¥&W CAFI N PU SR,
1 5 X AR AT UK B AR FFAE 3.00 umol/L 5 3) B FE
T 37 CERETIEE 30 min, BEJ5 4 000 r/min &0
5min ;4) pH 1 7.40 [ PBS YEIEFEM, B0 )5 B,
7RI % 56 43 6 B I FE A i 1) 5 S R R % 1)
S, BRIV 360 nm (BRAETERE 5 nm), KT
WA 450 nm (FR&E%EE 5 nm). FET RKbricFE M,
DR IE TS SR AR HUE (R s, RN SL
WEE 3R, »OumIRE (P tHEWT

_ Ly = Glyy
P_—IVV+GIVH Q)
Ly
G= (2)
Ly
B

P—— Mk
Lyy——HA R 25 Fotl 25 KA ) & B 5 G AT 89 5 RSB
Lyy——#e AR 35 Fo Al AR 25 Fodh o 7 2 4 A Ao K-F 75 &) B
o R KR
G—— AR IE R F;
Lyy——#eARm 35 Fo Al AR 35 ot 7] A KT Fo e A 75 &) B
o R KR
Tyy— —#LAR 23Fed A 25 Fe A B) A 7K-F- o @) I 69 AR L.

2 RS

21 HKw&. SMESE MM HT

¥y E. coli W3110 [f] LPS 245 ¥k, J+4 PCR
M Fp AN, 3R1F AwaaC F1 A(lpxL IpxM IpxP), B
JE T A KR K ELnE 1 R, AR
FNTEAR Rk 35 S BB (¥ DO B B AE KRR PE, AwaaC
A(lpxL [pxM IpxP) KIf KA &R K W3110
WA PRAR, (HRRIEARK, X 5 a7 7o ™2 i A4
KA HAL, LPS %00 2 FEFISHE A 457810
MR RECAAS 1 G BT F- 9 5 F s i A AL
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Fig.1 Growth curves of E. coli strains
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Fig.2 Outer membrane permeability (a) and fluidity (b)

A(lpxL IpxM IpxP)

of Escherichia coli

E:af E. coli A RMA R RMAINEEEN, b
E. coli ¥ A B hAn R BARGY LIS L1,

SR G X E. coli [f) OM H 1 #E47 LU AL, 45 R &
N, LPS AZ O Z HEFI K A JE DR Bk & B 25 5t
KA AN E M, WK 2a s, AwaaC 1)
OM BV 5, B8 W3110 #2755 19.00% (P<<0.01),
i A(IpxL IpxM IpxP) [f] OM 15 & 1 th 8 W3110 42
1 13.59%. ULk, LPS 451 5488 B3 PR OM
W, B 2b s, AwaaC F A(lpxL lpxM IpxP)
1) OM ¥t 3 P 23 5 % W3110 & 2 T % 1 32.84%
(P<0.001) #1123.71% (P<<0.01). ¥%ZHEE R
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F K waaC ISR RAHET R A B 58 1 & il RE
IpxL. IpxM. IpxP 4, %f OM ZZE A OM i
EPEMRE K, 28 1, LPS #Z .02 WERIZEE A 5
J177 T %) 20 A A 380 G I DK A T 4 L ) 3
X5 Cui L AL

2.2 W3110F/LPS & % #k flg it 41 2 tb %

LPS g o T e/ i OM W K4 5y, — &
BB KIERYE 2% OM 45iffa e tE. N LPS
ZE MY AR A 75 5 IR T Fh 2 R B B A, T AT
BHIREAT T Z 5 A2 I
22.1 E.coli W3T10 & 23+ 0 Rg At £

Wi 3 Frow, W3110 H 35 % 416 FlE I,
REFR AP LA 5 K22 WRAR T : (1) H il
WEREDS (GPs) : LWEfE (CL). BEARER (PA). %
JEWE ARG (PC). BENEBE 4 BE ik (PED. B NR M H
M (PG). W5 BEAULEE (PI. PIP. PIP2). 1k fig ik
225K (PS). BEARELHEE (PMe). ¥ ML AREL &
B % (LPE). W /lE Bt 2. B¢ (PEO. ¥ I 5% i I H
M (LPG). W IR BE £ BE % (dMePE) FIVE
I F R Rk O BERE (LdMePE) ; (2) Bifig2%
(SLs) : HPEEEAEWEL (CerGl). = HEILph £ Mt
& (CerG3), M PFLBEEE —ELH W (MGDG). fif
Pk % — kB (SQDG) A1 R FLER Lk H
(DGDG) ; (3) g% (SPs) : &AWk IZ (Cer)
FUESEEAR (SMD 5 (4) HEEZE (GLs) : Hih =M
(TG) ; (5) fgHilE2 (FAs) : (O- Z W) -1- ¥
FARWIER (OAHFA). %A 7044 FH i ¥ 12 & Lipid
Search 4.1 Hid Fl B AR B B, 6055 I 0 2 1 e 2
MU E S B 5 7 2K 2 IRE B I J5 3 28 A i
22 514> (ILCNC) 2009 4F 5 57 (1 i J5 F&1 3 20t
FTIC

AT W3110, AwaaC F1 A(lpxL IpxM IpxP) f
B R S HS A . I 3 AT, AwaaC R
IR 414 F, 1 W3110 AL, 5 FAR B 2K, 3
FifE BT H B s T A(lpxL IpxM IpxP) KU 5 7 413
Bl HoFRAEIE AL, 3FAER B shob, 2 Fh
A5 Bk Y W BLHT i B CL(14:0/14:0/15:0/12:0)-H.
CL(17:3/15:0/12:0/14:0)-H Al CL(18:3/12:0/
14:0/15:0)-H, 1 H 398 2% JIg Jit MGDG(18:1/ 25:6)
+HCOO. PA(17:1/21:1)-H. PC(17:1/19: 5)+CH3COO.
PEt(17:1/19:1)-H fl PMe(18:0/18: 1)-H, It4h,
A(IpxL IpxM IpxP) it 75 JIg i PI(31:1/24:0)+Na 74 %%,
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N LPS S5 R4 2 51 KX U g o Hh B B 2k 2
HAM AR Ryt — B0t L. HAETX E. coli J2 LPS
RAMRIING R Z AR Z0IE, % SCHERALE BN
BT LPS RAMKSE M EES %

PG| 39 39 39 100

GPs PIP2 1 1 1

K PEt | 11 1 11

i
=

i LPG |
= dMePE |
—LdMePE
—CerG 3

CerG 1
SLs| MGDG |

SQDG f
—DGDG

SPs Sar
GLs TG}
FAs —OAHFA |
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Fig.3 Lipid species and quantities in E. coli and its mutants

BE—2B T A k0, BT CL 41 0 DY 4% ok o2k e
A2 KRR PR, CL AE 22 g 57 25
¥z (KB 3). W30 R3] 116 ## CL, &
flg B e $ 1 27.88%, 1 AwaaC Fl A(lpxL IpxM
IpxP) 23k 119 B, 23 ) o5 R ot 2 £k 28.74% FlI
28.81%. ULAMEHRIIRZ, PRI RH ) IH G o
CL(14:0/14:0/15:0/12:0y-H #11 CL(17:3/15:0/12:0/14:0)-H FlI
CL(18:3/12:0/14:0 /15:0)-H. ¥ fk1E, CL 5 K% OM
BAH (W/KEEEAS) 287 AERRY,
X 3 Mg CL #£ LPS RAEMTEH A fridk —
B
222 E.coli W3110& 3R B AR I8 R AT 38 B

LPS FARMKH B 7 HE BSR4, R BUAH X
SR AR AR . TR 3 PR B AR R B A
r GEIE 99%) 1) GPs i (Bl 4a) Inbhsr#r. H
K| 4b AT %1, GPs 1 [ PE W25 7€ 22 Fh fig 28 0 2K o
FEORE R P A v, 2905 50% L E. Hik & LdMePE
(14%~16%)+ CL (8%~10%). PG (6%~9%). LPE
(5%~7%) F1PS (3%~6%), iX1j Fabijanczuk”{i
FH 4K s 2530 5 45 R 2R AL

—J5 T, A% W3110 Bi#k, AwaaC £5 198 Fi
JUE IR R 5 P S . 213 Feft R J5 40 R K i R o /D

v PE(35:6/16:0)-H 4 i £ K, 4 353 fi5. 14 Jn
10 5 LA AR 5 Fl, 3G AR T B 2.53%, 3
2 L ERRBTA 18 i, 5 EL ) 9.09%. A
DL, 53 e A B IR D, R R K
PI(38:6/16:1)+Li, FEMLH] 0.99%.

a 100.0 — -—"3110
75.0 m AwaaC
al = A(lpxL IpxM IpxP)
S 500H
i
% 25.0H
®
jung
04
0'2I—I
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~ 20.0
=l ||
B .
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Fig.4 Differences in lipid relative intensities in
E. coli and its mutants
E:ah S KEMRRH WA (GPs). 4 £ (SLs).
g% (SPs). HibEs (GL). BB (FA) #9A8xtdR &,
b A EAE (GPs) FE LK agastig /i,
LR, 5 W3110 48 t, A(lpxL IpxM IpxP)
A 212 PG BTAERT 5R B SN 198 I Joit AH T o8 B
Wb, FLorp a8 o g FE B K 6 PE(35:6/16:0)-H, A
XPRRFEHG N T 1277 £, Y40 10 f5LL BARTA 21
B, IR BT 9.91%, ¥ 2 5P LRRRA 73
Pl o5 34.43%. 117 J J5T A R 5 R YR/ M A K T A
MGDG(16:4/28:7)-H, F#{KF] 0.98%.
2AREHZEMERALFREEESR, 5
AwaaC # tb, A(lpxL IpxM IpxP) 45 260 Fh fig i &
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