Research Paper MRIRE

WA 224 Acta Microbiologica Sinica
50(11):1494 —1502; 4 November 2010
ISSN 0001 -6209; CN 11 -1995/Q
http ://journals. im. ac. en/actamicrocn

AN B AR RIS Bt Z BE PR E. coli MR THAE
W, TE, B, ZEH, RTH, AF, TAE

(bR 2 A Bl 22 g, iU 430062)

FE:( HM] E 85I BEALGE (PC) BHME I FF 18 T bk 55 W R Bk £ B e ( PE) BH P 57 A= B 1 PE B 4 28 A48 Y
AR LS, I PC ™ PE ™ BUBH M TR MR AL UE , N TR 25 (AR B A 1k LA K 5 W 248 B %k 240 TR7 1) A Wk 4 ] 55 7 T 4R
T R DY e T A0 e A5 A IR R £ B o [ i ] Ol R e I G O A TR A A R 5 AN TR] S B
I 20 T I T 43 6O THI E OD g0 fH , PEAS 40 1Y A2 K A5 00 5 i H] SDS-PAGE 1 2-D Ha, Yk 26 1 2 4 7 [] o1
AL /N RAW264. 7 106 41 i 22 A6 0 200 B4 10 KG B AN A s VE . [ 45 R ] S Btk i PE ™ B A4 A 41
B AD93/pDD72 #H 1., PC* 4 i AD93/ptac67 H A 25% 224k 1k; 5 PE~ 45 {k AD93 —#£, PC* 41 &
AD93/ptac67 {575 IR 4 B F Mg’ " 8 Ca’" A fiE/E K 5 5 BF /£ A AD93/pDD72 # He, PC™ 4 i AD93/
ptac67 [ J8 0T 85 1 40 4 O OKG BE 25 55 H X A 0 R S B0 I B i 22 S 5 BP AR U T Topl0/ptac8S AH Lk, PE”
PC " XUBH 40 B Topl0/ptac66 [ 20 ML BE SN2 P v AR B &R A A e B o 220000 [ 458 )] 7e sk, Ik
g PC B X PE ANBEAH PE 28 28 (R 40 i 1 T fig 56 4 Wk &2 28 B AR BR AR PE RN PC 7E D) e b A7 A6 W 0 1) 22
S, P E AT RE BN BEAH BEAR

KB : BENRBEARG ; WRARME S BERE ; KIGHATTA ; BEwh g & 4

FESES: 0936, Q73 XEkFRIRED : A X E S :0001-6209 (2010) 11-1494-09

2 0 T IEL B8 ( PC) RIS i 15t £ W2 e ( PE) J2 3 ik
BT WG o> 1, AT A R R R TR W TR
O HEEWRAR o WS I A A A A B T s A 32
L3 T N B £ T i U i DA% &0 L 5 0 i ) 32 22
Ao BORM BRI KB, BRARTEM AT
JEEE PC AN PE AT LB AR e, (5 W5 59 A= 1 27 D hE
WASTE . i 4n PE i By & H B4 ik, 0 PC{BLF-
BN PE 320 I 6 2R 1 inFL R IS
WEA KNERRE BN y- 22T RS B4
ih2EdEE EE JF B PE (X FE R BEH PC %
U AR SCR s E B PE B PC
PEM KB FF R B v S PE BH A BF AR R PE B 1
FEAL YT Bk LI HT PE T PC ™ BURH 1 B B i LA
ik, I IR 2527 A2 Bl 8 o EE i A e B

H2W B HEHRB2EIES (30570009, 30970076)

Wi 208 JH X6 40 BT F) A W 11 25 75 T 306 P 7 55 £ 4 i 9
WA 5 AL i T O PG £ T M A 2 BE LA BE AR L
B

1 oA ik

1.1 ##

L1 IO bk U0 T bR UL 3R 1, TR 4 i A 2 i
TR ) S AR R 1 L 5 % Sk

L 1.2 FEEGH AR R AL IPTG 68 | &
P15 0 H5 s o R0 i A UE Al 208 3 Sigma 24 F
CHAPS fi2 4 ZEfEbE SDS KRR E X M N H5 &
FEW A Amresco /A 7] 5 45 HL R i FH A 244 96 14 L
fift 5L H Pharmalyte 23 ] 5 ik i2-60 Ay H Merck 2y

CEAEVEF . Tel: +86-27-88661237 %% 8066 ; E-mail; xgw569@ hotmail. com
EE BT R2MW (1984 - ), 5 WL MA@l B o AL S 0 FAEY .

%5 B #5:2010-05-01 ;& [2] H #8 :2010-06-26



SEMEAR G A P A T L R A T S SRR M B coli AN Y DI RE. /B M7 4R (2010) 50 (11) 1495

Al A% 22 [RGB BioChemika 23 &) ; H
TR Y Sk P A Al T P RORE R4S R AR LT
FE S8 SR A0 T 7S — AR T 7= s B AR 2 T R B
(TN H Z B 24447 ], Tanon GIS System ) ; 45 4F 43
BT (H A B HEA A, UV-2550) 5 0% 24 1 i B
(FERYE2 g8, XSD-1B) ; L F W ik 4% ( H A H
Sy a] L, H-7000FR)

® 1 R RAKXETEE K%

Table 1 E. coli strains used in this study
Strain Phonotype Source Reference
AD93/pDD72 PE"PC~ Dr. W. Dowhan’s laboratory [11]
AD93 PE"PC~ Dr. W. Dowhan’s laboratory [11]
AD93/ptac67 PE"PC*  Our laboratory [9]
Topl0/ptac85 PE*PC~  Our laboratory [10]
Top10/ ptac66 PE"PC"  Our laboratory [10]
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Fig. 1  Growth curves of the strain AD93/ptac67 growing at

30°C in LB broth containing ( @ ) 50 mmol/L MgCl,,
()50 mmol/L  MgCl, and 0.5% choline, ( &) 50
mmol/L MgCl, 0.5% choline and 0.5 mmol/L  IPTG
added at 0Dy =0. 4, and (A)50 mmol/L. MgCl, 0.5%

choline and 0.5 mmol/L IPTG added initially. All data

are means from three independent experiments.

Mg B F . 52 I, AD93/ptac67 41 i VR il
10 mmol/L Mg®* 7 B A4 K ifii AD93 W 75 7% fin
20 mmol/L Mg®" A fig 4k K 5 KA 78 55 35 56 b i
50 mmol/L Mg”* B, AD93/ptac67 Fl AD93 4 & A"
AE R4 HboA 4 (DL SCmk 9) . fF AR A Mk B
(50 mmol/L) ff) CaCl, 8 MnCl, U FE & 1
MgCl, i} ,Ca* " 55 Mg”" —FEREW )& AD93/ptac67 4
B A T Min® ™ B 5 490 460 40 A A (LR 3)
X5 SCHk AR AD93 41 B Y v — 5 K3 ik

B) 1 2 3

B2 MEBBMEN TLC HiER
Fig. 2  Analysis of total phospholipids extracted from different strains. A: 2D-TLC, (a) AD93/pDD72, (b) AD93 and (c¢) AD93/ptac67. B: One

dimensional TLC, lane

1. standard PC, lane 2: Topl0/ptac66, lane 3. Topl0/ptac85.
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Fig. 3 Growth of three strains AD93/pDD72, AD93/ptac67 and
AD93 at 30°C for 24 hours in LB broth containing 0.5% choline,
0.5 mmol/L IPTG and 50 mmol/L MgCl,, CaCl, or MnCl,. All

data are means from three independent experiments.
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Fig.4 Microscopic observation of different bacterial cells. A: Optical micrographs of three strains AD93/pDD72,
AD93 and AD93/ptac67 growing at 30°C for 24 hours in LB broth containing 0. 5% choline, 0.5 mmol/L IPTG and
50 mmol/L MgCl,. (a) AD93, (b) AD93/pDD72 and (¢) AD93/ptac67. B: Electron micrographs (4000 x ) of

the control Topl0/ptac85 (a) and Topl0/ptac66 (b) cells growing in LB broth with 0.5% choline, 0.5 mmol/L

IPTG at 37°C to late-exponential phase. Longitudinal sections of E. coli cells are shown.



1498

Bin Wu et al. /Acta Microbiologica Sinica(2010)50(11)

AEEE, kg PC &A% PE J5 Jf K filf AD93/
ptac67 4B 1B AW B B AR BURES o fEAH R 2%k
T} 3% Topl0/ptac66 F1 Topl0/ptac85 4l & = XT %%
Je 1,62 GBI 22 QA S A Al R, PE
PC* 3 FH P Topl0/ptac66 4l 1 5 %f 4 % Topl0/
ptac85 4 G JE A AR, FB SRR . (H2 B A
B R P A AR B 22 5. B AR A Topl0/
ptac85 ZH B 20 i BE S 2 70, PN A1 I 22 8] 8] 5 X
FL )3 B, 170 PE T PC ™ X BH M Topl10/ ptac66 4 B 4 Jid
BESR 2 SR IE | BB 43 4 5 B 2 S AR U5 R R] X
WASKLIN (DL B 4-B) o 20 i BE A0 23 A 00 8 R 20 P
PP M2 B A AR Al o A6 15 35 38 PO A [R] v B 1)
AT SDS IfAEAH R SR T 85 5% 2 Fhan R, 25 5k
PE " PC " XU BH P Topl0/ptac66 4 B 49 SDS & A1 #1 i
We g (MIC) A 0. 02% , 117 H7 A= 7 Topl10/ ptac85 41 k& 11
MIC U7 0. 07% o FH e ] UL, 76 B A= 78 20 B ik i oh %
T PC w1 RE 2 5 200 B 1 T 2 A AR
2.3 AREAASHILE

SDS-PAGE f, Jj§ Z-SDS-PAGE 4y #7"°) & 7=
AD93 [ AD93/ptac67 F1 AD93/pDD72 4 [ 11 4 I &
AL A B B AR [F . (B2 SDS-PAGE 43 & 3
3 > T PR 1 R B B Al AR E ] e i 25 R (LIRS
A)o NT FETERE Mg’ B 70 40 B &
), FEGS AR U I 50 mmol/L MgCl, Y LB 1535
K g% AD93/pDD72 4 i JF 4l £ 8 ot 4K 1, 45 2Rk
PIE Y B 4 B 2= ) (WL EL 5 SDS-
PAGE JKki& 2 #13) , UM AN i Mg™* B 1A & 5 i
YR R AR T AL . R T — D IR R LR

. . 0.016 | g

:E; % 035} &E;én 0.014
§§ | §, § 0.012 f
55 o025t s g 0010}
g g 020h ié g 0.008 |
i'g 0.15F i% 0.006 F
L 52 ool
2B 005} Z & 0002

0 0

AD93/pDD72
AD93/ptac67
AD93

Bacterial strain

Fig. 6

o™
N
a
a
a
A
o
@)
<

Bacterial strain

E6 3FHMARMMMMERLEER

The diagrams present those data obtained from the assay of bacterial adhesion and phagocytosis by RAW264. 7 macrophage. A: the number of

225 8 3 PN TR 40 T Y JE BT AR AT 2-D LK )
BRI AR Qe T A g A, KBS SR PR3
A 7] 4 7 ) ) B 1 RS i AR 25 % o o 3 IR
MST AT 2-D UKk E5 R i A TmageMaster 2D 2 ff:
AT M, RIFERBFHEREEGH 2 2 525N E
HFA T . B S H R 6 A8 H AR i 3 B 46
ok F, 5 AD93/pDD72 & kkAH Lt , AD93/ ptac67 B
PR 2.3 .5 S EA RSN T 85% (T1% Fil
65% M 1.4 S W o 53 hn 7 2.9 £5#1 6.7 %,
AD93 Hitk 2.3 58 (11U AD93/pDD72 B bk Xf
R AR 27% F115% LT 1.4.5.6 S 1535
J& AD93/pDD72 T bR X N & 1A 4.8.2.2.3.5 Al
3.7 /%, 5 AD93 B kRAH It , AD93/ptac67 H Bk 1,
2.5.6 45 8 1 4r A2 X R 8 i W 31.8%
57.5% 9. 8% F144. 6% ,1fi 3 .4 27 [ W) 52 H ) 7
EEEM LM 3.5 5, 2-D Ik Hr 45 R i
WIRE®ERE o PC 48 PE JEASHEfH PE ™ 28 42 {& 40 i
M) I fig o6 Wk B BP A RURAS o [l 4 Uk o bt
PE " PC " W BH % Topl0/ptac66 4i 1 (1 & Fi & 13 5
Wy A= 7 Topl0/ptac85 %, TmageMaster — 4 Hi, Jk
AT A A M kR B EEE S 22 T A 7T SR
JOT A5 AT DAAH B EC XS, BE Xk 81.5% o % B X
[ 2 11 5 e AT R G i O D B LA 2R B s TE
Fikg BA I ES BB S5 00 46 .56 Fil
89 (4Nl 5-B rhii sk fir s ) ,3 N8 H BT AR AR 7E 2
LA b, Hor 89 S AR T 4 5 TR,
2.4 HEEFEM S FREA LR

FL 3 3 ol BT A T3 BT IR 7L 25 200 M LA % e il 2L 2K 4
45T
40 C
35F
30
2.5 F
2.0 F
1.5}
1.0 b

0.5}
0

Relatively phagocytic
efficiency/%

AD93/ptac67
AD93
AD93/pDD72
AD93/ptac67
AD93

Bacterial strain

bacterial adhesion including the bacteria adhesive to and inside each macrophage; B: the number of bacterial phagocytes inside each macrophage; C:

relatively phagocytic efficiency for each bacterial strain by macrophage. All data presented in A and B are mean calculated from triple experiments and

each err bar indicates standard deviation.
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Fig.5 2-D electrophoresis of bacterial periplasmic proteins. A: on the SDS-PAGE gel, lanel : AD93; Lane 2.

AD93/pDD72 growing in the medium with 50 mmol/L MgCl,; Lane 3: AD93/pDD72 growing in the medium

without MgCl, ; Lane 4: AD93/ptac67. For the 2-D gel, (a) AD93, (b) AD93/pDD72 and (c¢) AD93/ptac67.

B: 2-D gel electrophoresis showing periplasmic proteins of Top10/ptac85 in (a) and Topl0/ptac66 in (b).
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. AD93 (0.0005 = 0.0001) K 28 %, . AD93/
ptac67 (0. 0004 +0.0001) K 35 {%, AD93/pDD72 .
AD93/F1 AD93/ptac67 B #H X 7¥ W 3 & 4 Bl K
3.8% .1.7% F10.3% , AD93/pDD72 %K By A % 75
W 50 2 Ul W W A vh & PE B 20 TR 25 ) W 40 i
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In vivo replacement of phosphatidylethanolamine by
phosphatidylcholine affects biological function of E. coli

Bin Wu, Qing Ye, Yang Li, Changyu Li, Xuejing Yu, Shu Zhou, Xingguo Wang "
(Faculty of Life Sciences, Hubei University, Wuhan 430062, China)

Abstract ;[ Objective ] We investigated differences in morphology, physiology, periplasmic proteins and phagocytosis by
macrophage among E. coli strains AD93(PE " PC™ ), AD93/ptac67(PE PC" ), Topl0/ptac66( PE"PC ") and the wild
types in order to understand if phosphatidylcholine ( PC) can substitute phosphatidylethanolamine ( PE) in wvivo.
[ Methods | Bacterial cells were observed under microscope after staining with Gram-staining kit or by electron
microscope. Bacterial growth under different conditions was monitored by measuring the absorbance at the wavelength of
600 nm. Periplasmic proteins were analyzed using SDS-PAGE and 2-D electrophoresis. Bacterial adherence and
phagocytosis by macrophage were also examined by using murine RAW264.7 macrophage. [ Results] 100% bacterial
cells in AD93/pDD72 were bar-shaped but 25% AD93/ptac67 cells came out as long filaments. Different from AD93/
pDD72, AD93/ptac67 and ADI3 required Mg* ' or Ca’" for growth. Moreover, AD93/ptac67 displayed a different pattern
of periplasmic proteins on a 2-D gel and a low relatively phagocytic efficiency in the phagocytosis test when compared to
AD93/pDD72 and AD93. Both Topl0/ptac66 and the wild-type Top10/ptac85 cells were bar-shaped under microscope,
but the former showed noticeably difference in the outer-layer structure of cell wall, and its stress resistance and
periplasmic protein composition were also different from those of the latter. [ Conclusion ] Substitution of
phosphatidylethanolamine with phosphatidylcholine in E. coli cells is unable to restore the phonotype of PE ~mutant to the
wild type. Biological functions of PE and PC are different, and phosphatidylcholine cannot substitute
phosphatidylethanolamine in vivo.

Keywords: phosphatidylcholine; phosphatidylethanolamine; E. coli; phospholipid substitution
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