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Comparison of three methods for preparation of bacterial
ghosts from avian pathogenic Escherichia coli

Jian’gang Hu'?, Hongliang Dong?, Lixia Fu®, Jiakun Zuo?, Xiaoka Wu?,
Rongsheng Mi?, Yan Huang?, Ke Lu?, Zhaoguo Chen?, Xian’gan Han?, and Shijun Hu*

1 College of Animal Science, Southwest University, Chongging 402460, China
2 Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Shanghai 200241, China
3 Jiangsu Key Laboratory of Zoonosis, College of Animal Science and Technology, Yangzhou University, Yangzhou 225009, Jiangsu, China

Abstract: Bacterial ghosts are bacterial cell envelopes devoid of cytoplasmic contents while maintaining their cellular
morphology, which can be used as a new vaccine and delivery vector. In this study, a clinical isolate of avian pathogenic
Escherichia coli (APEC) strain DE17 was used to prepare bacterial ghost through three different ways. The results showed
that the cleavage efficiency of DE17 bacterial ghost was 99.9% with the lysis plasmid containing the PhiX174 lysis gene E.
Scanning electron microscopy showed that transmembrane tunnels were formed in the middle or both ends of the cell
envelope of DE17. Furthermore, the DE17 bacterial ghost was prepared with one of cell penetrating peptides (CPPs) named
MAP (KLALKLALKALKAALKLA), which will completely inactivate DE17 (ODgg=0.1) by 10 umol/L MAP. The cell
envelope showed a gully-like structure and obvious transmembrane tunnels were not found through the SEM. However, the
DE17 could not be lysed by importing the lysis plasmid (pBV220-MAP), which was used to express MAP. The present
study will benefit for research on bacterial ghost preparation methods and provide a reference for biosafety of bacterial
ghost vaccines.

Keywords: lysis gene E, bacterial ghost, cell-penetrating peptide, avian pathogenic Escherichia coli
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(Avian pathogenic Escherichia coli APEC)

EcoR I Pst [

PhiX174 PCR 94°C 4min 94 °C40s
E pBV220-E 52 °C40s 72°C30s 30 72 C
MAP MAP pBV220-MAP 10 min PCR 1.0%
APEC DE17 PCR DNA
pBVv220 E EcoR I  Pst I
Ligation mix
. ' DH5a
- ﬁﬂ—%ﬁ& pBV220-E
11 Bk SRR 1.3 EFAEFRA pBV220-E $I#% DE17 Fi
APEC DEL7 pBV220 pBV220-E
. DHSa 100 pL DE17 1 mm
(Tiangen) BIO-RAD
pBV220 . 2.2kV soc 28°C  1h
PhiX174 DNA DNA marker Ligation mix % LB (100 ug/mL ) 28 °C
PCR mix EcoR T Pst I
TaKaRa DNA pBV220 pBV220-E
Thermo Fisher (1 DE17 LB (100 ug/mL
) 28 ‘C 200 r/min
1.2 AE R pBV220-E 899 ODsoo 1 2 100 mL LB
GenBank PhiX174 (100 pg/mL ) 28 °C
E (Accession No. 9626372) 1 200 r/min ODgoo 0.4
E-F E-R E ORF 42 C 30 min
276 bp 5' ODgoo
x1 KMRHBEFASINFT
Table 1 Primers sequence used in this study
Primer name Sequences (5'-3') Restriction site
E-F CCGGAATTCATGGTACGCTGGACTTTGTGGGATACCCT EcoR I
E-R AAAACTGCAGTCACTCCTTCCGCACGT Pst 1
MAP-F AATTCATGAAGCTGGCCCTGAAACTGGCACTGAAAGC EcoR |
ACTGAAAGCGGCACTGAAACTGGCCTGACTGCA Pst 1
MAP-R GTCAGGCCAGTTTCAGTGCCGCTTTCAGTGCTTTCAGT

GCCAGTTTCAGGGCCAGCTTCATG

The restriction enzyme sites are underlined.
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[15]
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10 mmol/L  Nay,HPO,
MAP 10 pmol/L
MAP DE17 LB
37°C PBS
3 10 umol/L  MAP
DE17 ODsoo 01 02 10 mmol/L
Na;HPO, DE17 ODeoo
01 02 96
( 200 uL 3 ) 21°C 1h
96 1h 100 pL
LB 37 C
12 h (CFU)

MAP
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MAP
MAP
MAP-F MAP-R MAP-F 5 3
EcoR I Pst I
MAP 1
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STE (10 mmol/L Tris-HCI 50 mmol/L

NaCl 1 mmol/L EDTA) MAP-F

MAP-R MAP-F  MAP-R
94 °C 5 min
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EcoR I /Pst |
pBV220-MAP
pBV220-MAP
13 pBV220-E
pBV220-MAP
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DE17

16 HAMBRNRE
DE17 pBV220-E

DE17 MAP
DE17 2.5% 4°C
PBS (pH 7.2) 3
4C 15h

FEI Tecnai G2 F30 S-TWIN)

2 ZR

2.1 AHE R pBV220-E & pBV220-MAP #Y
M

E PhiX174 DNA
276 bp
pBV220-E
EcoR I Pst I
pBV220-E
E pBV220

pBV220-E (1)
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pBV220-
MAP (  2)

2.2 BEBKEI % DEL7 Hd R HA =R
pBV220-E  DE17
28 C ODgpp 0.4 42 C
30 min  ODggo 0.9
60 min ODgoo
pBV220 pBV220-MAP  DE17
ODegoo ( 3
pBV220-E DE17
CFU  2.63x10’

5000

2 000

1 000

500
250

1 PCR ¥ E ZEEMARRIEHIAEYILEELER
Fig. 1 PCR amplification of E gene and endonuclease
digestion identification of the lysis vector pBV220-E.
M: DNA marker (DL5000); 1: PCR product of the E
gene; 2: double endonuclease digestion of pBV220-E;
3: negative control.

CFU 2.5x10* 99.9%
pBV220-MAP  DE17
480 490 500 510

520 530 540

T L T e S T == rr== L L ==y =) s == T il
AATTCATGRAGCTIGGCCCIGAAACTGGCACTGARAGCACTGARAGCGGCACTGARACTGGCCTGACTGCAG

2 pBV220-MAP 4R
Fig. 2 The sequence result of pBV220-MAP.

5 gL - pBV220-E -5 pBV220
5 4 L == PBY220-MAP

2.0
%3 1.6
1.2
0.8
0.4%
?
0 60 120 180 240

t(min)

3 #3&% pBV220. pBV220-E 3 pBV220-MAP
B9 DEL7 JAE 5% K4

Fig. 3 Growth and lysis curves of DE17 harboring the
plasmid pBV220, pBV220-E or pBV220-MAP, respectively.

& 010-64807509

2.3 YAREFIERL MAP {EF DE17 F=4 E i

DE17 10 pumol/L MAP
ODgy 0.1 0.2 1h
CFU 2
MAP DE17
10 pmol/L MAP

ODggp=0.1 DE17
100% ODgpp=0.2 DE17
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ODgyy 0.1 0.2 DE17 1h
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*F2 MEFEEK MAP IEHR
Table 2 The inactivation efficiency of MAP
ODggo value ., . Cleavage
Group of DE17 Bitiepey efficiency (%)

0.1 10°  >300 =

0.1 10* 68 =
N&HPO. 5 10° 300 -

0.2 10* 123 - [16-19]

0

o ean e
MAP 0.2 10°  >300 =

0.2 10* 41 =
Notes: “="" indicates no statistics. (SNA )
24 FHEENE 100% o2l

4
DE17 CPPs
pBV220-E DE17
( )
MAP DE17
( 4

3 i

Frrr el
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El 4 DE17 REFWMPAMEER (XE
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N SERERRRRRAR
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Frrrrreerrg

#1440 000 1%)

Fig. 4 Scanning electron micrograph of DE17 and DE17 bacterial ghosts (40 000%). (A) DE17. (B) DE17 bacterial ghosts
induced by the lysis plasmid pBV220-E. (C) DE17 bacterial ghosts induced by the cell penetrating peptide MAP.
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