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Construction and characterization of Burkholderia pseudomallei

bopA gene knockout mutant
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Abstract: [Background] Burkholderia pseudomallei is an intracellular parasitic bacterium that can cause
human disease and even death. The type III secretory system plays an important role in the bacterial
invasion of epithelial cells, escaping host immunity and the secretion of virulence factors. The bopA4 gene
is an important effector protein encoded by the TTSS-3 gene, and it plays an important role in the immune
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escape of the Burkholderia pseudomallei. [Objective] To construct Burkholderia pseudomallei bopA gene
knockout mutant strain, and evaluate the biological characteristics of the mutant strain. [Methods] We
constructed suicide plasmid pK18mobSacB-AbopA, and then transformed the plasmid into B. pseudomallei
from Escherichia coli S17-1Apair by conjugation. bopA gene was knocked out by homologous
recombination, and the mutant strain was selected by sucrose agar screening. The phenotypic variation of
the mutant strain was finally evaluated at the cell and animal levels. [Results] We constructed B.
pseudomallei bopA mutant strain successfully, and found the invasion rate, intracellular survival ability as
well as the ability of colonization in vivo of mutant strain was significantly reduced. [Conclusion] We
constructed B. pseudomallei bopA mutant strain by homologous recombination, to provide a basis for

further understanding of this gene.

Keywords: Burkholderia pseudomallei, bopA gene, Gene knockout, Biological characteristics
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%1 PCR3I¥
Table 1 Primers for PCR
Eyiis 74 LIS PR
Primers Sequences (5'—3") Enzyme site Size (bp)
bopA-up-F acatgattacgaattCCCGGCAGCATCACGTCC EcoR | 1033
bopA-up-R CGATGGGAGGAGTGGAGACAGCATGAAGAACGCA
bopA-down-F CCACTCCTCCCATCGACT 1028
bopA-down-R ggccagtgccaagcttCATGCAGAACCGGTCCTT Hind 11T
bopA-ide-1 CCAGCGCATGCCCTTGAACGTA 805
bopA-ide-2 CGCGATGATCGGCCGGATCGAG
bopA-ide-3 ACCGCTCCTTCATCCCCAACCTC 826
bopA-ide-4 CTTCGCCGCGCTTGACGTGA
A

pK18mobSacB
Recombinant suicide vector

B2 RIREATEE

Figure 2 Homologous recombination

%2 PCRREI&H 1.2.4 HEEKHMZHINE
Table 2 The PCR reaction condition (2-Step PCR) ¥ BPC006 5 BP(Abop A)”El“*ﬂ%kﬂé;%%ﬁ? LB
Process Temperature (°C) Time Cycles N
1 % 10 min BRI, 37 °C 5537 24 h )i, 4rSIBREUA T
2 ” o 30 AR T LB AR FR 30, 37 °C., 200 r/min B
mi
3 72 5 min Fr, EfE 2 h BT ODgoo IINE , TC LK,
4 Hold il A Kk, EE 3 K,
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(%l 4B4), THEPARRNIBEEEY 38 1) Fiif+bopA+ T iE
A BE(3 599 bp) (K1 4B2. 3. 5); [l BP(AbopA)sy
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ide-4 5| WXt AR RED 38 AR H AR b Be (Bl 4C2.
5), UEBHERRARA HER )
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9 10 11 12

& 3 pK18mobSacB-AbopA Rt 5L E

Figure 3 Construction and verification of pK18mobSacB-AbopA plasmid

H: A: bopd RITREF S|P 180 . FFF B M: DNA marker (DL10000); 1: bopd FiFFEITREF(1 033 bp); 2: bopA FiFRIVERE
(1028 bp); B: pK18mobSacB-AbopA FHLE(E EcoR 1/Hind TIEEYINAS); C: pK18mobSacB-AbopA Bk MY %5 ; M: DNA
marker (DL10000); 1-6: TZHJFiki; pK18: pKl8mobSacB JFiki(5 674 bp); 7—12: EcoR 1/Hind IR Tk

Note: A: PCR products of the bopA flank segments; M: DNA marker (DL10000); 1: bopA up-stream sequences; 2: bopA down-stream

sequences. B: pK18mobSacB-AbopA plasmid map. C: Verification of pK18mobSacB-AbopA by double enzyme digestion; M: DNA marker
(DL10000); 1-6: Recombinant plasmid; pK18: pK18mobSacB plasmid; 7—12: Recombinant plasmid digested by EcoR I/Hind 111 double

enzyme.
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A 3599 bp
|2(3pA-up-F 805 bp 826 b bOpA-dOWH‘-—RI
. 1 - -
bopA-ide-1  bopA-ide-2 bop4-ide-3 bopA-1c1e_—4
bopA bopA-up Wild type
2061 bp
'bgpA-up-F bopA-down-R!
= A— BP(AbopA)
500 bp bopA-up
B
bopA-up-F/bopA-down-R bopA-ide-1/2 bopA-ide-3/4
T Il 1
b M 1 2 3 4 5 WT AbopANo DNAWT AbopA No DNA
bp M 1 2 3 4 5 6

[\ &\15

S XD

1 000

500

250

El 4 BP(AbopA) PCR £E
Figure 4 PCR verification of BP(AbopA)

W A SESIYBEHTEN. B: bopA-up-F/bopA-down-R 51#1%} PCR 7##J; M: DNA marker (DL10000); 1: BPC006; 2. 3. 5: [H
PR VE; 4: BP(AbopA). C: bopA-ide-1/bopA-ide-2 Fl bopA-ide-3/bopA-ide-4 54%f PCR j=#); M: DNA marker (DL2000); 1. 4:

BPCO006; 2. 5: BP(AbopA); 3. 6: 25 FANIER.

Note: A: Design principles of primers for verification. B: PCR products by primers bopA-up-F/bopA-down-R; M: DNA marker (DL10000); 1:
BPC006; 2, 3, 5: Negative strain; 4: BP(AbopA). C: PCR products by primers bopA-ide-1/bopA-ide-2 and bopA-ide-3/bopA-ide-4; M: DNA

marker (DL2000); 1, 4: BPC006; 2, 5: BP(AbopA); 3, 6: Blank control.

23 RiRMRENS BFAERE K

PASEEG % B Ak BPCO06 A%t IR, 7] il BPC006
55 BP(AbopA)EHEAE AT BLARL, $7E 12 h iKFX)
BAERKW, w24 hgiE AEREEIE S). B
bopA FE[H BS540 BP 4 A B A= K3 1
2.4 bopA EFERKMESENEBIHMBERIME
FREZXNF M

VE N2 B A B TR 70 0 R G B 2245 1,
bopA FEREMEEOR B R EEELEM.
TIRUE bopA FEDHFRBR T AN TR TS F1 952, A
NERE RN RAW264.7 JE-47 T 405 1 B85 R A2

25
20+

§1.5-
S

1.0

—AWT

05r —o-BP(Abopd)

00 &

0 6 12 18 24 30 36 42 48 54 60 66 72
t (h)
ElS bopA BMBESHERMEKIMLE
Figure 5 Growth curves of bopA knockout strain and
wild-type strain

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



240 A 2 A

Microbiol. China

R 3 bopA BMESFEREMMMAMFMIMEREE

Table 3 Adhesion and invasion efficiencies of bopA knockout strain and wild-type strain

Strains BPCO006 B #k bopA FFRAER
Wild-type strain bopA knockout strain
Total bacteria 8 000 000 8 000 000

Bacteria in cultivate
Bacteria in intracellular
Bacteria in cell surface
Adhesion efficiencies

Invasion efficiencies

6 038 542.00+153 295.00
121 875.00+18 690.01
1 839 583.00+159 681.20
22.99%+1.953%
1.53%=+0.23%

2 305 948.00+251 354.70
10 971.00+1 496.21
5 683 081.00+252 758.10
71.04%=+3.16%
0.14%=0.02%

B, R 3 JE bopA MBRMRAT BPCO06 HF itk xf
RAW264.7 il ZEI {2 2868 1A fb I L. o
BPC006 HF B bk R T MR 2825050 21.21%
1.45%, TRBRARST HIN 74.45%F0 0.12%., Z5F3%
RS bopA FEDNJG , BP AHEEZEMMERS N, gk A
A BE ST BH BRI,
25 bopA BEEREIMELSBENEBANGFEDN
A

K ELJEAT TR AT LIRS R g A E A w4
FEEANME N R TIG A, R EHAN R, HAER N
(RAFIE 1 DL HA TN I bR e ) B VARG . A
Ji S AFIE S2 B 25 SR (F] 6) AT LU Y bopd BRAARIZZE
RIEALT WT (Z5RFE), BG40 &7
Wb, AIBERIER L RHIROE TANANE, 4 h )5
BPCO006 B AL MR AE I P PB4 58, T el B R AE i

3.0 -
25+
2.0

1.5+

CFUs (x10%)

1.0 F
I —A-WT
0.5 ~O-BP(AbopA)

2 4 8 12
2 (h)

6 bopA BRESHFEERAFEMILERR
Figure 6 Intracellular survival and proliferation of bopA
knockout strain and wild-type strain

WP RN EL B TCRINA, UL bopA FEDRYEZRSLIH
FETR 4 e kit HAG T2 VE T
2.6 bopA EFERKMWESENE LM
AL

B FF I R BRI E] LC3 A S A
YRR, DA mEtA ki S A AT, — FLANTRIF AN
I, hesE BimA A SNBEFZ ShiE . K
it B IHR ARSI A HOE s B R M2 E
i ffd(Multinuclear giant cell, MNGC), FHSZEH45%
(F 7)AT LT HA B AR R IR 4 h s A B8 2 1
FE, TG 8 h JE R0 AR kit ok, =
HAMALEE A R £, B MNGC, i
bopA R TRAR WA K 26 B A8 b, AR P 4
[ T
2.7 bopA EFERKIEEBEMNEB/INRATHE.
B A LA % i 8k B 2 B9 520

X RE s 1 5 BPC006 1 BP(AbopA)/ | Flitt
TIEE, 5T BPCO06 [1/NRTESS 3 KN E R %
L. RS PIZEEEIL S, T/EYs BP(AbopA)AHTEA /)N B
DU BB S R o A /N BRI | RBLATE L 2 il
AR AL AE R (K 8), FTLIE H BP(AbopA)4H/)
BRI 288 R B {20 T BPC006 41/NBL(P<0.001),
o B AR A 28 P et/ T B AR AR (P<0.05), TR I
AR HE A W 22 5
2.8 bopA BEERKIWESEMNEBREEMBE
ik 46 5% 28 B R HY 5211

Western blot ] MAPILC3B [#) 3k il
MAPILC3B- Il iy 46(LC3- 11 /LC3- 1 Y2 2 il
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: . .

7 AERREHRLRERR

Figure 7 Confocal micrographs with DIC images of RAW264.7 cells infected with bopA knockout strain and wild-type strain
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Figure 8 Bacterial count of bopA knockout strain and
wild-type strain in diffent organs of mice

Note: *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 9 Effect of BP bopA gene on autophagy related
protein expression
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