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APP 1 STM 50 1 MEfrE
[10,11] APP
1.1 M8l
, 1.1.1 .
3 1 (Escherichia coli) LB ;
, 3 , (APP) 10
3 STM , , 0.1 NAD TSA ,
APP APP , 10 0.1 NAD TSB
(mating) , APP 1
3 3 (Amp)50ug/L, (Sm)50ug/L, (Km)
, APP 3 STM 25 50pg/L
1.1.2 : DNA Tag DNA
F 1 Fr B BR R SRR RAFE
Table 1 Sources and characteristics of the bacterial strains and plasmids used in this study
Bacterial strgins and Characteristics Source
plasmids
E. coli
S17-1 4 pir recA thi pro hsdR"M RP4::2-Tc::Mu::Km Tn7 lysogenized with /. pir phage Biomedal, S.L., Spain
CC118 4 pir (ara-leu) araD  lacX74 galE galK phoA20 thi-1 rpsE rpoB argE recAl lysog Biomedal, S.L.
enized with Apir phage
DHSa(pRK2073) supE44  lacU169(D80lacZ M15) recAl endAl hsaR17 thi-1 gyrA96 reldl

pRK2073 (Sm® St® oriColE1 RK2-Mob RK2-Tra")

A. pleuropneumoniae

4074 Reference strain, serotype 1, Nal® Km® Amp®”
S1421 Reference strain, serotype 3, Nal® Km® Amp®
JL-03 Field isolate, serotype 3, Nal®* Km® Amp®
HB-12 Field isolate, serotype 3, Nal®* Km® Amp®
YYJX Field isolate, serotype 6/8, Nal® Km® Amp®

pLOF/TAG1-48

48 transposal plasmids containing mini-Tn10 and 48 different tag sequences, Amp" Km"®

Biomedal, S.L.

Dr. Blackall

Dr. Blackall
Our lab

Our lab

Our lab

Dr. Langford "

* 5 sensitive; ¥, resistant; Nal, nalidixic acid.

DNA TaKaRa
TSA TSB Difco NAD IPTG
MgSO4  Sigma DNA
(DNeasy Tissue Kit) Qiagen PCR DIG
Probe Synthesis Kit DIG Nucleic Acid Detection
Kit Roche
1.2 APP XREEITIEEMKMIEE
(Nal®)  APP 10
0.1 NAD TSA
16~18h , lpg/L
TSB ( 10 0.1 NAD)
, 37°C, 200 r/min 12h TSB ,
TSB ,
12h ,
APP 100 pg/L TSB

1.3 gyrA EEMEESFIISH

APP 1 4074
(GenBank :NZ_AACKO01000003) DNA
A gyrd PCR

(gyrAl: 5'-CGTAGAGGTACCGTTATTGTCGGACG-
TG-3', gyrA2: 5'-AGTATGGAGCTCCGCATCGC-

CGTCAATCG-3"), APP
13 DNA , gyrd
267bp (82-348nt) PCR :95°C 4 min;
35 (95°C 1 min, 56°C 30 sec, 72°C 1 min); 72°C
10min PCR pBluscript Il SK(+)
TaKaRa
14 =FAEsM
pLOK/TAG 1-48 E. coli CC118 A pir,
Kan Amp LB R s
3 mL LB , 37°C,
200 r/min ( )
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1 3 APP (Nal® Km® Amp®) 50pg/L
(Nal) TSA 16 18h,
R 3 mL TSB
, 37°C, 200r/min ( ) E. coli
DHS5a(pRK2073) 50ug/L Sm LB
) 0.01mol/L MgSO,
2 , 1:3:1 ,
0.45um s
10 0.1 NAD 1
mmol/L IPTG  TSA ,37°C 8h
, 500 puL 0.01mol/L MgSO, ,
200 pL Nal Kan TSA (
20 pg/mL Nal 25 pg/mL Km 0.1% NAD  10%
) , 37C 24h
0.1% NAD NAD Nal Kan TSA
( 20 pg/mL Nal 25 pg/mLKm  10%
)  Amp TSA ( 50 pg/mL
Amp 0.1% NAD 10% ) 1,
NAD Amp

15 ZEKRIES

pLOK/TAG 1-48 E. coli S17-1 A pir,

1.5 (Nal®
Km® Amp® 1 3 APP ), MgSO,
3:1 S 1.5

16 KRLMBITFIESETE
Nal Km
Amp NAD
S PCR Southern blot
PCR : DNA ,
apx I101(5'-TGGCACTGACGGTGATGA-3")
apx 1102(5'-GGCCATCGACTCAACCAT-3")PCR

APP apxIV  422bp (31
APP;
km03(5'-CGCGATTAAATTCCAACATG-3")  km04
(5'-CATCGAGCATCAAATGAA AC-3") pLOF/
TAG 1-48  Tnl0 Km
767bp , PCR

: 95C 4min; 35
72°C 1min); 72°C 10min
Southern blot DNeasy Tissue Kit
APP DNA, Xhol

0.8 ,
DNA
Germany)

(95°C 1min, 56°C 1min,

(Roche, Mannheim,
pLOF/TAG , km03/km04

PCR DIG Probe Synthesis Kit(Roche)
PCR 767bp Km

Roche Southern

2 ERfpM
2.1 APP ZERIMMEEKNIES REREERENF
H5r 4

(Nal®) APP 1 4074

(4074-S) 3 S1421(S1421-S) JL-03(JLO3-S)
HB-12 (HBI2-S) ,
, 100 pg/L Nal
APP , 4074-R  S1421-R  JLO3-R
HB12-R
DNA A ,
, PCR 8 APP
6/8 Nal YYJX-R DNA
A (gyrd) 267bp ,
, 4 Nal APP (4074-S S1421-S,
JLO03-S, HBI12-S) gyrd 100 ,
APP gyrd (GenBank
NZ_ AACK01000003) ,
Nal gyrd
( ),
DNA A 1 ,
4074-R  YYJX-R Asp[D]¥—Gly[G];
S1421-R Asp[DI¥—>Tyr[Y];  JLO3-R
Asn[N]’>Lys[K], Asp[D]'"—Asn[N];  HBI2-R
Ala[A]"*SThr[T]( 1)
28
4074-S VIVGRALPDVRDG 40
4074-R *okkk kR kAR 4()
S1421-R
JL03-R
HB12-R
YYJX-R
4074-8
4074-R
S1421-R
JL03-R
HB12-R
YYJX-R
87 115/6
4074-8 GDSAVYDTIVRMAQPFSLRYMLVDGQGNFGSIDGDA 116
el s eMgT ORISR TRoaeT eSS e

Y - S oA 116

B 1 ZIEEREUR(-S)FIE(-R)APP E#kRY gyrase A TF
EHER 5 (28-116) R EB F 5 LR

Fig. 1 Alignment of the partial amino acid sequence of gyrase A
subunit from nalidixic acid sensitive (-S) and resistant (-R) APP strains.
The amino acid sequences of strains S1421-S, JL03-S and HB12-S
are same as that of strain 4074-S, so only the sequence of strain
4074-S was shown. The changed amino acid residues were marked
in black background, and their position in the gyrase A subunit
were shown upper the changed amino acid residues.
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22 ZFRABRESFEAEEHLR 2.3 [ APP EHKIRS REFENEH LR
, APP 4074-R S1421-R JLO3-R
1 4074-R , Tagl
) 2 3 , APP , 4
, , 5 APP
, , APP
48.9% 78% , 62.6%, , 1 (4074-R) 3
, (S1421-R  JLO3-R),3 (S1421-R)
1.5% 16%, 8.7% (JLO3-R); JLO3-R
F2 HAT4-REMAZAEN=ZFAESKLBER
Table 2  Tri-parental mating results using the receipt strain 4074-R
No. of positive colonies No. of PCR positive
No. of on Nal/Km plate No. of Amp- colonies No‘. F)f Positive rate
Tag filter sensitive colonies positive /% *
« nd colonies
1% passage 2" passage apxIV Km

1 3 108 69 23 23 7 7 10.1

2 3 88 72 50 41 1 1 1.4

3 3 124 94 81 81 8 8 8.5

4 3 72 62 55 13 10 10 16.0

5 3 30 25 25 15 2 2 8.0

6 3 70 58 54 34 4 4 6.9

* the percentage of the positive clones in the total colonies grown on the TSA plates containing Nal and Km in the 2™ passage. Tag 1 —
Tag 5 are transposon plasmids with different tag sequence. The same in Table 3 and/or Table 4.

®3 LA074-REMAZAREMRFERESKBER
Table 3 Bi-parental mating results using the receipt strain 4074-R

No. of positive colonies No. of PCR positive

No. of on Nal/Km plate No. Of. . Colonies NO.' .Of Positive rate
Tag filter Amp—seqs1t1ve posﬁlye 1%
1¥ passage 2™ passage colonies apxIVA Km colonies
1 3 65 63 55 55 50 49 78.0
2 3 48 40 35 33 25 25 62.5
3 3 79 68 51 50 43 43 63.3
4 3 72 62 55 54 44 44 71.0
5 3 30 25 25 15 13 13 52.0
6 3 70 58 54 34 28 28 48.9
F4 LUARE APP EMAZTHEM=ZEAREESLWER(Tag 1)
Table 4 Tri-parental mating results using different receipt strains of APP and Tagl
. ¢ No. of positive colonies No. of No. of PCR positive No. of .
lzi::ilﬁt Iiﬁ;; on Nal/Km plate Amp-sensitive colonies positive POS”/‘(;G rate
. . 0
1¥ passage 2™ passage colonies ApxIVA Km colonies
4074-R 2 >1000 40 33 27 5 5 12.5
S1421-R 2 20 15 5 1 1 1 6.7
JLO3-R 2 20 20 0 0 0 0 0
F5 LIA[E APP EHAZHEM _FEARIZESIKIELER(Tag 1)
Table 5 Bi-parental mating results using different receipt strains of APP and Tagl
No. of positive colonies No. of PCR positive
Receipt No. of on Nal/Km plate No. Of . colonies NOZ F)f Positive
strain filter Amp—seqs1t1ve p051t1ye rate/%
1* passage 2" passage colonies apxIVA Km colonies
4074-R 2 50 43 42 42 34 34 79.0
S1421-R 2 33 32 19 19 3 3 9.3
JLO3-R 2 25 18 0 0 0 0 0
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Fig. 2 PCR identification of transposal mutants from tri-parental
mating (A) and bi-parental mating (B). In both Fig. A and B,
upper panel showed the results of apx/VA-PCR (422bp), and the
lower panel showed the results of km-PCR (767bp). + and — in-
dicated positive and negative controls; M, Takara DNA Marker
DL2000 (the size of the bands are 2000, 1000, 750, 500, 250 and
100 bp).

PCR
Xhol )
Southern blot ,

, DNA,

3 MWEXRESHFEERTHRAE Southern blot £ 7E
Fig. 3 Identification of the transposal mutants from bi-parental
mating by Southern blotting. Lane 1-6 showed the APP transposal
mutants using Tag 1-Tag 6 respectively; Lane 7 showed the parental
strain 4074-R. The genomic DNA of all APP strains was digested
with Xhol.
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Generation of nalidixic acid-resistant strains and signature-tagged
mutants of Actinobacillus pleuropneumoniae

Lin Shang, Wei Li, Liangjun Li, Lu Li, Sihua Zhang, Tingting Li, Yaokun Li, Lei Liu,
Zhiwei Guo, Rui Zhou*, Huanchun Chen

(State Key Laboratory of Agricultural Microbiology, College of Veterinary Medicine, Huazhong Agricultural University,
Wuhan 430070, China)

Abstract: Actinobacillus pleuropneumoniae is a very important respiratory pathogen for swine and causes great
economic losses in pig industry worldwide. Signature-tagged mutagenesis(STM) is an effective method to identify
virulence genes in bacteria. In this study, we selected nalidixic acid-resistant strains of APP serotypes 1 and 3 by in
vitro cultivation, and used as receipt strains for constructing transposon mutants by mating with E. coli CC118 Apir
or S17-1 Apir containing mini-Tnl10 tag plasmids pLOF/TAG1-48, with or without the help of E. coli DH5a
(pRK2073). We screened mutant strains by antibiotics selection, PCR and Southern blot identification. Our data
revealed that nalidixic acid-resistance of APP strains could easily be induced in vitro and the resistance was due to
the mutation in the DNA gyrase A subunit gene gyrA4. In the mating experiments, the bi-parental mating was more
effective and easier than tri-parental mating. Different APP strains showed a different mating and transposon effi-
ciency in the bi-parental mating, with the strains of serotype 1 much higher than serotype 3 and the reference strain
of serotype 3 higher than the field strains. These data were helpful for the construction of STM mutants and pickup
of virulence genes of APP.

Keywords: Actinobacillus pleuropneumoniae; Nalidixic acid resistance; signature-tagged mutagenesis; mating
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