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Abstract: Knockout is an important method for gene function study, while vector is the core of gene knockout. In order
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to obtain an effective vector for rapid construction of mutant and essentiality identification of the corresponding gene, we
constructed a recombinant plasmid named pIDM-T based on the temperature-sensitive and replication- defective plasmid
pIDM1 by inserting an Xcm I adapter into the ECOR I and Pst I sites of pIDMI1. Digesting with Xcm I, pIDM-T can be
prepared as a linear T-vector for PCR products cloning and be used to knockout the corresponding gene in the genome with
insertion duplication mutagenesis. After the verification of temperature sensitivity of the replication of the plasmid, we
cloned two Salmonella pullorum genes eno and ybdr into the constructed pIDM-T, and two recombinant plasmids
pIDM-T_eno and pIDM-T_ybdr were identified. The recombinant plasmids were then transformed into S. pullorum strain
CVCC527 and the IPC (Integration rate per cell) values were calculated. As a result, we identified the eno gene as an
essential gene and the ybdr as a non-essential gene in CVCC527. We verified the correctness of recombination site in ybdr
recombinant 527 clones (SalAybdr) by PCR and sequencing. The pIDM-T vector can be used for gene knockout in S.
pullorum, as well as the identification of essentiality of the corresponding genes, which offers an effective and rapid tool

for gene function study in Salmonella.
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Table 1 Names and sequences of primers

Namﬁ: oif e Primer sequences(5'-3") Position Length
primers (bp)

Xcm I-up' CTGAATTCCCAGGTCTAAGCTGGCCACCGGAAGACTGGICTGCAGTTTT =

Xcm I-dn' AAAACTGCAIGCCAGTCTTCCGGTGGCCAGCTTAGACCTGGIGAATTCAG = *

eno-up CCGTGGTAACCCGACTGTTGAA 29714542

eno-dn TCGCCGCCGTTGATGATGTT 29710412 2

ybdr-up TTTATGGGCGAGGTGGTGGA 6685277

ybdr-dn CGCACAGGCGATAGTCAGTAAT 6689402 0

eno-I-up TTAAAGCCGCCAACGAGCATCA 2971621%  763*

ybdr-I-up ACGTATCACGGTCCACATCAC 6683567 772*

ml3F-47up  CAGGGTTTTCCCAGTCACGA 131° .

ml3R-Mdn ~ GAGCGGATAACAATTTCACACAG 1443 3

MI13F TGTAAAACGACGGCCAGT 108° -

1: the EcoR I and the Pst I sites are underlined and the two Xcm I sites are boxed in the Xcm I adapter; 2: the position of the
eno and ybdr primers corresponding to the genome sequence of Salmonella gallinarum str. 287/91 (GenBank Accession No.

NC 011274.1); 3: the position of universal primers on the constructed pIDM-T vector referred to the Xcm I cassette (for
m13F-47up and M13F: upstream of the Xcm I cassette, for m13R-Mdn: downstream of the Xcm I cassette); 4: the
theoretically calculated length of DNA fragments amplified together with m13R-Mdn, respectively; 5: the length of DNA

amplified from the pIDM-T vector with no insertion.
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ybdr 7£ PEC (Profiling of E. coli Chromosome) %%
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152 St SE
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S AN L 1, 519 R e A A BR A
Al Ao
1.53 HMEREFBRNY H5RE

LS. Pullorum 3E[K 4] DNA WA, F_Lik
BB 14 3 B SR R B, Falifb )5 i3
N B 5 42ii4en pIDM-T/Xem T #{4&3#:17 16 °C
BHE 12~14 h, BIEE YA TG,
1.5.4  FHHETERER

£ pIDM-T JFkr Hr HA M13 3 FH 5 [ 45 A0
A, IERES L m13F 47up 5 mil13R_M-dn
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Bl Xem T EEFTEAL (B 1) H5 14 M13-F X2
#11% pIDM-T FURLHEATINF, 455 5T —2.

1 2 3 M

3900 bp 5000 bp

E 1 pIDM-T EHFRMAEETLE

Fig. 1 Gel electrophoresis of the recombinant vector
pIDM-T identified by enzyme digestion. M: marker
(DL5000); 1: pIDM-T digested with Xcm I ; 2: pIDM1

digested with Xem I ; 3: pIDM-T plasmid.

2.2 JEFEEE pIDM-T 5iB& Bk Hos

eno Fl ybdr FEPRY 8 R By B KN
h: 429 bp i1 436 bp, FLUKZE A /R 5 HUSIAHAT
(K 2), F#E 514 m13F_47up 5 m13R_Mdn Xf
pIDM-T AR s B 1 5 AL F -1 TR 75 PCR A,
b2l R R T = i N NS E BR3P N
F B 300 bp (& AR HE A AR RN
305 bp), XA eno. ybdr BHAE TERE A HE K 2
43912455 730 bp Fil 740 bp , HL I I 45 5 15 1
— 3 (EIWS) . PEIIAE S o BH M S B A Ok,
F EcoR T Al Pst T BT KHIE, HLIKZE SR TT
WA, N BESA R BOR/N—30 (] 3)

2.3 pIDM-T AL & HliE 8 4F RN E

P SCHRARGE Y, pIDM1 7E Vb1 1K T4 40 i
14 SR 5 DUERZ R 300 4>, RS AN TE 37 CHf
Feit pIDM1 BURLAE ], (BB AT LI AkSLiE 241 i

AYZATAMEC, B, pIDMI JFk: il fi% 243 e 5
200 ZA-FRANE . WERANFE IR F%A &
L TOREFE DL, BT A 240 A1 48 L e DRSO 25 2 i
TCIEAEVUA R A L A7iG . pIDM-T JBihijE7E

1 2 3 M

500 bp

2 BRIRERYIE

Fig. 2 The amplification of the target genes. M: marker
(DL2000); 1: amplification without template; 2: eno
fragment; 3: ybdr fragment.

1 M 2

429 bp 436 bp

3 BRTERCR B XES Y] 4 TE
Fig. 3 The double digestion of the target plasmid. M:
marker (DL5000); 1: EcoR I /Pst I double digestion of

pIDM-T eno; 2: EcoR I /Pst I double digestion of
pIDM-T_ybdr.
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pIDM1 Fkiry LAl B A Xem T BEUIA7 s As)
MALH, Pt BES pIDMI Bk AR SR bE 2
—FERY, Pt Q2R pIDM-T sCHAT A Fobi A 5
FEDR A & AR AT S T2 tet BEDR L 6 25 T A0
S A A BRI

REAE PR, LRI pIDM-T
25 ORI AN FORTVD T TG 527 BiAR, BHER: 1k
B 30 Cail W E: 5% B A T IR Z Pk
M, 37 CHiFE%136 h 5, WERANE (EARTE)
AR RAR I, & IRAE pIDM-T 728 Bk 54 Ak 04 A
(PR AL B BIR B TR 58 5, TG B4
W (B 4A); 1MPFATIFER pIDM-T ybdr 841
TR 27 1 TR DU AR 3501k ) TR 5 e DL 3 B B Y
FAEE (K 4B, BEFLIFR).

H LRI UL, pIDM-T BiifE 37 ‘CHEFRmt &%
HEK, AL IPC{ERIAE
24 IPCETEREEERNLEHLETE

W 2 A BAE A TR o i HL R Ak 527 Bk,
AL R AR RN LB WA 30 CHIBE , R BRR
WG4 518 T 30 ‘CHI 37 CHiF5 .30 CHFMT

®2 BEFITHKEIPCEMNE
Table 2 The colony number and IPC value

HRORE B, T 37 CREFEH T BEA 75
HRIEA X IPC=m 24 FHu/40 18 B 5=37 CV-H s
TEEAU30 CVAREE TS AL, 1545 eno A1 ybdr
{19 IPC B4 51 1.92x107 F1 1.64x10* (3% 2). M
e RE A, eno N A BLA 4R T
1.0x10°°, 5@ N JER, i ybdr JE K F BE
R, S AR TR IE R, S HUHAE R

4 pIDM-T REATE R L EE 37 CEHRIZH
ZR

Fig. 4 Growth of the transformants of pIDM-T and its
derivative plasmid in 37 “C. (A) The growth of the 527
strain with pIDM-T plasmid on tet plate after incubated
in 37 °‘C for 36 hours. (B) The growth of the 527 strain
with pIDM-T_ybdr plasmid on tet plate after incubated
in 37 “C for 36 hours. Black arrows point to recombinant
colonies grown on the plate.

eno ybdr
Temperature  Dilution
Colony number Colony number X £s
. 10° 278; 276; 283 279.00+1.70 630; 626; 619 625.00+2.16
30
10° 25;27; 24 25.33+0.71 110; 110; 116 112.00+1.63
o 30 1;0;0 0.33+0.27 23; 26; 20 23.00+2.44
37
120 0; 0; 0 7;9; 11 9.00+1.63
IPC value 1.92x107 1.64x10™

Note: the colony numbers grown on tet plates from 50 puL bacteria culture are separated by semicolon. S: standard

deviation.
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2.5 IBEFHI]
B E

#oar B o O ybdr 3O B
pIDM-T_ybdr Fuki AL 2 527 wbkE, HAYH:
R Bl 540 3L R 4] DNA A6 Br & B
4, pIDM-T JSiki B 424 A BIXI R L A, i H
F14) S5 DR B e, ) {07 248 DT 21 v 5T 1 48 D

RERTHKEHBANGS

[ tet HUPESE (JEILEIDLIE 5), R4 37 CH&MF:
T pIDM-T_ybdr FURIAGER ®, B 22k, 5

KIFIRA tet HUPERBEZ IR, B4 T [FEE
MM EER A TS A 1 IR tet £, B
W 2 PR AT LATE DU RR P AR AT o SR, 4T
eno JEK Bt pIDM-T eno FUkiHLFEfLE 527

kpn 1
Pst 1
Xem 1

Xem 1
EcoR 1

LacZ l

Xcm 1 digestion

FRRIE, B eno JEF AT, KA RS PE R R
FEH MR eno JE B TAET, LIS
FORTTRE L eno SE DK A A SR 2R tet 3
PR B TR R o

HEAE FIRMTEIIERATE, FRATM 37 CH;
F= ) pIDM-T_ybdr Uk b A, BEALPEIE T
2 Y%, M oybdr-T-up L%%l%ﬁ%ﬂ%
m13R-Mdn F1 m13F-47up 5|4 G347 PCR ¥~
w4, 455 ybdr-I-up 5 m13R-Mdn %IWHAHT
Py 245 750 bp 19 B, ybdr-T-up 5 m13F-47up
SIMAGY T (B 6). Xy 1 Ry 2y
750 bp M R BEEA TN Y, SR BN Z R B —
Bz ybdr B[R F 5 RV NBEEAARIT 51 (144 bp), 57

Fragment of ybdr (436 bp)

|

T4 DNA ligase

tet

/M13F—dn

ybdr-I-uR

Pybdr tet Ori

5 SalAybdr R HRHERIEE

RpeAts Pz

Fig. 5 Construction of the SalAybdr mutant strain by homologous recombination. A 436 bp fragment of ybdr gene was
cloned into pIDM-T, and the resulting IDM mutant SalAybdr carries a truncated gene followed by linearized plasmid

pIDM-T and rest part of the gene.
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W—5, ULHIRIEERY SalAybdr 527 RASRE T
pIDM-T AR sa Y ybdr JEH FBEZ: IDM J5 =
R S P [ 2 P 25 R o KR GenBank H 1 3
DI REVERE, ybdr 3 K A% — N S0 . 7T B
TGP QI 527 AR EA 2 FZ i S B
W T EERY 2k, 76 LB AR LB FHuds 5
SalAybdr 527 ZEARRR AR R BT A= BRAST, R A B
HHA R B2 5 SRR A 2R 7
YRR R — IR

X} eno PR R SR O e 1Y) 1 A tet Ptk
%, TATVHS14 eno-T-up 435 m13R-Mdn F
m13F-47up 514G X H T PCR ¥ %5,
BERTARAT AT (18] 6), X B A TRIAR R A %) IR
PCR 4" 4B TCARA 4y, R W] 0 25 1 2 Tk
WA SR A eno JER R E— 2 LIZ R B
TR BB, LA eno-up AT eno-dn A5

M 1 2 3 4 5 6 17

750 bp

6 KRLEWRH PCR ETE

Fig. 6 PCR verification of the mutant strains. M:
marker (DL5000); 1,2: SalAybdr mutant strain amplified
by ybdr-I-up and m13R-Mdn; 3: SalAeno mutant strain
amplified by eno-I-up and ml13R-Mdn; 4: SalAeno
mutant amplification by eno-I-up and m13F-47up; 5:
SalAybdr mutant amplification by ybdr-I-up and
m13F-47up; 6,7: wild type control.
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Y3 eno JEA B, FRLDKASIN BRAS 5 U — 3K
) DNA 257 (29 430 bp, ), 45 SRk —
BN eno FEFOEFA R, UH eno JERIA B
AGAS o BRI TR, FLK S SRR A 3]
5 pIDM-T Uk R/IMHIE I/ NBTRL (29 3.9 kb,
M), FHOHCHEDY , 32 5 B ] RE 2 JBORL Fifi B 2 2H
BB A SR, BAREAN & A Frifk— 20
M5E
3 W

Taq DNA & B AT K im e B BE 1, 69"
1% DNA 1 3 siig A AR AR i E-—A~ B 1R
Ml PCR =410 v b, T5 EEAE AL 2k A 1 3
Kb 2 I —A~ 0 B E M AR G REAL AT (T), X2
TA FElE, HIRE AR By T4,
Fidh T B ZHORAEF R B T Wisg, i
Xem T 35 CCA (N5/N4) TGG 51, VI #] J 7= 4
AR PR ZE 1Y 3K ui , HLYIRIAL S B 1
SEnT U IR PO S A 8 (B T, &
HH FORLAE P B Xem T 83k Ab 28 Xem T 1)
F, (EA ARSI T 2k

Knuth % */f] pIDM1 BRI EE T B IE VDT ]
[ AL SO, it IDM 72 T B
FEVPI TR ATCC14028 BT HEN, FRATRH
AN 7 AR TG FRITP TG 527 AR SC
P, JEIREE T 527 WHRAILTE R (BERTER
). pIDMI1 A]HTrepERbl R By, HESCPE,
T RN T 75 35k PR 11 AL A 4
{2 52 P 0 FH S22 BRORE 7 1 64 Kpn T EEHIZ%
YA, SRJG AW IRE (Antarctic phosphates)
FmeabER, Bk E B FMENT ) BRI, R
fiX; J—IrmEARREEZ R PCR ), itk



DE F/—MEHSHERE T HENEERESORDTIREEERMRFRINA

PCR =) 5o B iy [R) AR 75 ZE BT o o 7 {8 b B e
PCR 74, $ERERCR, LU T S X 0 m vk
FATI7E pIDMI AR 2 Su e o SR AT A Hf
B Xem 1423k, Xf pIDM1 FkiiifT 1 T #ikik
i, ZRIIER, HEER pIDM-T FkiZs Xem |
Fit D)5 BRI T 200K, BB B H s Ak b 5 e
KRR A HAR PCR ). T T 84kR
PP DIERE S &, PRUET B RE, HSARME
B, AW S wE T

#it |, pIDM-T 5 pIDM1 Jfki—FE, 1
37 CHEFRISARE ], FAAE T 400 v 1 S 46 POk H%
DLW Bt 20 127 1) 43 2R A B 2h AT PR AR AR, #7
FiRi AR EIFA LB EL, 2—ERE
J&i , pIDM-T JFURLAE KT 34 58 114 4t A v 25 2 i 4
PR TCIEAE DUBR B B AR TS o R UE iR i
i, FATH pIDM-T 25 Bk fl pIDM-T_ybdr H2H
TR ) e 5 A0S PRIV T T R B 527 TRk, A 0L
LR FRIEALETE 37 C tet AR AYA KA
W, FATEIL: pIDM-T 23 ki i AL B e FAR
FAUEBIRIR I EE 5, RIS T R R
Il pIDM-T_ybdr & 41 kL% A B W 7R B0R 1Y TR
AR LAERANSAEAREE. R,
pIDM-T FikifE 37 CHEFRIT B £ R, Ak
FEVUARZ AR EA B T A BRAs, Hik, e
S0 TPC H AT E o

Shy {5 240 BT R 50 T 2 B 3T SO RS R
i, LISRASHERG Y IPC A, FATH B ikt A7
THZR X 30 CHEiFRAAM T 4B S B0 T8,
FefiTg 22t 10, 10°, 10°, 107, 108 4£A4 10
MR RS, 25 R IMAEBLEN 96 FLARIE IR 4%
PFF 50 wL B8 P I 20 B A B 2.5%10%~2.1x10°

ZIAl, 107 A 10° f5 A F B Rp E R Al s Xt
37 CHMTEAHE T, FATE 2410, 20,
40, 80 F1 160 1% (£ 10 {5 F B G FHA5 LA RS,
10.30.90 1270 fi% (10 f5H6 BEJG 15 3 fi5Hi BE)
30, 120 1 480 i (30 fF B/ 11 4 f5 k) 25
ZATBRRRE , 45 & PR BT AUm AR 2 oA T
B B R T L A U A R v D
W ETCRTR K, i 30 F1 120 75 —ANBREE RN
ST

5 pIDM1 Fiki—*E, pIDM-T A 3 1 T4%5E
FE DK P R R S T MR 58 o A SRIE pIDM-T 1
FRME, FeATPEH eno 1 ybdr BANEEN , iz A
NS G AR VEAERG FURIVD T QT 527 B bk T AT
T T I R B eno A ybdr 3784 R B e
W T2 ALY pIDM-T 84k, /L R AT I TG,
S M AR B W R BOW E AL R, R A
H R B S A ok i b 28 527 TRikk, K541k
TGS MR TR, 500 E T 30 CHI 37 CHy
F%, VPR TR AL, R I E A
eno i IPC {4 1.92x10 7, %58 bt FE D s ybdr
() IPC {54 1.64x10*, %@ NAEDA R IEN S5
¢t Y DEG W5 REH % (Database of essential
genes) . K M4 #F B PEC(Profiling of E. coli
Chromosome) 50 i FERI E A 15 B, DL SCHR R
U2 VA S A D SR A SRR AT

A IDM R IE TR 1Y ybdr JE A A4 A
A7 A IE AR , LA IDM JG Bk R 4 75 3 K eno,
FRATTIN ybdr 5 Az 14 5 126 - AL BEAILPRER T 2
AFERE, PCR ¥ H4FURIH A ybdr ZEH A28 FLAb
R B, LI UESE pIDM-T Bkl 5 2R 2 46 ATE
ybdr 3 i 78 1) 40 B 3 D 2 R v, L
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B, ybdr FEPH E 5 1t IDM 3 20 Bl S e g 4
ybdr 3 R — i S A g A 3 U, AT gl T
A EIRTVD T TR TR 527 B AR LA 22 P2 ot &g ) [)
TEFZE, AR LI SalAybdr 527 28745 #E
46 HF A2 BRAE LB WA A LB P AR A KRty

FRATTXF eno i A R IR 06 P A AR 9 Pl —
1 ANPUPEE VS FIREVEST T PCR 188, 45 SR TG A
25ty s HE— 2 X HZ VR Y eno FE R R Belb A T4
3G 7y 1) E R U T I J 45 R 35 R eno A
JEFARL, LA eno JER KB pIDM-T ks
A AR o XHZ B T B 55 Al 3R Tk
SERA ARAGIE] S pIDM-T Ok R/ T 4
KL, PR FRAT T4 12 TR 9 7T RE 2 kL AL E 2 2
ANTE I AL 25 R . PERAE, Knuth 2500
pIDM1 TR %8 BAG IRV ITIRER 257 s 5k
K, k173 (e A AR A S (W
IPC [HRFZE), FATETF A HUP T R LT
B O S E A R RIM IS R R),
A D A AL 2H 5 R A 1, B P RE AT
D B B 4 L2 Fh D 2 im0, {HLIA TPC {08k
HRAE, AR DTHENYEE,

AL RT UL, ASSEERA A pIDM-T Bk 2 —
AN RO A L DR R R A, B nT DA b e
PCR 724, Jf-07 ] IDM J7 i PR A Rl b 5 5 4
FEFEH LT, AR AT IR AR R, N
X FURTUD T QA ik T RE AR SR SR T —Fh oA 2K
) FBt .
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