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[Abstract)Objective . To construct attenuated Salmonella typhimurium carrying the lipoprotein 2(Lcn2) gene and to investigate its
effect on the growth of mycobacteria. Methods : RNA was extracted from macrophage RAW264.7 cells and reverse transcribed into

c¢DNA. The Lcn2 gene was amplified by PCR using the ¢cDNA as a template and inserted into the multiple cloning sites of the plasmid

pBudCE4.1 —orim to construct the recombinant plasmid
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pBudCE4.1-orim—Len2. The recombinant plasmid was trans—
fected into RAW264.7 cells. The mRNA expression of Len2 was
measured by RT—-qPCR,with the empty plasmid for a control

AX0409 cstc2016jcyjA0196) ; T & T F A+ 35 KB X # group. Then the recombinant plasmid was transfected into the
BHR B (%5 . KJ1500203), attenuated Salmonella typhimurium SL7207 to obtain the recom—
15 B AR« htp://kns.cnki.net/kems/detail/50.1046..20190118.1311.006.html binant strain SL7207-pBudCE4.1-orim-Len2. RAW264.7 cells

(2019-01-21) were infected with the recombinant strain. The protein expres—
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sion of the Len2 gene was measured by Western blot,and its mRNA expression was measured by RT-qPCR, with the empty strain for
a control group. Bacterial colonies were counted on the 7H10 plate to observe the effect of the recombinant strain on the survival of
bacille Calmette—Guérin(BCG) in RAW264.7 cells, with the empty strain for a control group. Mice were intragastrically given the re—
combinant strain to measure the Len2 expression in the spleen and the interferon gamma(IFN—y) level in serum,with the empty strain
and normal saline for control groups. Results:The Lcn2 gene was amplified by PCR,and the recombinant plasmid was identified by
double—enzyme digestion and DNA sequencing. The protein expression of Len2 in RAW264.7 cells infected with the recombinant
strain was significantly increased compared with the control group (P=0.000). The RT-qPCR showed that the mRNA expression of
Len2 in the recombinant strain group and the recombinant plasmid group was significantly higher than that in the control groups(F=
5.281,P=0.000; F=22.570,P=0.000). The colony number of BCG on the 7H10 plate in the recombinant strain group was significantly
reduced compared with the control group(F=11.41,P=0.000). The expression of Len2 in mouse spleen tissues and the level of TFN—y
in serum were significantly higher in the recombinant strain group than in the control groups(F=4.449,P=0.000; F=15.27,P=0.004).
Conclusion ;: Recombinant attenuated Salmonella typhimurium carrying the Len2 gene was successfully constructed. The expression of
Len2 increased in RAW264.7 cells infected with the recombinant strain, which inhibited the survival of BCG in the cells. The expres—
sion of Len2 in mouse spleen tissues and the IFN—y level in serum were elevated after the mice were intragastrically given the recom—
binant strain,so that the immune state of mice was beneficial to anti—tuberculosis outcome. This study lays a foundation for further
study of the relationship between lipid carrier proteins and Mycobacterium tuberculosis infection and its molecular mechanism.
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GACGCCACCATGGCCCTGAGTGTCATGTG -3°,5" —<CCAGG —
AT-CCGTTGTCAATGCATTGGTC-3"), N & Sall ,BamH 1 T}
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95 °C 10 min;95 °C 30 5,58 °C 30 5,72 °C 60 s, 3t 34 MEH
72 °C 10 min, 2 Sal 1 #1 BamH 1 RUFY), 5 1] 5EFE A pBud—
CE4.1-orim, ¥ pBudCE4.1-orim—Len2 T4H Fokr , 2 XU
Iy 25
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i BT I 7wl A NI AR A N TR AR & PO )
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IR ALY RAW264.7 40, ¥4k 24 h J5 383 Trizol %
& RNA , fli ] Takara ¥ %% 52300 15 ] <DNA, @it RT-
qPCR ZrHrR A - Len2 () mRNA ZKF, 51U ; Len2
M EWEBI ¥ M .5° ~AGACCTAGTAGCTGTGGAAACCATG —
3’ NS N 5° ~GCCTTCTGTTTTTTTCTGGACCGC -3 ;
GAPDH ) E¥7 51 %1 K .5’ ~AGGCCGGTGCTGAGTATGTC -
37, RS54 5° ~TGCCTGCTTCACCACCTTCT-3" . ffi /|
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123 SL7207-pBudCE4.1-orim-Len2 MEE R 45E 4 pBud-
CE4.1-orim-Len2 MG ABRBEVD [ T1A SL7207 o, FLFG 551
(2.5 kV. 2 ms By 1K), 7E5 50 mg/lL Zeocin [ LB [E{4K5
FRILIH 37 CREFE ; PRIUBH B 7% , B AP 3] LB (50 mg/L
Zeocin) WAARE IR 37 °C,220 vmin FEHE . % EHEHPCR
HEATIAIE, E RS 149 4 (5° ~-TAATACGACTCACTATAGGG-
AGAC-3",5"~CCAGGATCCGTTGTCAATGCATTGGTC-3" ),
1.2.4  SL7207-pBudCE4.1-orim-Len2 B4 RAW264.7 4iijif
HFE RAW264.7 A0, 4 UL 5286 43 3 4. A WA (n=
3) A E A (n=3) .25 NI (n=3) LA 1 x 107 S EALE N
A RAW264.7 4l , A0 5 408 LA 20:1, 37 °C5%CO, K
FATIEE 1 h J5, & 50 mg/L PO R AU R A BERR
LR WP ELE I (phosphate buffer saline, PBS)# 3 ¥, LA 10 mg/L
PUFFZE DMEM (2% FBS)ii3% .
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Fi 48 h SR AN AR R 1, BCA e 2R W B H
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1.2.6 RT—qPCR ¥l Len2 mRNA JKOEAYRIL R YL &

U 2B 2SI IR A RAW264.7 20 i 4% 55 48 h )5
Trizol ¥ #2 HU4H S RNA |, {#i F Takara 386 5% 558 577 & 15 3
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GAGTATGTC-3", FiE51¥°4 5’ ~TGCCTGCTTCACCACC -
TTCT-3", ffiH 2724 3L HRAR X mRNA (9% &, L GAPDH
OISE R
127 FAREX Y RAW264.7 4R BCG A 1ERI2 0
4 BCG LA 1 x 10° JE AL RAW264.7 410, 40 15 5 40
MIEE R 5:101, 37 °C 5%CO, HiF#M P E 23 h Ji, &
50 mg/L PRRHEZE MPUIRZE (Y PBS Pk 3 WJm 4 5 41 i s
LA 1 x 10° TE AN INA RAW264.7 41, 407 5410
ek 50:1(3 ANEFL) o 37 °C.5%CO, 3546 E 1 h 5, 1]
50 mg/L BERFEZRFMPUFRER PBS ¥k 3 1K, LA 10 mg/L PURR
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TCHRIESE & H .
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PCR 34455 ,9 2 DNA 454 (DL10000)

3 i Len2 EEMIER SL7207 PCREELER

2.4 Western blot RT—q PCR #& i & 20 & 4 RAW264.7 40
Jo)5 Len2 FikK-F

DA 2 B I RAW264.7 4L f5 48 Western blot A&l
FU R EH A Len2 83 173 IA 5028 R A W k3 & (&
4A), VL B-actin fENNZIR ) DA 2729 A Len2 mRNA 7K
-, DLz 3R A Len2 19 mRNA IR 7K 0 X B 25 1 B s
EA AL AR AL 2 I IR RB 70 1,757 +
0.284 .1.001 £ 0.012.0.130 = 0.002(P=0.000, F=5.281), Lcn2
TER AR ARSI R T2 HBEAL (K 4B)

1 2 3
Len2 N d—
B-actin — — —
RI(%) 55% 135% 100%
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g
H 1.5 J
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s
=
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<
z
=
Q 0.5
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0.0 4
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TF o 1 AR BELT 5 2. 92064 5 3. X IR s a, S IRAIAIHE , P<0.05
B. Len2 mRNA ik 7K
& 4 Raw264.7 4058 Len2 RizKE (x +5,n=3)

2.5 FLEARL RAW264.7 4aftd BCG 09 £ A% vh

B WAL S 2 P TR RAW264.7 il
JE B BCG Jg RAW264.7 41, 1%k 7H10 AR -
BCG MY HRVEEL(E S) . A A G IS R R, &
MR A 25 A IRALAY BCG £/l h 91 851 =
3197240 740 + 11 261 .1 137 037 30 654(P=0.000,F=11.41),
Sas B4, EAEAL BCG HHC I BIs b

150 000 9
100 000 9
I
2
50 000 =
O

HA A

et 4z E R S PO E

Ha, GA LA, P<0.05
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2.6 DRILAL Len2 mRNA & ik &

LA 2 B AR BER A N RUR B 2
HA A 22 Len2 mRNA AT 3k &, I2S 3 4 Len2
1) mRNA ik KPS X IR 25 R mon w4l 45 3k
2l AR KA R B 1.896 +0.042,1.001 = 0.020
0.113 = 0.000( P=0.000, F=4.449), TELHF 20 Len2 9 mRNA
A Fe IR fw s (B 6)

25+
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iy 209
X
#®
= 1.5+
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z.
% 1.0
o
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S
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a

0.0 =

L 4 ZE
W ra, SR, P<0.05

B 6 f#Len2 mRNA FiEKE (x +5,n=3)

AR FREL K ZH

2.7 ik IFN—y K-F

LN ZS 2 AL A LSS IFN—y A L, 22 R G2
B (P>0.05) ; AL 4L W 2 o T A B AR /K 41 (P=0.000, F=
1527), W 1,

F1 FHMRMTE IFN—y /KFE (x +5,n=5)

4l IFN-y (pg/mL) P F{H*
AR 58.11+1.76 0.000 15.27
23 55.04 + 1.51 0.000 15.27
HEPRER K 31.12+6.26 0.283 20.42

VEca, AL AR K AL 57 BT LSD— AP HAk

WHO $5c 5 A BR A5 A% 4 i 4 15 Bodle 2= 91, 3%
A i N A A . HATZE 2 By
I AR AR JLRME RS . DMtb by 20 N 27 A
YL F R AT MO N, I3 2ok 6 3% AL ) 1k A
PEARNT  AE M IR TG B B, @21
P Ak (multiple drug resistant, MDR) 747 . @ EK
TR ARG . M S Mtb A AR 135
JIT A 2B Mt B i BV M, BRARLE A
TR IR AE ] B2 DNA B2 ) v e o T 1) 335 1, % BT A
WA LA DIETRITR . BRI, P
Mtb %2 /0 40 Fifig PR B K, AT DL ST 2%t

Mtb 7E M® PN A= 771 8 2R N, REZEANRTE N
A A A A T 0 kR R L R T R Ak v
JEE, PRt 4 PR ek S AR A G B 1 RV R AR AR
B EEZHA G EN . ILBRE MR E A5
HE R, SEIRIESE R PR BE R S 1Y Mitb
RETE MD AR, PRI BRI A v ik ity e Uit
RER T Mtb FIFEFM, Len2 2 lipocalin ZEM A AY
By Z— AT RS G /N K 431 gk iR IR | i
HINRZE R [FR] Len2 XOR—FHEREH ,
F AR T g R AR A A A — 22 S rp | F2 8L
T AL T AP 25 G B AR A ) 20 TR R A A5 L, A
A A0 B A AR KN, BF9E R, Len2 BEPR mR 1Y)
ANER, T B2 Len?2 , 4 T PG 2k A 45 JBCIE 1 B
GyTEAR N A,

AW AR AR SL7207 MUV TRE . B
iFEVD I T DA 8 22 T B JE G S AT, S (R 28 M
AT, EEE S M AR bRz, A SR
DNA E 32 5P L2 4 I (antigen presenting,
APC) (AT Y EE I AL N 3R38  d ok B
AT O SRR VD T T MBI X0 3 0 5
ot , T HL AR AT BAT R AR RE 11, ASBf
S EEER T aroA FERAIEE VD 11 SL7207, A
REJ LR 5 A IR A IR, W FL B AN BE B A2 5
R HEIR , T LA aroA PRI FE BV T T R A RETE L
SN AT BRAGSE, ST AEDFFEUESE , VD] i ] 5
T CD8* CTL L M7 S L E 7 A, 7K T i
JEE W AR IVETEN FHYE L, a0 T 1 IR S J5 A
B 354 R R 200 B A2 T L 3k e S 28 4 S 7 AL A4
WRATHRISMES , REERT [l B RG22 R 40, SR A
RO I AR E ] o DR VDT B AN SO 1 [ DA
WA T RS | B e s B vk A i ek RS
HEANF MAERUR N B2 2R G0, e VD T ok 2R 2
W b2 AT DUTE “ S5 0 RO TR e 4 A R TR
H AR Len2 wii ARG L 5E . e B
T RTINSV T B AT 75 A LR 4 R
WASE R B A% S B B S vl AR 3] — 7 [ 41
AR O, YT o 2 R TR G s AT A R Ah
R PRl Y R B A 119 R G481k

BCG 2 H Calmette 1 Guerin 44 2 19 4= Al 45
BRSO A& Hl I DA R R AR 4213
AF 230 WAL ARAT A5 1 TR | Sl S O B 110
EER , R A 0P 58 & B, BCG AHXT H37Rv
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BMRAEAE 11 DNEVR X P EOLE T R, A4
FRDTHETT Len2 AT 4L SL7207 T8 X454 43 B f P
PR R RS2 358 FH H37Ry, (H AR IR 84 i 78
S EE N HLAS M N SIS SR (W A R
%), WORH BCG X — I8 #1U H37Rv W1 R
Len2 TIfiE,

AWFFE T H pBudCE4.1 —orim—Len2 Ji 7 A 4%
S # R HE [F] B A KA 1R TR A AT
PR 7 B SR ORE, BRI AT LAAE R AT B R A
AR R A ), FHEEZH SL7207 Bt RAW264.7
MM , FH Western blot il RT—q PCR J7 kK, 45
R ER Len2 MFRIA I BIGIN, 22 5 A %11
27 L, BCG Y RAW264.7 41 i )5 hin A B 41
SL7207 MELH XTI BCG MAERE DL, SE645
MR Len2 BYEZH SL7207 AR AE 40 M AKSF
XF BCG WK A MGIEH . H4 SL7207 2%
RAW264.7 4l i J5 g iz 2% 8 A 2 T2 BCG
PORFRINES 3 O N TR Na 5 e ot | L (IS E ISy 8 5
T T s SHL R i P 2 A BT, A0 AR R 1 e
YU AT , E A LR PN K R G, S5 A% 1) s
LA B GRE A =, HILIR A 40 S e /K R 25 4% 4 i
R PR O g E LR E S e (o W N 1 A o )
B E M EEFERR IFN—y, B/R %A Len2 (E AR 1Y
TFN—y B 5 06 B8 SR A LAl [ 40 A s, 6
TEERZIRIIE [/ N EUZHZN Len2 ik T, 3R
WY 2H R AN BRI BN R GR Len2 B, [AEER
AT Len2 A UL/, SIPAR Len23
IR RS A R T 4500 H .

25 L PTG A T H#E Y Len2 RO EAL
B, HAEAR MK RS K 56 IE Len2 B 25,
Je SRR AUNG L5 AL s I S A A | 3 — 2D 4]
Len2 Hi2H SL7207 W6 45 4% 50 RO 1 A= 4K 1) 52 i A
MU, R EE % 7 6 B AL A JEL %

2 % X M
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