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thione peroxidase 4 (GPX4) , nuclear factor erythroid 2-related factor 2 (NRF2), and Kelch-like ECH-associated
protein 1 (Keapl), in renal tissues, HK-2 cells, and KLF4-overexpressing HK-2 cells. Results Compared with
the control group, DN rats exhibited elevated serum BUN and SCR levels, glomerular hypertrophy, renal intersti-
tial fibrosis, and decreased KLF4 expression. Additionally, MDA, Fe?*, and lipid peroxidation levels increased,
indicating enhanced ferroptosis in renal tissues, accompanied by reduced GPX4 and NRF2 expression and elevated
Keapl levels. Similarly, HG-treated HK-2 cells showed decreased KLF4 expression, increased MDA, Fe** and
lipid peroxidation, elevated ferroptosis, and dysregulated GPX4/NRF2/Keapl expression. However, KLF4 overex-
pression reversed these alterations induced by high glucose treatment. Conclusion In the renal tissues of type 1
diabetic rats, the expression of KLF4 decreases the level of ferroptosis increases, and KLF4 overexpression could
alleviate HG-induced HK-2 cell injury.
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i 05 4 J@ B - N Bk A% B (metallo- B -lactamase,
MBLs) , MBLs {3 T~ 4l B i BORL (B 5 1) b i 1
T AL HRE . B e B4 R B- N BENEE (new delhi
metallo-B-lactamase , NDM-1 )& —FPE UL MBLs, £F
RS T AAAE — A CBR E ME 07 A5, A B Zn™
MR AE 5 3 1 1 23 () 45 4 s TE TG MR AL b 1B
KA B Z R VEAR, B AT LB 2o, 304 MBLs 1Y
M, HE PAO0ST 25 & —Fh A A B 0 1o

WFFE s R BR R A R 2 AT I, 5
I 1R T WK 5K U A T g T 2L A T 0 AR RE 1
FRHEATIRYT | AT I 35 O 20 1Y S E RN, 7
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Saecium , Ef) O] FF & S & B AR o AR 5L v B
PA0057 FE A, K Bf A O 3% 3k 20 #y  E 2 B
PAQOS7 e o rEfSE 1 111 /IR ¥ BALB/c Fil, Pa i
S U J5 RAR L AR B DR A7 g il A 7 e R S
I, B AR HAR 5 0 ORAP PR S e AL

1 #REFH*®

1.1 ##

1.1.1 B#kAMA  PafPAOL KR ATCCO027 JH H
HRERR =M LB B B R R, KR
K27 i 5 — B B A% G s A Ak Ha s i 53 i (R A7 B
() TX0016 ¥k A1 BL21(pGEX-1AT) .

1.1.2 =&z 21 HMitE BALB/c R, KT & 2
16 ~20 g, SPF %%, 6 ~ 8 JAl % , W A o B [ K A= 9 7=
M 56 1l S5 B s o A S 5 A PR BE R R A
FF I 55— B g A A s 2 AR B3 B S b ofe , 4 S
55 S A0 A BRI T S5 (b5 : 2019015) &
1.1.3 £ 23X A 58 % DNAFREY (2019-
DNA) .2 AR (2019-P1) G 4 134 (2019-F) |
T U 25 40 1 4% Kies (2019-HK) | JFkr 32 B Kits
(2019-PK) . = 4 2 B PCR ¥ 1 Kits (2019-PH) |
IPTG (2019-1G) \ N, N- . H 3% X 75 45 Bt i (2019-
N1) &M (2019-N2) \DAB(2019-D1) Fi1%5 I Hip
SEHE (2019-K1) LB VM A0 [E A 8% 32 36 3490 5 A 5T
o L B W B R 28 R HRP FRIC B 4T/ Bl IgG
IgG1.,1gG2b  1gG3 | IgE Fl IgA ¥ H 32 [E Southern
Biotech 22 A (2019-AB) ; 5 R = B K 2= M @ 56 — =
Bt A% Gl 25 A HU B9 T 1 1) Pa JR S 14 7N BRUBE
M3 o AR [ Y [ Bio-TEK 23 & (15 ; thermo

scientific) o

1.2 FHi&

1.2.1 &it54 s34 HYE GeneBank PA00S7
FE A7) cDNA 741 DL K8 pGEX-IAT 1Y FE s 151
PLAIP25[¥). PL5I#)F 51K 5 -GCGGATTC-CGC
CATGGATTGCTTCGTT-3"; P2 51 ¥ ¥ %1 Ky 5" -GC
GAATTC-CCACTGCATCTCGCCCTTG-3", 514 5’ vt
53 351N BamH I EcoR 1BV 5 (TF %2636 )
2 AR R L (GC) o

1.2.2 ¥ 3 A% T PA00S7 A # L% PAOI
K L 20 T 5 IR 2 9 DNA 42 B Kies il 32 35 PR 21
DNA. SRJ5 .39 48 &% %5 PA00S7 3K . PCR ¥ 144
Z :PCR master 25 L, P1 F1P2 5¥4% 2 ul, FL R 4
DNA #E# 2 ul, F 25 25 F 7K 19,25 pl A1 50 2% £ .
PCR W 254 : 95 CHUZAEPE 5 min, 95 “CZAEPE 1 min,
58.5°CiR K 455,72 ‘CIEAH 45 s, T30 MG, FeJe
72 ‘CHEAH S min; FH 1. 2% BiE HE5E i H ik %55 PCR
ia7/E

1.2.3 H & Ef49 TX0016 4k 2 % &
Tk 45 TXO0016 #R IR AZ 25

1.2.4 ##E 5% Ef-PA00ST &5
B A TR RN S

1.2.5 ik 5% % rEf-PA00ST 5% MBS 3% vEf
FEV ,IPTG % )5 1.3.5.7.9. 11 #7113 h e £ H ik
ULVE , B Wb 24 , 70 5 iE 4T SDS-PAGE HL Ik FI1EE I 1%,
BAAR T . AR S5 SCHRS AT g2 B3l 45
rEfE T .

1.2.6 Bk rn% WHILEFREE
S B4 43 M vEE-PA00ST BE 1 41 | 45 2R L A X
MR, A 7 HU/NR . BUSX10°CRU YR LB T
100 WL By LB 35 FR M, B R4 LIk, 15223 d, +F
223, TERIR RPBEST 4 )8 FH 5x107 CFU [ PAOT %
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1.2.7 & mE A ARYES S0k U
TR T

1.2.8 ELISA #aml o & 34k DL 1 wg/fL 1Y PaAg
CURAEIZL A il R ) A1 98 96 FLERBR AR , 4351 A
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IgG . 1gG1,1gG2a ., IgG2b  1gG3 Fl Igk 100 L, H B A5
A Ao,

1.3 SRitZA3E {5 SPSS 26. 0 8448 HH U
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22 20 S4B LU AR FH BRI 22 05 2 43 A SO T L A
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P<0. 05 RS AGITFE X,

2.1 5N PA00sS7 B 4 Pa 1 55 [ 41
DNA HAERHR #E 1T PCR 3LRE PA00S7 3L N F B, 48
T WHE JEE i UK /N 900 bp B HIE L R A Bt
(F1A)

2.2 WEEYIL T pGEX-PA0057 pGEX-PA0057
(1) XL U 7= 1 28 1. 2% B Bg b P Ok S B K /N 24
5000 bp A pGEX #K 457 1900 bp (I R 4577
R 28 ZAR TR B R 45 (T8 1B) .

2.3 PCREZErEf-PA00S7EHE ¥ rE-PA0057
JEE VP BORLAE AR 64T PCR Y3, 1 Bh 3 iR
BRI HL TK 78 900 bp AT LR 2571 (K 1C) .

2.4 SDS-PAGE##TrEf-PA00579EHE SDS-PAGE
SRR, A IPTG 5 E 1Y rEf-PA00S T RE i T FA K
/NH 58 ku R FIZ5H7 , 5 PA00S7-GST 2 14Tt
53155 5 hiF R I FRA w8, 5 AR B Y 18%
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Fig. 1 Construction and identification of rEf-PA0057 vaccine
A : Identification of PCR product of PAOO57 gene; M: DNA marker; 1-6: PCR products of PAO057; B: Double endonuclease identification of pGEX-
PA0057 ;M : DNA marker; 1/2: pGEX-1AT vector; 3/4: endonuclease products of pGEX-PA0057; C: PCR identification of target gene of rEf-PA0057 vac-
cine; M: DNA marker; 1-4: PCR products of pGEX-PA0057; D : SDS-PAGE analysis detected the expression product of rEf-PA0057 vaccine; M : Protein
marker; 1 : rEf-RhIR without culture ; 2-8 : TEf-PA0057 cultured for 1,3,5
uct of rEf~PA0057 vaccine ; M : Protein marker; 1 : Control ;2: PA0057 protein.

(K1D),
2.5 Western blot X2 E rEf-PA0057 & & X Pa
T /N B FEAE L3R , AT 1R rEF-PA00S7 8 1 235

B 58 ku & H (K1E) .
2.6 THEBHABE A  rEf-PA00ST 5 1 41 1 Ak

B KT WA XF L ESASEE L (=
4 697. 969, P<0. 001) ; %5 AR FN Ef X BEZ LLAR , 25
ST X (¢=0.232,P=0.821)., WFE 1,

W 4

AN

F1 rEf-PA0057 & &% K PAOL £k
WEHFNBIEEE (n=7,x+s)
Tab.1 Bacterial load in the lungs of mice following
immunization with the rEf-PA0057 vaccine

and challenge with PAO1 strain (n=7 ,x+s)

Lung bacteria load (x10° CFU )
0.297+0. 011
7.576+0. 206"
7.551=0. 185"

Group
rEf-PA0057

Blank vector

Ef control

"P<0. 001 vs rEf~PA0057 group.
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,7,9,11 and 13 h, respectively; E: Western blot detected the expression prod-
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2.7 ®AmiFEIeCRETRIMIgGE ELISA K/
LML TG M HF 2SI Tk, 45 3 LI 2, 3 ZH 3 R A
tH 1gG2a, TE[R]— B[] 5 A AN [ 2L [ be e , 3 20 e i
T I3 1gG  IgG 1 1gG2b  IgG3 Hl IgE /K FA A% , 22
5G4 i % B X (F=0.483,0.874, 0, 0.245,
0. 689) s TEH IR Sy J 4 JAI ALt I 2 J , 5 25 3k
ZH RN Ef XF BB ZH AH LE, o B AL Y a3 1gG L 1gGL .
1gG2b 1gG3 il IgE K- 34 1 7t i, 22 S A Se 2
B (WK 5 )5 4 F 1Y F=662. 558, 159. 463,
62. 080, 73. 060 F1 83. 896, P<0. 01; X ifi 5 2 J& 4
F=178.500.,244. 069 .232. 053 .113. 740 1 126. 824,
P<0. 01) ; [F] 41 8] 76 N [] i [ 8 b A, 28 T 41 Y 1eG
JIC N 1gE ¥R MM Tt 5 2 > IR e s 4
Jil > PERT, 22 5 A Gt 2% B X (F=2 495.027,
478. 625.0.260. 185 #1652. 773,P<0.01) .

3 itig
T 3 B B S — Mg 8 2 1 344, {5 H4n
Mo B AR IR AR MERE A o HLZFFLE A B 10

AR . pGEX-INT 2 — A fil & Rk 48Uk K/
Y TPTG A5 4 B0 ECE B8 s 1A AT 32

(R I FRas i (R AR — e . AN
WA ERBEAE R Rk B AR, M T AL EF Y Ay [EIA 5 0. 5 ~
0. 8 I, fdi FHZ U B J9 1 mol/L i IPTG #4755, 18
ik SDS-PAGE iF 52 , rEf-PA0057 % 1 28 IPTG 5§
3 ~5 h 5 Al 3k PA0057-GST fil &5 46 11 5 i Bh i 2 4
s A S R S AR B 10 18%, $E R
FRFCRBAL, v 5 8 8 T R HOR R oA ¢,
FHEILEAMIIT ; 45 Western blot UE 32, /)N B Pa FH P 1.
WG EAERBAGEN, XN N — LR E
2 EFRE R AR D) SR AL TR

ity 28 2 110 240 A1 67 4o 2 PR Pa RE VS ORI G
TR Z — o W5 E K PAO0ST 5412 110 35 [G
e T S B AT X BT PAO3 1S K 1 A TN T
il o ATFFEH vEL-PA00ST S B VE 5 /N % PAOL
PRI, il 2 2 40 T 6 e P SR IR T X IR 5
ARG AR, BRI B AT S B A R Y
ESavIl

A B — R L0 IR, nTE S/ R
FEAE R RE N MIEPUASE T Pa g2 i a2 1) —A>
KRBEFE AR o WK% B 280 T rEfs-LasR % 1 H
BALB/c L, PAO1 BRI 5 J5 7 A= 5 7K P 1gG ik,

A B rEf-PA0057 vaccine B mm rEf-PA0057 vaccine C B rEf-PA0057 vaccine
0.20 - E=ablank vector 0.15 r E=blank vector 0.15r  E=blank vector
=3 Ef control s B3 Ef control =3 Ef control
0.15 g
*k 0.10
g *k gy g
§0.10F 8
~ s ~
xx 0.05
0.05
0 0
D 0.10r mm rEf-PA0057 vaccine E 006+ mm rEf-PA0057 vaccine -
: B blank vector : B3 blank vector it

| B3 Ef control #H

B3 Ef control

0.04 s

0.02F

0

2 rEf-PA0057 & & 5255 F1 PAO1 bk I T B iF SRR R B N &

Fig.2 Humoral immune response following immunization with rEf-PA0057 and challenge with PA01

A :Sera IgG detection in mice following immunization with rEf-PA0057 and challenge with PAO1;B:Sera IgG1 detection in mice following immuniza-

tion with rEf-PA0O057 and challenge with PAO1; C: Sera IgG2b detection in mice following immunization with rEf-PA0057 and challenge with PAO1;D:

Sera IgG3 detection in mice following immunization with rEf-PA0057 and challenge with PAO1; E: Sera IgE detection in mice following immunization

with rEf-PA0057 and challenge with PAO1;a:before immunization;b:4 weeks after first immunization; c:2 weeks after challenge;HP<0. 01 vs before im-

e w e -
munization; " P<0. 01 vs 4 weeks after first immunization.
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MNTTRTHE Pa WIS . AR 52551 rEf-PA00ST P 1 %
Fl/IN RS ML TgG THR L 22 PAOL BRI 5 2 oy
B &, 2205 1 43 I B PAOOS7 AT B 4 it 44k 3T
FEAEBUAR ;s MBI F 8 A [ BTROR e, 1042 B
41 i e DR I I 43 24T BT A 2 A, DA 4T
PRI TH i, 7 A PR AR 20 A T 9 20 B 25 4
ST AMAA S S 41 AR H .

IgG W2 175 5 Th 41 g 7= A= A [R] 25 784 114 41 B (5
Fo FHIAFAE IR, Th 405 35 4 B A0 i
£, 101 Th2 20 Bl B 7R R S5 5 4 PAOT MR S B e
ag TCRER, 7RG )5 2 d B /R Bl 2 23 B B 20 i 36
1K CD69 43 1 58 , I 1gG . IgA Fl IgM [ , $2/R
IL-17 4 ag T 4125 CD19°B 40 i 30 L K Ig
B = A o X GE AED H 4 Bb-Oprl 38 1B 322 Fh A
PAOT R I J5 B, /N B TG 288 T, A
FEK rE-PA00S57 2 15 /1N BUS B9 L PR 16
1gG1.1gG2b Fil [gG3 EWIIR Pz I 4 F ¥ T, A6 3K
i 2 J 35 2048 KT RN 92 1 23K 11 PA00S7
Pl 2 APC NAK IS , 76 N 5t [ H MHC- 1T 26897
e e B LR AR SR 5 5538 1 R IA HE APC 1)
FEUT, R SVE T 40 TCR TR, 72 A 35 S 28
N2

ik ik 450 ] rBb-OprF1 92 1 #E B BALB/c
J R LT TgE FEWIR S f 4 J8 o 25 T, FE 0T
J& 2 AR BB T SR e AT A S /N RO AR TgE
R G S I o ASHIE 5% 4 vEf-PAO0ST % 1 T 15 /)N
U I TeE FERIR s f5 4 Fa & AE Xt s 2
JE IR B4 = 7K, 2548l eBb-OprFLRE F 755 (1 S 85K
JOE, 2 B 223K 9 PAOOST Hi I REAR i B 40 it ™
A 1gE W2, 5B 1 TgE BT A S BE 5 I A 44t it = v sk
PRI 45 2, TS FeeR 132 4K & A R VE FE B
T2 A i P A B R AIRAE Pa Y SR

Hk TR
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Construction of Enterococcus faecium -based recombinant Ef-PA0057

vaccine of Pseudomonas aeruginosa and its protection in mice
Li Wengui, Ou Xingkun, He Ailin
(Chongqing Key Laboratory of Infectious and Parasitic Diseases , Institute of Infections and Parasitic Diseases
The First Affiliated Hospital , Chongqing Medical University, Chongqing ~ 400016)

Abstract Objective To construct an Enterococcus faecium (Ef)-based recombinant Ef-PA0057 vaccine of Pseu-
domonas aeruginosa(Pa)and to study its protective immune mechanism in mice. Methods The PAO057 gene was
cloned from the genomic DNA of PAOI strain ATCC9027 by PCR and inserted into pGEX-1AT to construct pGEX-
PAO0057. The recombinant plasmid was electroporated into TX0016 strain to construct rEf-PA0057 vaccine. The
plasmid was extracted from rEf for PCR. The rEf vaccine was expressed through IPTG induction, and the expres-
sion of protein was analyzed by SDS-PAGE and Western blot. BALB/c mice were immunized intragastrically with
5x10°CFU rEf-PA0057 vaccine 3 times per week for 3 weeks. 4 weeks after the first immunization, mice were chal-
lenged intranasally with 5X107 CFU of PAO1 strain. 2 weeks after challenge, mice were sacrificed, and their lungs
were separated. Bacteria in lungs were incubated and colonies were counted. Sera were collected at 0, 4, and 6
weeks after the first immunization. The IgG and its subclasses, and IgE were detected by ELISA. Results The
900 bp PAO0O57 gene was successfully cloned by PCR. PCR showed that PAOOS57 gene was amplified when the ex-
tracted plasmid from rEf as template; the relative molecular mass (Mr) of the expressed PA0057-GST fusion pro-
tein was approximately 58 ku, detected by SDS-PAGE. The amount of the expressed protein was 18% of the total
bacterial proteins. Western blot showed that the target protein could be recognized by Pa sera. The colony numbers
of lung tissue in rEf-PA0057 vaccine group, blank vector group and Ef control group were (0.297+0.011) x
10°CFU, (7.5760.206)x10°CFU and (7.551+0. 185) X10°*CFU, respectively, the difference was statistically
significant (P<0.01). The levels of IgG, IgG1, 1gG2b, 1gG3 and IgE increased. At the same time point, there
was a significant difference compared with the two control groups (P<0.01). Conclusion The rEf-PA0057 vac-
cine is successfully constructed. It may induce mice to produce humoral response against challenge with PAO1.
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