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Chlamydia trachomatis plasmid-encoded protein pORFS5 up-regulates
DJ-1 expression to activate the Nrf2/NQO1 pathway in the regulation
of oxidative stress and apoptosis

GONG Silu', ZHOU Hui"

1 Medical Laboratory Center, The Second Affiliated Hospital of Hunan University of Chinese Medicine,
Changsha 410005, Hunan, China

2 Medical Laboratory and Pathology Center, The First Hospital of Hunan University of Chinese Medicine,
Changsha 410007, Hunan, China

Abstract: [Background] The plasmid-encoded protein pORFS5 is a pivotal virulence factor of
Chlamydia trachomatis (Ct), capable of inhibiting oxidative stress and apoptosis. [Objective]
To investigate whether pORF5 up-regulates the expression of DJ-1 protein to activate the
nuclear factor erythroid 2-related factor 2 (Nrf2)/NAD(P)H: quinone oxidoreductase 1 (NQOI)
pathway in the regulation of lipopolysaccharide (LPS)-induced cellular oxidative stress and
apoptosis. [Methods] HeLa cells were treated with different concentrations of pORF5 for
different time periods. Western blotting was employed to determine the expression level of
DJ-1. The reactive oxygen species (ROS) assay kit and flow cytometry were employed to
examine the effects of pPORF5 on LPS-induced oxidative stress and apoptosis. The expression of
DJ-1 protein in HeLa cells was down-regulated by siRNA-DJ-1, and the cellular ROS
fluorescence intensity was observed under a fluorescence microscope. Corresponding assay kits
were used to measure the levels of superoxide dismutase (SOD) and malondialdehyde (MDA) in
each group. After pretreatment with the Nrf2 inhibitor ML385 for 1 h, HeLa cells were
stimulated with pORFS5 alone or combined with LPS, and the expression levels of the
apoptosis-related proteins B-cell lymphoma-2 (Bcl-2) and Bcl-2-associated X protein (Bax)
were determined. Western blotting was employed to evaluate the effect of down-regulating the
expression of DJ-1 on the Nrf2/NQOI1 pathway. [Results] pORFS5 up-regulated the expression
of DJ-1, and the up-regulatory effect was the strongest after treatment with 10 pg/mL pORFS for
18 h. pORF5 reduced LPS-induced ROS fluorescence intensity and cell apoptosis rate
(P<0.001). The si-DJ-1 group showed increased ROS fluorescence intensity and MDA content
but decreased SOD activity (P<0.001). ML385 inhibited pORF5-induced expression of Nrf2 and
NQOI1 (P<0.001), up-regulated the expression of the pro-apoptotic protein Bax (P<0.05),
down-regulated the expression of the anti-apoptotic protein Bcl-2 (P<0.01). The expression of
Nrf2 and NQO1 was down-regulated in the si-DJ-1 group (P<0.001, P<0.01). [Conclusion]
pORF5 can up-regulate the expression of DJ-1 protein to activate the Nrf2/NQO1 pathway,
thereby inhibiting LPS-induced oxidative stress and apoptosis.

Keywords: Chlamydia trachomatis; pORFS5; oxidative stress; apoptosis; DJ-1
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VPR A 5 & (Chlamydia trachomatis, Ct)J&
PR AL 15 55 0 e B DL AR L TR, A T2 BUR
i, ORGP R M, . R MR
AEFE TR VR . PRI A EE . AR
it . FOLEIRSEN, EIR B Ce SR R B
B, WIS G w5 v i A R B SERIB YT, R
M B A S M IR Y, 1 A AT o R A
o B, BBEH Ct 2 1K+ S HBUR PG,
A N HMER 5> FRE A, & Ct JERYLRgR
SRRV ES

Ct 2 —Fh A MR & & JE LM 4i i
AAEWP, MR R BEP), Ct YL ATE S s MR
(reactive oxygen species, ROS)fY =4, {H Ct &
PR H NADPH AL, 1> ROS 4=
B, A PO S R A T, S SR
YN kB R SR, (HEARYE T
AN AE

pORF5 J& Ct JoUA: Gt ih () Ml ——F 43 Wh 4k
ki M, 7E Ct BU i # R E AR Y,
CAMFIEUER, pORFS 2K [1RES T A% A F4041
Mg 2 MI2RHF- 2 (nuclear factor-erythroid 2-related
factor 2, Nrf2)% {7 3 b 8 R A Ak 8 Il il 1
[NAD(P)H: quinone oxidoreductasel, NQO1]%
BEPUAAER, ek Ct iR m A KB, A
R0 5T B %, pORFS At 15 40
DJ-1 FEAMHI 40 g =10 DI-1 SURRMA 4 #RAH
KK 7 (Parkinson protein 7, PARK7), J&H
189 M FEFR ALY [ B — R4, FEdEfb s
JELRSE, HS 5T AW, W, Zhik
FASFEZ AR AR R, 54, DI-1 Wi
Ao KMPUA L YIRE, Rl 240558
P, MG R0 P AL I AR Rk, RN
ROS MR R, i B BO5 S A AR g -0
SR, DI-12& i i Nrf2/NQO1 {5 538 % 2 1
JE¥E pORFS P AL S T AE R M AT 2 o

R AL pORFS 845 241 o S04 vy 33 5 1)
T AL, A5 /N T RNA (small
interfering RNA, siRNA)F AT DI-1 &£
ik, W% DI-1 #E KL S pORFS5 & FHiE A
FARICZR 5 W HRE S0 60 57 BELBT Nrf2/NQO1
WP, W#k Western blotting K 8 T4 & 1
ik, 7Hr Nrf2/NQO1 {55 3d@ %) pORFS5 4t
BT ERR R ; HWE T DI- 1 EAREE
Nrf2 2 NQO1 HEH LB, DHEP DI-1 5
Nrf2/NQO!1 {55 R C R, LG 0
pORF5 42 24t i A A 0 5 P/ T2 % 43 AL
LIS MR AT % pORFS ££ Ct SURALE A1
FHERHE SR A

1 #HRE5rZE

1.1 Hm

HeLa-229 41, R4 Re AN AT 5
fIt; pET-28a(+)/pORF5 4 Jfiki & pORFS F 4
EE, R EYHEARGIRA A
1.2 BHFE. TEAFMNE

DMEM 3} FR BRI F L, Gibeo 22wl .
Jig Z M (lipopolysaccharide, LPS), Sigma 23] ;
ML385 (Nrf2 #I1I5), GlpbioZA#]; DI-14ii4k .
Nrf2 itk . NQO1 Hifk . B ik LR K+ 2 AR
2 X 5 H(Bcl-2-associated X protein, Bax)Hi {4 |
B 4k EVIE R 2 (B-cell lymphoma-2, Bcl-2)
ik F1 GAPDH $ifAk, Proteintech A H]; LSS
B 2 T UE ¥ (radio immunoprecipitation assay,
RIPA)Zf#IK . ECL fb2 k615 . BCA &M
e FE I 50 & L ROS Rl ilfl &, FiE A
KAEYHEARA R F] 3 Annexin V-FITC (AV)/flt
AE TR BE (propidium iodide, PI)JA T4 50] &,
BD /A F; N % (malondialdehyde, MDA) . i
A AL Ak B (superoxide dismutase, SOD) & &
fr R &, dE RS R AR AR A
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SIRNA-DJ-1 KX HR, RS FIEAEYRH A R A
Al AN, Beckman Coulter Al ; #ERK
BUL AT 258, Bio-Rad 23w ; 55986 8%
4% . Nikon 22 F o
1.3 4HpaiE S 4018

¥ HeLa ZHME#EFN T3 10% 15 4 IMLV5 .
100 pg/mL 4 EM 100 UmL HHZE G B
DMEM §; 353, F 37°C. 5% CO, fHER; 5
PSR, MAMEERKZE 80%-90%H, H
AR E pORF5S & F1(0. 2.5, 5.0, 10.0.
20.0 pug/mL)#I% HeLa ZHffl 18 h j, Fik#E
pORFS5 f5e A3 HE0HR B2 % HeLa 20 A W] ) ]
(0. 6. 12, 18 F124 h). o> B IETE ELAH
Fi siRNA-DJ-1 (si-DJ-1)54 4% HeLa 4/l 24 h 5§
FH Nrf2 F: SRS 57 ML385 ikt P HeLa 41 fifg
1h, RJGH LPS (1 pg/mL)BaE 5 10 pg/mL
) pORF5 Jou ki 25 (ALK 40 18 he
1.4 Western blotting #&1| HeLa ZRffh
DJ-1. Nrf2. NQO1. Bax. Bcl-2 &H
ik

MRS, #e 1.3 B AR R b FR
HANMIREA . f#FH RIPA ZURBHREURER, X
i BCA ¥EEHE WS 1T SDS-PAGE 4
Mr, BrHIEMAEZE PVDF B, F 5%BiiEY)
BrEdEE T 2 he A DI-1. Nrf2, NQOI ,
Bax. Bel-2 & FFES M —HOIRRIEG & LK
&, ARUIMAZIERSE 2 h, f&J5H ECL
b2z Ot & B . I, R Image J
VPR B R FE AR
1.5 RAEHBEUWRMBA ROS KT

Fie 1.3 AP, F R ROS Kol i) £
VLA, A 2,7- R AR LR
(2,7-dichlorodihydrofluorescein diacetate, DCFH-DA)
TRET X 25 2 40 ROS HEATAGIN, R FH B ok
AR MR SR A 0O R 55, JFAIIC SR

1.6 RICHBEA N 4R T
WAL TS 45 4H HeLa 408, JH 500 pL
binding buffer H &k, JFMA 3 puL PI YL @il

AV EEEHFE 30 min, S8 AV YL PIAY
FIRFHEZH (53 °C/K¥ 3 min), )7 240 Y

) 24 380 T 0
1.7 #ZAFEM SOD #1 MDA & = /Y&
AR ) Sz 36 1 g 4 T 400 i i 4% L 4
JH, 4 FEORH S ARG 1) 0 BH 453000 5 4 it SOD
1 MDA &,
1.8 ZitFESH
Fr A8 $4k K A GraphPad Prism 10.0 4
R 2 ANOVA SE1 743 HT, ot T35 Bprife
220 NFR .

2 HZRE50M

2.1 pORF5 RAERBE LA DI-1 EH
Rk

RE A AT 2 B O R F AR L EYE R
For AT R BCRLE 1 pORFS RERE T F
ik, b DIJ-1 & [17E pORF5-HeLa faiftk s
KW TR AR SN Sl Ak AT A TR v
pORF5 ki [1(0. 2.5, 5.0, 10.0 #120.0 pg/mL)
73 5% HeLa 4H/fd 18 h, Western blotting £
M DI-1 FEHERIL, 450 ER: 4 pORFS W
ik 10 pg/mL B, DJ-1 & R IE KT M
B {2.(P<0.05) (K 1A #i1 1B), /4 10 ng/mL ¥
JE 1) pORF5 LIA[] i} (] 413% HeLa 4fiffd, DJ-1
) 2 35 I ST ) 34 Tm T e b ), M ) sk i) A
18 h B}, DJ-1 fyFRik M (P<0.01) (& 1C A
D). Dk %5598 8] pORFS RE i DI-1 &%
ik, HATEASE R —2, IF Hiwid pORFS Hl ik
JEE RIS 6] 4359047 10 png/mL F1 18 h, I )38k 4 14
¥ F TR 22505
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2.2 pORF5 RAIZEBXT LPS FSRIA AR5, FIA DCFH-DA ZOEHREH 4% 24
f& ROS 7KE 5 AT RIS N MM PE T, WEZ ROS IR K I, AR
JERT R BT SE © £ UF 52 pORFS B 1A Hi%A T control ZH, LPS HMURIBZH 5 A0l 4= T
AT AERE, W% pORFS Xf ROS  Ki ROS %¢)t; 1 pORFS 1 LPS Hifi] 2 v
AKF-fsEm, ABFSEH LPS Ml 5 pORFS 4t ROS %658 H LPS 4 BA 2 355 (15 2).
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(36 kDa) — e G g
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1  Western blotting #& 71| pORF5 i & B3} HeLa 4058 DJ-1 EBFRIAKFEHEM A AFEWKE
pORF5 Fofi £ X DJ-1 I RIKAN ; B: ARIWERFE DI-1 KB ; C: pORFS FUki & H
ANV RN ()% DI-1 25 AR IKAYEMR s D AN]SR DI-1 88 R B4

Figure 1 Effect of pORFS5 plasmid protein on DJ-1 expression by Western blotting. A: Effect of different
concentrations of pORF5 plasmid protein on DJ-1 expression; B: Gray values of DJ-1 protein stimulated by

different concentrations; C: Effect of pORFS5 plasmid protein on DJ-1 expression at different times; D: Gray
values of DJ-1 protein stimulated at different times. *: P<0.05; **: P<0.01.

Control LPS+pORF5

LPS

DCFH-DA

g s
i
.M "i.:

Bright field

2 pORF5 FAIZE B LPS %5 HeLa 488 ROS 2258 E HIF2 M0
Figure 2 Effect of pORF5 plasmid protein on ROS fluorescence intensity in LPS-induced HeLa cells.
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S SOD 7w, HEREW] . MR TXIA, si-DJ-1
4 DI-1 SRR R, B8] DI-1 852
AR TH(E 4A); si-DI-1 20 SOD & =& xt
N2 5 35 F& K (P<0.001), i MDA &4 Fif
(P<0.001), ROS %Jtnm B 3o (5] 4B-4D),
#2278 pORF5 il it i DI-1 &S AN .
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]05 E
<
04
(=9
104 L
]OJ L
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The rate of apoptosis
o
b2

S
o

=l =
R
N
(/0 QS“-’X
IS

B3 ARANMEAREMMARATE A-C: WAHMWESE(A: Control; B: LPS; C: pORF5+LPS),

D: 41 A T AARE

Figure 3 The apoptosis rate was detected by flow cytometry. A—C: Flow cytometry scatter plots (A: Control;
B: LPS; C: pORF5+LPS). D: Histogram of percentage of apoptotic cells. ***: P<(0.001.
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- 80
Control i-DJ-1 E e
ontro S1 _g 2 § 60
DJ-1 (25 kD - =
(25 kDa) - f a 40
S
g ' 4
20
GAPDH (6 kDa) (il -
0 0
- Control pORF5/LPS+NC pORF5/LPS+si-DJ-1

DCFH-DA

Bright field

2O PR

€

4 pORF5 &id £ DJ-1 0% LPS 558 HeLa RS ILRE  A: Western blotting £l DJ-1
AR ; B: MDA &40 C: SOD F&/r#i; D: ROS KIiRJE .

Figure 4 pORF5 represses LPS-induced oxidative stress via DJ-1 upregulation in HeLa cells. A: The
interference effect of DJ-1 was analyzed by Western blotting; B: Histogram for MDA contents assayed; C:
Histogram for SOD contents assayed; D: ROS fluorescence intensity. ***: P<0.001.
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(P<0.01) (&l 5SD-5F), #&7~ pORFS 1] i i #id
Nrf2/NQO1 i J&41 il 40 ffL i 1= .
2.5 pORF5 Rk BHME Nrf2/NQO1
B KET DJ-1 EARIE L
Nrf2/ARE {5538 F A uE & DI-1 813
SR AR P08 Y B N I . RO R,
DJ-1 7] 540 i i # Keap1-Nrf2 & S 1K45 4, it
BTG AL B Nrf2 Sk AR, TR T e N Rk
DRAr 4t it G 32 AL R S A1), S ST pORFS

—
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* ok

o
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0.5

Relative NQOI protein £

Relative Bel-2 protein
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A: Western blotting £

I Nrf2 A1 NQO1 FE A%k B: Nrf2 HE KM ; C: NQO1 FE K EE 4 ; D: Western blotting
Kzl Bax Fl Bel-2 #1434 ; B: Bax &K ; F: Bel-2 & KB

Figure 5 Effect of Nrf2/NQO1 pathway activated by pORFS5 plasmid protein on Bax and Bcl-2 expression.
A: The expression of Nrf2 and NQO1 was analyzed by Western blotting; B: Gray scanning of Nrf2 protein; C:

Gray scanning of NQOI1 protein; D: The expression of Bax and Bcl-2 was analyzed by Western blotting; E:
Gray scanning of Bax protein; F: Gray scanning of Bc¢l-2 protein. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 6 Effect of expression of DJ-1 on Nrf2/NQOI1 pathway activated by pORF5 plasmid protein. A: The
expression of Nrf2 and NQO1 was analyzed by Western blotting; B: Gray of Nrf2 protein; C: Gray of NQO1

protein. **: P<0.01; ***: P<0.001.
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