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Brucella melitensis outer membrane protein 25 interacts with
ferritin heavy polypeptide 1 in human trophoblast cells
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Abstract. Outer membrane protein 25 (OMP25) is involved
in Brucella virulence and serves an important role in Brucella
pathogenesis during infection. However, the protein inter-
acting with OMP25 in host cells remains to be elucidated. The
present study constructed a cDNA library from Brucella meli-
tensis 16M-infected human placenta trophoblastic cells
(HPT-8) and identified and confirmed the interaction between
Brucella OMP25 and ferritin heavy polypeptide 1 (FTH1) of
HPT-8 using yeast two-hybrid and co-immunoprecipitation
technologies. The expression of Toll-like receptor (TLR)4,
myeloid differentiation primary response protein MyD88
(MyD88) mRNA and inflammatory factors was detected by
RNA interference. The results showed that OMP25 interacted
with FTH1. Subsequently, TLR4 and MyD88 mRNA expres-
sion levels and inflammatory factors, such as nitric oxide,
lactate dehydrogenase and TNF-a, significantly increased after
inserting OMP25 into the HPT-8 cells. Notably, a low dose of
OMP25 resulted in immunological protection, whereas high
dose of OMP25 resulted in a cytotoxic effect on the HPT-8
cells. It is suggested that OMP25 and FTHI1 serve important
roles in intracellular parasitism of Brucella and inhibition of
expression.

Introduction

Brucella melitensis (B. melitensis) is a facultatively intracel-
lular bacterium that causes brucellosis, which is a human
zoonosis that can be transmitted though infected animals
or contaminated food products. Brucellosis in humans and
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animals can cause spontaneous abortion and diseases, such
as endocarditis, arthritis, meningitis and osteomyelitis. This
disease is a severe threat to human health and ruminant
production, and results in economic loss worldwide (1-5).

Brucella has a small genome, but can invade the placental
trophoblast cells (PTCs) of pregnant animals and subse-
quently result in placentitis and even spontaneous abortion (6).
Brucella-infected PTCs have reportedly adapted to specific
pathological changes, suggesting a unique pathogen-host
relationship between B. melitensis and PTCs (7). PTCs are a
link between mother and fetus and have an important role in
maternal-fetal immunity (8). Dysfunction of PTCs may result
in pregnancy-related diseases and Brucella interacts with
PTCs and can cause infertility and spontaneous abortion (9).
Thus, PTCs serve a key role in the immune system (10,11).

Bacterial outer membrane proteins (OMPs) can be easily
recognized by the immune system, which produces antibodies
or activates cellular immune responses (12). During infection,
OMP25, a surface protein of Brucella, first establishes contact
with host cells and completes the adhesion process (13). Studies
have revealed that the OMP family is an important virulence
factor of Brucella and that the virulence of Brucella is directly
related to the uptake of iron (14-16); the pathogen efficiently
uptakes iron and increases its virulence (17,18).

Ferritin heavy polypeptide 1 (FTHI1) is involved in
cell proliferation, immune response and iron homeostasis.
Tsuji et al (19,20) reported that the upstream region of FTHI
gene contains an antioxidant response element, which responds
to oxidation reaction and protects cells from oxidative damage.
Oxidative reaction may lead to apoptosis (21).

Trophoblasts are target cells of Brucella and there
have been a number of studies on OMP25 in cell models,
including human monocyte/macrophages, microglial cells and
RAW264.7 mouse macrophages (22-24). However, few studies
on OMP25 in human trophoblast cells have been reported.
Therefore, the present study aimed to examine this interaction
in HPT-8 cells.

To improve our understanding of the interaction between
OMP25 of B. melitensis 16M strain and host FTHI1 in human
trophoblast cell line HPT-8, the present study investigated the
related changes in the biological functions of Brucella-infected
HPT-8 cells. In addition, the mRNA expression levels of
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Toll-like receptor (TLR)4, myeloid differentiation primary
response protein MyD88 (MyD88) and inflammatory factors,
including nitric oxide (NO), lactate dehydrogenase (LDH) and
TNF-a, in the OMP25-transfected HPT-8 cells were analyzed.

Materials and methods

Bacterial strains, plasmids and cell line. B. melitensis
strain 16M strain was procured from the Chinese Center for
Disease Control and Prevention (Beijing, China). Brucella
was cultured in tryptic soy agar (TSA) or tryptic soy broth
(both Sigma-Aldrich; Merck KGaA) without any antibiotics.
Brucella was incubated in an atmosphere with 5% CO, at 37°C
for 3 days. Subsequently, the cells were observed and counted.
DH5a and BL21 strains of Escherichia coli (E. coli) were
procured from Promega Corporation. The two strains were
grown on Luria-Bertani medium (Beijing Solarbio Science
& Technology Co., Ltd.). The culture medium was supple-
mented with antibiotics [100 xg/ml ampicillin or kanamycin
(Invitrogen; Thermo Fisher Scientific, Inc.)] when necessary.
Purification of OMP25 recombinant protein was performed as
previously reported (24). pPGBKT7, a plasmid, was procured
from Promega Corporation. pMDI18-T simple vector, another
plasmid, was procured from Takara Bio, Inc. DNA ladder was
procured from Takara Bio, Inc. The human trophoblast HPT-8
cell line was procured from Cell Resource Center (http://m.
cellresource.cn/content.aspx) and was cultured in Dulbecco's
modified Eagle's medium (DMEM, Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% fetal bovine serum
(FBS, Gibco; Thermo Fisher Scientific, Inc.) at 37°C in an
atmosphere with 5% CO, (vol/vol).

Construction of a cDNA library of HPT-8 cells infected with
B. melitensis 16M strain. A cDNA library of HPT-8 cells
infected with B. melitensis 16M strain was constructed as previ-
ously described (25). Briefly, the number of HPT-8 cells was
determined using flow cytometry. Viable B. melitensis 16M
strain was obtained by plating serially diluted colony-forming
units on TSA after a 4 day-incubation at 37°C in an atmosphere
with 5% CO,. The HPT-8 cells were infected with the 16M
strain at a dilution of 100:1 for 4 h at 37°C. The infected cells
were incubated at 37°C in an atmosphere with 5% CO,.

To validate infection efficiency, genomic DNA was sepa-
rately prepared using a number of the infected cells (1x10°/ml)
using a DNeasy® Blood & Tissue kit (Qiagen GmbH), according
to the manufacturer's protocols. OMP25-F and OMP25-R
primers (Table I) were designed for the amplification of the
OMP25 gene.

To construct a cDNA library of HPT-8 cells, total RNA
was separately prepared from the infected cells using TRIzol®
(Thermo Fisher Scientific, Inc.) and Ultrapure RNA kit
(CoWin Biosciences; cat. no. CW0597S), according to the
manufacturer's protocols. HPT-8 cDNA library construc-
tion was performed according to Make Your Own ‘Mate &
Plate’ Library System Protocol (Clontech Laboratories, Inc.)
as previously described (26). The inserts of cDNA library
were detected by long-distance PCR (LD-PCR) as previously
described (26) with some modifications. The LD-PCR reac-
tion conditions were as follows: 1 min at 95°C, followed by
40 cycles at 95°C for 15 sec, 68°C for 3 min.

Construction of the pGBKT7-OMP25 bait system. The open
reading frame of OMP25 in the genome of B. melitensis
16M was amplified using OMP25-F and OMP25-R primers
(Table I). The total PCR reaction volume was 15 ul, containing
ddH,0O 13.9 ul, Up-primer (25 pM) 0.4 ul, Down-primer
(25 uM) 0.4 pl, ANTP (2.5 mmol) 0.8 ul, 10x PCR Buffer
2.0 ul, Templet (genome of B. melitensis 16M) 2.0 ul, Taq
DNA Polymerase (5 U/ul) 0.5 ul. The PCR reaction conditions
were as follows: 5 min at 95°C, followed by 30 cycles at 94°C
for 30 sec, 55°C for 45 sec and 72°C for 1 min, and 10 min at
72°C. The PCR product was cloned into pGBKT7 vector via
EcoR 1/Xho 1 sites, and to generate a recombinant plasmid:
pGBKT7-OMP25. The recombinant pGBKT7-OMP25
plasmid was transformed into the Y2HGold yeast strain.

Negative andpositive controls of yeasttwo-hybrid system. Yeast
two-hybrid test was performed, as previously described (27).
Competent Y187 cells that were transformed with pPGADT7-T
from the Matchmaker™ Gold Yeast Two-Hybrid System
(Clontech Laboratories, Inc.) was used as a control for the
prey system and pGBKT7-53 and pGBKT7-Lam-transformed
yeast Y187 cells were used as a positive and negative controls,
respectively. Then, pre-two-hybrid experiments were then
performed to test the positive and negative control systems.

Interactive screening of Y2HGold (pGBKT7-OMP25)
and Y187 (pGADT7-cDNA) yeast strains. The
pGBKT7-OMP25-containing yeast Y2HGold was inoculated
into 50 ml SD/-Trp/Kan (Clontech Laboratories, Inc.) liquid
medium (50 ug/ml) and cultured for 20 h at 30°C with shaking
at 10.48 x g. The bacterial density was adjusted to >10°/ml by a
centrifugation at 1,000 x g at 30°C for 10 min. Yeast Y187 cells
with a density of >2x107/ml stored at -80°C were thawed and
yeast two-hybrid assays were performed using Matchmaker™
Gold Yeast Two-Hybrid System (Clontech Laboratories, Inc.).
The resuspended yeast culture was spread onto 150 mm
SD/-Ade/-His/-Leu/-Trp/X-a-Gal (QDO/X) plates (Clontech
Laboratories, Inc.) that were inverted and incubated at
30°C for 72 h. Afterwards, the recombinant plasmids were
extracted from the positive colonies that were identified by
SD/-Ade/-His/-Leu/-Trp screening, PCR amplification and
sequencing. The PCR reaction volume and conditions were
described above.

Validation of the yeast two-hybrid results by co-immu-
noprecipitation (Co-IP). The pGBKT7-OMP25 and
positive plasmids identified by pGADT7-cDNA library
screening were transcribed and translated using a TNT T7
polymerase-coupled reticulocyte lysate system (Promega
Corporation). Briefly, the total reaction volume of TNT T7
transcription and translation was 25 pl, containing TNT
Rabbit Reticulyte Lysate 12.5 ul, TNT Reaction Buffer 1 ul,
Amino Acid Mixture Minus Leucine (1 mM) 0.5 ul, Amino
Acid Mixture Minus Methionine (1 mM) 0.5 ul, Recombinant
RNasin Ribonuclease Inhibitor (40 U/ul) 0.5 ul, DNA template
1.0 pul, Transcend tRNA 0.5 ul, Nuclease-Free Water 7.0 ul,
TNT RNA Polymerase 0.5 pl. In vitro transcribed and trans-
lated bait and prey proteins (10 ul) were incubated at room
temperature for 1 h. Then, 10 ul c-Myc monoclonal antibody
(cat. no. MA1-980; Invitrogen; Thermo Fisher Scientific, Inc.)
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Table I. Primers used in the present study.

Primer 5'-3' sequence

OMP25-F Forward: GAATTCATGCGCACTCTTAAGTCTCTC
OMP25-R Reverse: CTGCAGTTAGAACTTGTAGCCGATGCC
FTHI1-F Forward: GCAGGATATAAAGAAACCAGA
FTHI1-R Reverse: TCTCAATGAAGTCACATAAGT

16S rRNA-F Forward: CACCCCGACGGCTAACATTCA

16S rRNA-R Reverse: AGTGTAGAGGTGAAATTCGTA
GAPDH-F Forward: GTCGTGGAGTCTACTGGTGT
GAPDH-R Reverse: TGCTGACAATCTTGAGTGA

TLR4-F Forward: CTTTAGACCTGTCCCTGAACC
TLR4-R Reverse: CTAAACCAGCCAGACCTTGA
MyD88-F Forward: CCTAACCATGTCCCTGAACA
MyD88-R Reverse: GGTACATAATGGGTCCTTTCC

OMP25, outer membrane protein 25; FTHI, ferritin heavy polypeptide; TLR, Toll-like receptor; MyD88, myeloid differentiation primary

response protein MyD88; F, forward; R, reverse.

was added to the protein mixture and the mixture was incu-
bated at room temperature for another 1 h. Subsequently, the
above samples were added to a centrifuge tube containing 3 ul
Protein A bead (Matchmaker™ Co-IP kit, cat. no. 630449,
Clontech Laboratories, Inc.) and incubated at room tempera-
ture for 1 h. Then 500 ul Buffer 1 was added and centrifuged
at 350 x g for 30 sec at room temperature. The supernatant was
discarded, 600 1 Buffer 2 added and centrifuged at 350 x g for
30 sec at room temperature and the supernatant discarded. The
proteins were electrophoresed via SDS-PAGE on 12% gels and
electrotransferred to a nitro-cellulose (NC) membrane using a
Mini Trans-Blot Cell (Bio-Rad Laboratories, Inc.) at 200 mA
for 1 h. The NC membrane was incubated in blocking solu-
tion [5% nonfat milk in Tris-buffered saline 0.05% Tween-20
(TBST)] for 1 h at room temperature. Then the membrane was
incubated in binding buffer (6 ul Streptavidin-AP in 15 ml
TBST) at room temperature for 1 h. After three washes with
TBST, the membrane was stained with Western Blue Stabilized
Substrate (Promega Corporation) at room temperature for
2-6 h. The signal was detected and densitometry performed by
a Micro-Chemi instrument (GelView 6000Plus, Guangzhou
Biolight Biotechnology Co., Ltd.).

Reverse transcription-quantitative (RT-q) PCR. The total
RNA was separately prepared from the infected cells using
TRIzol® (Thermo Fisher Scientific, Inc.) and Ultrapure RNA
kit (CoWin Biosciences; cat. no. CW0597S), according to the
manufacturer's protocols. cDNA was synthesized from the
total RNA of the infected cells (1x10°) using reverse transcrip-
tion kit (cat. no. 639505; Takara Biotechnology Co., Ltd.) at
42°C for 50 min and at 85°C for 5 min, and was then used as a
PCR template for amplification of FTHI and construction of
pGM-T-A/B/C/D plasmids. The plasmids were extracted from
the positive clones that were identified using PCR and consid-
ered a reference standard after determining the concentration
of plasmids. Furthermore, the pGM-T-FTHI1 plasmid was
identified using EcoR 1/Xho 1 digestion. Genes were amplified

as templates with pGM-T-FTH1 plasmid, 16M, GAPDH and
HPT-8 cDNA with primers (Table I) designed for FTHI, 16S
rRNA and reference gene GAPDH. RT-qPCR was performed
according to Roche LightCycler® 480 (Roche Diagnostics,
Switzerland) protocol; standard curves were generated based
on the standard templates. SYBR Green I Master was used as
fluorophore (Roche Diagnostics). The total RT-qPCR reaction
volume was 10 ul, containing ddH,0 3.6 ul, up-primer (10 zM)
0.2 ul, down-primer (10 xM) 0.2 ul, template 1.0 ul, SYBR
Green I Master 5.0 pl. The thermocycling conditions were as
follows: Preincubation for 5 min at 95°C, and then 40 cycles
of amplification (95°C for 30 sec, 60°C for 30 sec and 72°C
for 30 sec). The relative transcriptional levels were determined
using the 2°44%4 method (28). All assays were performed in
triplicate and repeated at least three times.

Construction of pSIREN-siRNA vector targeting FTHI
gene. The human FTHI gene (NCBI Reference Sequence:
NM_002032) was submitted to Ambion (Thermo Fisher
Scientific, Inc.); three pairs of positive small interfering
(si)RNA fragments were identified for the FTHI gene and
a pair of siRNA fragments containing a different gene was
considered the negative control (Table II). siRNA fragments
were synthesized by Sangon Biotech Co., Ltd. pSIREN-siRNA
expression vector with green fluorescent protein was
constructed according to the RNAi-Ready pSIREN-RetroQ
ZsGreen Vector kit (Clontech Laboratories, Inc.) protocol. The
diluted siRNA fragment (antisense strand) concentration was
100 ymol/l and the PCR conditions were as follows: 95°C for
30 sec, 72°C for 2 min, 37°C for 2 min and 25°C for 2 min.
Synthetic double strands were diluted to 0.5 gmol/l and 5 ul
synthetic double strands were electrophoresed in 1% agarose
gel containing ethidium bromide; the DNA fragments were
ligated using RNAi-Ready pSIREN-RetroQ ZsGreen Vector
at 16°C overnight. Subsequently, the ligated product was
transformed into competent E. coli DH5a. cells for 16-18 h and
sequenced by Sangon Biotech Co., Ltd., to identify the positive
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Table II. Synthesized DNA sequences associated with siRNA.

Primer 5'-3' sequence

FTHI1-Al GATCCAAACTGATGAAGCTGCAGAACTTCAAGAGAGTTCTGCA
GCTTCATCAGTTTTTTTTTACGCGTG

FTHI1-A2 AATTCACGCGTAAAAAAAAACTGATGAAGCTGCAGAACTCTCT
TGAAGTTCTGCAGCTTCATCAGTTTG

FTHI1-B1 GATCCAAAGAAACCAGACCGTGATGATTCAAGAGATCATCACG
GTCTGGTTTCTTTTTTTTTACGCGTG

FTH1-B2 AATTCACGCGTAAAAAAAAAGAAACCAGACCGTGATGATCTCT
TGAATCATCACGGTCTGGTTTCTTTG

FTH1-Cl GATCCAATCAGTCACTACTGGAACTGTTCAAGAGACAGTTCCA
GTAGTGACTGATTTTTTTTACGCGTG

FTH1-C2 AATTCACGCGTAAAAAAAATCAGTCACTACTGGAACTCTCTCT
TGAACAGTTCCAGTAGTGACTGATTG

FTHI1-D1 GATCCAATTCGAATCTCGCTGACCAGTTCAAGAGACTGGTCAG
CGAGATTCGAATTTTTTTTACGCGTG

FTH1-D2 AATTCACGCGTAAAAAAAATTCGAATCTCGCTGACCAGTCTCT

TGAACTGGTCAGCGAGATTCGAATTG

FTHI, ferritin heavy polypeptide; siRNA, small interfering RNA.

plasmids, and digested using Mlu I and named pSIREN-A/
B/C/D. The plasmids were prepared using Endotoxin-Free
Plasmid Highpure kit (Tiangen Biotech Co., Ltd.), according
to the manufacturer's protocols.

Detection of pSIREN-siRNA interference effect. pPSIREN-A/
B/C/D plasmids were transfected into HTP-8 cells using
a Lipofectamine® 2000 Transfection Reagent kit (cat.
no. 11668030; Invitrogen Co., Ltd.), and pSIREN-D was used
as the negative control. The transfected HPT-8 cells were
cultured in an atmosphere with 5% CO, at 37°C for 48 h and
HPT-8 containing green fluorescent protein were observed
under a LSM510 confocal laser scanning microscope (Zeiss
GmbH). Total RNA was extracted from the transfected
HTP-8 cells using Ultrapure RNA kit (CoWin Biosciences,
cat. no. CW0597S), according to the manufacturer's protocols.
cDNA was synthesized using a first-strand cDNA synthesis
kit (CoWin Biosciences, cat. no. CW0741), according to the
manufacturer's protocols. The mRNA expression of FTHI
gene was measured using RT-PCR as described above. The
target gene detection value and the reference gene detection
value were regarded as a correction value in evaluating the
effect of each interfering plasmid and were statistically
analyzed before and after transfection. The FTHI gene
corresponding value/GAPDH detection value was used as a
correction value and interference efficiency was calculated
as follows: Interference efficiency (%)=(RNAi negative
control group-RNAI test group)/RNAI negative control group
x100% (29).

Determination of OMP25 concentration by Bradford
protein assay. The determination of OMP25 concentration
was performed using a protein assay kit (Shanghai Yeasen
Biotechnology Co., Ltd.).

Expression levels of NO, TNF-a and LDH in HPT-8 cells
transfected with OMP25. The expression levels of NO,
TNF-o and LDH were measured as previously described (30).
HPT-8 cells were used to evaluated the effects of NO,
TNF-o and LDH activity. Briefly, 1x10° cells/well were
cultured in a 24-well plate for 24 h at 37°C and transfected
with OMP25 at low doses (0.25, 0.5 and 1 pg/ml) or high
doses (1, 5, 10, 20 and 40 pg/ml). A group without OMP25
was used as a control. Subsequently, 24 or 48 h post-trans-
fection, the supernatant was centrifuged at 16,000 x g at
room temperature for 15 min and collected, NO and TNF-a
expression levels were determined using a ELISA kit (NO,
cat. no. KGEOO1; TNF-a, cat. no. DTAOOD; R&D Systems,
Inc.) and LDH expression level was determined using LDH
assay kit (cat. no. ab102526; Abcam, Inc.), according to the
manufacturer's protocols.

Expression levels of NO and TNF-a following
PEGFP-OMP25 plasmid and siRNA-c co-transfection.
Monolayers of HPT-8 cells at a density of 1x10° cells/well
were cultured in a 6-well plate until the cells achieved
~60% confluence. pEGFP-OMP25 (3 ug) and siRNA-c
(0,2.5,5, or 10 ul) were co-transfected into HPT-8 cells using
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
At 48 h post-transfection, the supernatant was centrifuged
at 16,000 x g at room temperature for 15 min and collected,
and the expression levels of NO and TNF-a were measured
as described above.

RT-qPCR for detection of TLR4 and MyD88 mRNA levels. To
determine the mRNA levels of TLR4 and MyD88, the genes of
TLR4 and MyD88 were cloned into pMDI8-T simple vector.
The standard curves of RT-qPCR were constructed using the
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Figure 1. Assay of infected HPT-8 cells cDNA Library. (A) Total RNA in
the HPT-8 cells. Lanes 1-5: HPT-8 cells were infected with Brucella at
20 min, 1-3 and 4 h, respectively. (B) Assay of LD-PCR productions. Lane 1:
LD-PCR productions; Lane M: DNA Marker. (C) Inserts of cDNA library.
Lanes 1-17: clones of cDNA library; Lane 18: negative control; Lane M: DNA
Marker. LD-PCR, long-distance PCR.

primers TLR4-S, TLR4-A, MyD88-S and MyD88-A (Table I).
RT-gPCR was performed as described above to measure TLR4
and MyD88 mRNA levels and the results were normalized
against the standard curves.

Statistical analysis. The statistical differences between the
groups were analyzed using one-way analysis of variance
(ANOVA) followed by Tukey's post hoc test. The expres-
sion levels of NO, TNF-a and LDH are presented as the
mean + standard deviation. The differences between groups
were analyzed using ANOVA in SPSS 17.0 software (SPSS,
Inc.). P<0.05 was considered to indicate a statistically signifi-
cant difference. The experiments were repeated three times.

Results

Detection of infected HPT-8 cells. Three bands corresponding
to 2885, 18S and 5.8S rRNA in the total RNA extracts were
observed (Fig. 1A). The A260/280 value was 1.90 (20 min
post-infection), 2.02 (1 h post-infection), 1.92 (2 h post-infec-
tion), 1.85 (3 h post-infection) and 2.04 (4 h post-infection),
indicating the high purity of the total RNA. The library
capacity of the cDNA was 1.43x10° transformants; thereby
reaching the construction requirements. The cDNA library was
also uncontaminated. The size of the cDNA insert fragments
were mainly in the range of 0.2-5 kb and with the majority
near the 1-2 kb region (Fig. 1B and C).

Yeast two-hybrid assay. DNA fragments of 640 bp size
obtained using PCR and restriction enzyme digestion indicated
that the target was the plasmid pGBKT7-OMP25. Y2HGold
containing pGBKT7-OMP25 had no self-activation or toxicity
for cells (Fig. 2A and B).

Control assay. Blue colonies (2-3 mm) on the
SD/-Ade/-His/-Leu/-Trp/X-a-Gal plates with Y187
(pGADT7-T) that matched Y2HGold (pGBKT7-53) as
positive control were observed. No colonies were grown
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Figure 2. Identification of plasmid pGBKT7-OMP25. (A) Identification of
plasmid pGBKT7-OMP25 by PCR. Lanes 1-2: PCR productions; Lane M:
DNA Marker. (B) Identification of plasmid pGBKT7-OMP25 by restric-
tion endonuclease digestion. Lane 1: pGBKT7-OMP25 plasmid control;
Lanes 2-3: Products of plasmid pGBKT7-OMP25 with EcoR 1/Xho 1 diges-
tion; Lane M: DNA Marker.

Figure 3. Yeast two hybrid negative and positive control system.

on the SD/-Ade/-His/-Leu/-Trp/X-a-Gal plates with Y187
(pGADT7-T) that matched Y2HGold (pGBKT7-lam) as nega-
tive control (Fig. 3).

Interaction between prey protein and OMP25 bait
protein. Colonies of 2-3 mm on SD/-Ade/-His/-Leu/-Trp
plates with Y2HGold (pGBKT7-OMP25) matched
Y187 (pGADT?7-library) and these colonies switched to
SD/-Ade/-His/-Leu/-Trp/X-a-Gal changed into blue colo-
nies and were considered the positive colonies (Fig. 4).
The OMP2S5 bait protein gene trap sequence of the prey
protein gene was analyzed and the results indicated that
the pGBKT7-OMP25 bait plasmid eventually yielded seven
positive AD plasmids. Blast analysis results are shown in
Table III.

Verification of the interaction between prey proteinand OMP25
by Co-IP. OMP25 carrying c-myc tag and FTHI carrying
HA tag, were amplified with templates as pGBKT7-OMP25
and pGADT7-prey (FTHI gene) using Advantage 2 PCR kit
protocol (Fig. 5). The Co-IP results indicated that OMP25
interacted with FTHI.
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Table III. Blast analysis result of AD plasmid.

Gene

GenBank (Accession no.)

Hypothetical protein LOC789060

NADH dehydrogenase 1 o subcomplex
Ribonucleoprotein, PTB-binding 1 mRNA

Eyes absent homolog 2 mRNA

Histone deacetylase 5 mRNA

Solute carrier family 3

Similar to Steroid hormone receptor ERR1
Tryptophanyl-tRNA synthetase mRNA

Insulin-like growth factor binding protein 6 mRNA
Amidohydrolase domain containing 2 mRNA
Actin, p mRNA

Ancient ubiquitous protein 1 mRNA

Haloacid dehalogenase-like hydrolase domain containing

NM_001110188
NM_175826
NM_001103108
NM_001035464
NM_001038025
NM_001024488
XM_001790466
BC102806
NM_001040495
NM_001101104
BC142413
BC102888
BC102640

Figure 4. Positive screening of OMP25 bait protein. There were
colonies (2-3 mm) on SD/-Ade/-His/-Leu/-Trp plates with Y2HGold
(pGBKT7-OMP25) matching with Y187 (pGADT?7-library), on switching
to SD/-Ade/-His/-Leu/-Trp/X-a-Gal these colonies changed blue and were
regarded as positive colonies. OMP25, outer membrane protein 25.

Bio-function of the interaction between FTHI and OMP25
during brucellosis. The obtained FTHI gene ligated into
pGM-T vector generated a positive plasmid: pGM-FTHI;
which was identified using EcoR 1/Xho I digestion and target
fragment indicated a 550 bp band (Fig. 6A).

The results of the green fluorescent protein expression
vector pSIREN-siRNA transfection indicated that a 69 bp
positive fragment was inserted into Linearized pSIREN
Vector and was sequenced (Fig. 6B); the sequencing results
indicated that four small fragments of DNA sequences were
identical with sequences in the original sequence.

The RT-qPCR detection results of Brucella survival
ability in the transfected cells indicated that the relative
expression of 16S rRNA decreased by ~84% in HPT-8
cells containing interference plasmid vs. empty HPT-8

1200 bp

900 bp
700 bp

500 bp
300 bp

100 bp

Figure 5. Advantage 2 PCR product for FTHI and OMP25. Lane 1: FTHI
was obtained from pGADT7-prey; Lane 2: OMP25 was obtained from pG-
BKT7-OMP25; Lane 3: Negative control; Lane M: DNA Marker. FTHI, fer-
ritin heavy polypeptide; OMP25, outer membrane protein 25.

cells infected with Brucella; the viability of brucella
was decreased in the host cells transfected with FTHI
interference fragment.

HPT-8 cells were transfected and subsequently observed
under a LSM 510 Laser scanning confocal microscope 48 h
post-transfection. The results indicated green fluorescence
protein expression in HPT-8 cells and a ~100% plasmid trans-
fection efficiency was achieved (Fig. 5C-a and C-b).

The interference effect of four RNAi plasmids, namely
pSIREN-A, pSIREN-B, pSIREN-C and pSIREN-D on the
FTH] gene were detected, respectively. pSIREN-A, pSIREN-B
and pSIREN-C interference plasmids exerted interference
effects and an interference efficiency of <98% was achieved
for pSIREN-C (Table IV).

NO, TNF-a and LDH activity in HPT-8 cells treated with OMP25
and siRNA-a. Low doses of OMP25 affected HPT-8 cells after
24 h and the levels of NO and TNF-a were positively associ-
ated with the concentration of OMP25 (Fig. 7A-a and -b). High
doses of OMP25 affected HPT-8 cells after 24 h and the levels of
NO and LDH were increased with the concentration of OMP25
(Fig. 7B-a and -b). Different doses of siRNA-a were transfected
into HPT-8 cells and the levels of NO and LDH were decreased
with the concentration of siRNA-a (Fig. 7C-a and C-b).
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Table I'V. Optimal siRNA plasmid screening.

Detection value pSIREN-A pSIREN-B pSIREN-C Negative
GAPDH average Cq value (x) 22.92 26.90 25.36 30.38
GAPDH copies (10Y) 11,081,537.00 1,475,707.00 3,219,586.00 253,162.90
FTH1 average Cq value (x) 24.69 30.38 31.90 29.50
FTHI1 copies (10%) 3,939,671.00 120,759.10 47,599.24 207,014.10
Inhibition ratio for FTH1 (%)* 57% 89% 98% -

siRNA, small interfering RNA; FTH1, ferritin heavy polypeptide. “The FTH1 gene corresponding value/GAPDH detection value was used as
a correction value and interference efficiency was calculated as follows: Interference efficiency (%)=(RNAi negative control group-RNAI test

group)/RNAI negative control group x100%.
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Figure 6. Biofunction of the interaction between FTH1 and OMP25. (A) PCR assay of pGM-T-FTHI. Lane 1: pPGM-T-FTHI plasmid; Lane 2: EcoR 1/Xho 1
digestion of pGM-T-FTH1; Lane M: DNA Marker. (B) Double stranded DNA of siRNA DNA fragments. Lanes 1-4: siRNA DNA; Lane M: DNA Marker.
(C) Fluorescence of the HPT-8 cells transfected with pSIREN-siRNA expression plasmids; (C-a) Transfected cell (48 h; magnification, x400) and (C-b) Control
(magnification, x400). The green fluorescence protein expression in HPT-8 cells and the plasmid transfection efficiency achieved ~100%. FTHI, ferritin heavy
polypeptide; OMP25, outer membrane protein 25; siRNA, small interfering RNA.

TLR4 and MyD88 mRNAs levels in HPT-8 cells treated with
OMP?25 protein and siRNA-c. Low doses of OMP25 affected
HPT-8 cells and the relative expression levels of TLR4 and
MyD88 were associated with the concentration of OMP25
(Fig. 8A). No significant differences observed for TLR4 (Fig. 8A).

siRNA-c and pGEFP-OMP25 were co-transfected into
HPT-8 cells and the relative expression levels of TLR4 were
decreased with the increase of the concentration of siRNA-c
(Fig. 8B).

Discussion

B. melitensis can efficiently invade trophoblast cells in
mammals and rapidly multiply within the placenta, which

can result in spontaneous abortion and placentitis (24,25).
Trophoblast cells are therefore the primary target cells of
B. melitensis in the infected host; however, the infection of
trophoblast cells remain poorly understood. Spontaneous
abortion in pregnant women resulting from brucellosis may
indicate that if Brucella can reach the placenta and enter
trophoblasts (27,30), they may also become an important
cellular niche. In vitro studies regarding intracellular traf-
ficking are few. The present study successfully obtained a
cDNA library from HPT-8 cell lines infected with B. meli-
tensis strain 16M and demonstrated that the protein OMP25
directly interacts with eukaryotic proteins such as FTHI,
suggesting that OMP25 is a functional protein involved in
the alteration of host cell processes. The interactions between
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Figure 7. Cytokine levels in HPT-8 cells. (A-a) NO and (A-b) TNF-a in HPT-8 cells treated with OMP25 protein. Low doses of OMP25 affected HPT-8 cells
after 24 h and the levels of NO and TNF-a were increased with the concentration of OMP25. (B-a) NO and (B-b) LDH in HPT-8 cells treated with the OMP25
protein. High doses of OMP25 affected HPT-8 cells after 24 h and the levels of NO and LDH were positively associated with the concentration of OMP25.
(C-a) NO and (C-b) TNF-a in HPT-8 cells treated with siRNA-a. NO and LDH levels were negatively associated with the concentration of siRNA-a. Each
experiment was repeated at least three times. “P<0.05 vs. 0 dose group. NO, nitric oxide; OMP25, outer membrane protein 25; LDH, lactate dehydrogenase;

siRNA, small interfering RNA.

B. melitensis protein and host proteins in vivo further indi-
cated that Brucella protein OMP25 serves an important
role in the modulation of host cells via protein-protein or
protein-DNA interactions.

B. melitensis OMP25 is a virulence protein involved in
intracellular replication. LDH, an intracellular enzyme, is
released into the extracellular matrix when cells are damaged
or undergo death; this results in an increase in LDH activity in
cell supernatants. In addition, LDH is considered an index for

cell injury (31). OMP25 at concentrations >5 ug/ml resulted in
increased amounts of LDH in HPT-8 cells.

TLR is expressed on the surface of epithelial cells and is
important to bacterial infection. The present study found that
TLR4 mRNA was lowly expressed in the HPT-8 cells, whereas
a low concentration of OMP25 upregulated TLR4 and inflam-
matory signaling molecules, including TNF-a and NO, in the
HPT-8 cells. The activation of TLR4, MyD88, TNF-a and NO
resulted in the activation of the nuclear transcription factor
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NF-«B, which may serve a key regulatory role in a variety of
inflammatory responses in host cells.

In a previous study (32), we found that OMP25 serves
an important role in the activation of the MAPK signaling
pathway in HPT-8 cells infected with Brucella. 2308 A0Omp25
mutant strain could not activate p38 phosphorylation protein,
ERK and JNK branches in HPT-8 cells. However, in the
present study, it was found that OMP25 interacts with FTH1
in HPT-8 cells. The present study provided a theoretical basis
regarding the new functions of OMP25.

The present study focused on the interaction between
OMP25 and key molecules of trophoblast cells. Further
studies, including on cell and animal experiments, are required
to confirm whether OMP25 can help in the infection of
trophoblast cells. The present study did not prove that OMP25
can help trophoblast infection and this is one of its limitations.

In conclusion, the results of the present study indicated that
OMP25 interacts with FTHI1. The mRNA expression levels of
TLR4, MyD88 and inflammatory factors, including NO, LDH
and TNF-a significantly increased after the interaction of OMP25
and FTH1 in the HPT-8 cells. OMP25-FTHI interaction may
contribute to the exacerbation of the intracellular replication of
Brucella and the likelihood of a subsequent abortion or stillbirth
of the infected fetus. Further research is required to elucidate the
mechanisms underlying the molecular interactions of OMP25
with the host, such that other Brucella effector proteins and host
cell targets can be identified to further elucidate and define the
molecular mechanisms of brucellosis. Furthermore, the present
study clarified the pathogenic mechanism of brucellosis and may
yield novel insights for the development of therapeutic options.
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