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Abstract— We successfully constructed and expressed a generic recombinant protein named GPH via gene engineering. GPH is made up of
gonadotropin releasing hormone (GnRH), a transmembrane area of Pseudomonas aeruginosa exotoxin A (PEAII) and hyperthermophilic
archaea histone (HPhA). After expression and purification, the engineered GPH protein was detected by SDS-PAGE. We then examined its
transfection ability using the plasmid, pEGFP-C1 (green fluorescent plasmid). Electrophoretic mobility shift assays showed that recombinant
GPH slowed down the migration rate of pEGFP-C1 in agarose gels, confirming that GPH had combined with the plasmid. Transfection
experiments showed that GPH can carry pEGFP-C1 into HeLa cells to produce fluorescence. Also, genomic DNA extraction from transfected
cells and PCR examination showed that recombinant GPH mediated the transport of pPEGFP-C1 into HeLa cells. Immunohistochemical analysis
detected GPH in transfected cells. Enzyme-linked immune sorbent assays detected GPH bound to GnRHR on the surface of HeLa cells. Taken
together, recombinant GPH has the ability to bind to and transport DNA into target cells. Thus, GPH is a potential gene delivery vehicle in
gene therapy.

Keywords— Gonadotropin releasing hormone (GnRH); transmembrane area of Pseudomonas aeruginosa exotoxin A (PEAII);
hyperthermophilic archaea histone (HPhA); Gene transfer carrier; Electrophoretic mobility shift assay (EMSA); Transfection.

| INTRODUCTION E_x_otoxin A of Pseudom_onas ae_ruginosa asserts its cellulgr
' toxicity through ADP-ribosylation. The crystallographic
ene therapy refers to the replacement of disease  structure of exotoxin A revealed a tertiary fold having three
genes with normal genes to restore gene structure  distinct structural domains: domain | is responsible for
and correct abnormal functions. Effective gene  receptor binding; domain Il is required for transmembrane
therapy depends on the efficient expression of exogenous  transport; and domain Il is the ADP-ribosyl transferase.
genes in target cells. However, exposed exogenous genes  These predictions have been confirmed by subsequent
cannot enter target cells easily and may be degraded in the  experiments®®.
body or in cells. Currently, there are two main delivery Gonadotropin releasing hormone (GnRH) is a decapeptide
pathways for gene carriers in somatic cells. One is the viral  that was originally isolated from mammalian hypothalamus. It
carrier system, and the other is the non-viral carrier system.  combines with high affinity GnRH receptors in the anterior
Although viral carriers have high transfection efficiencies,  pituitary and stimulates the synthesis and release of the
they may induce an immune response, and can be  pituitary gonadotropins, which regulate mammalian
carcinogenic because of insertional mutagenesis™. In addition, reproduction . Further studies have indicated that GnRH
the carrier capacity of viral carriers is limited and preparation  receptors also occur in reproductive tissues and tumors such as
titers can be low. With non-infectivity, unlimited carrier  breast, endometrial, ovarian and prostatel”® in which a
capacity, and targeting propertiest”, non-viral carriers are  paracrine/autocrine role is postulated 1. Hela cell is one of
receiving attention for the development of gene therapy. them[*+14,

Members of the archaea display what are generally The fusion protein, GPH, was constructed from segments of
considered to be both bacterial and eukaryotic features, which  three genes, including gonadotropin releasing hormone
indicates a possible evolutionary relationship between  (GnRH), the transmembrane area of Pseudomonas aeruginosa
eukaryotes and archaea. An impressive example of a  exotoxin A (PEAIl) and the hyperthermophilic archaea
eukaryotic-associated feature is the archaea histones. Histones,  histone, HPhA. H (HPhA) can bind to DNA stably and reduce
which are highly basic DNA binding proteins, are abundant ~ DNA degradation by DNA restriction endonucleases™***. p
and conserved in eukaryotic cells. Histone-like proteins are  (PEAII) may transfer the fusion protein to target cells. G
also conserved in archaea. The recombinant hyperthermophilic ~ (GnRH) plays a key role in targeting the fusion protein to
archaea histone, HphA, was expressed by a histone-like gene  GnRH receptors on the surface of some tumor cells. GPH is a
PHS051, from the h]yperthermophilic archaea Pyrococcus  novel carrier for gene delivery potentially bearing high
horikoshii OT3 strain. stability, non-infectivity and targeting properties.
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In the current study, we constructed and expressed
BL21(DE3)/PET26b-PEA(la+11)-HPhAM®. Then PEAla was
replaced by GnRH and expressed as GPH. The exact sequence
of the full GPH is
MGSSHHHHHHGSGLVPRGSASMSDSEVNQEAKPEVKP
EVKPETHINLKVSDGSSEIFFKIKKTTPLRRLMEAFAKR
QGKEMDSLRFLYDGIRIQADQTPEDLDMEDNDIIEAHR
EQIGGQHWSYWLRPGHMAEEGGSLAALTAHQACHLPL
ETFTRHRQPRGWEQLEQCGYPVQRLVALYLAARLSWN
QVDQVIRNALASPGSGGDLGEAIREQPEQARLALTLAA
AESERFVRQGTGNDEAGAEFVWMMGELPIAPVDRLIG
KAGAERVSEQAAKVLAEYLEEYAIEIAKKAVEFARHA
GRKTVKVEDIKLAIKS.

We examined its transfection ability with the plasmid,
pPEGFP-CL1 (green fluorescent plasmid). Using electrophoretic
mobility shift assays (EMSASs), immunofluorescence, PCR,
immunohistochemistry and enzyme-linked immunosorbent
assays (ELISAs) we demonstrated that GPH can transfer
pEGFP-CL1 into HeLa cells.

Reagents, Plasmids and Cell Lines

The BALB/c mice used for this study were purchased from
Changchun Institute of Biological Products Co. Ltd. and bred
in-house. They were maintained under controlled temperature
(22°C) and lighting (12L:12D), and provided with food and
water ad libitum. Transfection reagent Lipofectamine 2000
and vector pET SUMO were purchased from Invitrogen
(Carlshad, CA, USA). SUMO protease was prepared in our
laboratory. RPMI-1640 medium, fetal calf serum, penicillin
and streptomycin were purchased from Gibco BRL
(Gaithersburg, MD, USA). PCR product recycling kit, plasmid
extraction kit, dNTP, Ex Tag DNA polymerase, T, DNA
ligase, and DNA Marker were purchased from Takara
Company (Dalian, China). Tris, phosphate buffer, imidazole,
NaCl, CaCl, and MgCl, were purchased from Sigma (St.
Louis, MO, USA). Synthesis of PCR primers was undertaken
by Takara Company. Chromatography media was purchased
from GE (Fairfield, CT, USA). Plasmid pEGFP-C1 was
purchased from Biovector Company (Changsha, China).
Strain BL21(DE3)/PET26b-PEA (la+I1)-HphA, E.coli JIM109,
E.coli BL21(DE3) and HelLa cells (human cervical carcinoma
cell strain) were maintained in our laboratory. Goat anti-
mouse HRP-1gG was purchased from the Al Bo Trading Co.
(Shanghai, China).

.
Construction of GPH Gene

The multifunctional fusion protein GPH contains the DNA
sequences of GnRH, domain Il of Pseudomonas aeruginosa
exotoxin A (PEA), and the DNA binding domain of
recombinant HPhA. To construct a plasmid encoding GPH, a
DNA fragment encoding amino acids of GnRH, domain Il of
PEA and the DNA binding domain of recombinant HPhA was
amplified by PCR using plasmid pET-PEA(la+Il)-HPhA as
template, which includes domain la and domain Il of PEA,
and the DNA binding domain of recombinant HPhA. The two
oligonucleotide primer sequences were: forward primer (P1),
5'-

METHODS AND MATERIALS
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CAGCACTGGTCCTACTGGCTGCGTCCGGGTGAGGGC
GGCAGCCTG-3' and  reverse  primer (P2), 5'-
TCAGCTCTTAATAGCGAGC-3'. The whole sequence of
GnRH, CAGCACTGGTCCTACTGGCTGCGTCCGGGT,
was the upstream sequence of the forward primer. The other
part of the forward primer, 5-GAGGGCGGCAGCCTG-3/,
was complementary to domain Il of PEA. The reverse primer,
5-TCAGCTCTTAATAGCGAGC-3', was complementary to
HPhA. The PCR reaction system was 20ul: P1 0.5ul, P2 0.5ul,
template 1pl, ANTPs 2ul, 10 x Ex Taq Buffer 2pl, MgCl, 2pl,
ddH,0 11.8ul, Ex Taq DNA polymerase 0.2pl.
Predenaturation at 94°C, 5min; denaturation at 94°C, 40s;
annealing 53°C, 50s; extension at 72°C, 60s, 33 cycles; final
extension 72°C, 10min.

The amplification product (GnRH-PEAII-HPhA) of 597bp
was identified by 1% agarose gel electrophoresis, recovered
using a recycling kit and then ligated into the vector pET
SUMO by T4 DNA ligase. pET SUMO-GnRH-PEAII-HPhA
was transformed by E.coli JIM109. The positive transformants
were picked and pET SUMO-GnRH-PEAII-HPhA then
transformed into E.coli BL21 (DE3). A plasmid extraction kit
was used to extract pET SUMO-GnRH-PEAII-HPhA and its
integrity was confirmed by sequencing.

Expression and Purification of GPH

GPH was expressed in E. coli BL21 (DE3) grown at 37°C
in 5ml LB medium containing 50 pg/ml kanamycin to ODgg =
0.5. Then 1ml was transferred to 500ml LB medium
containing 50 pg/ml kanamycin and grown to ODgg = 0.5.
Engineered bacteria were then transferred to a fermenter of
50L. The fermentation parameters were: pH 7.25, dissolved
oxygen 30%, tank pressure 0.04MPa, ventilation 2.0,
temperature 37°C. When ODgy~10, the culture was cooled to
30°C and IPTG (isopropyl-b-D-thiogalactopyranoside) was
added to a final concentration of 1mM. After induction for 5
hours, bacteria were collected and cryopreserved at -20°C.

Bacteria (25g) were weighed and resuspended in 20mM
Tris-Cl, pH 8.0, followed by ultrasonication. Cell lysates were
centrifuged at 12000 x g at 4°C for 20 min. The supernatant
was digested with DNase | (1U/ml) for 30min on ice,
centrifuged at 10000 x g at 4°C for 20min. The supernatant
was then precipitated with 35% ammonium sulfate,
centrifuged at 10000 x g at 4°C for 20 min and the pellet was
resuspended in 20mM Tris-Cl, pH 8.5. Metal chelating
chromatography media Cu®* (Chelating Sepharose Fast Flow)
was used to purify the recombinant GPH protein. It was
equilibrated with five column volumes of solution A (flow rate
Iml/min, sample loading, 1ml/min). Solution A contained
20mM  Tris-Cl, 20mM imidazole, 0.5M NaCl, pH8.5.
Unbound proteins were washed away by solution A. Solution
B (20mM Tris-Cl, 40mM imidazole, 0.5M NaCl, pH8.5) was
used to elute hybrid proteins. Solution C (20mM Tris-Cl,
300mM imidazole, 0.5M NaCl, pH8.5) was used to elute and
collect the target proteins. The target protein was desalted on a
Sephadex G-25 Fine column (desalting buffer: 20mM Tris-Cl,
2 mM imidazole, 0.5M NaCl, pH8.5). Desalted proteins were
added to 1:100 (w:w) of SUMO protease, digested at 4°C
overnight, to remove the His tag sequence expressed from the
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PET SUMO vector. Then metal chelating chromatography
medium Cu?®* was again used to separate the His tags section.
Solution A was used to balance and elute unbound proteins.
Solution B was used to elute target proteins. Solution C was
used to elute His tags. A Sephadex G-25 Fine column was
used to desalt the pure protein GPH. The molecular weight of
the fusion GPH protein was 25 Kd for SDS-PAGE detection.
The purified GPH was added to 10% glycerol, packaged and
stored at -80°C until used.

Cell Culture

HelLa cells were removed from liquid nitrogen, rapidly
thawed in a 37°C water-bath and cultured in RPMI-1640
medium containing 10% fetal calf serum, 100U/mL penicillin
and 100ug/mL streptomycin in a 5% CO, incubator at 37°C.
The medium was replaced every 1 to 2 days, cells were
digested with 0.1% trypsin and subcultured when confluent.

Electrophoretic Mobility Shift Assay (EMSA)

EMSA, also known as the bandshift assay, has become the
standard protocol for determining the potential of a DNA
sequence binding to a DNA-binding protein . Here, to
analyze the ability of GPH to bind to DNA, pEGFP-C1 was
used. Molar ratios of recombinant GPH to pEGFP-Clwere
0.25:1, 1:1, 4:1, 6:1, and 8:1, respectively. The concentration
of plasmid DNA was 17mM, volume was 0.2ul, and the
concentration of GTH was 20mM. Volume was altered
according to the molar ratio. At room temperature, the mixture
of GPH and plasmid DNA was incubated in 20ul ddH,0 in a
dark place for 40 min. Then 10ul was loaded onto a 1%
agarose gel and electrophoresed for 1h, at the voltage of
2V/cm. When electrophoresis was complete, the gel was
immersed in TAE buffer containing ethidium bromide, stained
for 20min, visualized and photographed under UV. The
control group was treated with plasmid pEGFP-C1 alone
without protein GPH, other steps were the same as the
experimental group.

Transfection of pPEGFP-C1 Mediated by GPH

HeLa cells were cultured in 6-well plates (2ml/well) for
12h until 80% confluency. Recombinant GPH was mixed with
pPEGFP-C1 at a molar ratio of 4:1 in 100ul ddH,O containing
10mM Tris-Cl and 150mM NaCl. The DNA-GPH mixture
was placed at room temperature in the dark for 40min.
Medium was removed from wells and cells were washed three
times with serum-free and antibody-free RPMI-1640 medium.
The DNA-GPH was mixed with 6mM CaCl, and 6mM MgCl,
and was added to the cells. Cells were then incubated in
serum-free and antibody-free RPMI-1640 medium at 37°C in
a 5% CO, incubator for 4h. Then serum-free and antibody-free
RPMI-1640 medium was replaced by RPMI-1640 complete
medium. Cells were cultured and then observed the next day
via fluorescence microscopy to detect transfection. Then
percentage of cells expressing GFP (green fluorescent protein)
was detected by scanning the grayscale value.

In the positive control group, pEGFP-C1 was transfected
by general transfection reagent Lipofectamine 2000, strictly
according to operating instructions; negative control groups
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were protein GPH alone and green fluorescent plasmid alone.
Their operational methods were the same as the experimental
group.

PCR Analysis for Detecting pEGFP-C1 in Cells Transfected
with GPH

To detect pEGFP-CL1 in transfected cells, genomic DNA was
extracted 12h after stable transfection. Groups were pEGFP-
C1 with GPH group, pEGFP-C1 with Lipofectamine 2000
transfection reagent positive control group, and pEGFP-C1
alone negative control group. Primers for pEGFP-C1 were:
forward primer(P3), 5'-CATGCCATGGTGAGCAAGGGCG-
3% reverse primer (P4), 5'-
GCGGATCCCTTGTACAGCTCGTCCATG-3'. The PCR
reaction system was 20ul: P3 0.3ul, P4 0.3ul, template 1pl,
dNTPs 2ul, 10 x Ex Taq Buffer 2ul, MgCl, 2ul, ddH,0O
12.2pl, Ex Tag DNA polymerase 0.2ul. Predenaturation at
94°C, 5min; denaturation at 94°C, 50s; annealing at 51°C, 50s;
extension at 72°C, 120s, 33 cycles; final extension of 72°C,
10min. The PCR products were identified by 1% agarose gel
electrophoresis.

Preparation and Purification of High Titer anti-HPhA
Monoclonal Antibody

To obtain a primary antibody for immunohistochemical
analysis, a high titer anti-HPhA monoclonal antibody was
prepared and purified. Hybridoma cell lines of the anti-HPhA
monoclonal antibody were retrieved from liquid nitrogen,
rapidly thawed in a 37°C water-bath and cultured in RPMI-
1640 medium containing 10% fetal calf serum, 100U/mL
penicillin and 100pg/mL streptomycin in a 5% CO, incubator
at 37°C. At confluency, cells were divided into culture flasks
at a ratio of 1:2 or 1:3 and culture continued.

The cells were inoculated in adult BALB/c mice
(2.5x10°ells/mouse) that were pre-injected with paraffin by
intraperitoneal injection. After 5 to 7 days, the mice were
anesthetized by sodium pentobarbital. Ascites were collected
with a disposable syringe and stored at 37°C for 1h, then at
4°C overnight. The next day, the ascites were centrifuged at
10,000 x g at 4°C for 10min. Qil on the surface was removed
leaving the ascites supernatant.

After caprylic acid precipitation™ and ammonium sulfate
precipitation™, the crude antibody was harvested and
dialyzed with PBS overnight, during which the PBS was
changed three times. The following day, the sample was
purified by HiTrap rProtein A FF affinity chromatography.
The affinity column was equilibrated with PBS (loading rate
0.8ml/min). PBS was used to wash away any unbound
proteins. Target protein was eluted with 100mM Gly/HCI
(pH3.5), collected into a 1/10 volume of 1M Tris-Cl (pH8.5)
and mixed rapidly. The solution was then brought back to a
neutral pH. Purity of antibody was assessed by 12% SDS-
PAGE electrophoresis. The antibody was stored in 10%
glycerol at -20°C until used.

Immunohistochemical Analysis of GPH-Mediated Transfected
Cells

After cells were transfected with pEGFP-C1 and GPH for
4h, they were washed twice with PBS, mixed with 80% glacial
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acetone (1ml/well), fixed at -20°C for 20min and washed three
times with PBS. Anti-HPhA monoclonal antibody (1:100) was
used as the primary antibody and Goat anti-mouse HRP-1gG
(1:2000) as the secondary antibody. DAB was used as a
colorimetric substrate. Cells were observed under an optical
microscope (400x).

The negative control group was transfected with pEGFP-
C1 but without protein GPH. The other steps were the same as
the experimental group.

Detection of GPH Binding to GnRHR (Gonadotropin
Releasing Hormone Receptor) on the Surface of HeLa Cells by
ELISA

GnRH was used as a competitor to block GPH binding to
GnRHR, and TRH (thyrotropin releasing hormone) was used
as control to compare with GnRH. Experimental HeLa cells
were divided into eight groups (2ml/group), the concentration
of GnRH was 25uM, 50puM, 75uM, 100uM, 125uM, 150uM,
175uM, and 200uM, respectively (triplicate for each
concentration). After HeLa cells were treated with GnRH for
30 min, GPH was added to the wells of each group. The
concentration of GPH was 20uM, and cells were treated for
30min. Then the liquid was removed. Protein anti-HPhA was
used as the primary antibody and horseradish peroxidase-
conjugated goat anti-mouse 1gG (IgG-HRP) (1:2000) as the
secondary antibody. ODP-H,0, (pH 5.0) was used as a
colorimetric substrate. OD values were detected by Xmax
(US) at a wavelength of 490 nm. The control groups were the
same as the experimental groups except that GnRH was
replaced by TRH. All samples were pretreated in triplicate and
the experiments were repeated a minimum of three times.

1. RESULTS
Agarose Gel Electrophoresis and Sequencing of GPH Gene

To detect the GPH gene of 597bp, 1% agarose gel
electrophoresis  and  sequencing  were  performed.
Electrophoresis detected a fragment identical to the target
fragment, shown in Fig. 1A. The sequenced gene was identical
with the expected sequence, shown in Fig. 1B.

2000bp
1
730857
500bp

2500p
1000p

[ ©
Figure 1. Analysis of GPH gene. A. 1% agarose gel electrophoresis pattern. 1:
GPH gene; M: Marker. B. Sequencing result.

SDS-PAGE of Purified GPH

To detect the 25 Kd GPH, SDS-PAGE was performed. The
purified GPH gives an identical electrophoresis pattern to that
of the target fragment (Fig. 2).
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Figure 2. SDS-PAGE electrophoresis pattern of purified GPH. M: Marker; 1:
Purified GPH.

Electrophoretic Mobility Shift Assay

To confirm whether GPH binds stably to DNA, EMSA
was performed. As shown in Fig. 3, the mobility of pEGFP-C1
was changed according to the molar ratios of GPH to pEGFP-
C1. As a control group, lane 1 was treated with pEGFP-C1
alone without GPH. From lane 2 to lane 6, the molar ratios of
GPH to pEGFP-C1 were 0.25:1, 1:1, 4:1, 6:1, and 8:1,
respectively. We observed that GPH had little effect on the
mobility of supercoiled DNA. However, for linear DNA, the
higher concentration of GPH, the slower the DNA mobility,
confirming that GPH had combined with the plasmid. At the
ratio of 4:1, the mobility change was distinct, so we chose 4:1
(protein GPH: plasmid pEGFP-C1) as the molar ratio of cell
transfection.

5000bp

6

Figure 3. EMSA of different molar ratios of GPH to green fluorescent
plasmid. Lane 1: Control group, treated with pEGFP-C1 alone without GPH;
From lane 2 to lane6: The molar ratios of GPH to pEGFP-C1 were 0.25:1, 1:1,
4:1, 6:1, and 8:1, respectively.

GPH-Mediated Transfection of pPEGFP-C1

To detect GPH binding to and transporting DNA into
target cells, pEGFP-C1 was used as a marker of GPH
function. A mixture of GPH and pEGFP-C1 was added into
HeLa cells. A mixture of Lipofectamine 2000 and pEGFP-C1
was used as a positive control. pPEGFP-C1 alone and protein
GPH alone were employed as negative controls. Our data
showed fluorescence expression in the GPH with pEGFP-C1
transfection group. Also, under a fluorescence microscope we
found that HelLa cells appeared healthy. Although the
Lipofectamine 2000 with pEGFP-C1 group also demonstrated
a good transfection efficiency, there was a great deal of cell
death. No fluorescence was observed in the pEGFP-CL1 alone,
and GPH alone negative control groups (Fig. 4A). The
grayscale value also contributed to the results. As shown in
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Fig.4B, the percentage of EGFP expression in the GPH with
PEGFP-C1 group was 20% higher than that in the

Lipofectamine 2000 with pEGFP-C1 positive control group,
while protein GPH alone and pEGFP-C1 alone negative
controls showed no fluorescence.

.F

*kk

e

Expressive percentage of GFP
(green fluorescence protein) gene

Lipofectamine2000 GFP plasmid
Transfection methods
(b)

Figure 4. Transfection of pEGFP-C1 mediated by GPH. A.
Immunofluorescent detection. a (fluorescence, 100x) and b (visible light,
100x): HeLa cells were transfected with a mixture of GPH and pEGFP-C1. ¢
(fluorescence, 100x) and d (visible light, 100x): HeLa cells were transfected
with a mixture of Lipofectamine 2000 and pEGFP-C1. e (fluorescence, 100x)
and f (visible light, 100x): HeLa cells were transfected with GPH alone. g
(fluorescence, 100x) and h (visible light, 100x): HeLa cells were transfected
with the plasmid pEGFP-C1 alone. B. Percentage of GFP expression.

PCR Analysis to Detect pEGFP-C1 in Cells Transfected with
GPH

To detect pEGFP-C1 in transfected cells, genomic DNA
was extracted. PCR was then performed with the primers for
pEGFP-CL1. PCR products were identified by 1% agarose gel
electrophoresis.  The  experimental group and the
Lipofectamine 2000 positive control group produced clear
bands, but the pEGFP-C1 alone negative control group did not
produce a clear band (Fig. 5). Our data suggested that both
GPH and Lipofectamine 2000 successfully mediated pEGFP-
C1 transfer into cells.

GPH Blank

Figure 5. PCR analysis of transfected cells. Lane 1: Negative control group
(PEGFP-C1 alone); Lane 2: Experimental group (GPH with pEGFP-C1); Lane
3: The positive control group (Lipofectamine 2000 with pEGFP-C1).
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Purification of anti-HPhA Monoclonal Antibody with a High
Titer

To prepare a high titer antibody, an anti-HPhA monoclonal
antibody was cultured in the peritoneal cavity of
immunodeficient BALB/c mice. After caprylic acid
precipitation, ammonium sulfate precipitation and HiTrap
rProtein A FF affinity chromatography, the purity was close to
100%, as tested by 12% SDS-PAGE electrophoresis (Fig. 6).
This anti-HPhA monoclonal antibody can be used as a primary
antibody for immunohistochemical analysis.

100000 '

70000
50000 a -

40000
M 1

Figure 6. SDS-PAGE electrophoresis pattern of purified anti-HPhA
monoclonal antibody. M: Marker; 1: Anti-HPhA monoclonal antibody.

30000
25000

14000

Immunohistochemical analysis of GPH-mediated transfected
cells

Immunohistochemical staining detected GPH in cells
treated with GPH, suggesting that HPhA in GPH was carried
into cells by GnRH and PEA I1I. However, GPH was not
observed in cells treated without GPH. (Fig. 7).

a b
Figure 7. Immunochistochemical detection of GPH in transfected cells. a: GPH
treatment group (400x). b: Without GPH treatment group (400x).
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Figure 8. Inhibition curve of competitive binding of GPH, GnRH and TRH to
the GnRHR. A significant difference between experimental and control
groups (P<0.01andP<0.001) is indicated by “**, and ***”. Error bars
represent the mean+ SEM of three independent experiments.
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Detection of GPH Binding to GnRHR on the Surface of HeLa
Cells by ELISA

To detect the binding ability of GPH, a competition test
was performed. ELISA was used to detect the OD values of
GPH, which indirectly reflected the binding quantities of GPH
with GnRH receptors. Fig. 8 shows the inhibition curve of
competitive binding of GPH, GnRH and TRH to the HelLa cell
membrane GnRHR. With the increase in GnRH concentration,
the OD values of GPH binding to GnRHR were reduced.
However, in the control group, the OD values of GPH binding
to GNRHR on the HelLa cell surface were not affected by the
treatment with TRH.

IV. DISCUSSION

Gene therapy was a new promising technique used to treat
many incurable diseases and the different strategies used to
transfer DNA, taking into account that introducing DNA into
the cell nucleus without degradation is essential for the
success of this therapeutic technique.?Currently, viral
vehicles are the most commonly used carriers for delivering
DNA and have long been used for their high efficiency.
However, these vehicles can trigger dangerous immunological
responses, the production in large quantities is very difficult
and expensive and the size of gene that can be delivered by the
virus is limited. Consequently, the non-viral carriers are being
prepared and developed since they are safe, generally causes
low immune response, can be prepared easily, at low cost and
in large quantities. The earliest non-viral carriers depended on
the electrostatic complexation of DNA polyanions with
polycations to form polyplexes and lipoplexes. Including
electrostatic interaction between DNA and polycations, DNA
encapsulation, DNA adsorption. In order to increase their
capacity to protect the genes and decrease their size, since
small size has positive effects on intracellular delivery, we
constructed and expressed a generic recombinant protein
named GPH which has the capacity to protect the target genes
from degradating by DNase, the ability to transfer DNA stably
and safely to improve these non-viral carriers.

The unique features of DNA-condensing capacity and
nuclear localization signals (NLSs) make some nuclear
proteins, such as histones and high mobility group (HMG)
proteins, excellent gene vectors for the delivery of DNA into
the cell nucleus®?. In addition, their positive charge
promotes binding to anionic molecules and help them to
overcome the negative charge of cells that is an important
barrier to cellular penetration®!. Liu et al. had reported
histone H1, H2A, H3, H4 and histone analogues as gene
delivery vectors®*®Y, We took advantage of the similar
characteristics of hyperthermophilic archaea histone HPhA
with eukaryotic histones. Besides phylogenetical and
structural similarity with the eukaryal histones, archaeal
histones share the properties of eukaryal ones: are small, basic,
relatively abundant in cytoplasm, toroidally wrap DNA,
protect DNA from nuclease digestion, and/or form
nucleosome-like structures. Pyrococcus horikoshiiOT3 strain
is a hyperthermophilic archaeon with the optimum growth
temperature at 98°C.The genome sequence of this organism
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has been completed at the National Institute of Technology
and Evaluation (Tokyo, Japan). The open reading frames
PHS051 (HPhA) was putative archaeal histone. The complex
of the HPhA and DNA allows DNA to be protected from
cleavage by the restriction enzyme Tagl at 65°C. The HPhA
has inherited a remarkable thermostability and retained DNA
binding activity at extreme temperature.”

We joined GnRH, PEAII and HPhA to construct a gene
delivery carrier protein, GPH. PEAII is the transmembrane
transport domain of Pseudomonas aeruginosa exotoxin A,
which can perform DNA transfer by transmembrane transport.
In recent years, GnRH binding sites have been found in
ovarian, endometrial, prostate, pituitary, pancreas and some
tumor cells, and GnRH analogues can inhibit the growth of
these tumor cells. The tumor suppressive effect of GnRH is
achieved by a mechanism independent of the pituitary
gonadotropin.l’! GnRH receptors are overexpressed on the
surface of certain tumor cells. GnRH plays a role in the
guidance to GnRH receptors. It may carry GPH to cells
overexpressing GnRH receptors, and then transfer GPH into
the cells to perform the function of carrying exogenous DNA.

The expressed GPH contains the N-terminal His6 Tag and
a SUMO protease substrate recognition sequence. Using metal
chelating chromatography, anion exchange chromatography
and Sephadex G-25 Fine column, we increased the purity of
the recombinant protein to more than 90%.

To confirm the combination of GPH with DNA and to
detect the concentration of GPH to transfect DNA into target
cells, EMSA was used. We examined the mobility changes of
GPH with pEGFP-C1 to determine the optimal concentration
of GPH for pEGFP-C1 transport. The experiments showed
that the transport of plasmid pEGFP-C1 into Hela cells by
GPH can be monitored by its fluorescence. PCR showed that
PEGFP-C1 was present in cells transfected by GPH. With the
anti-HPhA  monoclonal antibody, immunohistochemical
methods were performed and GPH was observed in
transfected cells. With ELISA, GPH bound to GnRHR on the
surface of HelLa cells was detected. Furthermore, our cell
experiments showed that the transfection mediated by GPH
was reliable and stable. Also, the transfer process was simple
and convenient to perform.

Thus, we not only extracellularly but also intracellularly
confirmed that GPH is a convenient, stable, safe carrier for
targeted delivery at both gene and protein levels.

In the current study, we showed that recombinant GPH has
the capability of binding to and transporting DNA into target
cells. Thus, GPH may be considered as a strong gene carrier
candidate and will contribute to the development of gene
therapy.

About Animal Experiments

All experiments on live vertebrates were performed in
accordance with relevant guidelines and regulations, and the
institutional and/or licensing committee approving the
experiments. All applicable international, national, and/or
institutional guidelines for the care and use of animals were
followed.

Shuang Li, Xinhai Yu, Yuan Tian, Zehong Li, Yuhuan Yue, Fuguang Zhao, Guangmou Wu, Xin Zhao, Fei Shi, and Guoli Zhang,
“Introduction of Recombinant GnRH, Transmembrane Domain of PEA and Hyperthermophilic Archaea Histone (GPH) as a Novel Carrier
for Gene Transfer,” International Research Journal of Pharmacy and Medical Sciences (IRJIPMS), Volume 1, Issue 2, pp. 14-20, 2018.



V. ACKNOWLEDGEMENTS

This study was supported by the National Natural Science
Foundation of Chinaral Science Foundation of China (Grants
No. 31172165& 81370712). We are grateful to Professor Feng
Yan (Jilin University) for the kind gift of plasmid HPhA and
Dr. Ling Zhang, Dr. Junling Li, and Dr. Xinhai Yu for their
preliminary explorations of this work.

Conflict of interest
The authors declare that they have no conflict of interest.

REFERENCES

[1] El-Aneed A. An overview of current delivery systems in cancer gene
therapy. Journal of Controlled Release 2004; 94: 1-14.

[2] Weng L, Feng Y, Ji X, Cao S, Kosugi Y, Matsui I. Recombinant
expression and characterization of an extremely hyperthermophilic
archaeal histone from Pyrococcus horikoshii OT3. Protein Expression
and Purification 2004; 33: 145-152.

[3] Wedekind JE, Trame CB, Dorywalska M, Koehl P, Raschke TM, Mckee
M et al. Refined Crystallographic Structure of Pseudomonas aeruginosa
Exotoxin A and its implications for the Molecular Mechanism of
Toxicity. J. Mol. Biol 2001; 314: 823-837.

[4] Morlon-Guyot J, Méré J, Bonhoure A, Beaumelle B. Processing of
Pseudomonas aeruginosa exotoxin A is dispensable for cell intoxication.
Infect Immun 2009; 77: 3090-3099.

[5] Farajnia S, Peerayeh SN, Tanomand A, Majidi J, Goudarzi G, Naghili B
et al. Protective efficacy of recombinant exotoxin A-flagellin fusion
protein against Pseudomonas aeruginosa infection. Canadian journal of
microbiology 2015; 61: 60-64.

[6] Yao B, Huang WQ, Huang YF, Chui YX, Wang YM, Li HJ et al. A
study on the localization and distribution of GnRH and its receptor in rat
submaxillary glands by immunohistochemical, in situ hybridization and
RT-PCR. Life Sciences 2003; 72: 2895-2904.

[7] Limonta P, Montagnani Marelli M, Moretti RM. LHRH analogues as
anticancer agents: pituitary and extrapituitary sites of action. Exp. Opin.
Investig. Drugs 2001; 10: 709-720.

[8] Graeme JR, Ellen RB, Nancy MS. GnRH receptors and peptides:
Skating backward. General and Comparative Endocrinology 2014; 209:

118-134.
[9] Millar RP. GnRHs and GnRH receptors. Animal Reproduction Science
2005; 88: 5-28.

[10] Rispoli LA, Nett TM. Pituitary gonadotropin-releasing hormone (GnRH)
receptor: Structure, distribution and regulation of expression. Animal
Reproduction Science 2005; 88:57-74.

[11] Deng X, Sven K, Wu GM, Doreen A, Zhu YQ, Liu Y et al. Effect of
LHRH-PE40 on target cells via LHRH receptors. Journal Journal of
Drug Targeting 2008; 16: 379-388.

[12] Zhang J, Zhang BL, Tang JL. Effect of cancer drug LHRH-PE40 on the
elasticity of living HeLa cells. Science Direct 2014; 42: 811-816.

[13] Weng L, Liu D, Li YY, Cao SG, Feng Y. An archaeal histone-like
protein as an efficient DNA carrier in gene transfer. Biochimica et
Biophysica Acta 2004; 1702: 209-216.

[14] Wang YY, Wang Y, Zhan Y, Zhang JR, Liang WG, Fang XX et al.
DNA binding ability of histone-like protein HPhA is negatively affected
by interaction with Pb2+. Biometals 2015; 28: 207-217.

20

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

International Research Journal of Pharmacy and Medical Sciences

ISSN (Online): 2581-3277

Deng X, Zhang GL, Zhang L, Feng Y, Li ZH, Wu GM et al. Developing
a Novel Gene-Delivery Vector System Using the Recombinant Fusion
Protein of Pseudomonas Exotoxin A and Hyperthermophilic Archaeal
Histone HPhA. PLoS ONE 2015; doi: 10.1371/journal.pone.0142558.
Hellman LM, Fried MG. Electrophoretic mobility shift assay (EMSA)
for detecting protein-nucleic acid interactions. Nat Protoc 2007; 2:
1849-1861.

Stead JA, Keen JN, McDowall KJ. The identification of nucleic acid-
interacting proteins using a simple proteomics-based approach that
directly incorporates the electrophoretic mobility shift assay. Mol. Cell.
Proteomics 2006; 5: 1697-1702.

Vargas M, Segura A , Wu YW, Herrera M, Chou ML, Villalta M et al.
Human plasma-derived immunoglobulin G fractionated by an aqueous
two-phase system, caprylic acid precipitation, and membrane
chromatography has a high purity level and is free of detectable in vitro
thrombogenic activity. Vox Sanguinis 2015; 108: 169-177.

Ko KY, Ahn DU. Preparation of immunoglobulin Y from egg yolk using
ammonium sulfate precipitation and ion exchange chromatography.
Poultry Science 2007; 86: 400-407.

Ibraheem D, Elaissari A, Fessi H. Gene therapy and DNA delivery
systems. International Journal of Pharmaceutics 2014; 459: 70-83.
Mosammaparast N, Jackson KR, Guo Y, Brame CJ, Shabanowitz J,
Hunt DF et al. Nuclear import of histone H2A and H2B is mediated by a
network of karyopherins. J Cell Biol 2001; 153: 251-262.

Rosenbluh J, Singh SK, Gafni Y, Graessmann A, Loyter A. Non-
endocytic penetration of core histones into petunia protoplasts and
cultured cells: a novel mechanism for the introduction of
macromolecules into plant cells. Biochim Biophys Acta 2004; 1664: 230-
240.

Kaouass M, Beaulieu R, Balicki D. Histonefection: Novel and potent
non-viral gene delivery. Journal of Controlled Release 2006; 113: 245-
254,

Zaitsev SV, Haberland A, Otto A, Vorob'ev VI, Haller H, Bottger M. H1
and HMG17 extracted from calf thymus nuclei are efficient DNA
carriers in gene transfer. Gene Ther 1997; 4: 586-592.

Fritz JD, Herweijer H, Zhang GF, Wolff JA. Gene transfer into
mammalian cells using histone-condensed plasmid DNA. Hum Gene
Ther 1996; 7: 1395-1404.

Hasselmayer O, Demirhan I, Chandra A, Bayer M, Miiller R, Chandra P.
Inhibition of histone-mediated gene transfer in eucaryotic cells by anti-
histone 1gG. Anticancer Res 2001; 21: 2377-2286.

Demirhan 1, Hasselmayer O, Chandra A, Ehemann M, Chandra P.
Histone-mediated transfer and expression of the HIV-1 tat gene in Jurkat
cells. 3 Human Virol 1998; 1: 430-440.

Puebla 1, Esseghir S, Mortlock A, Brown A, Crisanti A, Low W. A
recombinant H1 histone-based system for efficient delivery of nucleic
acids. J Biotechnol 2003; 105: 215-226.

Wu C, Soderhall K, Séderhéll 1. Two novel ficolin-like proteins act as
pattern recognition receptors for invading pathogens in the freshwater
crayfish pacifastacus leniusculus. Proteomics 2011; 11: 2249-2264.
Lucius H, Haberland A, Zaitsev S, Dalliige R, Schneider M, Béttger M.
Structure of transfection-active histone H1/DNA complexes. Mol Biol
Rep 2001, 28: 157-165.

Liu H, Soderhall I. Histone H2A as a transfection agent in crayfish
hematopoietic tissue cells. Dev Comp Immunol 2007; 31: 340-346.

Shuang Li, Xinhai Yu, Yuan Tian, Zehong Li, Yuhuan Yue, Fuguang Zhao, Guangmou Wu, Xin Zhao, Fei Shi, and Guoli Zhang,
“Introduction of Recombinant GnRH, Transmembrane Domain of PEA and Hyperthermophilic Archaea Histone (GPH) as a Novel Carrier
for Gene Transfer,” International Research Journal of Pharmacy and Medical Sciences (IRJIPMS), Volume 1, Issue 2, pp. 14-20, 2018.


http://med.wanfangdata.com.cn/Paper/Search?q=%e4%bd%9c%e8%80%85%3a(Kaouass%2c+M)
http://med.wanfangdata.com.cn/Paper/Search?q=%e4%bd%9c%e8%80%85%3a(Beaulieu%2c+R)
http://med.wanfangdata.com.cn/Paper/Search?q=%e4%bd%9c%e8%80%85%3a(Balicki%2c+D)

