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Summary

Accepted 04 Sep 2014

Pluripotency is a central feature of stem and cancer cells. This feature enables cancer cells to self-renew and
trans-differentiate. In this editorial, it is hypothesized that in cancer cells synchronized events rather than segmented

procedures may lead to pluripotency.

Keywords: Pluripotency, Stem cells, Cancer cells

The state of pluripotency is operationally

defined by self-renewal and a capacity to
differentiate into multiple lineages. However,
numerous features have also been discovered that
contribute to pluripotency and immortality. These
features include high level of transcription, open
chromatin and nuclear organization, re-expression
of telomerase, activation of c-myc network, activity
of specific transcription factors, and utilization of
certain cell signaling pathways. In certain
pluripotent states like what is existent in primordial
germ cells, some other features like migratory
behavior has also been observed.

Recent findings indicate that cancer cells and
pluripotent cells (embryonic stem cells, adult stem
cells, and primordial germ cells in some in vitro
conditions) possess and use similar features. It
seems that features of open organization of
chromatin and increased level of transcription are
shared between cancer and pluripotent cells
(Dehghani et al., 2005, Efroni et al., 2008, Gaspar-
Maia et al., 2011). Similarly, the increased activity
of stemness transcription factors has been
documented in both cancer and stem cells
(Apostolou et al., 2012, Liu et al., 2013). On the
other hand, the myc regulatory network frequently
known for its involvement in cancer is also
characterized to be a major player of pluripotency

*Corresponding author E-mail:
Member of Editorial Board, JCMR
dehghani@um.ac.ir
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(Hurlin et al., 2013, Hirasaki et al., 2013, Chappell
et al.,, 2013, Hann et al.,, 2014). W.ith these
similarities in mind and considering that cancer
cells partially fulfill the requirements for the
operational definition of stem cells, ability to self-
renew and trans-differentiation into different cells
(Sabe et al., 2011, Barneda-Zahonero et al., 2012,
Shekhani et al., 2013), the important question that
arises is that if the pluripotency feature is necessary
for the cancerous nature of cancer cells, and
whether this feature ever contributes to the
pathogenesis of cancer.

Becoming a cancer cell is a much more coordinated
and synchronized phenomenon that could be
justified only by segmented cellular events such as
mutations, cell-cycle control  defects, and
disengagement of apoptotic mechanisms. Inspired
by Gottfried Wilhelm von Leibniz, the 17" century
philosopher, there could be a pre-established
synchronization and harmony among different
features in order to reach a specific state of activity
or a specific nature like cancer. Perhaps it is a
harmony and synchronization between different
features that provides a new identity for cancer
cells. This is in prominent contrast to the idea that it
is a disharmony and dysregulation that brings about
cancer. If after all cancer is the result of a harmony
of selected cellular features and abilities, there will
be no doubt that the stemness and pluripotency is
one of the most central features of cancer, which is
actively regulated in sync with other cellular
features.
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Abstract

MicroRNAs constitute a group of small non-coding RNAs that negatively regulate gene expression. Aside
from their contribution to biological and pathological pathways, altered expression of microRNAs have been
reported in bio-fluid samples, such as serum etc. To employ serum's microRNAs as potential biomarkers, it is
crucial to develop an efficient method for microRNA quantification, avoiding pre-analytical and analytical
variations which could affect the accuracy of data analysis. Here, we optimized a real-time PCR quantification
procedure for microRNA detection in serum samples. Serum total RNA was extracted using two different
RNA isolation methods, one based on phenol-chloroform and the other based on silica column. To investigate
a potential PCR inhibitory effect, different RNA amounts were subjected to reverse transcription. Moreover to
assess the enzymatic efficiency, synthetic exogenous microRNAs was spiked into the mixture. To find a
reliable internal control gene for normalizing the microRNA quantification, the amounts of 8 candidate non-
coding RNAs including SNORD38B, SNORD49A, U6, 5S rRNA, miR-423-5p, miR-191, miR-16 and miR-
103 were assessed on serum samples. Altogether, our data demonstrated that the silica-based method was more
efficient for microRNA recovery. Furthermore, increasing the input volume of the extracted RNA would
dramatically increase inhibitors’ amounts which could end up in a larger Cq values. Therefore, the best input
volume of RNA turned out to be 1.5 microliter/reaction. Among the 8 aforementioned internal controls, U6,
SNORD38B and SNORD49A showed low levels of expression, and were undetectable in some samples.
Amongst the others, 55 rRNA, had the biggest standard deviation which could significantly affect data

analysis. MiR-103 with the least variations appeared to be the best normalizer gene.

Keywords: MicroRNA recovery, Real-time PCR quantification, Normalizer gene

Introduction

microRNAs (miRNAs) are a group of ~20
nucleotides non-coding RNAs that negatively
regulate gene expression of their targets (Bartel,
2004). More than 60% of human protein-coding
genes contain miRNA binding sites in their 3’UTR
(Friedman et al., 2009). By direct binding to their
mRNA targets, miRNAs play important roles in
most cellular and developmental processes, and
hence have been implicated in a large number of
human diseases (Kloosterman and Plasterk, 2006).
In parallel to their contribution to biological
pathways, miRNA could be also easily detected in
biofluid samples such as serum, urine, saliva (Ajit,

*Corresponding authors E-mail:
simowla@modares.ac.ir
shamsa@nigeb.ac.ir

2012). The ease of tracing them in biofluid
samples, along with their unique signature of
expression in various diseases have made
microRNAs a new generation of biomarkers
(Etheridge et al.,, 2011). Although the exact
function of secreted mMIRNAs is not fully
understood (Chen et al., 2012), but recent findings
indicate that cells can uptake secreted miRNAs as
exogenous signals to fine-tune their interior
regulatory network (Kosaka and Ochiya, 2011;
Mittelbrunn and Sanchez-Madrid, 2012; Wang et
al., 2010). It is also demonstrated that specific
patterns of cell-free miRNAs are related to different
pathological states (Brase et al., 2010; Fan
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et al., 2013; Taylor and Gercel-Taylor, 2008).

Due to growing propensity toward using cell free
miRNAs as biomarkers it is critical to develop an
efficient method for miRNAs evaluation to avoid
pre analytical and analytical pitfalls while working
with serum samples (Gilad et al., 2008; McDonald
et al., 2011). One of the most important sources of
pre-analytical variations is RNA extraction step
(Eldh et al., 2012; McDonald et al., 2011) because
of low concentration of RNA and abundance of
proteins in serum samples, it is of great importance
to choose a reliable RNA isolation method,
otherwise loss of RNA load and co purification of
PCR inhibitors could cause considerable deviation
of the result and misleading data (Kroh et al., 2010;
Mraz et al., 2009).

Although technical variations are inevitable,
finding and applying a suitable internal control
gene to normalize gPCR data would be an
appropriate way to minimize analytical variations.
Successful biomarker discovery projects are
dependent on controlling for these sources of pre-
analytical and analytical variations. To address
aforementioned pitfalls, two conventional methods
for serum RNAs recovery were compared.
Moreover to minimize the effect of serum derived
inhibitors the optimal starting volume of extracted
RNA in cDNA synthesis step was evaluated.
Furthermore, we showed the importance of a
reliable normalizer gene for miRNA @PCR
analysis.

Materials and methods

Blood collection and plasma preparation

Whole blood samples were collected from 20
healthy donors and directly drawn into serum
separator tube (BD Vacutainer, Plymouth, UK).
They were incubated for 1 hour at room
temperature and then centrifuged for 15 min in
2500g. The clear supernatant was harvested in
nuclease free tubes and stored in -80°C until further
investigations.

RNA extraction

Each serum samples was divided into two 200 ul
portions. One was subjected to phenol-chloroform
RNA extraction, using Trizol LS reagent
(Invitrogen, USA). The other aliquot was used in
silica column based RNA extraction, using
miRNeasy mini kit (Qiagen, Germany). All Serum
samples were completely thawed on ice and then,
20 fmol of synthetic Caenorhabditis elegans
miRNA was spiked into the mixture. Extraction
procedure was performed according to the
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manufacturer’s instruction for both RNA isolation
methods. In column based method, before adding
Qiazol, MS2 RNA (Roche Applied Science) was
added to each sample at the final concentration of 1
pg pl-1 to increase the yield of miRNA extraction.
Adding this carrier would increase the final
recovery of miRNA during extraction.
Reverse transcription

Synthetic spiked-in miRNA, miR-21 and 5s
rRNA were reverse transcribed by commercially
available primers (exigon) and The mIRCURY
locked nucleic acid universal cDNA synthesis kit
(exigon, Denmark). In order to minimize PCR
inhibitory effect of the serum derived RNA, several
volume of RNA sample input were tested including
05 2,1, 1.5, 3 and 6 ul of RNA were reverse
transcribed in a 10-ul reaction volume. Other
reagents were applied according to the company’s
protocol. A non-template reaction, containing only
exogenous synthetic spiked-in miRNA (a high
quality RNA provided by exigon), was considered
as a control to determine the exact cDNA synthesis
efficiency and also monitor PCR inhibitory effect.

cDNA for miRNA profiling, was synthesized
using miRCURY locked nucleic acid universal
cDNA synthesis kit following manufacturer’s
instruction.

Real-time PCR

Quantification of the synthetic spiked-in
miRNA, miR-21 and 5s rRNA was done in 20-ul
PCR reaction using the miRCURY SYBR Green
kit and specific primer mix (exigon, Denmark)
through ABI 7500 Instrument (7500 Applied
Biosystems, USA). All reactions were performed in
duplicates. LinReg software was used to evaluate
the PCR reactions efficiency.

Table 1. Statistical values of 8 candidates reference genes

Columnl min max std average
SNORD49A 36.61 40 1.54 38.26
miR-423-5p 30.58 | 33.95 1.02 32.21

miR-103 2764 302 0.74 28.73

miR-191 30.08 @ 33.05 0.97 31.68
SNORD38B 35.76 40 1.90 37.51

miR-16 26.68 @ 30.23 1.02 27.67

5s rRNA 20.07  34.15 3.21 26.63

u6 snRNA 32.98 40 213 36.13
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40

LNA human miRNA Real-

35

time PCR panel | and
miRCURY SYBR Green kit

Cq values

for miRNA profiling
experiments on serum RNA,

—+—kit

25 %

with LightCycler instrument
(Light Cycler 480, Roche

20

=—trizol

Company, Germany). g-PCR
data of 7 candidate reference
genes including SNORD38B,
SNORD49A, U6, miR-423-

-144
-424

hsa-mir-451
hsa-mir-16

hsa-mi
hsa-mi
hsa-mi
hsa-mi

LLLLLL

hsa-|

mir-766
-324-3p
-574-3p
-331-3p
mir-495
hsa-mir-17
hsa-mir-29b

hsa-mir-222
hsa-mir-192
S14r1914+0+41
hsa-mir-301a
hsa-mir-589
hsa-mir-584
hsa-mir-335

hsa-mi

hsa

hsa-mir-151-5p
hsa

hsa-mir-140-3p

hsa-mi
hsa-mi
hsa-mi

5p, miR-191, miR-16 and
miR-103, provided in panel I
and also of 55 rRNA (not
provided in panel and was
obtained using a separate reaction on samples),
were use for finding an eligible internal control in
serum (table 1).

Statistical analysis

Standard deviations and student t test p values
were calculated by GraphPad software and MS
EXCEL. P values less than 0.01 considered to be
significant.

Results
Pre-analytical optimization

Optimizing RNA recovery

One of the most challenging steps of miRNA
guantification in serum samples is RNA extraction
which is also considered as a source of pre-
analytical variations. In addition to small RNAs
loss during isolation step, potential PCR inhibitors
could be introduced into the extracted RNA. After
reviewing several related publications, we decided
to test two frequently used isolation methods; first,
extraction with Trizol® LS reagent which is based
on phenolchloroform method and second isolation
by miRNeasy mini kit that depends on silica filter
column. The ability of two different RNA isolation
methods for miRNAs recovery was investigated
through gPCR. Our results showed superior
recovery of miRNAs by the kit, with an average
reduction in Ct values of 3.329 on all types of
miRNAs, including those which are highly
expressed (miR-21; miR-16) or those with very low
amounts of endogenous transcripts (miR-192;
miR423-5p). gPCR profiling on 20 normal samples
showed that out of 380 miRNAs, included on panel
I, only 68 miRNAs were detected in RNA samples,
purified by Trizol (Cq <35 was included in
analysis). Surprisingly this amount increased to 114
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Fig. 1 Comparison of raw Cq values of 100 highly expressed microRNAS in two
differentially extracted RNA samples groups

miRs in the kit purified RNAs. Comparison of raw
Cq values of 100 highly expressed miRNAs in two
differentially extracted RNA samples groups is
shown in figure 1.

Evaluating the presence of inhibitors

Considering the low (minute) amount of secreted
miRNA in serum samples, it is tempting to
maximize the amount of input RNA used per
reactions to compensate for such a low RNA vyield.
However, our data revealed that increasing the
input amount of RNA could dramatically increase
inhibitor amounts and end up in a larger Cq value.
For example, miR-21’s Cq value which was 28 for
1.5-ul RNA input reactions, increased to 40 when
3-ul RNA input was applied in the cDNA synthesis
step.

Considering the Cq value of spiked-in in the non-
template reaction as baseline we concluded that the
volume of 1.5 pl RNA input has the minimum PCR
inhibitory effect among five different examined
volumes (fig 2). Moreover our analysis on two
endogenous noncoding RNAs (5s rRNA and miR-
21) was in accordance with spiked-in data (fig 3).

Analytical considerations

To find a reliable internal control gene, 8 non-
coding RNA candidates available on panel | gPCR,
were assessed on serum samples. Some of these
genes including U6, SNORD38B and SNORD49A
showed low level of expression which lead to their
exclusion from further analysis. Statistical
assessment on the remaining candidates indicate
that miR-103 with the lowest standard deviation is
the best normalizer gene. Surprisingly 5s rRNA, a
frequently used internal control in miRNA studies,
had the largest standard deviation. To have better
insight on internal control effect on data analysis,
we normalized miR-143 expression using miR-103
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and 5s rRNA on 10 individuals (Fig. 3). As shown
in the graph, normalizing Mir-143 expression using
5s rRNA gives a mean value of 8.7 while this value
decreased to 4.1 when normalized by miR-103 (p
value <0.0001). This large amount of variation
could significantly affect the level of expression.
Our other finding was in agreement with this
statement that 5s rRNA cannot be a reliable internal
control gene. As when we used an expired cDNA
synthesis kit to evaluate robustness of 5s rRNA for
evaluating the enzymatic efficiency, Cq values of
5s rRNA were near the mean range, while none of
other targeted miRNAs were detected.

40
35 / —*
30 >~
‘ 25
»
| 2
| ®20 —&—sample 1
g / sample 2
15 ¥
=
‘ 10
| 5
‘ 0
‘ ntc 15 2 3 4 6

#ig. 2 Comparison of different volume of RNA sample inputr to
find the volume with minimum inhibitory effect.

1 5s rRNA
2 miR-21
@0 spike

Figure 3. Comparison of Cq value of 3 targetes in 3 different
volumes

Discussion

Recent studies introduce serum miRNASs as
promising non-invasive biomarkers for varied
biological and pathological conditions. Despite the
accessibility and their ease of use, mMIRNAs
quantification in bio-fluid are subjected to many
technical challenges which should be addressed
prior to starting the procedure.

The small amount of secreted RNA in serum
samples make it critical to choose a robust RNA
extraction method to ensure recovery of maximum
RNA load. Herein, we demonstrate that silica
column based RNA isolation methods are more
efficient than the widely used phenol-chloroform
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methods. Moreover, organic particles are carried
over during isolation step and high level of protein
inhibitors in serum samples; make it crucial to
evaluate the best starting input volume for
minimizing inhibitory effects. Finally To achieve
reliable and also reproducible gPCR data, non-
biological variations, resulting from technical
inconsistencies should be corrected using an
appropriate reference gene, although finding a
suitable reference gene for miRNA quantification
in bio-fluid samples is a problematic step. Our
findings revealed that non-miRNA reference genes
like U6 and 5s rRNA could not be considered as
powerful normalizers. Aside from large standard
deviations they could not represent the actual
efficacy of enzymatic reactions. This could be due
to minute amount of MiRNA compared to abundant
RNA fraction of 5s rRNA in serum samples.
Therefor the discrepancy in frequency of these two
groups of non-coding RNAs (miRNA and rRNAS)
leaves 55 rRNA out of potential miRNAs
normalizer genes.
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Abstract

Microglial cells are the subset of macrophages in the central nervous system (CNS). Changes in the CNS
such as injury or developmental events cause morphological and physiological changes in microglial cells. In
this study organotypic brain slice cultures under serum free condition were used to investigate the morphology
and lectin histochemistry of microglia and macrophages in the CNS in vitro. Microglial cells exhibited
dramatic morphological changes in the organotypic brain slice culture. Immediately after slicing microglias
were seen to have the same morphology as they do in the intact brain: they had small cell bodies from which
radiated several highly ramified processes. After 1 day in vitro (DIV) all microglia transformed into an active
form with round soma and no processes. At 5 days in vitro, and especially at 9 days in vitro, many of the
microglia had tended to return to the ramified phenotype. The expression of different carbohydrates was
examined at the 0, 1, 5 and 9 days in vitro time periods by employing Lycopersicon esculentum tomato lectin
(LEA lectin) and Sambucus nigra (SNA). Microglial cells with different morphology intensely stained with the
LEA. SNA stained the ramified microglia only after they re-ramified at 5 DIV and 9 DIV. The results of this
study confirmed that the expression of carbohydrate structures in these cells would undergo changes

corresponding to the changes in morphology.

Keywords: Microglia, Macrophage, phagocyte, Lectin, in vitro

Introduction

Microglial cells are the subset of macrophages in
the central nervous system (Guillemin and Brew,
2004). Changes in the CNS such as injury or
developmental events cause morphological and
physiological changes in microglia.
Morphologically three types of microglia can be
considered which are ramified, amoeboid, and
intermediate (Rezaie et al.,, 2004). Resting or
ramified microglial cells are found in normal,
healthy CNS and they have an immune survival
role (Czapiga and Colton, 1999). Any kinds of
infection or damage can activate the microglias
with change to round shapes as well as up-regulates
their cell-surface antigens and contain a high
proportion of hydrolytic enzymes contributing to
their activated phagocytic properties (Kaur et al.,
2007; Ling and Wong, 1993).

Microglial cells are labelled by many of the same
antibodies as monocytes. For example, both
microglia and macrophages are recognised by
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monoclonal antibodies against CD68, CD45,CD11c
and CD 11b (Fischer and Reichmann, 2001; Rezaie
et al.,, 1999). In addition to antibodies directed
against proteins expressed by macrophages and
microglia, lectins have become increasingly used to
examine these cells. A variety of lectins have been
shown to bind to both microglia and macrophages
in the CNS (Colton et al., 1992; Czapiga and
Colton, 1999). The changes of carbohydrates in cell
surface have been shown to play an important role
in immune defence (Boyzo et al., 2003; Mackowiak
et al., 2007; Suzuki et al., 2005). Further
characterization of carbohydrate structures might
enable the identification of structures uniquely
associated with particular macrophage and
microglial phenotypes and functions.

In this study the differentiation of microglia in
vitro and characterizing aspects of cell surface’s
carbohydrates has been examined by using
Sambucus nigra Agglutinin (SNA) also called
Elderberry bark lectin and Lycopersicon esculentum
agglutinin - (LEA) lectin. SNA lectin binds
preferentially to sialic acid attached to terminal
galactose in a-2-6 and to a lesser degree
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o-2-3 linkage. LEA lectin is composed of single
polypeptide that can bind poly N-acetyl
lactosamine oligomers (Acarin et al., 1994). We
have detected expression of these different
carbohydrate  structures in  microglia and
macrophages over nine days of organotypic culture
of neonatal brain slices and also in intact brains of
neonatal rats. It was hypothesised that the
expression of carbohydrate structures in these cells
would undergo changes corresponding to the
changes in cell morphology.

Materials and methods
Organotypic brain slice culturing

Brain slicing

Sparge Dawley rat pups age between postnatal
days (P) 0 to 8 days old were used for brain slicing
as it has been described before (Lari et al., 2012).
Briefly, in a laminar flow hood rat pups were
sacrificed by decapitation. The brain where quickly
desiccated from the head in the ice-cold slicing
buffer and attached to a chuck with super glue.
Warm agar (37-40°C) swirled around the brain to
provide support for the brain during the cutting of
250 pum thick slices on a Leica VT 1000 vibratome.

Brain culture

After cutting, the agar was gently removed from
around the slices. 1 ml of cold (4°C) culture
medium (see below) was placed in the wells of 6-
well tray. Sterile Millicell-CM 30mm-diameter
transparent culture inserts (Millipore) were used for
brain slice culture. A glass Pasteur pipette was used
to gently transfer the brain slices to the inserted
membrane. Usually, two slices were placed in each
membrane. The slices were kept in 4°C in sterile
serum free Minimum Essential Medium (Sigma M-
3024) (MEM) for the next two hours, and then
refreshed with a change of the serum free MEM
from cold 4°C C to warm 37°C. The cultures were
placed in an incubator at 37°C in a 5% CO, 95% O,
atmosphere. The MEM was changed every two
days. The cultured tissue was kept in an incubator
for 1 day, 5 days or 9 days.

Cultured tissue fixation

Culture brain slices were fixed with Bouins
fixative by replacing the medium inside the culture
dish with Bouins fixative overnight in room
temperature. To avoid over fixation the Bouins was
then replaced with 70% ethanol.
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Agar embedding of slice cultures

To prepare the cultured tissues for paraffin
embeds warm agar in liquid form was added to the
insert containing the tissues. After 30 minutes in
room temperature the agar sets to solid form, thus
supporting the tissue during the processing. A
scalpel was used to gently cut around the
membrane and agar freeing it from plastic insert.
The agar with tissues inside it put in 70% ethanol
and then processes for paraffin embedding. These
brain slices were embedded in one of two different
ways, either "flat", to enable sections of the entire
face (en face) of the slice to be cut, or "edge on", to
allow cross sections of the brain slices to be cut.
Sections cut at 6 um were floated onto 0.1% gelatin
coated slides.

Perfusion-fixation the brain

Two P13 rats were deeply anesthetized (100
mg/kg Nembutal i.p.), and their hearts exposed by
thoractomy. Under the fume hood and at the room
temperature a cannula connected to the constant
pressure perfusion apparatus was inserted into the
left ventricle and the right atrium was cut to serve
as an outlet. Blood and plasma proteins were
removed by perfusing the animals with 0.1 M PBS
for 2-3 minutes. The brains and livers were fixed by
perfusion of Bouins fixative for 1-2 minutes. The
tissues were removed and kept in the Bouins
fixative overnight.

Lectin histochemistry

Lectin staining of paraffin sections

Paraffin sections of the cultured brain slice
tissues that were 0 DIV, 1 DIV, 5 DIV and 9 DIV
were de-waxed in Histolene and hydrated from
absolute ethanol to 70% ethanol and then into PBS.
Sections were incubated with biotinylated
Lycopersicon esculentum agglutinin (LEA) and
Sambucus nigra Agglutinin (SNA) lectins (vector
Laboratories, Inc.CA). Lectin was made up at a
diluted of 1:3000 in fish gelatin blocker solution.
After 24-48 hours they washed (4x5 times) in 0.1M
PBS (0.1 M and pH 7.4). Lectin binding that
remained after the washes was visualized by the
avidin-biotin-HRP localization of biotinylated
lectins. A 1:100 dilute solution of Avidin -Biotin
Complex (ABC; vector Laboratories, CA) was
made up in 0.1M PBS and applied to the sections
for 12-24 hours. The sections were washed again
(4x5 times in PBS) and reacted with 0.05% of
diaminobenzadine (DAB) and 0.01% hydrogen
peroxide (H,0O,) in PBS.
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Microscopy and imaging

Lectins stained sections were viewed with
bright—field and Nomaski (DIC) microscopy (Zeiss
Axioskop II). Micrographs were obtained with a
Nikon digital SLR attached to the lightpath of the
microscope; acquired images were adjusted for
brightness and contrast using the Adobe
Photoshop® software.

Results

General changes in brain slices during culture in
vitro

In order to investigate microglial morphology
LEA lectin was considered as a reliable type of
lectin for microglial and macrophages (Velasco et
al.; 1995, Acarin et al.,, 1994). In addition to
macrophages and microglia, LEA also binds to
endothelium, but it was considered that there would
be no ambiguity in the identification of
endothelium versus macrophages and microglia in
the brain tissues.

Once cut and placed into culture (day 0), many
of the microglial cells appeared with the typical
morphology of resting microglia - they were highly
ramified with small cell bodies. The thin
cytoplasmic processes were multi-branches that
tend to all directions (Fig. 1A). Many of the
ramified cells located in the middle of the en face
slices. The cross sections of the slices revealed that
the branches were oriented in various directions
(data not shown). At this time also some
macrophages with round or oval cell body were
observed, these were seen in the en face sections to
be located mostly towards the in the edge of the
slices.

After one day in vitro (1 DIV) some
macrophage-like cells had started to migrate from
the slices onto the membrane, which gave the edges
of the slices an uneven appearance. These cells
were apparently evenly distributed in the en face
sections and cross sections of the brain slices. At
this time dramatic changes had occurred in the LEA
positive cells. All the LEA positive cells exhibited
the active morphology of cells classified as
ameboid microglia, with round or irregular cell
body and no, or few, short cytoplasmic processes
(Fig. 1C). These processes were probably due to the
phagocytic action of the cells at that time.

After 5 DIV the slices adhered to the membrane
and in the edge tended to flatten due to migration of
cells (some clearly had a macrophage-like in
morphology). At this time a large portion of
microglial cells was developed towards a more
ramified appearance, although round or ovaloid
cells without any processes were still present (Fig.
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1D and E). Labelled macrophages at 5 DIV
appeared to have weaker LEA reactivity than at 0
DIV and they appeared to be smaller and had
smaller nuclei than macrophage cells seen at 1DIV,
but a few big macrophages still could be observed
(Fig. 1E). Most of the macrophages were located
around the edge of the slides and appeared less
labelled than 0 DIV and 1 DIV. The ramified cells
had short branches and stained less intensely than
the macrophages (Fig. 1D). Most of the ramified
cells were located in the middle of the slice.

At 9 DIV further development towards
ramification had taken place. Few ovaloid cells
could be seen around the edges (Fig. 1G). The
tissues were flatter and strongly adhered to the
membrane. Although adherence is believed to be
due to the proliferation and growth of astrocytes
that extend their presses into the insert membrane
(Stoppini et al., 1991), the 9DIV specimens in this
study revealed cellular processes in the insert
membrane that were stained with lectins. Therefore,
growth of microglial or endothelial processes into
the membrane is also a possibility. Majorities of
cells were highly ramified with long multi-branches
processes that looked to eyes longer and thicker
than 0 DIV. Microglial cell bodies were small with
multi-branch cytoplasmic processes projecting in
all directions (Fig. 1F). A few macrophages also
reacted with LEA; these were located around the
edge of the slices. Almost no blood vessels were
detectable. In sections from perfusion-fixed P13 rat
brain all the microglial type cells had small cell
body and were highly ramified with branches in all
directions (Fig. 1H). In addition to ramified
microglias, there were very few highly stained
macrophages in the P13 brain with round or oval
cell body with no cytoplasmic processes (Fig. 11).
The macrophages mostly located around the
ventricle and also in the sub-cortical white matter.

Sambucus nigra Agglutinin (SNA)

This lectin appeared to label cytoplasmic side of
macrophages evenly (Fig. 2B). At 0 DIV there was
little evidence of binding to microglia (Fig. 2A),
but blood vessels were strongly and evenly stained
(Fig. 2B). At 1 DIV this lectin intensely stained
some organelle of cells (Fig. 2C). The blood vessels
were also labelled with the SNA. In contrast with O
DIV most of the blood vessels had beaded
appearance. It appeared that there was a general
staining of the extra-cellular regions. After 5 DIV
some ramified cells weakly reacted with SNA (Fig.
2D). Many macrophages were labelled with SNA
as well and some of them had few cytoplasmic
processes (Fig. 2E).
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Fig. 1 Microglial changes in brain slices culture in vitro: brain
slices fixed at different time points in and stained for LEA.
Slices at 0 DIV (A) and (B); (A) Ramified microglia stained
with LEA exhibiting long thin processes (long arrows).
Neuronal cell bodies were unstained (arrowheads). (B) LEA
positive macrophages: reactivity was observed in the
cytoplasm and plasm membrane. LEA also labels blood vessels
(arrow). (C) At 1 DIV LEA stained activated microglial.

Slices at 5 DIV (D) and (E); (D) LEA stained ramified cells
with short-branched processes. (E) LEA positive macrophages,
some with a few cytoplasmic processes (arrow) and some
without any processes. Slices at 9 DIV (F) and (G): (F) LEA
stained highly ramified microglia with long multi-branched
processes (arrows) (G) a cross section of LEA stained ramified
microglia. These cells were distributed throughout the depth of
the slice extended and cytoplasmic process in different
directions -some eventually growing into the insert membrane
(arrow). Perfused-fixed P13 brain (H) and (I): (H) LEA
positive microglial cells in the sub cortical grey matter (arrows)
(1) Macrophages with round or oval cell bodies with no or a
few cytoplasm process and darkly stained with LEA( big arrow
head). Blood vessels also stained. Scale bar: 25 pm in all
panels.
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Fig. 2. SNA staining of microglial and macrophages in
organotypic brain slice cultures.

Slices at 0 DIV (A) and (B); (A) Cross-section of the brain
slice revealing some ramified cells that were faintly stained
with SNA. (B) SNA appeared to label macrophages (long
arrow) and strongly stained blood vessels (arrowhead) as
well as some staining of entities in most or all cells giving the
impressioof a general background staining. (C) At 1 DIV
SNA strongly stained some parts of cells. Slices at 5 DIV (D)
and (E); ramified cells weekly reacted with SNA (arrows).
Many macrophages were labelled with SNA as well. Slices at
9 DIV (F) and (G): (F) 9 DIV SNA had a weak reaction with
a few ramified cells (arrows) (G) some macrophages stained
with SNA. In perfused-fixed P13 brain (H) and (I) SNA
stained some macrophages and blood vessels but no ramified
cells. Scale bar: 50 um in panel A, 25 um in all other panels.

SNA also barely labelled the blood vessels and
some background cells. At 9 DIV although the
background was highly stained, SNA had a weak
reaction with some ramified type cells and also
some macrophages (Fig. 2G). The macrophages
were the same size as macrophages in 0 DIV. This
lectin in P13 brain only labeled a few macrophages
around the ventricle and in the cortex (Fig. 2H). No
ramified microglia reacted with SNA. These results
are summarised in table 1. Some macrophages and
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blood vessels labeled with SNA lectin at P13 (Fig.
2H and 1).

Table 1. Summary of lectins staining in normal brain and
culture

P13
brain

++

0DIV 1 5 9
DIV | DIV | DIV

++ ++

Lectins

LEA R.microglia ++

macrophages | +++ +++ +++ +++

SNA R. microglia

++ ++

macrophages +++ +++ +4++ 4+ T+

Discussion

The organotypic brain slice culture used for
investigating microglial function change was first
described by (Hailer et al., 1996), but the few
subsequent studies that have employed this method
have not significantly extended this initial
description of microglial activation and re-
ramification. Most of the histochemical changes in
microglia and macrophages of the CNS have been
on the fixed intact brain or mixed glial primary
cultures (Ananth et al., 2003; Song et al., 2006).

In the current study, the brains of rats age
between 0 to 8 were used because at this age, there
is a peak in the density and the ramification of
microglia (Navascues et al., 2000), thus this age
brain can support (or is at least permissive to) the
development of microglia. During the slicing
procedure, the brain was dissected out quickly in
the 4°C hyperosmotic buffer to minimize cell
swelling  glutamate-mediated  toxicity.  Also,
calcium free condition Mg®* was added to minimize
mediated toxicity and in result, reduces the cell
death in culture. The serum free conditions were
used to prevent serum stimulation on activating
microglia and also possibly to limit the proliferation
of astrocytes (Czapiga and Colton, 1999). The
common use of fetal serum on microglial cultures
appears to maintain these cells in an activated state
(Czapiga and Colton, 1999).

The detection of poly N-acetyl lactosamine
residues by LEA lectin resulted in staining of both
macrophages and ramified microglia in the intact
and cultured brain (Billiards et al., 2006; Rezaie et
al., 2005). Previous studies have demonstrated N-
acetyl lactosamine associated with glycoproteins in
the cell surface and lysosomal membrane (Carlsson
and Fukuda, 1990). The cytoplasm of macrophages
would be expected to contain numerous secretory
granules and lysosomes with high level of N-acetyl
lactosamine due to their phagocytic action in
removing dead cells (Acarin et al., 1994). It can be
the reason that macrophages and the activated
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microglia invariably exhibited more intense
staining that the ramified microglia. Endothelial
cells in blood vessels also stained with LEA lectin,
in sections from intact and from cultured brains.
However, the blood vessel labelling appeared to
change over time in the cultures: at 0 DIV blood
vessels similar to normal brains evenly stained with
LEA but after 1 DIV and at 5 DIV they had lumpy
appearance. After 9 DIV only a few blood vessels
labelled with the LEA. One possible explanation
for these changes could be the blood vessels were
degenerating, or reorganising, in the organotypic
brain slice culture after a few days - presumably
due to the loss of blood flow within.

SNA has been reported to label microglia in
meningoencephalitis (Lutsik et al., 1991) and in
Alzheimer's disease (Zambenedetti et al., 1998).
Sialic acid has also been reported to play an
important role in the activation of macrophages by
facilitating attachment of bacteria to macrophages
(Maganti et al., 1998). It has been reported that the
level of sialoglucoconjugated was changed in
several diseases such as cancer, diabetes and
rheumatoid arthritis (Alturfan et al., 2007; de
Castro et al., 2008; Holzhauser and Faillard, 1988;
Maruhama et al., 1983). As SNA did not label
microglia at day O and also in the P13 brain, but it
strongly interacted with re ramified microglia in
day 5 and day 9. These results indicated that re-
ramification increased the expression the level of
sialic acid attached to terminal galactose in a-2-6 or
o-2-3. Therefore, SNA could be a modulator for
stress on ramified microglia cells.

Sialic acid is known to involve in neural
plasticity in the adult CNS. It changes in hormonal
patterns, adaptations to pain and stress, and aspects
of learning and memory (Rutishauser, 2008) and
also it has role in microglia-neuron interactions
(Wielgat and Braszko, 2012). Therefore, increasing
the level of sialic acid after re-ramification of
microglia may play a key role in repair of adult
CNS tissue.
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Schizophrenia is a sophisticated mental disability which has affected nearlyl.1% of people all over the world.
According to recent researches, the key proteins triggered in the immune system are cytokines which might also be
taking part in the pathogenesis of schizophrenia. The aim of this study was to evaluate the relationship between the
-1082G/A and +874T/A polymorphisms of IL-10 and IFN-y genes, respectively, in patients with schizophrenia.
Total of 94 schizophrenic patients and 97 individuals as control samples were enrolled in this study. All samples
were genotyped by amplification mutation refractory system-polymerase chain reaction (ARMS PCR) for candidate
SNPs in IFN-y and I1L-10 genes. No significant association was found among various genotypes of IFN-y and 1L-10
in selected SNPs with risk of schizophrenia. As well as there was no significant variation in allelic frequency of
IFN-y and IL-10 genes with the risk of disease. These data suggest that the -1082G/A of I1L-10 and +874T/A IFNy
genes are not involved in the development of schizophrenia risk. To validate this data, more studies in diverse

populations with larger sample size are required.

Keywords: Schizophrenia, IFN-y, IL-10, gene, polymorphism

Introduction

Schizophrenia is a heterogeneous disorder
disclosed by a interruption in cognition and
emotion along with negative (abolition, alogia,
apathy, poor social functioning) and positive
(hallucinations, delusions) symptoms with a
worldwide incidence of 1.1% (Rubinov and
Bullmore, 2013). Regarding to the macrophage-T
cell theory of psychiatric disorders, immune cells
(macrophages and T cells) are activated in bipolar
disorders and schizophrenia. This hypothesis
believed that chronically activated macrophages,
microglia and T cells synthesize inflammatory
compounds like cytokines that destabilize the brain
and lead to schizophrenia (Smith and Maes, 1995) .
This possibility that polymorphism of a specific

cytokine  exhibits  susceptible  genes  for
schizophrenia development after infection or
ischemia-related insults during the

neurodevelopmental process has been proved in
vast studies (Paul-Samojedny et al., 2010),(Paul-
Samojedny et al., 2011). One of these cytokines
that shows alternation in schizophrenia is I1L-10 that
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is located on chromosome 1g31-32, a region
previously reported to be linked to schizophrenia in
genetic studies ,and is expressed by a variety of
cells, such as monocytes, macrophages, microglia,
astrocytes, T, B and mast cells (Ekelund et al.,
2001),(Peng et al., 2008). I1L-10 have various effecs
on B and T cells such as initiating B cell
differentiation and growth, inhibition the Thl
immune cytokines such as IFN-y, IL-2 respectively.
Also it induces alternative activation of myeloid
cells and suppresses lymphocyte effector functions.
Morever it was shown recently, that IL-10 prevents
glutamate and N-methyl-D-aspartate (NMDA)-
mediated cell death in vitro and exerts inhibition of
IL-6-mediated excitotoxicity. (ltoh and Hirohata,
1995),(Fiorentino et al., 1991),(Blazevski et al.,
2013),(Jun et al., 2003) . The promoter region of
this gene has three major putative SNPs; 1082G/A,
819 T/C and -592 C/A. The -1082G/A SNP has
known as a higher IL-10-producing allele than
others, as well as -G in comparison to A allele has
more effect on expression of this anti-inflammatory
cytokine (Paul-Samojedny et al., 2010). There is
evidence of increased concentration of this Th2
cytokine in the serum of patients with
schizophrenia compared to the group of healthy
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(Yu L, 2004 Nov 1),(Ozbey et al., 2009).

Another  cytokine express changes in
schizophrenia is IFN-y which is secreted by CD4+
T helper cell, CD8+ cytotoxic lymphocytes, NK
cells, B cells, professional antigen-presenting cells
(APCs) such as microglia. This pro-inflammatory
cytokine that is located on choromosome 12q14 is
provital in stimulation of Thl cytokines and
inhibition of Th2 clonal expansion.Furthermore this
cytokine prevents of synapse formation, induces
class | major histocompatibility complex (MHC)
antigen expression on both neuronal and glial cells
and also induces MHC class Il expression on
microglia, some population of astrocytes, and
endothelial cells, enhances the function of
microglia by increasing the production of some
cytokines, nitric oxide, as well as free radicals
(Paul-Samojedny et al., 2011),(Kim et al., 2012)
Vast investigations assigned that expression of this
Thl cytokine was significantly reduced due to the
functional IFN-y (+874 A/T) SNP in patients with
schizophrenia compared with normal controls
(Freudenreich O, 2010 Apr 30). The presence of
genotype A/A is linked with low cytokine
production, whereas genotype A/T is linked to
medium cytokine production, and genotype T/T to
high cytokine production, respectively (Pravica et
al., 2000). A clear Th2 shift in schizophrenia, may
be indicating a possible deregulation of the balance
between Th1/Th2 cytokines (Chiang SS, 2013
May). Our present study examines the IFN-y (+874
AJ/T) and IL-10 (-1082 G/A) genes polymorphisms
with risk of schizophrenia.

Materials and Methods

Patients were randomly assigned to control and
experimental groups.This case-control study was
conducted on 94 newly diagnosed and untreated
patients with schizophrenia (mean age: 47.53 +
10.801) and (average of onset age: 20.79 £ 8.729)
who were admitted to Azadi and EmamHossein
Hospitals during 2010 and 2011 in Tehran, Iran.
The control group consisted of 98 subjects with a
median age of 46.70+11.716 years who was
detached from any signs of neuropsychiatric
disorders. All steps of this study were approved by
the ethical committee of the university and
informed consents were obtained from all patients
and healthy in individuals. The demographic
characteristics of the participants have been
cited in table 1.

DNA isolation and polymerase chain reaction
(PCR)
DNA was extracted from EDTA-collected

peripheral whole blood with a method which
previously described by Kordi-Tamandani et al
(2012) (Kordi-Tamandani et al., 2012).

Table 1: The socio-demographic characteristics of the case and
control groups
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Variables Cases Controls | *P value
Age 47.53+ 46.70+ p>0.05
10.801 11.716
Age of onset 20.79+ -
8.729
Sex
Females 26 29 p>0.05
Males 67 70
Smoking status
Non-smokers - 54 P<0.001
Smokers 93 45
Educational level
Iliteracy 3 -
Primary school 8 1
Guidance 16 5
High school 53 28
AD 2 26 P<0.001
BA 8 27
MA 1 10
Missing data 3 2
Marital status
Single 60 29
Married 17 63 P<0.001
Divorced 17 4
Polymorphisms were analyzed by using
amplification ~ mutation  refractory  system-

polymerase chain reaction (ARMS PCR), at
positions -597 (rs1800872) in the promoter of the
IL10 and +874 IFN-y genes, the primers have been
listed in Table 2. The PCR reaction for these SNPs
was carried out in a final volume of 25 pL
containing 100 ng genomic DNA, 0.3 mm/L of
each primer, 1.5 U Tag DNA polymerase, 2 mm/L
MgCl,, 0.25 mm/L dNTPs and 1X PCR buffer. The
amplification conditions for 1L10 gene were as
follows: 94 °C for 5 min, then 35 cycles of 94 °C
for 30 Sec, 64 °C for 45 Sec, and 72 °C for 90 Sec,
followed by a single cycle of final extension at 72
°C for 10 min. For IFN-y +874A/T, the reaction
was denatured initially at 94 °C for 4 min followed
by 35 cycles of denaturation at 94 °C for 30 sec,
annealing at 48 °C for 30 sec and extension at 72
°C for 30 sec. This response was followed by a
final extension step at 72 °C for10 minutes. Finally,
PCR products were visualized by 2% agarose gel
electrophoresis stained by ethidium bromide.
Primer design program was Primer 3.

Statistical data analyses

The association between polymorphism in IFN-y
and IL-10 genes with the risk of schizophrenia
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estimated by computing Odds ratio (OR) and 95%
confidence intervals (95% CI) using Epi-Info
software (Epi-Info, version3, Center for Disease
Control and prevention, Atlanta, GA, USA) and
SPSS statistical software version 16 (SPSS,
Chicago, IL).

Table 2. The list of primers sequence

cytokine that are closely associated with the works
of the central nervous system through
immunologic, neurochemical, neuroendocrine, and
stress-related behavioral activities. Present study
has not found any association between IL-10 -
1082G/A and IFN-y +874A/T gene polymorphism
with risk of schizophrenia in a sample of the Iranian
population. Considering that these two genes do not
work alone but functions through a network system
and reciprocal interaction with other cytokines, we
could suggest that the putative role of IL-10 and
IFN-y  influencing the  development  of
schizophrenia would have a complex regulatory
function rather than a genetic component. The
power of study is important if the negative result
comes out.

Table3. Allele frequency (%) among individual SCZ cases and
healthy controls

Genes Cases (%) Controls (%) P
value
IFN-y +874 A/T 0.84
T 93(50%) 95(48/47%)
A 93(50%) 101(51/53%)
IL10-1082 G/ A 0.92
G 92(48/94%) 95(48/97%)
A 96(51/06%) 99(51/03%)

Gene primer
Generic 5- 262bp
primer TCAACAAAGCTGATACTC
CA-3’
Primer T 5-
(sense) TTCTTACAACACAAAATC
AAATCT-3’
Primer A 5-
IFN-y | (sense) TTCTTACAACACAAAATC
+874 AAATCA-3’
AT Sense: 5- 4290p
GCCTTCCCAACCATTCCCT
TA-3’
Antisense: 5-
TCACGGATTTCTGTTGTGT
TTC-3’
Generic 5- 550bp
primer CAGCCCTTCCATTTTACTT
IL10- | (antisense) | C%
1082 G | Primer G 5-
A (sense) TACTAAGGCTTCTTTGGGA
G-3°
Primer A 5- 550bp
(sense) CATCTAAGGCTTCTTTGGG
AA-3
Results

As given in Tables (3&4), TT genotype of IFN-y
was not significant in schizophrenia disorder
(OR=4, 95% CI, 0.17-261.5). Also, for AT and
combined AT+TT genotypes of IFN-y have been
detected great risk of disease (OR=1.25. 95% ClI,
0.20-8.75; OR=1.28, 95% CI, 0.21-8.95)
respectively. Analysis of the IL-10 1082G/A
genotyping have been highlighted that GA and
combined GA +AA genotypes increased the risk of
schizophrenia (OR= 0.63, 95% CI, 0.05-5.66;
OR=0.64, 95% CI, 0.05-5.72) respectively, but not
significant. The allele frequency at T+874A of IFN-
y and G-1082A IL-10 has not demonstrated
significant difference between patients and healthy
subjects. These data suggest that IL-10 and IFN-y
polymorphism may not confer a susceptibility to
the development of schizophrenia at least in the
iranian population. Immunological studies in
schizophrenia indicated that a shift from Thl to
Th2 immune reactivity has been found to be the
most common characteristic immune finding in
patients  with  schizophrenia. A  possible
mechanisms in the pathogenesis of schizophrenia is
that IL-10 is a Th2 cytokine and IFN- y is a Thl
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Table 4. Genotype frequency of IL10-1082 G /A and IFN-y
+874 AIT in SCZ cases and healthy controls.

SNP Case Control OR 95%cl P
value
IFN-y
4(4/08%)
AA 3(3.22%) Ref Ref Ref
AT 87(93.55%) 93(94/90%) 1.25 0.20- 0.92
8.75
TT 1(1/02%) 4 0.17- | 0.68
3(3.22%) 261.5
AT+HT 90(96.77%) 94(95/92%) 1.28 0.21- 0.94
T 8.95
1L10-1082 G/
AA 3(3/19%) 2(2/13%) Ref Ref Ref
GA 0.63 0.05- 0.96
90(95/74%) 95(97/94%) 5.66
GG 1(1/1%) 0 - - 0
GA+A | 93(98/94%) 97(1 00%) 0.05- 0.97
A 0.64 5.72
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Discussion

Several studies have tried to replicate this
association in various populations with conflicting
results. Samojedny et al (2010) has highlighted that
the presence of one or two allele G at position -
1082 of IL-10 correlates with increasing risk of
paranoid schizophrenia in the Polish population
(Paul-Samojedny et al., 2010). In line our data,
Ozbey et al (2009) have reported that there is not
any association between polymorphism -1082 G/A
at the promoter of IL-10 and the risk of
schizophrenia (SCZ) in Turkish population (Ozbey
et al., 2009). As well as, Yu et al (2004) results
have not shown any significant association
between IL-10 1082G/A gene polymorphism and
progress of SCZ in Chinese population.(Yu L,
2004 Nov 1) A certain study in Spanish population
has not uncovered a significant link between the -
1082 G/A polymorphic site of the IL-10 gene and
risk of schizophrenia (Almoguera B, 2011 Jun 9).
These suggest that the contribution of the IL-10
gene promoter polymorphism to the development
of schizophrenia may vary among different ethnic
groups. Data are sparse regarding the effect of IFN-
v (+874T/A) polymorphism on the development of
SCZ. An investigation of the Korean population has
been detected a significant difference in genotype
distributions and allele frequencies of the IFN-y
+874A/T gene between patients with bipolar
disorders and healthy controls (Yoon HK, 2012
Feb). Paul-Samojedny et al (2011) has reported
significant  difference of IFN-y (+874T/A)
polymorphism between males and female groups in
a Polish population (Paul-Samojedny et al., 2011).
Frydecka et al (2013) indicated that IL-2, IL-6,
IFN-gamma and TGF-beta gene polymorphisms are
not linked to the risk of schizophrenia in a sample
of Polish population.(Frydecka. et al., 2013)
Although, Kim HJ et al (2012) has reported that
IFN-y  polymorphisms may be associated
with schizophrenia risk in Korean population In
conclusion, It seems that the IFN-Gamma (+874
AJT) and 1L-10 (-1082 G/A) genotypes studied here
do not fully account for the development of
SCZ.(Kim et al., 2012) More analyses, with larger
sample sizes in various populations are required for
more exposing the role of IFN-y (+874 A/T) and
IL-10 (-1082 G /A) in the risk for SCZ.
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Abstract

Gene delivery might be affected by several tribulations based on carrier/vector applied. Bacteriophages lambda and
M13 have different genome conformations; linear double-stranded and circular single-stranded respectively.
Therefore, it might be expected that these two common classes of gene delivery vehicles will have different
capacity for gene delivery and expression in eukaryote cells. To address the possible effects of linear double-
stranded and circular single-stranded genome conformations of bacteriophages lambda and M13 on the transgene
expression, the transfection efficacy of two vectors based on lambda and M 13 were compared in AGS cell line. The
GFP encoding sequence was inserted into the Lambda ZAP-CMV XR vector which resulted in A-ZAP-CMV-GFP
construct. The construct was then in vitro packaged using Gigapack® III Gold packaging extract and A-GFP phage
particles were obtained. The A-GFP phage particles were then used for in vivo excisioning which resulted in M13-
CMV-Script-GFP construct. 10" copy of A-ZAP-CMV-GFP or M13-CMV-Script-GFP constructs were transfected
into AGS cells using lipofectamine 2000. Transfection efficiencies were analyzed by FACS. Results showed that
linear double-stranded A-ZAP-CMV-GFP was efficient than single-stranded form of M13-CMV-Script-GFP while
its double-stranded form was efficient than the linear double-stranded A-ZAP-CMV-GFP construct for transgene
delivery and expression. Moreover the GFP signals resulted from transfections by single-stranded form of M13-
CMV-Script-GFP construct faded more quickly in comparison to others. These findings highlight that genome
conformation of gene carriers might be an important factor when seeking for an appropriate gene carrier/vehicle.

Keywords: :Gene delivery; Phage-mediated gene transfection; Vector conformation

Introduction

Bacteriophages are bacterial viruses that infects
specifically bacterial cells, however, they have been
considered as a class of gene delivery vehicles for
eukaryotes by ever-increasing number of
researchers (Larocca et al., 1999; Larocca et al.,
2001; Piersanti et al., 2004; Lankes et al., 2007;
Khalaj-kondori et al, 2010). Among
bacteriophages, M13 and lambda are the most
studied and exploited ones in molecular biology.
These bacterial viruses have several striking
features including no tropism for eukaryotic cells,
safety, physical stability at various harsh
conditions, inexpensive mass production, ease of
genome manipulation, nanostructured size and
availability of diverse approaches for their specific
targeting which have made them attractive for
researches of different fields (Poul and Marks,
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1999; Larocca and Baird, 2001; Olofsson et al.,
2001; Larocca et al., 2002; Catherine et al., 2004).
Lambda is a head and tailed bacteriophage with a
double-stranded genome of ~48 kb. It has an
icosahedral capsid of ~55 nm in diameter
surrounding its genome and a fibrous tail of ~145
nm in length (Kaiser, 1966; Zanghi et al,
2005).While, M13 is a filamentous bacteriophage
with a ~6.4 kb circular single-stranded genome
surrounded by a proteinaceous coat (Petrenko et al.,
1996; Calendar and Abedon, 2005).

There are several steps that may affect the
efficacy of gene delivery procedure when using
bacteriophages as gene delivery
vectors/carriers.First of all, as for any other gene
delivery vehicles, phage particles should be
internalized into target cells, and then they must
bypass the cytoplasmic barriers e.g. degradative
enzymes of the cytoplasm as well as trafficking-
associated problems of transgene toward the cell
nucleus (Larocca and
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Baird, 2001). Surface modifications of phage
particles through phage display and chemical
coupling technologies have been partly overcome
these problems. It has been shown that
bacteriophages M13 and lambda targeted to
mammalian cells by displaying or coupling of host
derived ligands on their surfaces can result in
expression of the transgene in the target cells
(Larocca et al., 2001; Sapinoro et al., 2008; Khalaj-
Kondori et al., 2011; Kim et al., 2012 ). Moreover,
displaying of different peptides such as NLS on the
surface of bacteriophages and application of
proteasome inhibitors indicated an exciting role on
efficient intracellular trafficking of phage based
vectors (Akuta et al., 2002; Volcy and Dewhurst,
2009). Nevertheless it seems that entering to the
nucleus is not sufficient by itself, since several
studies indicated that despite displaying of targeting
ligands on the phages surface, relatively a small
fraction of transfected cells was expressing the
transgene.

The final step in a gene delivery attempt is
transcription of the transgene and subsequent
translation of mRNA to the functional protein.
Recently it was reported that phagemid particles
bearing inverted self-complementary sequences
with capacity of converting to double-stranded
DNA can result in higher level of transgene
expression than those containing single-stranded
DNA (Prieto and Sanchez, 2007). This finding
suggests that the bacteriophage genome structure
and conformation might be implicated on the
processes such as transcription and translation even
after successful entering into the nucleus.

In the present study, effects of single-stranded
circular conformation of a vector, as seen in M13-
based gene carriers, at transgene delivery and
expression efficacy were compared to that of
double-stranded linear vector conformation such as
A-based ones. To achieve this purpose, the sequence
encoding for GFP was inserted into the Lambda
ZAP®-CMV XR vector to obtain A-ZAP-CMV-
GFP construct as a vector with double-stranded
linear conformation. Then A-ZAP-CMV-GFP
vector was used for obtaining M13-CMV-Script-
GFP construct as a vector with single-stranded
circular conformation. Finally, efficacy of the two
constructs in delivery and expression of GFP
transgene in AGS cell line was studied by
florescence activated cell sorting (FACS) analysis.
Materials and Methods

Construction of A-ZAP-CMV-GFP vector and in
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vitro packaging

A-ZAP-CMV-GFP  vector was constructed
according to a previous report (Khalaj-kondori et
al., 2010). In brief, the sequence coding for GFP
was obtained by PCR using a primer pairs, forward:
5’-GTAGAATTCCGCCACCATGGTGAGCA -3’,
reverse; 5°-
GACCTCGAGTTACTTGTACAGTTCGTCCATG
C-3° and pEGFP-N1 plasmid (BD Biosciences
Clontech) as template. The PCR product was
purified, digested with EcoRI and Xhol (Fermentas,
Lithuania) and ligated to the Lambda ZAP-CMV
XR vector (figure la) (Stratagene La Jolla, CA)
digested with the same enzymes. To obtain A-GFP
particles, the ligation product was in vitro packaged
using Gigapack® III Gold packaging extract
(Stratagene La Jolla, CA) and used to transfect
E.coli XL1-Blue MRF" strain (Stratagene La Jolla,
CA). The melted and cooled to 48°C NZY Top agar
was added on transfected E.coli XL1-Blue MRF’
cells and immediately plated on prewarmed NZY
agar plates. After 12 hours incubation at 37°C, the
recombinant plaques appeared were confirmed by
plaque-PCR and amplified.

Amplification of A-GFP particles

XL1-blue MRF’ cells were cultured in 10 ml
of LB broth supplemented with 10 mM MgSO4 and
0.2% (W/V) maltose. The culture was infected by
A-GFP at a multiplicity of infection (MOI) of 1:20
and incubated at 37°C with vigorous agitation until
lysis observed. Upon lysis, chloroform was added
to a 5% (v/v) final concentration, mixed well and
incubated for 15 minutes at room temperature.
Then cell debris was removed by centrifugation for
10 minutes at 500xg. DNase I and RNase A
(Fermentase) were added to a final concentration of
lpg/ml to eliminate nucleic acids. To precipitate
the phage particles, polyethylene glycol 8000 and
NaCl were added to a final concentration of 10%
(W/V) and 1M respectively and incubated in ice for
60 minutes. Phage particles were collected by
centrifugation at 11000xg, 4°C for 10 minutes.
Phage pellet was resuspended in SM buffer and
tittered
Construction of M13-CMV-Script-GFP vector
and M13-GFP particles

Inserts cloned into the Lambda ZAP-CMV XR
vector can be excised out of the phage in the form
of the kanamycin-resistant pCMV-Script® EX
phagemid (figure 1b) vector. So, M13-CMV-Script-
GFPvector wasprepared by in vivo excision. In
vivo excision was achieved according to the
instruction manual of Lambda ZAP®-CMV XR
Library Construction Kit (Stratagene). Briefly, 200
ul of XLL1-Blue MRF cells at an ODggy of 1 were
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coinfected with 250 pl of A-GFP particles
(10°particles) and 1 pl of Ex Assist helper phage
(10°pfu/pul) and the mixture was incubated at 37°C
for 15 minutes to allow the phage to attach to the
cells. Then 3 ml of LB broth was added to the
mixture and incubated for 3 hours at 37°C with
shaking. The mixture was heated at 70°C for 20
minutes and cell debris was pelleted at 1000xg for
15 minutes. The supernatant contains M13-CMV-
Script-GFP phagemid packaged as filamentous
phage particles (M13-GFP particles). XLOLR cells
(Stratagene) were infected with M13-GFP particles
and plated on NZY agar containing 30mg/ml
kanamycin. Colonies appeared were confirmed by
colony-PCR.

Amplification of M13-GFP particles

A 10 ml of 2xYT containing 50mg/ml
kanamycin was inoculated with a confirmed single
colony of XLOLR and incubated for one hour at
37°C. R408 helper phage (Sratagene) was added to
the culture at a MOI of 10 and incubated for 18
hours. The culture was spinned for 10 minutes at
6000xg and Polyethylene glycol 8000 and NaCl
were added into the supernatant in a final
concentration of 10% and 1M respectively followed
by incubation for 60 minutes on ice. The
precipitated M13-GFP particles were collected by
centrifugation at 17000xg, 4°C for 20 minutes. The
pellete was resuspended in SM buffer and tittered.

DNA extraction

The A-ZAP-CMV-GFP and MI13-CMV-
Script-GFP constructs were extracted from A-GFP
and M13-GFP particles respectively. M13-GFP and
A-GFP particles were obtained as mentioned above.
Phenol-chloroform (1:1 v/v) was added to the
phage particles in SM buffer and filliped to destruct
the capsid followed by centrifugation 12000xg, 4°C
for 10 minutes. The procedure was repeated for 2
times and followed by another round of chloroform
extraction. DNA was precipitated by adding one
volume of ice cold isopropanol and collected by
centrifugation at 12000xg, 4°C for 10 minutes.
Moreover replicative form of the MI13-CMV-
Script-GFP construct was obtained by plasmid
minipreparation method. DNA was quantified by
Picodrop and evaluated on 1% agarose gel.

Transfection of AGS cells and FACS analysis

AGS cells were seeded into 24-well plates
containing RPMI 1640 with 10% FBS at 4x104
cells/well 24 h prior to transfection. Cells were
transfected by 1011 copy of A-ZAP-CMV-GFP,
single-strand or double stranded forms of M13-
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CMV-Script-GFP constructs using Lipofectamine
2000 (Invitrogene). After 24 and 48 hours
incubation, cells were removed from the wells with
trypsin—-EDTA  (Gibco BRL), pelleted and
incubated with 5% paraformaldehyde in PBS for 20
min. The cells were washed with PBS and
resuspended in PBS containing 0.01% sodium azide
and analyzed by FACS (Becton Dickinson
Biosciences, San Diego, CA). Transfection
efficiency was measured as the percentage of total
cells that were GFP positive as detected by FACS
analysis. Transfections were done in duplicate and
performed three times.

Results and discussion
Preparation and confirmation of constructs
The sequence encoding for GFP was PCR
amplified using pEGFP-N1 as template and
inserted into the Lambda ZAP-CMV XR vector
(figure 1a) to obtain A-ZAP-CMV-GFP construct.
The construct was in vitro packaged and used for
transfection of E.coli XL1-Blue MRF’ cells.
Plaques appeared were confirmed by plaque-PCR
assay. The positive plaques represent A-GFP
particles containing A-ZAP-CMV-GFP construct.
We obtained M13-CMV-Script-GFP
construct from A-ZAP-CMV-GFP construct by in
vivo excision. In vivo excision was resulted in
M13-GFP phagemid particles containing the M13-
CMV-Script-GFP construct. To plate the excised
M13-GFP phagemid, XLOLR cells were infected
and colonies appeared were analyzed and
confirmed by colony-PCR (figure 2).
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Figure 2. Screening of XLOLR colonies by Colony-PCR.
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Lanes 1, 2 and 3; colony-PCR of three well separated colonies,
lanes 4 and 5; positive and negative controls respectively, M;
size marker.

The Lambda ZAP-CMV XR vector has been
designed to allow in vivo excision and
recircularization of any cloned insert contained
within the lambda vector in the form of the pCMV-
Script® EX phagemid vector by the same excision
mechanism used with the Lambda ZAP vectors
(Stratagene, 2007). This means that the gene
inserted would be in the same context of regulatory
and vector backbone sequence elements both in
lambda and phagemid constructs. This is important
because it might eliminate any possible effects of
vector backbone sequence on the insert gene
expression. In other words, we used this strategy to
lower as much as possible any vector sequence-
related effects that might affect the transgene
expression.

Equaling the copy number of constructs

For comparative study of the efficacy of
structurally ~different constructs in transgene
delivery and expression it is needed that different
constructs used for transfection have the equal copy
numbers. To achieve equal copy numbers, the
molecular weight for one molecule of each
construct in pg was multiplied by 10'' to obtain the
ug of each construct needed for each transfection
reaction. We chose the copy number 10" for all
tests, because it yields 800 ng of A-ZAP-CMV-GFP
construct being in the best DNA concentration
range that might be transfected using lipofectamine
2000 for 24-well platform. It should be noted that
during M13-GFP phagemid amplification not only
the phagemid will amplify but the helper phage
R408 amplification will occur as well. Fortunately,
the helper phage R408 has been designed to
amplify 50 folds less than the phagemid(Stratagene,
2007). Amplification proportion of phagemid to
helper phage R408 was tested on gel
electrophoresis (figure 3). So, we applied a
correction coefficient of one-fifty for calculation of
the phagemid copy number. Table 1 summarizes
the calculations and represents the micrograms of
each construct per one transfection reaction.

Figure 3. Gel electrophoresis showing
the amplification proportion of
phagemid to helper phage R408. After
phagmid amplification, DNA was
purified and electrophoresed on 1%

Helper
Phagmid

agarose gel. M; size marker.

Table 1. Calculations for equaling the copy number of A-
ZAP-CMV-GFP and M13-CMV-Script-GFP constructs for one
transfection reaction.
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Construct Size( | Molecular Conc. Copy Vol.
kb) weight (ug) (ng/pl) | No./pl (ul)
A-ZAP- ~27 | 4.68005%10"" 830 0.1773x1 | 5.64
CMV-GFP 0" 0
M13-CMV- ~5 2.74008x10™"2 158 0.56x10" | 1.76
Script-GFP
Transgene expression analysis
To reveal potential effects of vector

conformation and structure on transgene delivery
and expression, AGS cells were transfected by the
same copy numbers of single-stranded circular
M13-CMV-Script-GFP and double-stranded linear
A-ZAP-CMV-GFP constructs using lipofectamine
2000. Moreover, double-stranded circular form of
the M13-CMV-Script-GFP construct was used as
positive control. Transgene delivery and expression
efficiencies were evaluated at both individual and
total cell population levels. To achieve these, we
took advantage of GFP reporter system which is
capable to report gene expression accurately even
in the level of individual cells (Soboleski et al.,
2005 ). Figure 4 depicts the results obtained from
FACS analysis of AGS cells transfected by the
above-mentioned constructs. FACS analysis
showed that transfections by single-stranded
circular M13-CMV-Script-GFP resulted in 36.8%
and 25.5% GFP positive cells in 24 and 48 hours
post transfection assays respectively. Whereas
transfections by double-stranded A-ZAP-CMV-GFP
resulted in 23.3% and 37.3% GFP positive cells in
24 and 48 hours post transfection assays
respectively (figure 4a). Mean Fluorescence
Intensity (MFI) analysis (figure 4b) also revealed
that the MFI of GFP positive cells in 24 and 48
hours post transfection tests of the single-stranded
circular M13-CMV-Script-GFP construct was 4.86
and 4.07 respectively. Furthermore, the MFI of
GFP positive cells in 24 and 48 hours post
transfection tests of double-stranded linear A-ZAP-
CMV-GFP construct was 3.76 and 5.01
respectively. Moreover, the transfections by control
construct resulted in 32.6% GFP positive cells with
MFI of 7.00 in 48 hours post transfection assays
(Figure 4a and b).
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Figure 4. FACS analysis of GFP transgene expression in
AGS cell line. AGS cells were seeded in 24 well plates and
transfected with 10" copies of A-ZAP-CMV-GFP and M13-
CMV-Script-GFP constructs. 10" copies of double-stranded
form 0ofM13-CMV-Script-GFP construct were usedascontrol to
allow comparisons. After 6 hours the medium wasexchanged
and cells were incubated until 24 hours or 48 hours. Finally
cells were removed from the plate, fixed by paraformaldehyde
2% and resuspended in sodium azide 0.01% and analyzed by
FACS. Panel a shows GFP positive cells obtained from
transfection of AGS cells with 10'' copies of A) single-
stranded M13-CMV-Script-GFP construct analyzed after 24
hours B) the same construct analyzed after 48 hours, C) double
-stranded A-ZAP-CMV-GFP construct analyzed after 24 hours,
D) the same construct after 48 hours and E) double-stranded
M13-CMV-Script-GFP construct analyzed after 48 hours. F)
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no construct. Panel b shows the Mean Fluorescence Intensity
(MFI) of GFP positive cells of corresponding wells of panel a.
All tests have been repeated tree times.

It is worth noting that none of the constructs are
able to amplify in the AGS cells, hence the GFP
expression level will be depend on merely the copy
number and conformation/structure of the construct
molecules available for transcription apparatus of
the transfected cell. Comparison of the percentage
of GFP positive cells achieved at the 24 hours post
transfection assays showed that those transfections
mediated by single-stranded circular M13-CMV-
Script-GFP result in more GFP positive cells
(36.8%) than those of the double-stranded A-ZAP-
CMV-GFP (23.3%) construct. This finding implies
at first glance that the single-stranded circular
conformation might be more efficient than the
linear double-stranded conformation for transgene
delivery and expression. However, this finding was
not true when comparisons were made for the
results of 48 hours post transfection assays because
those transfections mediated by double-stranded A-
ZAP-CMV-GFP resulted in more GFP positive
cells (37.3%) than those of the single-stranded
circular M13-CMV-Script-GFP (25.4%) construct.
In other words, the percentage of GFP positive cells
achieved by transfections mediated by single-
stranded circular M13-CMV-Script-GFP construct
was decreased over time while that for double-
stranded A-ZAP-CMV-GFP was increased. This
finding was true for MFI comparisons too. The MFI
of GFP positive cells in 24 hours post transfection
assays (3.76) of A-ZAP-CMV-GFP construct was
less than that of 48 hours post transfection assays
(5.01). Moreover, the MFI of GFP positive cells
achieved in 24 hours post transfection assays (4.76)
for M13-CMV-Script-GFP construct was higher
than that of 48 hours post transfection assays
(4.07). Comparing the results of control to the
results of both test constructs revealed that those for
the control construct was more close to the results
of A-ZAP-CMV-GFP than those of the M13-CMV-
Script-GFP in 48 hours post transfection assays.
This might be explained by existence of double-
stranded structure in both control and A-ZAP-CMV-
GFP constructs. In other words, it implies that
having double-stranded structure might be more
critical for a construct to be stable in the transfected
cell, because whilst higher percentage and MFI of
GFP positive cells in 24 hours post transfection
assays mediated by MI13-CMV-Script-GFP
construct they diminished in 48 hours post
transfection assays.

What obvious is from plenty of phage-
mediated gene transfer studies to eukaryote cells
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(Larocca et al.,, 1998; Larocca et al., 1999; Di
Giovine et al.,2001; Larocca et al., 2001; Urbanelli
et al., 2001; Burg et al., 2002; Prieto and Sanchez,
2007) as well as the present study is that constructs
having single-stranded circular conformation such
as M13-CMV-Script-GFP can mediate transgene
expression. However, the mechanism by which this
type of constructs is recognized by transcription
machinery of eukaryote cells is not clear. This fact
raises some questions which need more research to
be answered including; are single-stranded circular
constructs  recognized by eukaryote cell
transcription machinery? Can eukaryote cells
convert single-stranded constructs to the double-
stranded circular conformation? Our 24 hours post
transfection assays showed that probably the
transcription machinery of eukaryote cells are able
to recognize single-stranded circular constructs,
hence the GFP positive cells as well as their MFI
observed for M13-CMV-Script-GFP were higher
than those for 48 hours post transfection assays.
Moreover, a research by Michael and coworkers
showed that it might be possible converting single-
stranded circular constructs to double-stranded
form. They transfected many tumor cell lines by
EGF-targeted phagemid particles in the presence of

genotoxic agents such as camptothecin and
obtained expression efficiency up to 30%.
Moreover camptothecin treatment resulted in

increased stable GFP expression up to 120 hours
(Burg et al., 2002). A possible mechanism for this
observation might be induction of DNA damage
repair system which converts single-stranded DNA
to double-stranded form which in its turn may
increase the transgene expression efficacy. In
addition, other researchers increased transgene
expression by designing a construct capable of
transforming to double-stranded form. They
designed phagemid vectors bearing inverted self-
complementary sequences for their expression
cassette capable of converting the single strand
genome of fF to dsDNA structure in HEK 293T
cells (Prieto and Sanchez, 2007).

In conclusion, the results of present study
highlights that the double-stranded structure and
conformation of vector is critical for proper and
stable expression of the transgene. So when one
intended to use a carrier such as a bacteriophage for
delivering a transgene to eukaryote cells/tissues it
might be important to choose a carrier with double-
stranded genome such as bacteriophage lambda.
However, single-stranded bacteriophages such as
MI13 also might be of important options if
designing a strategy which helps to convert single-
stranded structure to double-stranded conformation.
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Abstract

Amniotic membrane derived stem cells have considerable advantages for being used in regenerative
medicine and their anti-inflammatory effects, growth factor secretion and differentiation potential, have made them
suitable candidates for nervous system stem cell therapy. The developing and neonatal brain contains a spectrum of
growth factors to direct development of endogenous and donor cells. Using an in vitro model, we have investigated
the plasticity and potential of mouse amnion membrane stem cells to be differentiated into neural cells in response
to neonatal mice brain extracted medium. Mouse amniotic membrane stem cells were isolated from embryonic
membrane and confirmed by flow cytometric analysis for their surface markers. Harvested stem cells were cultured
in neonatal brain derived medium for 21 days and neural differentiation of cells was explored using
immunohistochemistry and flowcytometry analysis. Isolated amnion membrane stem cells showed high rate of
viability and proliferation and also expressed stem cell markers such CD105 and CD90. Amnion stem cells
presented neural characters such as morphological changes and development of axon like appendixes as well as
Nestin and Map-2 expression when came in contact with brain tissue. In conclusion, the current investigation
showed that amnion membrane derived stem cells are potent cells for responding to environmental signals

promoting them to neural fate and could be used in regenerative medicine of neurodegenerative disorders.

Keywords: fetal tissue, neuron, regeneration, stem cell

Introduction

The amniotic membrane is a fetal derived tissue,
which composes of three layers: a single epithelial
layer, a thick basement membrane, and an avascular
mesenchymal layer (Dobreva et al., 2010).
Subpopulations of stem cells exist in both the
epithelial and mesenchymal layers, which term as
amniotic epithelial cells (AECs) and amniotic
mesenchymal cells (AMCs) (Toda et al., 2007).
Amniotic membrane stem cells (AMSCs) have
considerable advantages with regard to cellular
therapy; they easily obtain from fetal placenta and
their isolation lack any ethical problems, also
millions of them can be harvested from each term
amniotic membrane, which is important to prevent
potential immune responses arising from cells of
several unrelated donors (Pratama et al., 2011).
Amniotic membrane derived stem cells don’t
express HLA class | and Il and have low risk of
rejection in transplantation procedures (Akle et al.,
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1981; Banas et al., 2008). They are not tumorogenic
because of low telomerase activity (Miki et al.,
2005) and do not form teratomas upon
transplantation into the testes of SCID mice
(llancheran et al., 2007). Amniotic membrane cells
express pluripotency markers such as Oct-4, Sox-2
and Nanog (lzumi et al., 2009), also they are
positively expressed mesenchymal stem cells
markers, such as CD105 and CD90, and negatively
expressed hematopoietic markers, such as CD45
(Kim et al., 2014). AMSCs have capacity to
differentiate into three germ layer cells such as
myocytes, osteocytes, adipocytes, pancreatic cells,
hepatocytes, as well, as well as neural and glial
cells (Broughton et al., 2012; Toda et al., 2007).

A developing and neonatal brain contains various
growth factors that direct development of
endogenous cells and have similar effects on donor
cells in transplantation studies; in fact, neural and
non-neural stem cell populations are capable of
responding to this complex environment, to
differentiate into neural cell types (Marcus et al.,
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2008a). This suggests that a developing brain could
be considered as neuronal environment to assess the
plasticity and function of stem cells.

Using an in vitro model, we investigated the
plasticity and potential of mouse AMSCs to
differentiate into neural cells in response to
neonatal mice brain medium (mBM) and the aim of
this investigation was to explore the effects of brain
environment on the fate of amnion derived stem
cells.

Materials and Methods

Cell isolation and primary culture

Mouse amniotic membrane stem cells isolation
and culture were performed as described previously
(Marcus et al.,, 2008b). Briefly, amniotic
membranes were collected from 13-16 days old
NMRI strain mouse embryos in sterile condition
and after cutting into small pieces, were digested
twice in 0.05% trypsin-EDTA (Gibco, UK) for 10
minutes at 37°C. Following trypsin inactivation
with fetal bovine serum (FBS) (Gibco, UK),
centrifuge was performed at 1500 rpm for 5
minutes and cell pellet was transferred to culture
plates containing Modified Eagle's Medium
(DMEM), (Sigma-Aldrich, USA), 10% FBS and
1% Streptomycin-penicillin  (Gibco, UK) in a
humidified atmosphere of 95% and 5% CO, at 37
°C.

Preparation of mouse brain medium

Mouse brain medium was prepared from
neonatal mice. Briefly, 1-2 old days animals were
anesthetized in CO, chamber under sterile condition
and each brain was homogenized to obtain 1ml
mBM. The brains were discarded using thin
surgical forceps and then transferred to cold PBS
(Gibco, UK). After 3 times washing, tissues were
cut and homogenized in DMEM medium and
centrifuged at 1500 rpm for 20 minutes.
Supernatant was collected and was filtered using
0.2 pm filters and kept at -70 °C. All concerns of
animal welfare were considered during mating and
surgery.

Treatment of AMSCs with mBM and neural
differentiation analysis

Amniotic membrane derived stem cells were
counted using tripan blue (Gibco, UK) and 10
cells/ml were plated in 24 well cell culture plates.
To eliminate the serum effects on neural
differentiation, FBS concentration reduced to 1%.
Twenty-four hours after cell seeding, the cell
culture media was replaced with fresh medium
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containing 50-300 ul/ml of brain derived medium;
experiments were lasted for 21 days and medium
was changed every 3 days. Neural differentiation
was investigated in 7" and 21" days, on the basis of
morphological and immunological properties.

Immunocytochemistry analysis

The cells were fixed using 4% paraformaldehyde
for 30 minutes, permeabilized with Triton X-100
(0.4%) for 10 minutes, blocked with 5% goat serum
(Gibco, UK) and processed for
immunocytochemistry using primary anti-mouse
Map-2 antibody produced in rabbit (Abcam, USA).
Goat anti-rabbit FITC conjugated antibody
(Abcam, UK) was used as secondary antibody and
cell nuclei were labeled with Propidium iodide (PI)
(Sigma-Aldrich, USA).
Flowcytometric surface marker
analysis

For flow cytometry analysis, the cells were
stained with a specific antibody, as described
previously (Park et al., 2012). In brief, cultured
AMSCs  were  harvested using  0.25%
trypsin/EDTA, and then washed with PBS and
permabilized with Triton X-100 for 30 minutes.
Blocking was done with goat serum for 20 minutes,
and then the cells were incubated with mouse anti
CD90, CD105, CD45 (all from eBioscience, USA)
and Nestin primary antibodies (Abcam, USA) for
overnight. After washing with PBS, cells were
incubated secondary antibody for 45 minutes.
Fluorescein-activated cell sorting (FACS) was
performed to measure the percentage of antigen
expressing cells both in control and treated
samples.

expression

Statistical analysis

All experiments were performed at least for three
times and the statistical analysis was performed
using SPSS.16 software.

Results
Cell harvesting from amnion membrane
Amniotic membranes, isolated from 13-16 days
old embryos, were used for stem cell isolation and
compared to membranes isolated from 17-19 days
embryos. Cell counting showed that membrane
from younger embryo was a more appropriate
source for cell harvesting and the amount of
isolated cells was significantly higher in
comparison to the older embryos. Measurement of
the viability rate of isolated cells with trypan blue
staining showed that 92% of the cells were viable 3
days after enzymatic cell isolation; indicating non-
Jamaging  procedure  for  cell  isolation.
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Morphological analysis under light microscope
showed the presence of 2 types of cells, which was
related to the presence of both epithelial and
mesenchymal stem cells in amniotic membrane
(Figure 1).

Figure 1. Stem cells isolated from mouse amniotic
membrane. Both epithelial and mesenchymal like cells are
present in the cell population derived from amniotic
membrane. Observation under light invert microscope (200 x).

Characterization of amnion membrane derived
stem cells

To characterize the amniotic stem cells specific
surface markers, flowcytometry was performed
and results showed 95.71% of CD105, 88.17% of
CD90 (Figures 2A and 2B) and low rate
expression of the hematopoietic marker CD45
(Figure 2C).

Effect of 150-300 pl/ml of BEM on AMSCs

Treatment of AMSCs with 150, 200 and 300
pl/ml of mBM showed high concentration of
medium had cytotoxic effects on AMSCs.
Observation of mBM treated AMSCs under an
invert microscope showed their cell death after
mBM addition to the cell culture medium especially
at 300 and 200 pl/ml concentrations. Although the
cell death rate in 150 pl/ml of mBM was lower in
comparison to higher doses, any neural
differentiation was not obvious through 21 days of
150 pl/ml mBM treatment (Figure 3).

Effect of 50 pl/ml of mMBM on AMSCs

Investigation of AMSCs treated with 50 pl/ml of
mBM showed this concentration of mBM had
significant effect on neural fate of the cells. Results
from flowcytometry analysis showed decline in
Nestin expression in AMSCs, 88.52% and 11.5% in
third and seventh days after treatment, respectively
(Figure 4).
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Figure 2. Flowcytometry analysis showing expression of A)
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AMSCs.
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Figure 3. Cytotoxic effect of high dose of brain derived
medium on amniotic stem cells. AMSCs underwent broad cell
lysis under treatment with 150-300 pl/ml mBM. Observation
under light invert microscope (200 x).
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Figure 4. Flowcytometry analysis showing expression of
Nestin in AMSCs. Nestin expression was measured 3 (A-M2)
and 7 (B- LR) days after neural differentiation of AMSCs
which represented 88.53% and 11.15% of Nestin expression in
cells, respectively.

In addition to changes in Nestin expression, 7
days after mBM treatment, AMSCs started to
neural related morphological changes and axon like
process developed gradually. Twenty-one days
after treatment, neuronal related changes of AMSCs

was significant in comparison to untreated AMSCs
that was accompanied with high rate of Map-2
expression on the basis of results obtained from
immunohistochemistry analysis (Figiures 5 and 6).

e,

Figure 5. Differentiation of AMSCs toward neural cells in the
presence of BEM. Neural related changes such long bipolar or
multipolar process and some cell to cell contacts are evident in
figure. Observation under light invert microscope (200 x).
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Figure 6. Immunoflurescent assay representing the negative
Map-2 expression in A (undifferentiated AMSCs, in the
absence of mBM), and positive Map-2 expression in B
(differentiated AMSCs, in the presence of mBM). Map-2
expression is obvious in stained cells (green) and nuclei are
stained with Pl (red). Observation under immunofleurecent
microscope.

Discussion

Amniotic membrane derived stem cells have
characteristics of neural cells and express some
markers for neuronal and glial cells (Toda et al.,
2007). Amnion membrane cells differentiate into
functional neurons in spinal cord injury models
(Sankar and Muthusamy, 2003). Intra-cerebral
grafting of amnion derived cells in a mouse model
of Parkinson’ disease showed that human amniotic
cells had an advantage to use in Parkinson’ disease
because they synthesize and release dopamine,
acetylcholine, catecholamine and neurotrophic
factors, such as nerve growth factor, neurotrophin-
3, and brain-derived neurotrophic factor (Kakishita
et al., 2000; Sakuragawa et al., 1997). Amniotic
mesenchymal cells exhibited the phenotype of
neuroglial progenitor cell and when subjected to a
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neural cell differentiating protocol, extended long
bipolar or multipolar processes (Sakuragawa et al., 2004).

Although brain assumed as impotent tissue for
regeneration, it provides a neurogenic cues,
influencing the fate of inherent or extrinsic cells.
Several studies have showed inductive effects of
developing or adult brain on neural and non-neural
stem cells; for example adult bone marrow stromal
cells (Kopen et al., 1999) and human umbilical cord
blood cells (Zigova et al., 2002), acquired neural
and glial fates subsequent to transplantation into the
rodent brains. Neural cells transplanted to
developing brain of rats populated large areas of
the CNS and underwent region specific
differentiation and appropriate for their final
location (Campbell et al., 1995; Fishell, 1995).

In the current study we investigated the neural
differentiation of AMSCs in response to brain
tissue as well as the ability of the neonatal brain
environment to promote neural fate in mouse
amniotic membrane derived stem cells witch
obtained results demonstrated the mouse brain
medium may contain factors to promote neural fate
in AMSCs. Characterization of mouse amniotic
membrane derived stem cells demonstrated the
expression of amniotic membrane specific markers
such CD105 and CD90 and absence of
hematopoietic cells specific factor CD45, in a
manner conforming to previous studies(Roubelakis
et al., 2012). In in vitro studies, neural
differentiation of stem cells and also the survival of
differentiated neurons, depends on the presence of
inducing and growth factors (Mao and Lee, 2005)
and amniotic membrane stem cells have been
differentiated into neural cells in the presence of
different neural inducing factors such as bFGF, RA
and EGF (Niknejad et al., 2010). In current study
all inducing factors were absent in the culture
medium of AMSCs and they underwent treatment
with pure mBM; moreover, to eliminate the
inhibitory effect of serum on neural differentiation
(Kawasaki et al., 2000), the serum in the medium
was decreased to minimum amount. Conducted co-
culture of AMSCs and brain derived medium
promoted AMSCs towards morphological changes
related to neural fate and developing the axon-like
processes. Expression analysis showed early
expression of Nestin and its reduction throughout
the first days of experiment which was accordance
the fact that Nestin supports survival and
proliferation of stem/progenitor cells (Park et al.,
2010), and upon differentiation  becomes
dowenregulated (Michalczyk and Ziman, 2005). As
in postmitotic terminally differentiated neurons
Map-2 is highly enriched in the dendritic
compartments and primarily this protein is
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associated with neurons (Sanchez et al., 2000), we
investigated its expression in neural differentiated
AMSCs which confirmed last stage of neural
development in AMSCs cultured in vicinity of
brain medium. These results were comparable to
the effects of inducing factors on the neuronal
differentiation of amniotic membrane derived cells
(Tamagawa et al., 2008).

Results from different studies on rodent brains
have showed that early in postnatal life, the brain
continues to undergo extensive development of
different growth and neurotrophic factors such as
fibroblast growth factors, BDNF, NT-3, and NGF
which are important self-renewal or inducing
factors for neural development (Friedman et al.,
1991; Kopen et al., 1999; Maisonpierre et al.,
1990). Neural related changes in AMSCs co-
cultured with mBM may be explained with the
presence of such factors which influenced on their
fate and promoted them towards neural
development. Though AMSCs synthesize and
release some neurotrophic factors such as nerve
growth factor, neurotrophin-3, and brain-derived
neurotrophic factor (Kong et al., 2008), which
could have self-inducing effects on them, non
neural differentiation related changes observed in
mBM untreated AMSCs which declines the
hypothesis of differentiation of AMSCs because of
their self- produced factors.

Conclusion

In conclusion, results from this study showed the
amniotic membrane derived stem cells are potent to
respond to environmental signals promoting them
to neural fate. AMSCs are easily isolated from the
amnion membrane and provide an accessible source
of autologous cells for transplantation approaches,
so they could be useful vehicles for treating a
variety of central nervous system to replace
damaged cells in response to proper intra-tissue
factors. Anti- inflammatory effects, growth factor
secretion and differentiation potential are characters
that make them suitable candidates for stem cell
therapy of the nervous system.
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Abstract
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In this present study, a SYBR green based real time PCR assay has been developed for specific detection and
quantification of Bacillus subtilis in dough used for bread making. New primer pairs were designed to amplify a
212 base pair fragment of the aprE gene. Specificity of these primer pairs was confirmed with conventional and
real time PCR methods. Standard curves constructed using the threshold cycle (Ct) versus copy numbers of B.
subtilis showed good linearity for reference standards of cloned insert (R*=0.999, slope=-3.035) and also induced
contaminated dough (R?=0.988, slope=-3.142), and the melting temperature (T,,=82.2 °C) was consistently specific
for the amplicon. Limits of detection were 200 and 2000 colony forming units (CFUs) per ml or g of these samples,
respectively. This real time PCR offers a fast tool with high sensitivity and specificity for detection and
quantification of this rope-forming pathogen in dough used for bread making.

Keywords: Real-time PCR, Bacillussubtilis, new primer pairs, contaminated dough

Introduction

Bacillus subtilis is a gram positive member of the
genusBacillus, which is rod shaped, catalase
positive and has the ability to form a tough,
protective endospore, allowing the organism to
tolerate extreme environmental conditions (Jay et
al., 2005; McMeekin, 2000). In recent years, many
researchers have focused on this bacterium due to
its association with foodborne illnesses and also as
a consequence of its thermal tolerance, especially
concerning its reported resistance to commercial
baking conditions and spore forming ability in food
products (Nicholson et al., 2000; PAVIC et al.,
2005). The importance of B. subtilis in rope
spoilage of bread has also been confirmed. Rope
spoilage is the most important bacterial spoilage of
bread that is usually caused by Bacillus spp.,
especially B. subtilis(Rosenkvist and Hansen,
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1995; Sorokulova et al., 2003). Due to the large
number of species and the often incomplete
descriptions of a number of newly reported species
within the genus Bacillus, it is very difficult to
determine the species types and therefore some
recent works have focused on optimizing more
efficient culture independent methods and detection
strategies to overcome this problem (Fernandez-No
etal., 2011; Liu, 2010; Sadeghi et al., 2012).

Rapid detection and quantification of microbial
species are crucial to improve food safety by
developing effective preventive and/or adjustment
measures. During the past 30 years, tremendous
insights have been gained on how microorganisms
spread and cause various diseases (Justé et al.,
2008; Martinez et al., 2011). As well as
conventional PCR, the advent of SYBR green
technology has offered the ability to simultaneously
detect and quantify DNA from specific targets
using rapid real time PCR (Levin, 2010). The use of
shortened target DNA sequences in real time PCR
results in more efficient amplification than standard
PCR where amplicons are required to be at least
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200 bp in length to allow detection by
electrophoretic separation, and also allows reduced
extension times (Fricker et al., 2007; Martinez et
al., 2011).

In real time PCR, unlike in conventional PCR,
the amplification is monitored continuously during
the reaction, which permits the user to quantify the
target faster. Real time PCR is performed in a
closed tube system and requires no post-PCR
manipulation of the samples, preventing PCR mix
contamination. Real time PCR depends on the
emission of an ultraviolet induced fluorescent
signal that is proportional to the quantity of DNA
that has been synthesized. The simplest, least
expensive and most direct fluorescent system for
real time PCR involves the incorporation of the
SYBR green dye whose fluorescence under UV
greatly increases when bound to the minor groove
of double helical DNA. The quantification of the
target amount in unknown samples can be
estimated by generating a standard curve. The
establishment of a standard curve using the
quantitative real time PCR process is a key step in
determining the copy number of a given target
sequence. A perfect amplification reaction produces
a standard curve with an efficiency of two, because
the amount of target DNA should double during
each cycle (Klein, 2002; Mackay, 2004; Postollec
etal., 2011).

In the past decade, more researchers relied upon
real time PCR studies using simple and less
expensive SYBR green dye. A number of SYBR
green real time PCR assays for detection and
quantification of foodborne bacterial pathogens
such as Escherichia (Jothikumar and Griffiths,
2002), Mycobacterium(O'Mahony and Hill, 2002),
Salmonella, Shigella, Yersinia, Campylobacter,
Vibrio, Aeromonas, Staphylococcus, Clostridium
and Bacillus(Fukushima et al., 2003), Salmonella
and Listeria  (Jothikumar et al., 2003),
Campylobacter(Inglis and Kalischuk, 2004),
Vibrio(Panicker et al., 2004), Salmonella(Nam et
al., 2005), Enterobacter(Liu et al., 2006),
Clostridium(Fenicia et al., 2007), Plesiomonas(Gu
and Levin, 2008), Klebsiella(Sun et al., 2010) and
Staphylococcus(Fusco et al., 2011) have been
reported.

The objective of this study was to develop and
evaluate a SYBR green absolute real time PCR
method for the specific detection and enumeration
of B. subtilis in culture medium and dough samples
used for bread making.
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Materials and Methods

Bacterial species, induced contamination and
DNA extraction

Bacterial species (Bacillus subtilis ATCC 6633,
Bacillus amyloliquefaciens ATCC 23350, Bacillus
cereus ATCC 11778, Bacillus licheniformisATCC
9789, Bacillus spp., ATCC 21832, Staphylococcus
aureus ATCC 6538, Escherichiacoli ATCC 25922
andLactobacillus spp., ATCC 8001) used in this
study were purchased from American Type Culture
Collection as vacuum dried cultures. These species,
after activation, were plated into nutrient agar
(Merck, Germany), incubated for 24-48 hours at
30-37 °C and then pure bacterial colonies were
obtained (Jay et al., 2005). Wheat flour was
prepared from a local flour mills factory. Chemicals
(Merck, Germany), conventional PCR reagents
(Fermentas, Lithuania), designed primers (MWG,
Germany), DNA Extraction DNeasy kit (Qiagen,
Germany), GeneJET Plasmid Miniprep Extraction
kit (Thermo Scientific, USA), S.N.A.P. Gel
Purification kit (Invitrogen, USA), Maxima SYBR
Green/Fluorescein qPCR  Master Mix (Thermo
Scientific, USA) and InsTAclone PCR Cloning kit
(Thermo Scientific, USA) were also purchased and
used.

Dough samples were prepared according to our
previous study (Sadeghi et al., 2012). Then equal
numbers of the mentioned bacterial species were
used for contamination of the dough. 25g of dough
was inoculated with bacteria at numbers of ca. 10°
CFU/g of each species, separately (Blackburn,
2006; McMeekin, 2000).Qiagen genomic DNA
extraction kit was used according to the
manufacturer protocol to obtain genomic DNA
from cultured cells. The extracted DNA from
activated B. subtilis in nutrient broth culture was
used as positive control in following PCR assays.
Extraction of the total DNA from dough samples
was performed as described by Merothet al.(Meroth
et al., 2003). The DNA extracted from artificially
contaminated dough samples with related and
unrelated species that may be naturally present in
dough including B. amyloliquefaciens, B. cereus, B.
licheniformis,Bacillus spp., S.aureus, E.coli and
Lactobacillus spp., were also used as negative
controls in PCR tests.

Primer design, specificity evaluation and
conventional PCR setting
Forward primer (5°-

ACCATTGCGGTAGGTGCG-3’) and reverse
primer (5’-GCGTTTGTCCAAGTCGGG-3’) were
designed according to the aprE gene sequence
published in the GeneBank (AJ539133). The target
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gene encodes subtilisin toxin precursor and is a
highly conservative and specific gene of B.
subtilis(Sadeghi et al., 2012). The design of primers
was performed using Primer Premier 5 (Premier
Biosoft, USA) according to the recommendations
of software. Computer simulation of different
combinations of all the primer pairs was performed
in order to find the best combination for
development of the real time PCR test and the
primers were then tested for specificity using
BLAST
(http://www.blast.ncbi.nlm.nih.gov/Blast.cgi).
Primer specificities were also assayed and assessed
by cross reaction among mentioned related and
unrelated bacterial species. Specificity of primer
was further affirmed by carrying out melting peak
analysis of real time PCR assays on the amplicon.

The conventional PCR tests were performed on a
Corbett N15128 thermocycler (Australia). First the
PCR was optimized for detection of B. subtilis.
After evaluating the effects of different annealing
temperatures (in the range of 50 to 60°C),
optimized PCR reaction (initial denaturation at
94°C for 4 min, amplification for 35 cycles at 94°C
for 30 s, 54°C for 45 s, 72°C for 45 s and final
extension of 7 min at 72°C) was carried out in 20 pl
final volume including 2 pl Taq polymerase with
2.5 units activity, 2.5 ul buffer 10x, 2.5 ul MgCl, at
concentration of 25 mM, 0.5 ul of dNTPs mixture
(10 Mm), 2 ul of each primer at concentration of
0.5 mM and 2 pl DNA with concentration of 100
ng per pl. Then PCR products were electrophoresed
on 1.5% (w/v) agarose gel in TBE buffer with pH
8, stained by SYBR Safe DNA gel stain
(Invitrogen, USA) and observed under UV light.
Based on the B. subtilis target gene sequence, the
amplified PCR products should be 212 bp. Finally,
the PCR product was sent for sequencing to MWG
Co. (Germany) and sequencing result was evaluated
by BLASTN procedure with the available data in
NCBI.

Constructing reference standard and generation
of standard curve

The reference standards were constructed to
detect B. subtilis with real time PCR. The 212 bp
fragment of the aprE gene obtained using the
designed primers was cloned. First this was
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achieved by amplifying the selected sequence of
target gene using the conventional PCR and the
presence of the specific amplified product was
confirmed by electrophoresis. Purification of the
amplified product was performed using the
S.N.A.P. Gel Purification kit (Invitrogen, USA),
according to manufacturer’s recommendations.
DNA manipulations were carried out according to
standard protocols and instructions of InsTAclone
PCR Cloning kit (Thermo Scientific, USA). These
included ligation of the amplified 212 bp fragment
of B. subtilisaprE gene with the TA cloning
plasmid vector (pTZ57R/T), transformation of the
construct into competent E. coli DH5a, screening
of the positive clones and then plasmid DNA
extraction by GeneJET Plasmid Miniprep kit
(Thermo Scientific, USA) as illustrated in Fig. 1.
The identity of the cloned insert was confirmed by
direct sequencing, which was performed using the
universal sequencing primer M13F (Dhanasekaran
et al., 2010; Sun et al., 2010).

The standard curve was then generated using
standard values obtained by 10 fold serial dilutions
of the extract of the resulting plasmid harbouring
the target insert. For this purpose, the amount of
plasmid DNA was determined by a nanodrop
spectrophotometer (Thermo Scientific, USA) at 260
nm. Then, 10 fold serial dilutions of the extract
were prepared, ranging from 2x10° to 2x10'
copies/ml based on the instruction available online
at
http://www.uri.edu/research/gsc/resources/cndna.ht
ml. Real time PCR of the standard dilution series
was performed in triplicate as three separate tests.
The standard curve was generated by plotting the
threshold cycle (Cr) against the DNA amount
(plasmid copies/ml) produced for the target
sequence (Nicholson et al., 2000). Sensitivity was
shown by applying these DNA dilution series of the
reference strain to the real time PCR. For
comparison of PCR amplification efficiencies and
detection sensitivities among different experiments,
slopes of standard curves were calculated by
performing a linear regression analysis using the
programme SPSS 12.0 for Windows (SPSS Inc.,
USA).
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Figure 1. Schematic procedure of TA cloning used in this
study for constructing the reference standard.

SYBR green real-time PCR amplification and
melting curve analysis

Real time PCR was performed on the
experimental samples and reference standards. The
PCR was carried out using the Bio-RadCFX96
Touch™ machine (USA). Initially, primer pairs
were run in PCR under the following conditions:
Each 25 pl reaction mixture consisted of 12.5 pl
Maxima SYBR Green/ROX qPCR Master Mix
(Thermo Scientific, USA), 1 ul of forward and
reverse primers (0.3 uM) and 2 pl of template DNA
or extracted plasmid DNA from recombinant vector
(100 ng). The standard protocol included one cycle
at 95 °C for 10 min, followed by 40 cycles at 95°C
for 30 s, 54°C for 30 s and 72°C for 45 s.
Fluorescence was measured at the end of each
extension step. In order to allow subsequent
melting temperature (T,) analysis, PCR products
were heated to 95°C for 1 s, cooled to 65°C for 5 s
and then reheated to 95°C at a rate of 0.01 °C/s. The
correct size of PCR products was verified by 1.5%
gel electrophoresis and visualized with UV
transillumination after SYBR Safe staining. The

specificity of the developed assay was assessed
with mentioned Bacillus and non Bacillus bacterial
species that may be naturally present in dough. The
identity of the PCR product from a sample was also
confirmed by performing a melting curve analysis
and comparing its T,, with positive control
(Kennedy and Oswald, 2011; Martinez et al., 2011;
Nam et al., 2005; Postollec et al., 2011). The
amount of fluorescence emission in real time PCR
correlates to the initial amount of target template
during exponential phase. The T,, peaks of the
products were calculated based on initial
fluorescence curves by plotting negative derivative
of fluorescence over temperature (Levin, 2010;
Nam et al., 2005; Postollec et al., 2011).

Results

Specificity evaluation of designed primers in
conventional PCR

Fig. 2 shows the PCR results for specific
detection of B. subtilisby conventional PCR.
Extracted DNA from all bacterial species as
described in materials and methods, were examined
as templates. Specificity of primers and absence of
nonspecific products or primer dimers were tested
by analyzing PCR products on a 1.5% agarose gel
stained with SYBR Safe. Only the expected 212
bpamplicon could be observed after electrophoresis
and no other bands were visible. To confirm the
identity of the amplicon and further characterize the
detailed sequence of the gene, the PCR product was
sequenced and the result was verified by with
BLASTN search to find any sequence similarities.
There were no known non-target strain DNA
sequences in the BLASTN database with homology
to the sequence. Many researchers used this
procedure to confirm the specificity of designed
primers before their use in SYBR green real time
PCR such as Nam et al.(Nam et al., 2005),
Feniciaet al.(Fenicia et al., 2007), Sun et al.(Sun et
al., 2010) and Martinez-Blanch et al.(Martinez-
Blanch et al., 2009). The proposed method was able
to identify correctly the target pathogen both in
bacterial cultures and dough samples. Furthermore,
the use of related and unrelated species as negative
controls for detection of any amplifiable bacterial
DNA and sequencing results, confirmed the
specificity of the developed assay.
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10

500 bp

212bp

100 bp

Figure 2. Agarose gel electrophoresis of PCR products
obtained under optimized conditions for detection of B.
subtilis(212 bp). Extracted DNA from cultured cells of B.
subtilisin nutrient broth as positive control (lane 1), 100 bp
DNA marker (lane 2), extracted DNA from inoculated dough
with B. subtilis(lane 3), extracted DNA from dough artificially
contaminated with B. amyloliquefaciens, B. cereus, B.
licheniformis, Bacillus spp., S. aureus, E. coli and
Lactobacillus spp., representing the negative controls with ca.
105 CFU/g of each bacterium (lanes 4 to 10, respectively).

Detection of B. subtilisby SYBR green based real
time PCR

Nine samples tested with conventional PCR,
including extracted DNA from cultured cells of B.
subtilisin nutrient broth, extracted DNA from
inoculated dough with B. subtilis and extracted
DNA from dough artificially contaminated with B.
amyloliquefaciens, B. cereus, B. licheniformis,
Bacillus spp., S.aureus, E.coli and Lactobacillus
spp., were analyzed for the presence of B. subtilis
by real time PCR using SYBR green dye. DNA
extracted from B. subtilis (cultured or artificially
contaminated dough) yielded positive PCR
products from the gene and all other samples were
negative by both conventional and real time PCR.
No false positive or false negative results were
detected (Fig. 2 and Fig. 3). Specificity of the
reaction was also confirmed by melting temperature
analysis, which was constant for the amplicon
obtained. B. subtilis evaluated in the present study,
showed a constant T,, of 82.2 + 0.2 °C equal to
means =+ standard deviation of ten separate tests
(Fig. 3 b).
The unique T,, of some food bacterial pathogens
such as E. coli(Jothikumar and Griffiths, 2002), M.
paratuberculosis(O'Mahony and Hill, 2002), S.
enteritidis, S.typhimurium, Sh.sonnei, Sh.flexneri, Y.
enterocolitica, Y. pseudotuberculosis, C. jejuni,
V.cholerae, V. parahaemolyticus, V. vulnificus, A.
hydrophila, A. trota, S. aureus, C. perfringens, B.
cereus(Fukushima et al., 2003), L.
monocytogenes(Jothikumar et  al.,  2003),
E.sakazakii(Liu et al., 2006), C.botulinum(Fenicia
et al., 2007), P.shigelloides(Gu and Levin, 2008)
and K. pneumonia(Sun et al., 2010) were used for
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their specific detection in designed SYBR green
real time PCRs.

(a)
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Figure 3. (a) Real time PCR amplification of B. subtilisaprE
gene. (b) Melting curve analysis of SYBR green real time PCR
product of B. subtilis(in broth culture as positive control and
induced contaminated dough) after 40 cycles in presence of
negative control bacterial species used for conventional PCR.
The melting temperature is calculated as 82.2 oC. No non-
specific peaks are present.

Generation of calibration curves

Identity of the cloned insert was confirmed by
direct sequencing using the universal sequencing
primer M13F and then reference standards of
plasmid DNA were constructed. With these
standards, real time PCR assay can be used to
directly detect or accurately quantify the dough
samples containing B. subtilis, which is usually the
main pathogen in rope spoilage and also a potential
source for foodborne illnesses. Fig. 4 (a) and Fig. 5
(a), show the typical amplification plot (ARn or
RFU versus PCR cycle) constructed from
fluorescence  data  generated from DNAs
corresponding to 2x10'-2x10® copies per ml or g,
respectively for reference standards of cloned insert
and B. subtilis cells in artificially contaminated
dough.

In a real time PCR, fluorescence of reaction
mixtures just before the denaturation step of each
amplification cycle, and the cycle number at which
fluorescence crosses a specific threshold value in
the exponential phase of amplification are being
monitored (designated as Cr or the threshold cycle).
The Cr is thus a measure of the quantity of
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transcript of interest, and target DNA copy number
and Cr values are inversely related. The significant
portion of each curve is the place along the Cr axis
where each curve departs from the background. The
angle and linearity of each curve is related to the
efficiency of the PCR reaction with straight and
nearly vertical slopes representing more nearly
optimal PCR conditions (Bustin et al., 2009;
Dhanasekaran et al., 2010). The calibration curve
plotting Cr values against known serial dilutions of
B. subtilis DNA, ranging from 2x10' to 2x10°
copies per ml or g of samples is shown in Fig. 5 (b).
The linear range of this real time PCR assay was
2x10° to 2x10* copies/ml with the best fit
regression equation y= -3.0357x + 37.107, (R*=
0.9993) for standard references of cloned insert.
Standard curve also showed linear relationship
between Cr and log CFU for serially 10 fold diluted
B. subtilis cells in artificially contaminated dough
with linear regression coefficient of R’= 0.9887,
(y=-3.1429x + 39.119). These results indicate that
the reference standards were suitable for
quantitative assay (Bustin et al., 2009; Martinez et
al., 2011).

(a)

RFU

(b)

-d(RFU)/dT

65 70 75 80 85 0 95
Temperatre, Celsuus

Figure 4. (a) The amplification profile of real time PCR of
reference standards. The concentrations of cloning vector
ranging from 2x10° to 2x10" copies/ml: (1) 2x10%, (2) 2x10’,
(3) 2x10°, (4) 2x10°, (5) 2x10% (6) 2x10°%, (7) 2x10* and (8)
2x10". (b) The melting curve of amplification products.

Practical sensitivity of the real time PCR assay
The real time PCR assay was evaluated for

practical sensitivity using artificially contaminated

dough samples, as described before. The six
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inoculated samples ranging from 2x10°* to 2x10°
number of inoculated cells (CFUs), showed positive
fluorescence signals with different Ct values (the
last positive fluorescence signal was obtained at a
Cr value of 29.5 cycles) and the expected melting
temperature, was constant at approximately 82.2
°C, while one non-inoculated sample was tested
negative by this method (Fig. 5 a). The detection
limits of B. subtilis in standard references of cloned
insert and artificially contaminated bread dough
respectively, were determined as 200 CFU/ml and
2000 CFU/g, using SYBR green real time PCR and
without the need for further enrichment steps.

@

RFU

G

34 4
32 4
30 4
28 4
26 4
24 4

v=-3.1420x+ 39.119
R:=009887

22

20 4
18 - y=-3.035Tx+37.107
16 - R:=09993

14 -
12 4

10

Threshold Cycle

0 1 2 3 4 5 6 7 g 9

Log starting quantity (copies per ml)

Figure 5. (a) Detection limit in model samples by SYBR green
real time PCR assay without enrichment. The amplification
profile of 10 fold serial dilutions of B. subtiliscells in
artificially contaminated dough samples. The concentrations of
bacteria inoculated in samples ranging from 2x108 to 2x101
CFU/g: (1) 2x108, (2) 2x107, (3) 2x106, (4) 2x105, (5) 2x104,
(6) 2x103, (7) 2x102, (8) 2x101 and (9) negative control (no
bacteria). (b) Standard curves as generated from threshold
cycle (CT) numbers of a 10 fold dilution series of the new
constructed reference standards (2x101-2x108 copies/ml).
Standard curves showing the linear relationship between CT
and log CFU B. subtiliscells in artificially contaminated dough
(%) and reference standards of cloned insert ().

Discussion

Molecular methods, such as conventional PCR
and real time PCR, have been used to detect or
quantify specific pathogens in food samples. In our
procedure, a SYBR green real time PCR was
developed with new primer pairs for detection and
quantification of B. subtilis in dough used for bread
making. Specificity of the reaction was confirmed
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by melting temperature analysis, which was
constant for the amplicon obtained (T,, of 82.2 °C).
The linear range of this real time PCR assay was
2x10% to 2x10° copies/ml for standard references of
cloned insert. Standard curve also showed the linear
relationship between Cr and log CFU for serially
diluted B. subtilis cells in artificially contaminated
dough. This assay enabled us to differentiate B.
subtilis from main related and unrelated bacterial
species that may be naturally present in dough. The
assay could detect approximately 2000 CFU/g
dough without enrichment and showed potential for
quantifying this bacterium with the new constructed
reference standards. Since the typical cell counts of
B. subtilisin rope spoilage have been reported about
10° CFU/g of dough (Rosenkvist and Hansen,
1995; Sorokulova et al., 2003), the samples can be
processed and analyzed by this procedure, for
detecting and quantification of mentioned pathogen
in less than 3 h.

In recent SYBR green real time PCR studies for
detection of Bacillus spp., in food samples,
Frickeret al.(Fricker et al., 2007) showed that their
developed assay, depending on the direct DNA
isolation method is suitable for detection of 10 to
10° CFU/g emetic B. cereus in food samples
without enrichment. Martinez-Blanch et
al.(Martinez-Blanch et al., 2009)constructed
calibration curves for different food matrices, and it
had a wide quantification range of 6 log units using
both serial dilutions of purified DNA and calibrated
cell suspensions of B. cereus. The detection limit of
that assay in artificially contaminated liquid egg
and reconstituted infant formula was about 60
CFU/ml of food samples. The study of Wehrleet
al.(Wehrle et al, 2010) showed that artificial
contamination of three different food matrices
including baby food cereal, rice pudding and carrot
puree with distinct bacterial counts revealed a
detection limit of 10' CFU/g enteropathogenic B.
cereus cells after overnight enrichment. Although
most real time PCR assays in themselves are
characterized by high precision and reproducibility,
the accuracy of the obtained data is largely
depended on several other factors such as sample
preparation and quality of the standards. The
obtained absolute numbers are always calculated
relative to the standard (RNA, cDNA, plasmid
DNA, genomic DNA) and largely depend on the
accuracy of used standard. Due to the lack of
standardized reference material, the accuracy of the
obtained data has to be checked during the
establishment of the assay by comparison with
other established assays. This is the major task for
molecular diagnostics using real time PCR system
(Dhanasekaran et al., 2010; Kennedy and Oswald,
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2011; Martinez et al., 2011; Ponchel et al., 2003).
As mentioned, reliable standards are essential for
gPCR and it also has been found that the copy
numbers vary (due to degradation of standards)
over the period of time during storage at 4 °C and
—20 °C, which affects PCR efficiency significantly.
Based on the results obtained by Dhanasekaranet
al.(Dhanasekaran et al., 2010) the cloned target
sequences are noticeably more stable than PCR
products. This could lead to substantial variance in
results using standards constructed by different
routes, and therefore, cloned insert was used for
standard preparation in this study.

A number of fluorescent probe based real time
PCR studies have been carried out to detect
Bacillus spp., in foods or other samples using
TagMan probes or molecular beacons (Fernandez-
No et al., 2011; Fricker et al., 2007; Gore et al.,
2003; Martinez-Blanch et al., 2009). These
fluorescent probe based assays require availability
of primers and probes that must be selected
according to very rigid conditions, which cannot
always be easily applied. Use of the double
stranded DNA binding dye, SYBR green, for
detection of PCR products has overcome this
limitation by allowing real time PCR to be applied
without the need for probes linked to fluorescent
molecules. Protocols that are already in use for
classic PCR can thus be used with only slight
modifications (Aarts et al.,, 2001; Gibson et al.,
1996). In the absence of probes, specificity of the
reaction is determined by melting temperature of
the amplicon obtained. SYBR green lacks the
specificity of fluorescent DNA probes but has the
advantage of allowing a DNA melting curve to be
generated and software calculation of the T,of the
amplicon after the PCR. This allows identification
of the amplified product and its differentiation from
primer dimers, which also result in a fluorescent
signal with SYBR green but usually have a lower
Tnvalue. The fluorescent signal is measured
immediately after the extension step of each cycle
because thermal denaturation yielding single
stranded DNA eliminates fluorescence. A software
plot of the negative first derivative of the thermal
denaturation plot yields a bell shaped symmetrical
curve, the midpoint of which corresponds to the
Tnvalue for the amplified product. Interference of
the amplicon’s signal by the signal resulting from
primer dimer formation can be eliminated by
raising the temperature to a critical point that is
above the T,of the primer dimer formed (resulting
in thermal denaturation of the primer dimers) but
below the Tof the amplicons prior to measuring
the intensity of fluorescence emission (Levin, 2010;
Mackay, 2004).



Journal of Cell and Molecular Research (2014) 6 (2), 83-92

In conclusion, this SYBR green real time PCR
assay provides a rapid, highly sensitive tool for the
detection of B. subtilisand quantification of the
bacterium cells in a complex food matrix after
suitable sample preparation. With further
validation, this assay could be used by regulatory
and food industry laboratories to rapidly screen for
B.  subtiliscontaminations.  Considering  this
bacterium association with foodborne illnesses and
also its thermal resistance, especially to commercial
baking conditions and spore forming ability
indicates the importance of this assay. In contrast to
the culture dependent methods, it offers
significantly higher accuracy and speed, which are
crucial criteria when comes to food safety and high
volume of referred samples.
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In this study, we examined the chromosome number, microsporogenesis, pollen fertility and distribution of
cytotypes of Diplotaxisharra (Forssk.) Boiss. This is the first cytogenetic report of the taxon. Among three
studied populations, two of them which belong to central regions of Iran showed aneuploid (x = 14) meiotic
chromosome count while the other population existed at the diploid level (x = 13). It seems that the species
with x = 14 are derived through aneuploid increase. The most prominent among these meiotic abnormalities
was the chromatin stickiness which involved fragmented chromosome at different stages of meiosis.
Consequently, these populations exhibited varying percentages of pollen sterility and pollen grains of smaller
sizes. The aim of the present research was to study the male meiosis in detail, find the impact of chromatin
stickiness in inducing meiotic aberrations and their consequent effects on pollen fertility and find out the

distribution patterns of different cytotypes in Iran.

Keywords: Brassicaceae, Chromosome number, Cytotypes, Diplotaxis, Iran, Meiotic

Introduction

Diplotaxisharra is a genus of 2 species that
belongs to the Brassicaceae in Iran, an
economically important family with 321 genera and
3660 species (Al-Shehbaz, 2012; Hedge, 1968,
1980). The genus Diplotaxis belongs to tribe
Brassiceae. The tribe consists of 46 genera and
about 230 spp. characterized primarily by having
conduplicate cotyledons, and segmented
(heteroarthrocarpic) fruits, see Go~ mez-Campo,
1999, Appel and Al-Shehbaz, 2003, Warwick and
Sauder, 2005). Most of cytological studies in the
genus Diplotaxis harra have concerted on the
chromosome counts, with a little work focused on
detailed karyological criteria for taxonomic
purposes. Results from cytological studies showed
that there are three basic numbers and three ploidy
level (2n = 2x =22, 2n = 2x = 26 and 2n = 2x = 38)
in the genus D. harra (Warwick and Al-Shehbaz
2006; Al-Shehbaz 1978; Al-Shehbaz and Al-Omar
1982; Malallah and Attia 2003; Snogerup 1985).
The present study reports meiotic chromosome
number and behavior of three populations
belonging to genus Diplotaxisand aims to increase
the knowledge about patterns of chromosome
numbers and meiotic behavior in the three

xCorresponding authors E-mail:
massoud.ranjbar80@gmail.com

populations of D. harra.
Materials and methods

Cytogenetic

Material for male meiotic studies were analysed in
three populations of Diplotaxisharrawhich were
collected from the wild plants growing in different
localities of Markazi and Fars provinces, provinces
in Iran in the months of April-May the year 2012
(Table 1). The voucher specimens are deposited in
the Herbarium, Department of Biology, Bu-Ali
Sina University, Hamedan. The young developing
floral buds from healthy plants were fixed in
modified Carnoy’s solution in ethyl alcohol (96%),
chloroform and propionic acid (6:3:2) for 24 h at
room temperature and then stored in 70% ethyl
alcohol at 4°C until used.

Chromosome counts and male meiotic analysis
Developing anthers from floral buds were squashed
in 1% acetocarmine and preparations were studied
for chromosome counts, and detailed meiotic
behavior of pollen mother cells (PMCs) at early
prophase-I, metaphase-I/11 (MI/11), anaphases-I1/11
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Table 1. Localities of the species used in this study.

Taxa Voucher Altitude Location Date Collector name Abbreviation
specimens (m)
D. harra 30903 1400 Markazi: 35 km from 26.5.2012  Ranjbar & Karami HARO03
Nubaran to Tafresh
D. harra 30849 1434 Markazi: 30 km from 26.5.2012  Ranjbar & Karami HAR49
Nubaran to Tafresh
D. harra 29984 1450 Fars: Fasa, Azad 27.4.2012 Ranjbar & Karami HAR84

university

(A, telophases-I/11 (TI/I1) and sporad stage
(Wilson 1945). In populations with the normal
meiotic course, a total of 95-127 PMCs were
examined in determining the chromosome counts
while in cytologically abnormal populations 20-50
slides prepared from different anthers/flowers (with
350-650 PMCs) were analysed in each case.

Pollenfertility

Pollen fertility was estimated through stainability
tests for which anthers of mature flowers were
squashed in glyceroacetocarmine mixture (1:1) dye.
800-1000 pollen grains were analysed in each case
for pollen fertility and pollen size. Well-filled
pollen grains with uniformly darkly stained
cytoplasm were scored as fertile/viable while
shrivelled pollen with unstained or poorly stained
cytoplasm were counted as sterile/unviable. Pollen
fertility was expressed as an average percentage of
the stained pollen grains/total pollen grains
analysed. Size of stained pollen grains was
measured with occulomicrometer.

Photomicrographs

Chromosome spreads were analysed with Olympus
light microscope and the best plates of chromosome
counts, meiotic abnormalities, sporads and pollen
grains (fertile, sterile) were photographed from the
temporary mounts with an Olympus BX-51
microscope. Photographs of chromosomes were
taken on an Olympus BX-51 photomicroscope at
initial magnification of x1000. Voucher specimens
are kept at BASU, Hamedan, Iran (Table 1).

Results

Species Description

Diplotaxisharra (Forssk.) Boiss., Fig. 28.
Annual to perennial herbs. Stems erect, 10-60 cm,
simple or many-stemmed, glabrous or scattered
simple hairs at lower part. Basal leaves petiolate, ca
. 2.8 x 0.3 cm, obovate or broadly ovate, more or
less dentate, apex acute, sparsely covered hairs, ca.
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Figures 1-12. Representative meiotic cells in HAR49 and
HARS84. (1) diakinesis (2n 2x =28) HAR49, (2)
chromosome stickiness in metaphase | HARA49, (3)
chromosome stickiness in anaphase | HAR49, (4-6)
telophase | HAR49, (7) chromosome stickiness in
metaphase Il HAR49, (8) anaphase Il HAR49, (9)
telophase Il HAR49, (10) diakinesis (2n 2x =26)
HAR84, (11) chromosome stickiness in metaphase |
HAR84, (12) chromosome stickiness in anaphase |
HARB84. Scale bar = 1 um.

1.2 mm long. Cauline leaves oblanceolate to
oblong, 2.3-88 x 0.6-3.2 cm, apex acute,
subsessile, entire. Inflorescence a raceme, up to 25
cm long, many flowered. Pedicels 10-15 mm long,
erect to spreading, usually pendent when mature,
becoming elongate in fruit and up to 24 cm long.
Sepals spreading, inner not saccate, erect 4.8-6 x
0.8-2.2 mm, oblanceolate to oblong, acute, scarious
margin, 0.2-0.4 mm long. Petals yellow or cream,
distinctly longer than sepals, erect, 7-12.5 mm
long, 2.5-5 mm broad, obovate, rounded at apex,
claw differentiated from blade, shorter than sepals.
Stamens 6, without appendages, slightly included,
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erect; median filament pairs 4-6 mm long; anthers
erect, linear, 2-3.2 mm long; lateral filament pair
3-5 mm long, anthers 2-2.7 mm long. Fruits 30-50
x 2.5-3 mm long, linear, compressed siliqua, 1-
veined, beak very short or ca. 1 mm, terete, erect,
gynophore ca. 2-3 mm long, glabrous. Stigma
prominent, 2-lobed; style absent. Ovary with very
many (up to 100) ovules. Seeds numerous, arranged
in two rows in each cell. Cotyledons longitudinally
folded.

Figures 13-24: Representative meiotic cells in HAR84
and HARO03. (13-14) telophase | HAR84, (15) metaphase
Il HAR84, (16) anaphase 1l HARS84, (17) teloaphase 11
HAR84, (18) diakinesis (2n = 2x = 28) HARO03, (19)
metaphase | HARO3, (20) metaphase | with fragmented
chromosome HARO03, (21) anaphase | HARO03, (22)
teloaphase | HARO03, (23) anaphase Il HARO3, (24)
teloaphase Il HARO3. Scale bar = 1 um.

Cytogenetics

Chromosome numbers and meiotic behavior were
determined in three individuals belonging to three
populations of one species. They were similar in
life history, breeding system, ecology, and
geographical distribution in Iran. A total of 542
diakinesis/metaphase | (D/MI); 318 anaphase
I/telophase 1 (Al/TI); 27 metaphase 1l (MII) and
505 anaphase Il/telophase Il (All/MII) cells were
analyzed. Only one population growing in the Fars
(1450 m) existed at diploid level (based on x = 13)
as confirmed from the presence of 13 medium sized
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bivalents in the PMCs at MI (Fig. 10). These
bivalents showed regular segregation during
anaphase |. Further meiotic course was also regular
resulting into normal tetrad formation, nearly
percent pollen fertility and uniform sized pollen
grains. The aneuploid cytotype has been found to
be more common as confirmed from the presence
of meiotic chromosome number of x = 14 in two
out of the three populations scored presently from
the different localities in the Iran. These aneuploid
individuals in the populations unequivocally
showed the presence of 14 bivalents in the PMCs
(Figs. 1, 18). All taxa studied here displayed regular
bivalent pairing and chromosome segregation at
meiosis. However; some meiotic abnormalities
were observed. The meiotic irregularities observed
in different D. harra included the occurrence of
varied degree of fragmented chromosome to poles
and chromosome stickiness (Table 2).

Table2. Characterization of meiotic behavior and pollen
viability in populations of Diplotaxisharra

Meiotic HAR49 | HAR84 HARO03
characters

Cell number 360 507 628
D/MI 94 143 305
% D/MI 26.11 28.20 51.75
% Fragmented 0 0 597
chromosome

Al/TI 32 183 103
% AI/TI 8.88 36.09 16.40
%_ _Chromosome 60 11.18 0
stickiness

Mil 2 25 0

% MII 0.55 4,93 0
All/TII 184 139 182
% AII/TII 51.11 27.41 28.98
N 14 13 14

% Pollen viability | 46.37 54.21 49.37

Pollenviability

The results of the comparison between the meiotic
behavior and pollen viability showed the highest
(54.21) and lowest (46.37) percentages of the
stained pollens in HAR84 and HARA49;
respectively. This result indicates that irregularities
observed at meiosis probably have a direct relation
with species fertility. The pollen viability of
examined species is described in Table 2 and
illustrated in figures 25, 26 and 27. Chromosome
stickiness coupled with associated meiotic
abnormalities and consequent abnormal
microsporogenesis resulted into high pollen sterility
(Table 2) and smaller sized pollen grains (Fig. 25).



Journal of Cell and Molecular Research (2014) 6 (2), 93-98

25 g & 26 04 0O 27 _
5 O@ et : ! ," \
1 s\ o . P
‘e, 09"%® 0 ¢

Figures 25-27: Pollen viability. (25) sterile pollen grains
among fertile pollen grains in HAR49, (26) HARS84, ( 27)
HARO3. Scale bar =5 pm.

Discussion

Chromosomenumber and meiotic behavior

All populations are diploid and possess 2n = 2x =
26, 2n = 2x = 28 chromosome number, which is
consistent with the proposed basic number of x =
13. The present diploid (2n = 26) and aneuploid (2n
= 28) chromosome counts for the species from this
region of the Iran, explored for the first time, agree
with the earlier reports from other regions of Iran.
Based on x = 13 another proposed basic number for

Figures 28. Diplotaxisharra (Forssk.) Boiss. (A) Plant, (B)
Close up flowers, (C) Close up glabrous fruits and
gynophore Tillustration 28A through the courtesy of Flora
of Iraq 4 (2): 860].

Diplotaxisharra a diploid (Warwick and Al-
Shehbaz 2006). It is thus apparent that the species
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exhibits considerable degree of variability in
chromosome number in the Iran. In addition to the
presence of intraspecific cytotypes, the species also
showed the existence of diploid and aneuploid
chromosomal races (2n = 26, 2n = 28) at basic
number of x = 13 and x = 14. Consequently, the
individuals of diploid and aneuploidy cytotypes of
D. harra can't be distinguished from each other in
the field. Meiosis is highly coherent and the process
is genetically programmed, which comprises of
pairing homologous chromosomes, crossing over,
reduced in chromosome number, and lacking of S
period between the two divisions. Similar to any
other biological process, all the sequential steps
involved in meiosis are controlled by a large array
of genes (Ramana, 1974; Mok and Peloquin, 1975;
Mok et al., 1976; Koduru and Rao, 1981; Falistocco
et al.,, 1995). Mutation in any of these genes that
govern micro or megasporogenesis from pre-
meiotic to post meiotic events can lead to serious
anomalies in the whole process resulting in the
genetically aberrant end products having an adverse
impact on fertility and overall reproductive
efficiency of the species (Lattoo et al., 2006).

Stickychromosomes

Sticky chromosomes were observed in two studied
populations with different frequencies (Figs. 2, 3, 7,
11, 12, Table 2). Chromosome stickiness may be
caused by genetic and environmental factors, and

several agents have been reported to cause
chromosome  stickiness  (Pagliarini,  2000).
Chromosome stickiness also resulted in the

formation of pycnotic chromatin at earlier stages of
prophase | and chromatin  bridges at
anaphase/telophase. The normal functioning of
spindle apparatus is crucial for chromosome
alignment  during metaphase and  correct
segregation of chromosomes to poles (Shabrangi et
al., 2010). Disturbed spindle apparatus orientation
may have resulted in scattered and disoriented
chromosomes in the meiocytes.

Genetic as well as environmental factors have been
considered as the reason for chromosome stickiness
in different plant species (Nirmala and Rao, 1996).
They are characterized by their agglomeration in
different stages of the cell cycle and can occur due
to the presence of mutant genes or abiotic factors as
X-rays (Steffensen, 1955; 1956), gamma irradiation
(Rao and Rao, 1977; Al Achkar et al., 1989),
temperature, herbicides (Badr and Ibrahim, 1987)
and some chemical elements present in soil
(Steffensen, 1956; Zanella, 1991; Caetano-Pereira
et al., 1995). Another hypothesis is that
chromosome stickiness may be caused by a failure
or a bad functioning in one or two types of non-
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histone chromosomal proteins (Peres Kiihl et al.,
2011). The highest frequency of chromosome
stickiness of anaphase | and telophase | cells was
observed in population of HAR49 (Figs. 2, 3, 7,
Table 2). The lowest degree of chromosome
stickiness occurred in population of HAR84 (Figs.
11, 12, Table 2).
Fragmented chromosomes
migration)

There was another abnormality in metaphase | (Fig.
20). The highest frequency of fragmented
chromosomes of metaphase I cells was observed in
HARO3 population (Table 2). The highest and
lowest abnormalities were seen in populations of
HAR49 and HARO03, respectively.

(Precocious

Pollenviability

Furthermore, many abnormalities affecting plant
fertility or causing total male sterility have been
detected during the evaluation of meiotic behavior
in some species. There is a difference in the pollen
grain size of the diploid cytotype and in the two
populations (Fig. 26) of the aneuploidy cytotype
where the typical pollen grains were similar in
smaller size as that of the diploid cytotype. So, the
aneuploid increase can be concluded in the pollen
grain size of populations in HAR49 and HARO3.
Different sized pollen grains in other populations of
the aneuploidy cytotypes are the product of various
meiotic abnormalities abnormal microsporogenesis.
Consequently, very high pollen sterility and fertile
pollen grains of two heterogeneous sizes were
resulted. This result is predictable based on meiotic
behavior data and of the lowest percentages of
irregularities in these populations (Table 2). In
contrast, a low percentage of pollen viability (46%)
in population of HAR49 can be explained by
having a high percent of sticky chromosomes. In
this population a relatively high frequency of
chromosome stickiness in different stages of
meiosis and consequently, low pollen viability was
observed. So, it can be concluded that sticky
chromosomes  affects the meiotic course
considerably and results in reduced pollen viability,
also showed that there is a direct relationship
between occurrence of sticky chromosomes and
reduced pollen viability. The pollen viability of
examining populations is described in Table 2 and
illustrated in figures 25, 26 and 27.
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Abstract

Preserving genetic diversity of Iranian native chickens is significant in order to perform breeding programs and
improved production. Genetic diversity among close populations can be determined by investigating their phylogenetic
relations. Different approaches have been applied to determine the phylogenic relations from which genomic
sequencing has been considered the most functional approach. In this project, we aimed to evaluate the phylogeny and
genetic nucleotide sequences of ND4 and NDA4L regions in mitochondrial genome of Khorasan native chickens. Blood
samples were collected from 6 random populations and their genomic DNAs were extracted. Results showed that there
is no haplotype difference between the studied samples. Lowest genetic distance was observed between Khorasan
native chicken and other Asian chickens i.e. Jiangbian, Lvenwv and Red jungle fowl for the ND4 and NDA4L genes

indicating their close relationship.

Keywords: Khorasan native chicken, ND4L, ND4, Mitochondrial DNA, Phylogeny tree

Introduction

There are more than 100 native fowl genetic
masses in Iran adjusted to environmental
conditions. They have obtained relative resistance
to local diseases and are considered as important
national wealth. These native chickens are genetic
reserve and their protection for next generations
needs an extensive study (Tavakolian, 1999). There
are two hypotheses about the origin of domestic
chickens, first, these are originated in gallus gallus
or these were derived from several gallus subclass
(Crwford1990). Mitochondrial genome sequencing
has been considered the most functional method to
determine the phylogeny relationship among their
different populations and species (Bruforrd et al
2003). A lot of comparing tests have been
conducted for different regions sequencing, genetic
diversity and species developmental origin using
mitochondrial genome. ND4 (NADH
dehydrogenase subunit 4) and ND4L (NADH-
ubiquinone oxidoreductase chain 4L) are 459 and
98 amino acids containing proteins encoded by
mitochondrial region’s encoding genes to make
NADH_COQ, the respiratory chain protein which
is responsible to transfer electrons from NDAH to
respiratory chain (Zhang et al 2000). The purpose

Corresponding authors E-mail:
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of this project was phylogeny analyzes of ND4 and
NDAL regions of mitochondrial DNA of Khorasan
native chickens.

Materials and Methods

Sampling:

Blood samples were collected from 6 Khorasan
native chickens and unrelated chickens to ensuring
their relationships. Blood samples were stored in
EDTA containing tubes at -20°C. DNA was
extracted using commercial kit (Thermo, USA).
Quantitative and qualitative assessment was done
according to spectrometry method using nanodrop—
ND 2000 spectrophotometer (Thermo, USA) and
running on 1% agarose gel. ND4 and NDA4L regions
were amplified using their specific primers as
shown in table 1.

Polymerase chain reactions (PCR) were carried
out to amplify ND4 and NDA4L using T-personal
model Biometra thermo cycler according to the
standard method. The components of PCR mix (25-
ul)were as, 100 ng DNA, 0.2 unit Taq polymerase
enzyme, 2 ul ANTP (10 mM), 1.5 pl MgCI2 and 1
pmol gene specific primers (50 mM). In order to
confirm the amplification, samples were
electrophoresed on 1% agarose gel. PCR program
forND4L fragment was adjusted as,94 °C for 30s
(denaturation), 54°C for 35s (annealing), 72°C for
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30s (amplification) till 35 cycles, a primary step at
94°C for 10 min and a final amplifying stage at
72°C for 10 min, PCR program for ND4 gene was
adjusted as 94 °C for 30s (denaturation),56°C for
35s (annealing), 72 °C for 30s (proliferation) till 35
cycles, a primary step at 94°Cfor 10 min and a final
amplifying stage at 72°C for 10 min. PCR products
were electrophoresed onl1% agarose gel which was
strained by ethidium bromide (EtBr). Y++ pl of
PCR product was purified and sent for sequencing
(Macro Gen company, South Korea) with 50 pul of
each used primers. These samples were sequenced
using the ABI3130 machine according to Sanger
automated approach. The obtained sequences
homology level was measured using accurate
BLAST tool method in NCBI database. In order to
study the phylogenetic relation between target
breeds, we draw the phylogeny tree using the
alignment sequences UPGMA approach by MEGA
5.1 software.

Table 1. Specific primers for ND4L and ND4 region using
Primer premier-5.

Primers Sequence

Forward 5- TTCACATTCAGCAGCCTAGGACT-3®
(NDA4L)

Reverse | 5- GCTTTAGGCAGTCATAGGTGTAGTC-3'
(NDA4L)

Forward 5°- ACCTACCTGCCTCCTGAACAA-3

(ND4)

Reverse | 5-TCTGGTTTGAGGATGAGTGTTAGTA-3'
(ND4)

Results

The quality of extracted DNA was confirmed by
spectrophotometery. Electrophoresis of amplified
fragments on 1% agarose resulted in the bands of
ND4 and NDA4L fragments as 913bp and 802 bp
respectively, showed the correct size of ND4 and
NDA4L fragments as shown in figure 1. Sequencing
of ND4 and NDAL regions was performed for 6
samples. After sequencing, their alignment was
compared using Glusta multiplie alignment tool of
Bio Edit 7.2.2 software. The 891and 707 fragments
were used in all the samples as the consensus
sequence for NDA4L, ND4 regions respectively.
Comparative analysis of the obtained sequences by
these tools revealed that there is no difference
between the studied sequences (p=0).Probably it
was resulted from few samples or homogenization
of the mass because of permanent selection

according to commercial goals for several

generations.ND4L sequence nucleotide compound
was calculated as A 30%, C 36%, G 10% and T
24%, indicating the 46% and 54% frequency for
G+C and A+T respectively (figure 3).

Figure 1A. Electrophoresis of 913 bp PCR Products on 1 %
agarose gel

Figure 1B. Electrophoresis of 802 bp PCR Products on 1 %
agarose gel

A+T and G+C frequencies were calculated for
ND4 as 23%, 12%, 36%, 29, and the 48, 52%
frequency in relation to G+C and A+T, respectively
(figure 4).

Percentage

o

7 o @ ~
Nucleotides

Figure 3. Frequency percentage for constituent nucleotides at
ND4 Lconsensus sequences in Khorasan native chickens.
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Khorasan native chicken
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Figure 4. Frequency percentage for constituent nucleotides at
ND4 consensus in Khorasan native chickens.

The constructed phylogenetic tree revealed that
ND4L region’s sequence of Khorasan native
chickens comparing with Asian chicken breeds was
close to Jiangbian, Lvenue, Red and jungle fowl.
Furthermore, results showed that all of them are
belonging to the same group except of Nixi breeds
(figure 5).

Khorasan native chicken

51 | breed Jiangbian

breed Lverwu

breed Red jungle fowl

breed Autochthanic chicken

breed Huaiyang
breed Mixi

0.0005

Figure 5. Phylogenetic tree of NDAL consensus sequence of
Khorasan native chicken and other breeds

Furthermore, the results of ND4 gene
phylogenetic tree showed that mitochondrial
genome of Khorasan native chickens are close to
Autochtonic, jiangbian, Lvenwva and red jungle
fowl, and belonged to the same group but
differences were observed with Tulufan and
Huaiyang gushi breeds(figure 6).

Studying the ND4L region’s genetic matrices of
mitochondrial genome of Khorasan native chickens
indicated that there was lowest genetic distance
between Khorasan native chickens and Jiangbian,
Lvenwv, Red jungle fowl and Autochthonic
chickens. Genetic distance between Khorasan
native chickens with Nixi and Huaiyang chickens
was also observed (Table 2).
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Jiangbian

Lverwu

Red jungle fowl
Autochthonic chicken

Tulufan
| Gushi
I Huaiyang

-

.
0.0008

0.0006 0.0004 0,000z 0.0000

Figure 6. Phylogenetic tree of ND4 consensus sequence of
Khorasan native chicken and other breeds

Table 2. Nucleotide similarities and differences matrix of
NDA4L gene in Khorasan native chickens in relation to other

breeds
1 2 3 4 § 6 7

Khorasan native chicken 1 0 0 0 2 3 2

breed Jiangbian 2 100.00 0 0 2 3 2

breed Lv'erwu 3 100.00) 100.00 0 2 3 2

breed Red jungle fowl 4 100.00| 100.00| 100.00 2 3 2

breed Autachthonic chicken 5 9978| 9978 99.78| 99.78 3 2

breed Nixi 6 99.66| 99.66) 00.66| 09.66| 99.66 3

breed Huaiyang 7 99.78| 99.78| 09.78| 99.78| 99.78| 99.66

Matrix of ND4 region’s genetic distances of

mitochondrial genome indicated that there is a little
genetic distance between Khorasan native chickens
and Authochthonic, Jiangbian, Lvenwv and Red
jungle fowl chickens. A huge distance was
observed between them with Tulufan and Huaiyang
Gushi (Table 3).

Table 3. Nucleotide similarities and differences matrix of NDL
gene in Khorasan native chickens in relation to other breeds

Khorasan native chicken 1

Autochthonic chicken

Red jungle fowl 100.00

Gushi

oflalalwm

99.86
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100.00
99.72

99.86
99.86
100.00
100.00
99.72

al=leo|le|=

100.00
99.86
99.86

Hualyang

o|ls|=|o|lal=

99.86
99.86
99.86]

Jiangbian

| rp|ala|n|m]o

100.00
99.72

Lv'erwu

@ ~|o|lon|sflw|w|=

Tulufan

Discussion:

As we find out the genetic conservation of
Khorasan native chickens, this genetic reserver may
be helpful to enhance production capacity of native
chickens and to increase their ability against
variable environmental conditions and relative
resistance to local diseases. Import of foreign
modified breed may lead in the reduction of native
chickens production which are the national asset
themselves. It should be noted that using the

Kharasan native chicken
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mentioned sequences and their registration in the
world gene bank would be regarded as an indicator
to determine native chicken breeds in the Khorasan
regions of Iran.

Results showed nucleotide relative frequency in
consensus sequences in ND4 and NDAL regions of
Khorasan native chickens is very close to
nucleotides percentage with the registered domestic
chicken mtDNA in NCBI database. Comparison of
these obtained sequences with the registered
sequences indicated that there are high overlapping
and homology among these sequences. These
findings showed that the sequenced regions in this
study were same as in other studies.

The phylogeny tree of different Asian chicken
breeds and genetic analysis of ND4 and NDA4L, lead
us to the conclusion that these genes are very
important to study the breeds and the genetic
distances between the Khorasan native chicken.
Also results are comparable with the findings of
Silvia et al., 2008; Oluwabukola et al., 2005; Pirany
et al., 2005 and Siming, 2011. Zardoya et al., 1996
suggested ND4 as an ideal gene to analyze the
mitochondrial proteins. They also considered the
NDA4L gene as a weak gene in phylogeny analysis.
Our results indicated the genetic diversity among
these populations.
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Summary

Neural tube defects (NTDs) are complex problem of central nervous system including brain and spinal
cord. Anencephaly and myelomeningocele are the two most common forms of NTDs. Epidemiological studies
reveal that genetic and environmental factors are responsible for the development of NTDs. During
embryogenesis large numbers of extrinsic and intrinsic factors are responsible for the closure of neural tube
which is responsible to maintain the three germ layers including neural ectoderm. The role of MTHFR and
RFC-1 gene in etiopathology of NTDs has not been clearly defined in Indian population. Hence, the curiosity
has been developed with the aim to evaluate folate metabolism and folate regulatory gene in clinically
diagnosed NTDs by using PCR based DNA analysis with selected specific forward/reverse primers.
Interestingly, the highest frequency (12.5%) of CT has been appeared of MTHFR C677T gene noticed in
NTDs mother. We also observed the similar frequency of heterozygous AG genotype in NTDs of A80G RFC-1
gene. Therefore, C and A allele have high prevalence among than other genotype. However, the mutation in
MTHEFR partially have protective effect of embryo and these selected candidate folate markers are responsible
to influence the cells of neural crest confirming the folding of neural tube associated with severity of disease in
NTDs.

Keywords: NTDs, MTHFR, RFC-1, Folate, Homocystine

Dear Editor...

Low folate intakes and impaired folate
metabolism play major role in the etiology of
neural tube defects (NTDs), which is complex
problem of central nervous system including brain
and spinal cord. Anencephaly and
myelomeningocele are the two most common forms
of NTDs. Epidemiological studies reveal that
genetic and environmental factors are responsible
for the development of NTDsl. Periconceptional
folic acid supplementation diminishes the risk of
NTDs in new born baby. Mutation in 5, 10
methylenetetrahydrofolatereductase (MTHFR;
677—CT) gene, reduced enzymatic activity and
results in increased plasma homocysteine levels.
Such defects can be lowered by supplementing folic
acid in the diet. Another gene, reduced-folate
carrier-1 (RFC-1), has a critical role in anti-
folate transport with resistance and higher
affinity to reduce the folate, including the
physiological substrate 5-methyltetrahydrofolate

*Corresponding author E-mail:
rinkiv3@gmail.com
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and oxidized folic acid 2-3. Still it is not
absolutely clear how genetic and epigenetic
factors regulate neural tube folding during
neurogenesis. We  studied the  genotypic
distributions and allele frequencies of MTHFR
C677T and RFC-1 A80G with level of folic
acid, RBC and homocysteine in the clinically
diagnosed NTDs and in their mothers.

Blood for mutation analysis was obtained after
written informed consent from study subjects NTDs
and their mothers. The study was approved by
ethical committee of the Institute medical sciences,
Varanasi, India. The study population comprised of
50 subjects with NTDs, and their mothers (n=50).
The control group consisted of 59 healthy infants
with their mothers (n=59). Genotype analysis of the
blood samples were done using polymerase chain
reaction based DNA analysis with selected specific
forward/reverse primers and allele specific
restriction  digestion(Hinf-I ~ and Hhal;
MTHFRC677T andRFC-1 A80G respectively),
according to the method described by Frosst et al4
and Chang et al 20005. The total homocysteine
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(tHcy) and folic acid in the NTDs cases from the
plasma was determined by HPLC and
fluorescence detector 6 and RBC investigated
from central collection investigation laboratory,
S.S. Hospital Varanasi.

Our data showed evidence for an association
between the 677—C and A80G-RFC-1, with the
occurrence of NTDs (table 1). The average
concentration of plasma homocysteine are in
higher (8.87 umol/L) in the NTDs case as
compared to the controls (5.65 umol/L) whereas
the level of folic acid and RBC are higher in
controls than the cases. Interestingly, the highest
frequency (12.5%) of CT has been appeared of
MTHFR C677T gene noticed in NTDs mother and
the similar frequency of heterozygous AG genotype
in NTDs of A80G RFC-1 gene. Therefore, C and A
alleles have high prevalence than other genotype.
On the other hand, the mutations in MTHFR have
partial protective effect on embryo and these
selected candidates. Folate markers are responsible
to influence the cells of neural crest, confirming the
folding of neural tube associated with severity of

disease in NTDs. Therefore, NTDs have
multifactor  origin of CNS disorders with
common variant in more than one gene

involved in folate and tHcy could interact to
increase in infant’s NTDs risk.

Table 1. Genotype and allele frequencies of MTHFR 677CT
and RFC-1 in Indian subjects

Gene Genotype % Allele
frequency frequency

MTHFR CcC CT TT C T

Ce77T

NTDs Cases 10 9.0 6.0 0.58 0.42

NTDs Mother | 7.5 12.5 5.0 0.55 0.45

Control Child | 24.7 7.0 2.9 0.81 0.18

Control 27.1 6.4 1.1 0.87 0.12
Mother

RFC-1 AA AG GG | A T
NTDs Cases 9 12.5 5.0 0.61 0.45
NTDs Mother | 9 9.5 6.5 0.45 0.55
Control Child | 7.0 6.4 1.1 0.29 0.06
Control 25.3 7.0 2.3 0.83 0.16
Mother

Earlier studies have implicated susceptibility to
NTDs due to the MTHFR and RFC-1 gene
polymorphism. Folate supplement has potential
effect in prevention and management of NTD
and reduces the risk of the RFC-1 carrying
variant. This study has important implications
in  the assessment of potential “risk factor”
either due to folate deficient diet (nutritional
factor) or unknown environmental factor
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responsible for NTDs and has been proven that
mutant genotype has impact on the pregnancy
outcome with possible maternal-foetal
interaction. The results of this study indicate that
677—CT and RFC-1 mutation are responsible for
NTDs in Indian patients.
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