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ABSTRACT

The theoretical data on the malate dehydrogenase (mdh), succinyl-CoA synthetase
(sucCDAB) operon in Sinorhizobium meliloti and the experimental data suggest that this
operon is regulated from the promoter upstream of mdh gene. On the other hand, the
untranslated intergenic region between the sucD and sucA genes is TA rich and could also
contains active promoter site, as it was described previously in Bradyrhizobium japonicum. In
this study the mdh upstream region and the intergenic region between sucD and sucA were
analyzed, isolated and cloned in pOT1-green fluorescence protein (gfp)-fusion plasmid to
examine the possibility of promoter activity. Sequences analyzed by promoter hunter program
indicated that both regions have promoter sequences and transcription starting sites (TSS). In
addition the measurement of the relative fluorescence units (RFU) indicated that the mdh
upstream region contains a constitutive promoter which was active under all tested conditions.
While the intergenic region between sucD and sucA also contain active promoter site, induced
only by LBmc medium and M9 medium containing glutamate as sole carbon source. The
overall results suggest that sucA expression is initiated from its own upstream promoter.

Keywords: Sinorhizobium meliloti, Promoter, sucCDAB operon, Green fluorescence protein,
pOT1gfp

1. INTRODUCTION

Sinorhizobium meliloti, has two main
operons encode genes of the
Tricarboxylic Acid Cycle (TCA), (Poole
et al, 1999). Malate dehydrogenase
(MDH) is the first gene in an operon that
also encodes the two subunits of succinyl-
CoA synthetase (sucCD) and two of the
three  subunits  of  2-oxoglutarate
dehydrogenase (OGD) namely (SucAB),
thus, has the structure mdh-sucCDAB.
This is the same gene order reported for
Rhizobium leguminosarum (Walshaw et
al., 1997); Mesorhizobium loti (Kaneko
et al, 2000) and Agrobacterium
tumefaciens (Goodner et al., 2001). The
second TCA cycle operon found in S.
meliloti encodes for the four subunits of
succinate dehydrogenase (SDH) and is
structured as sdhCDAB (Meek, 2013).

This arrangement is conserved across
many rhizobia and is always located
upstream of the mdh-sucCDAB operon.
Depending on rhizobia, these two operons
are separated by two open reading frames
(ORFs) in Rhizobium etli (Gonzalez et
al., 2006), three ORFs in R.
leguminosarum (Young et al., 2006) and
eight ORFs in S. meliloti (Galibert et al.,
2001) and M. loti (Kaneko et al., 2000).
The gene order mdh-sucCDAB s
conserved in B. japonicum; however, a
study showed that mdh is expressed
monocistronically and sucAB is expressed
from its own upstream promoter (Green
et al., 2003).

In this study, the main goal is to
investigate  the  promoter  regions
controlling the expression of the mdh-
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sucCDAB operon. This is achieved by
testing if the sucA is expressed from its
own upstream promoter or from mdh
upstream promotor. Therefore, the mdh
upstream region and the intergenic region

2. MATERIALS AND METHODS

2.1. Bacterial Strains, Plasmids and
Growth Conditions: Bacterial strains and
plasmids are listed in Table (1); Complex
Luria-Bertani (LBmc) was supplemented
with 2.5 mM MgSOs, 2.5 mM CaCly; the
M9 medium was supplemented with 0.25
mM CaCl;, 1 mM MgSOs, 0.3 mg/L
biotin, and (arabinose, malate and
glutamate) as different carbon sources.
Growth  conditions and antibiotic
concentrations were as  previously
described (Duncan and Fraenkel, 1979;
Finan et al., 1984; Finan et al., 1986;
Finan et al., 1988; Driscoll and Finan,
1993).

2.2. Sequences Analysis.

The DNA sequences for the mdh-
sucDCAB operon were obtained from
https://iant.toulouse.inra.fr/bacteria/annot
ation/cgi/rhime.cgi site for Sinorhizobium
meliloti 1021 complete chromosome
sequence. All primers used in this study
are designed using NCBI/ Primer-BLAST
(primer 3) program at
https://www.ncbi.nlm.nih.gov and listed
in Table (2), (Untergasser et al., 2012;
Ye et. al., 2012). The mdh promoter and
SUcA putative promoter sequences were
detected using Promoter Hunter program
using
http://www.phisite.org/main/index.php?na
v=tools&nav_sel=hunter (Klucar et al.,
2010).

2.3. Molecular Biology Techniques
Standard techniques were wused for
alkaline extraction of plasmid DNA,
digestion of DNA with restriction
endonucleases, DNA ligations,
transformation of CaCl,.competent E. coli
cells, and agarose gel -electrophoresis
(Maniatis, 1989). DNA fragments were
eluted from agarose gel using the QIAEX
I1 Gel Extraction Kit.

between sucD and sucA were analyzed,
isolated and cloned in pOT1-gfp fusion
plasmid to examine the possibility of
promoter activity.

2.3.1. Polymerase Chain Reaction
(PCR)

All the PCR amplifications were done
using the T-gradient thermocycler. The
reaction conditions were the same for all
primers, except that the extension time
was adjusted according to the length of
the targeted amplicon. The initial
denaturation step was done at 95 °C for
five minutes, the next 30 cycles were 30
sec of denaturation at 95 °C, two minutes
for the annealing at 67.5 °C, and the
extension at 72 °C for 90 sec for the mdh
promoter fragment gene and for 50 sec for
the SUCA upstream fragment
amplification. Final extension was done
for 10 minutes at 72 °C, after which
samples were retrieved and kept on ice, or
in a freezer at -20 °C until further analysis
(Abbas et al., 2013; Abbas and Sorour,
2016). The PCR primers used in this
study are listed in Table (2); the mdh,
SucCDAB operon is shown in Figure (1).
2.3.2. mdh and sucA Upstream
Fragments Isolation and Cloning

The mdh upstream region and the sucA
upstream putative promoter fragments
were amplified using specific PCR
primers (Table 2 and Figure 2), eluted
from Agarose gel and digested with Pstl
and Hindlll restriction enzymes. Then
ligated into the pOT1-gfp fusion vector
separately; in forward and reverse order
with the gfp gene in pOT1. Finally
transformed to E. coli DH50 (Maniatis,
1989) and introduced into S. meliloti
Rm1021 via tri-parental conjugation.

2.4. Conjugation (Tri-parental Mating)
To mobilize the constructed plasmids
pRA0O4, pRA05, pRA06 and pRAO07,
cultures of the recipient S. meliloti (Rm
1021), and donor E. coli (EcR008 to
EcR012) were inoculated separately, with
the mobilizer strain (MT616) and grown
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overnight (O/N) in  LBmc with
appropriate antibiotic and washed 2x in
sterile saline. The three cultures were
mixed in a 1:1:1 ratio and spotted onto
LBmc agar plates. Controls were the pure
cultures. Following O/N incubation, the
spot of each conjugation was scraped with
a sterile needle, suspended in saline and
100 pL were spread onto LBmc agar
containing the appropriate selective
antibiotics. Conjugation produced the S.
meliloti strains number RN004, RNOQO05,
RNOO6 and RNOO7, respectively (Abbas
et al., 2013; Abbas and Sorour, 2016).
2.5. Green Fluorescence Protein (gfp)
Fusion Assays

The gfp-transcriptional promoter fusion
assays were done as follows; cultures
were grown in triplicate, O/N in liquid
M9-media with selected carbon sources
and gentamycin for plasmid maintenance.

Table 1. Bacterial strains and plasmids.

One mL was put into 2 mL cuvette and
the GFP-UV fluorescence unit was
measured (excitation at 390 nm; emission
at 510 nm as described by Karunakaran
et al. (2005) using Fluorescence
Spectrophotometer (LS 45-PerkinElmer).
Optical density (O.D) was adjusted at
(0.2, 0.4, 0.5, 0.6, 0.7 and 0.8) for each
strain by wusing 0.8% saline. The
fluorescence units (FU) was calculated as
relative fluorescence units (RFU) using
the following equations to remove the
background effect of the wild type (WT)
strain Rm1021.

RFU= FU of strain — FU of Wild Type

0.D
2.6. Statistical analysis
All data were subjected to statistical
analysis using T-test (Microsoft-Excel,
10) and the probability is tested at p<0.05.

Strain, Plasmid Relevant Characteristics Reference
Escherichia coli
FtendAl hsdR17 (rk- mk-)
SupE44 thi-1recAl gyr96 relAl
DHR A(argF-lacZYA) U169 ®80dlacZ BRL Inc.
AM15A
MT616 DH5a, mobilizer strain, Cm" Finan et.al.1986.
EcR008 DH5a Apir+ pOT1Gm* gfp fusion Lab Strain
EcR009 DH5a Apir+ pOT1 carrying Present Study
partial mdh and promoter area-
ofp fusion, forward orientation
Present Study
ECRO10 DH5a Apir+ pOT1 carrying
partial mdh and promoter area-
ofp fusion, reverse orientation
ECRO11 pOT1 carrying partial sucA and Present Study
putative promoter area-gfp
fusion, forward orientation
ECROL2 pOT1 carrying partial sucA and Present Study

Sinorhizobium meliloti
Rm1021

putative promoter area-gfp
fusion, reverse orientation

SU47 str-21, Sm’

Meade et al. 1982
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RNO004

RNOO5

RNOO6

RNOO7

Plasmids

pOT1

pRAO4

pRAOS

pRAO6

pRAO7

Rm1021 pOT1 carrying partial
mdh and promoter area-gfp
fusion, forward orientation

Rm1021 pOT1 carrying partial
mdh and promoter area-gfp
fusion, reverse orientation

Rm1021 pOT1 carrying partial
SucA and putative promoter

area-gfp fusion, forward
orientation

Rm1021 pOT1 carrying partial
SucA and putative promoter
area-gfp fusion, reverse
orientation

Broad-host range promoter

probe vector, Gmr
pOT1 carrying partial mdh and
promoter area-gfp fusion,
forward orientation
pOT1 carrying partial mdh and
promoter area-gfp fusion,
reverse orientation
pOT1 carrying partial sucA and
putative promoter area-gfp
fusion, forward orientation
pOT1 carrying partial sucA and
putative promoter area-gfp
fusion, reverse orientation

Present Study

Present Study

Present Study

Present Study

Allaway et al. 2001

Present Study

Present Study

Present Study

Present Study

Table 2. Primers sequences.

Primer

Sequence

Orientation

mdh Forward

mdh Reverse

5-TTGGAAGCTTGGTCCAACCCATCTG-3’

sucA Forward

sucA Reverse

5-GACTGCAGTCCGGCGACATCA-3’

mdh upstream fragment

gfp fusion forward

mdh upstream fragment

5-GCCTGCAGTCAACGCCGAGGTC-3

gfp fusion forward

5-GGCAAGCTTGATGCCGATGTAGA-3

Each primer contains Pst1 and Hindlll restriction sites and it was reversed for cloning in reverse order with gfp fusion.

3. RESULTS AND DISCUSSION
3.1. mdh, SucDCAB Operon Sequences

Analyses
The mdh, SucDCAB operon structure is
shown in Figure (1), illustrating

intergenic region between mdh and the
upstream ORF SMc02478 and between
the sucA and sucD gene. The Promoter
Hunter program found a Promoter region
predicted for the upstream sequence of

mdh gene with 0.80 score cutoff (Score
range 0 to 1). The Transcription starting
site (TSS) is shown in larger font, as
shown in the following sequence. The
mdh promoter location for the 1001 base
tested sequence start at 86 and ends at 131
with 0.81 score (Figure 1).

While, the 1001 base upstream of sucA
was tested and it showed probable
promoter region with TSS and 0.80 score

4



Research Journal of Applied Biotechnology (RJAB)

cutoff. The transcription starting site
(TSS) shown in larger font. Promoter
predictions for the 1001 base upstream the
SUcA sequence start at 680 and ends at
725 with 0.96 score (Figure 1).

Results suggested that, the existence of
upstream promoter for SucA gene is

highly probable and it could be
transcribed as monocistronic as it was
previously described in B. japonicum
(Green et al., 2003) for which evidence
suggested that sucA expression is initiated
from its own upstream promoter.

sucA >| sucB >

SMc02478 >( A ﬂ mdh > sucC >

1

CCCGCAAAATTCAGCGGCGGAATGACGGTCCGGCGACATCAGTTCTTACGTTTACGTAAGAGGTTTGGCGTTTGCCGCGTTT

CAGGCCTTG ATCA‘I’I"I'I'GG@ATCACAAAG.

2

ACGAAGCCCCTCACGGTCTGCCGATCGCTGGAGCACTTCCAGGAAAGTGCCGTTTGAAGGACGCGCAGAACACCG

CGGCTATGCTCACCCTATAACGA.

Figure 1. Diagram of mdh, SucCDAB operon A: is a promoter located upstream of mdh ORF SMc02478, while
B: is intergenic region that may contain other promoter for SucA gene for the individual expression
regulation. 1: is the detected sequence for the putative mdh upstream promoters with TSS labeled in red
and 2: is the detected sequence for the putative sucA upstream promoters with TSS labeled in red.

3.2. Detection of mdh and sucA upstream
cloned fragments

The plasmids containing the mdh promoter
and the sucA upstream putative promoter
fragments were re-isolated and digested
with Pstl and Hindlll enzymes to confirm if
it is carrying the desired fragments (Figure
2), before introducing into the host S.
meliloti strain Rm1021 via conjugation to
produce RNO04, RNO005, RNO006 and
RNOO7 carrying the pRA0O4 to pRAO07,
respectively. The transformed S. meliloti
strains were also tested to confirm that it is
carrying the desired fragments before
measuring the promoter activity. All
transformed S. meliloti strains  were
containing the pOT1 plasmid with the right
fragment as shown in Figure (3).

Figure 2. The PCR products of the mdh upstream
fragment at lanes 2 and 3; lane 4 has SucA
upstream fragment and lane M is 100bp DNA
ladder.
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Figure 3. Confirmation of mdh and sucA upstream
fragment cloned in gfp-pOT1 vector and digested
with Pstl and Hindlll restriction enzymes. Lane M is
1kbp ladder, lanes 1 to 3 is mdh upstream fragment
digested from gfp-pOT1 and lanes 4 to 6 sucA
upstream fragment digested from gfp-pOT1.

3.3. Detection of Promoters Activities of
mdh, sucCDAB Operon

To ascertain whether the area directly
upstream of mdh and sucA is the functional
promoter for the mdh-sucCDAB operon, a
transcriptional gfp-gene fusion was made.
A 500 nucleotide (nt) fragment comprising
approximate 300 nt upstream of mdh and
200 nt of mdh was cloned into the vector
pOT1 in forward orientation resulting in
plasmid pRAO4. As a control, the same
fragment was ligated in reverse orientation
relative to gfp resulting in plasmid pRAO5.
Plasmids were mobilized into the Rm1021
by triparental mating resulting in strains
RNO04 and RNOO05, respectively. Cultures
were grown in LBmc and M9-minimal
media containing arabinose, glutamate and
malate, as sole carbon sources. In the same
way, Rm1021 WT strains were transformed
with plasmids carrying a gfp-gene fused
into sucA upstream region in the forward
and reverse orientations to determine if
there was an active promoter upstream the
region of sucA gene. In this case, a 1000 nt
fragment comprising the 300 nt, intergenic
region between sucD and sucA and
approximately 700 nt of sucA were ligated
into the vector pOT1 in both forward and

reverse orientations relative to gfp resulting
in plasmids pRA0O6 and pRAO7,
respectively. Plasmids were mobilized into
the Rm1021 by triparental mating resulting
in strains RNO06 and RNOO7, respectively,
cultures were grown under the same
conditions as above, and the fluorescence
was measured as RFUs, (Figures 4 and 5).
Results presented in Figure (4) showed that
strains RNOO5 and RNOO7 carrying the
reverse mdh and sucA upstream fragments,
respectively, have the same WT RFUs level
at all tested conditions. On the other hand,
strain  RNOO4 with the mdh upstream
forward fragment had RFU significantly
(p<0.05) higher than those obtained from
strain  RN006 sucA upstream forward
fragment in both M9 glutamate and
arabinose but equal to it in the M9 malate
medium. While the strain RN006 with the
sucA upstream forward fragment had RFUs
significantly (p<0.05) higher than strain
RNO0O04 with the mdh upstream forward
fragment under LBmc test conditions
(Figure 5), indicating that the promoter of
this operon is located directly upstream of
mdh gene and is working in all tested
conditions (arabinose, glutamate, malate
and LBmc) (Walshaw et al., 1997). While
the intergenic region between sucD and
sucA could contain active promoter
working under glutamate and LBmc test
conditions only. These results suggest that
the upstream promoter of mdh gene is a
constitutive promoter while the putative
SUCA upstream promoter could be an
inducible one and is activated under certain
conditions (Dillewijn et al., 2001; Green et
al., 2003; Zhou et al., 2006; Geetha and
Joshi, 2013). Other suggestion proposed by
Meek (2013), is that when S. meliloti has
been differentiated into bacteroids, the
putative sucA promoter could be functional
in the Alfalafa plant, however more
investigations are needed to discover it in
details.
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Figure 4. The Relative Fluorescence Units (RFU) of the S. meliloti tested strains with M9 Arabinose
(left) and M9 Malate (right) as sole carbon sources, RN004 (mdh-f), RNO05 (mdh-R), RN006
(sucA-f) and RNOO7 (sucA-R) and Rm1021(WT).
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Figure 5. The Relative Fluorescence Units (RFU) of the S. meliloti tested strains under M9 Glutamate
medium (left) and LBmc medium (right), RN004 (mdh-f), RNO06 (sucA-f) and Rm1021(WT).

4. CONCLUDING REMARKS

e S. meliloti, expresses the mdh-sucCDAB investigation especially when S. meliloti
operon from a promoter upstream of mdh. has been differentiated into bacteroids
form in the Alfalfa plant.

e SUCA gene expression is initiated from its

own upstream promoter, whether this e No activity for the reverse mdh and sucA
indicated that sucA has a functioning promoter fragments was observed, which
inducible promoter that needs further indicates that no promoter sequences in

the negative strand.
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