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ABSTRACT

Transport protein GAB15256 from Arthrobacter globiformis belongs to the Major Facilitator Superfamily (MFS)
family. In silico analysis of this protein is myo-inositol transporter but specific biological function is unknown yet.
Therefore, large scale production and purification would help to study the exact role of GAB15256 protein. In this
study, GAB15256 gene was cloned and over expressed in E. coli BL21 (DE3) strain. Membranes expressing
GAB15256 were solubilised with 1% n-dodecyl-f-D-maltoside (DDM) and were purified by immobilised metal
affinity chromatography using a Ni-NTA resin. Far UV circular dichroism spectroscopy demonstrates that purified
protein GAB15256 was largely alpha helical secondary structure and has retained normal folding after passing through
the various steps of purification. The thermal stability of GAB15256 was analysed by ramping the temperature from 5-
90 °C and finally back to 5 °C. On returning the temperature to 5 °C, there was no evidence that suggests refolding of
the protein and a melting temperature of 45.8 °C was estimated using Global Analysis CD software 3.
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INTRODUCTION

Arthrobacters are widely distributed in the environment, typically found in soil. Arthrobacter globiformis is a
Gram-negative bacterium species from the genus Arthrobacter (Jones and Keddie, 1992). A number of bacteria
possesses in their genome annotated ioL genes for use of inositol but very limited studies are available on myo-
inositol metabolism and its importance for the cell. Many microorganisms, including Arthrobacter globiformis are
able to use the naturally occurring myo-inositol as their sole carbon and energy source (Yoshida et al., 1997;
Berman and Magasanik, 1966; Kawsar et al., 2004; Krings et al., 2006; Poole et al., 1994). Corynebacterium
glutamicum also utilises myo-inositol as a carbon and energy source (Krings et al., 2006; Tatusova et al., 2016).
Generally in chemically complex settings, bacterial growth involves multiple systems for the passage of metabolic
substances. In the kingdom of bacteria, the uptake of various molecular substrates as anabolic building blocks and
energy sources are facilitated by specific transmembrane transporters (Boutte et al., 2008). The genus Arthrobacter
transports and metabolises a variety of biological nutrients, comprising the copious ecological carbohydrate myo-
inositol (Boutte et al., 2008). The GAB15256 protein from Arthrobacter globiformis is transporter of myo-inositol
and is classified as a member of the MFS family. Topology of this protein is predicted to compromise 12
transmembrane helices. The wild type GAB15256 protein consist of 480 amino acids with the C and N termini
situated in the cytoplasm, which allow addition of the hexahistidine tag. A carbocyclic sugar myo-inositol, or simply
inositol is abundant in different tissues of mammalian especially brain and in response to a variety of hormones,
mediates cell signal transduction neurotransmitters, osmoregulation and growth factors (Parthasarathy et al., 2006).
Also, in many microbial ecosystems, inositol is very significant molecule comprising of sugar alcohol with half the
sweetness of sucrose. In bacteria and archaea inositol has role as antioxidants, as cell membrane components, as
carbon storage units and as osmolytes (Galbraith et al., 1998; Roberts, 2006). Inositol can serve as source of
phosphorus in the phosphorylated forms (Mullaney et al., 2000; Turner et al., 2002). The function of inositol
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phosphates in bacteria is not well understood, but in eukaryotes, this plays an important role in regulation of
membrane traffic and signal transduction at the cell surface the cytoskeleton, membranes permeability and transport
functions. In silico analysis of this protein is myoinositol transporter but specific biological function is unknown yet.
Therefore, large scale production and purification would help to study the exact role of GAB15256 protein. In this
study we establish procedures for the recombinant protein expression of GAB15256 gene that was cloned and over
expressed in E. coli BL21 (DE3) (Robinson, 2011). Purification of GAB15256 protein enables initial studies of
structure and function in vitro. The results of this study shall hopefully lay the foundation for the structural and
functional characterisation of uncharacterized membrane protein of MFS family.

MATERIALS AND METHODS

Cloning of GAB15256 gene

Sequence of the GAB15256 gene was obtained from the Transporter Protein Analysis Database
(http://www.membranetransport.org/) (Paulsen et al., 1998: Ren et al., 2006). Restriction sites in the gene of interest
was mapped using Webcutter 2 (https://users.unimi.it/camelot/tools/cut2.html), which allowed checking for the
presence of any EcoRI or Pstl restriction sites that were used for cloning. Primers were designed to introduce in-
frame EcoRlI site (GAATTC) at the 5™ ends and Pstl site (CTGCAG) at the 3" ends of the gene to allow subsequent
ligation with EcoRI-Pstl digested pTTQ18-His6 (Table 2.3). The forward and reverse primers were:
5'CCGGAATTCGCATATGACGGCGGC3 and 5° AAAACTGCAGCGCGGACCGGGGCATC 3" respectively.
These primers were used to PCR for amplification of desired gene from genomic DNA of Arthrobacter globiformis.

Genes amplification from bacterial genomic DNA

PCR was performed using a Bio-rad thermocycler (Waltham, USA) with total reaction volumes of 50 puL by
adding the reagents shown in Table 1 and using-conditions shown in Table 2. Plasmid DNA was isolated from
bacterial overnight cultures and purified using a QIAprep Spin Miniprep Kit and protocol from QIAGEN Ltd., UK.
The PCR product and plasmid pTTQ18 were cut with restriction enzymes EcoRI and Pstl. Ligation of the gene of
interest into plasmid DNA was catalysed by T4 DNA ligase followed by transformation.

After successful amplification, the DNA fragment was subsequently purified and the integrities of the cloned
genes were recognized by automated DNA sequencing to ratify that each gene without mutation had been cloned
and was inserted with a correct orientation into pTTQ18.

Table 1. PCR reaction components.

PCR reaction modules Final concentration Final volume (uL)
Sterile water - 39
pfu Turbo buffer (10 x) 1x 5
dNTPs (10 mM each) 0.2 mM 1
Genomic DNA (50 ng/pL) 50 ng 1
Forward primer (10 uM) 0.3 uM 15
Reverse primer (10 puM) 0.3 uM 15
pfu Turbo polymerase (100 units) 2.5 units 1
Total volume 50
Table 2. PCR reaction conditions.
Steps Temperature (°C) Time Number of cycles
Warm up 95 3 minutes x1
Denaturation 95 30 seconds x 30
Annealing 58 30 seconds
Extension 72 120 seconds
Final extension 72 10 minutes x1
Hold 4 0 x1
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Recombinant protein purification by immobilized metal affinity chromatography (IMAC)

Membranes from whole cells E. coli BL21(DE3) were prepared using the water lysis method (Witholt et al.,
1976; Ward et al., 2000) and were resuspended in solubilisation buffer (20mMTris-HCI pH 8.0; 20 mM imidazole
pH 8.0; 300 mMNaCl; 20% v/v glycerol; 1% w/v DDM) and mixed for 2 h at 4 °C. The membranes were
sedimented by spinning at 100,000 x g for 1 hour at 4°C. The supernatant was incubated with Ni-NTA resin for 2 h
at 4°C with mixing. The recombinant proteins were purified by immobilized metal affinity chromatography followed
by elution with a high concentration of imidazole buffer (10 mM Tris-HCI pH 8, 200 mM imidazole pH 8, 2.5% v/v
glycerol, 0.05% DDM). The eluted samples were concentrated up to 3ml and applied to a BioRad Econo-pac 10 DG
desalting column followed by wash buffer (10 mM Tris-HCI pH 7.6; 2.5% v/v glycerol; 0.05% DDM). The purified
eluted fraction was concentrated to 5-20 mg/mL and stored at -80°C.

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE).

Proteins were resolved by SDS-PAGE using a 15% v/v resolving gel and a 4% v/v stacking gel. For gel analysis
samples containing 15 ug of protein were solubilised in 4x sample loading buffer (60 mM Tris-HCI pH 7.2, 10% v/v
glycerol, 2% w/v SDS, 0.005% bromophenol blue, 3% B-mercaptoethanol). Proteins were visualized by staining the
gel in EZBIlue stain (Wilson, 1979).

Circular dichroism spectroscopy

To determine secondary structure content of purified proteins, far-UV (180-260 nm) circular dichroism
spectroscopy measurements were performed using a CHIRASCAN instrument (Applied Photophysics, UK) at 20 °C
with constant liquid nitrogen flushing. Samples were prepared in a Hellma quartz cuvette of 1.0 mm path length at a
final protein concentration of 0.1 mg/mL in CD buffer (10 mM NaPi pH 7.5; 0.05% DDM). The thermal stability of
protein was analysed by ramping the temperature from 5-90 °C and finally back to 5 °C. Spectra in the range of 180
to 260nm were recorded at 1nm intervals (Koji et al., 1994).

RESULTS AND DISCUSSION

The GAB15256 gene was amplified from Arthrobacter globiformis (Conn 1928) Bergey et al. 1930 genomic
DNA with 5" and 3" cloning primers. PCR product of 1534bp was obtained (Fig. 1) and cloned into pTTQ18
plasmid. The recombinant plasmid DNA was sequenced by Beckman Coulter Genomics (BCG, UK). The results
verified that the gene GAB15256 and the recombinant plasmid pTTQ18 were constructed successfully. Also the
nucleotide sequence of the cloned DNA fragment displayed 100% identity with the GAB15256 nucleotide sequence
in NCBI using the multiple alignment tool Clustal Omega (http://www.ebi.ac.uk/Tools/msa/clustalo/).
Bioinformatics analyses have reported this protein to be associated with the transport of myo-inositol which is
necessary requirement of most of the organism. However, GAB15256 protein is a novel protein with unknown
function and mechanism yet. After successful cloning the membranes containing amplified expression of
GAB15256 were solubilised with 1% DDM and the Hisg-tagged protein was purified by immobilised metal affinity
chromatography using a Ni-NTA resin. Using the polypeptide sequence of GAB15256 (Hisg) and the Expasy M,,
calculator (http://web.expasy.org/compute_pi/), the theoretical mass of GAB15256 (Hisg) was 56693.72Da and it
migrates on SDS-PAGE at a position of 38.0 kDa which is a size difference of ~68%. This is consistent with SDS-
PAGE analysis of other memberanes proteins, which travel at about 60-70% of their predicted sizes (Bettaney,
2008; Ma, 2010; Ma et al., 2016). It is widely recognized that membrane proteins migrate anomalously on SDS-
PAGE gels at lower molecular weight positions than their actual molecular weights predicted from amino acid
composition due to high binding of SDS, hydrophobic nature, or the secondary structure retention facilitating the
migration through the gel (Rath and Deber, 2013; Ward et al., 2000). SDS-PAGE analysis confirms identity of
GAB15256 protein where visible band was observed in Figure-2. Based on the purification shown in Fig. 2, the
yield of purified protein was 1.2 mg per litre of cell culture. Lane 2 of SDS-PAGE contains the membranes
solubilised with 1% DDM whereas lane 3 contains protein that did not bind to the Ni-NTA column (unbound
fraction). Lane 4 shows 90 percent pure GAB15256 protein that was obtained with IMAC using a Ni-NTA resin
which is one of the most efficient methods of protein purification. The NTA ligand contains four chelating sites that
are interacting with metal ions. NTA usually occupies four of the ligand binding sites in the co-ordination sphere of
the Ni*?ion, leaving two sites to interact with the hexahistidine tag (Qiagen, 2003). Purified protein GAB15256 was
eluted with buffer containing a high concentration of imidazole (200 mM); this dissociates the Hisg-tagged proteins
because they can no longer compete for binding sites on the Ni-NTA resin (Lane 4). The purity of the isolated
protein was deemed suitable for subsequent biochemical and biophysical analysis. Generally, it is recommended that
before performing biochemical and biophysical methods for characterization of protein, it is necessary to validate
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the secondary structure of protein. CD spectroscopy is a valuable biophysical technique for examining the folding,
conformational changes and determination of protein secondary structure (Wallace et al., 2003; Miles and Wallace.
2016). Therefore, far-UV CD spectroscopy (180-260 nm) was performed to measure the secondary structure content
of the purified GAB15256 protein which was solubilised in DDM detergent. The resultant CD spectrum obtained of
purified GAB15256 was indicative of a predominantly a-helical protein with a peak at ~192 nm and troughs at 209
nm and 222 nm (Fig. 3A). Importantly, no beta-sheet structure was revealed for recombinant GAB15256, these
results were consistant with other reported studies (Wallace et al., 2003; Kelly et al., 2005; Bulheller et al., 2007,
Bettaney et al., 2013). These measurements also established that the purified GAB15256 protein was correctly
folded and had retained its alpha helical secondary structure after passing through various steps of the purification.
This was an important control prior to further biophysical or biochemical analyses using the purified protein.

1 2
Size
(bp)
3054
2036
1636
1018

Fig. 1.  PCR amplification of GAB15256 gene. PCR products was analysed on a 1% agarose gel. Lanes: 1 kb DNA ladder
(left) and PCR products (right).
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Fig. 2. Coomassie blue stained 15% SDS-PAGE showing the purification of GAB15256 protein from membrane. 15 pg samples
loaded as follows: (1) molecular weight marker; (2) insoluble pellet; (3) supernatant membrane; (4) unbound flow through; (5)
purified protein. Lanes 5 is of particular interest as they represent the purified fractions, respectively.
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Fig. 3. Far-UV CD analysis of purified GAB15256 protein. (A) Far-UV (180-260 nm) CD spectrum for purified AAN69889
protein. Measurements were performed using a CHIRASCAN instrument (Applied Photophysics, UK) at 20 °C with constant
nitrogen flushing. Samples were prepared in a Hellma quartz cuvette of 1.0 mm pathlength at a final protein concentration of 0.15
mg/ml in CD buffer (10 mM NaPi pH 7.5; 0.05% DDM). (B) Thermal unfolding of AAN69889 proteinover the concentration
range 5-90 °C and finally back to 5 °C monitored at a wavelength of 209 nm. (C) Full spectra showing thermal unfolding of
AANG9889 protein over the given temperature range.

The thermal stability of GAB15256 was analysed by ramping the temperature from 5-90 °C and finally back to
5°C (Fig. 3B & C). The final scan at 5 °C shows whether the purified protein had refolded into its native secondary
structure. GAB15256 loses it secondary structure with rising temperature and comparisons of spectra at 5 °C prior to
thermal denaturation and at 90 °C following denaturation showed three main differences (Fig. 3C). Firstly, a
decrease in the negative signals at both 209 nm and 222 nm and secondly significant reductions in the amplitude of
the signal at 192 nm. These changes were indicative of reductions in the alpha helical content and therefore of
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thermal denaturation. At 90 °C there was still a positive signal at ~192 nm and negative signals at ~209 nm and ~222
nm suggesting that the protein was not fully unfolded. With increasing temperature the signal at 209 nm began to
change significantly at ~40 °C and a melting temperature of 46.2 °C was estimated using Global Analysis CD
software 3. The GAB15256 protein is therefore reasonably stable for performing biophysical assays using a
temperature range of 18-25 °C. On returning the temperature to 5 °C, there was no evidence that suggests refolding
of the protein, similar to reported results for other transport proteins (Bettaney, 2008; Ma, 2010; Sukumar, 2012;
Jackson et al., 2013). This study established a series of protein purification steps for isolation of desired protein from
a complex mixture and laid down the foundation for characterization of similar proteins.
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