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Abstract   

The transcription factor, Regulatory Factor X, 6 (RFX6), is almost exclusively found in pancreatic islets 

where it maintains the functional identity of β-cells. It regulates insulin secretion directly by binding to 

the insulin promoter and indirectly by altering the expression of components of the voltage-gated ion 

channels. In order to better understand the mechanics of this binding, the present study describes the 

over expression and purification of the human RFX6 DNA binding region (RFX6 DBR) in a prokaryotic 

system. Using the pET28a(+) vector and E.coli host systems, a C-terminal His-tagged, 11kDa 

recombinant RFX6 DBR was expressed and purified. The identity of the protein was confirmed by 

Western blot analysis. The RFX6 DBR is able to bind to a 450bp insulin (INS) promoter segment in 

vitro with an approximately 4x10
8
 molar excess of protein required for the short-lived binding of protein 

to DNA. The basic molecular characterization of the RFX6 DNA binding region whose mutation causes 

certain forms of neonatal and type 2 diabetes, is reported here for the first time. The present study could 

have implications in understanding RFX6 as a target of pharmacological intervention.  

 

Key terms: transcription factor, recombinant protein expression, electrophoretic mobility shift assay, 

insulin, diabetes, RFX6. 

 

List of abbreviations: The abbreviations used are RFX6, Regulatory factor X, 6; DBD, DNA binding 

domain; DBR, DNA binding region; INS, insulin; BSA, Bovine serum albumin     
------------------------------------------------------------------------------------------------------------------------------------------------    

1. Introduction  

The pancreas is an organ that consists of both endocrine and exocrine tissues. The endocrine glands 

secrete hormones into the blood stream that aid in maintaining the levels of glucose and other 

metabolites in the human body. 95% of the endocrine pancreas is composed of beta cells that produce 

the hormone insulin. Insulin is the major hormone that helps in the regulation of glucose levels by 

promoting the uptake of glucose from the blood stream. Aberrations during the development of the 

endocrine pancreas or failure in the function of the beta cells i.e. production of insulin, leads to certain 

forms of diabetes. At the turn of the century, the world prevalence of diabetes was 171 million. This is 

expected to reach 366 million by 2030 [1]. It is obvious therefore, why a significant amount of research 

the world over, is dedicated to finding a cure for this debilitating disease. 

 

The regulatory factor X (RFX) family of proteins consists of 7 members with diverse tissue distribution 

[2-4]. Although members of this transcription factor family bind a consensus DNA binding motif, the X-
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box, via a winged helix structure, they have diverse gene targets and hence diverse cellular roles. It is 

worthwhile therefore, to study the protein-DNA interactions of each member of the family individually. 

 

RFX6 is the 6
th

 member of the RFX family of transcription factors with an almost exclusive expression 

in the adult human pancreas [5]. During development, Rfx6 acts downstream of the transcription factor 

Neurogenin 3 (Ngn3) and directs the formation of the islets [6]. Mutations in the gene encoding this 

protein have been found in cases of Mitchell-Riley syndrome, an autosomal recessive syndrome of 

neonatal diabetes and small bowel atresia, often associated with intestinal malabsorption [6]. In adults, 

the role of RFX6 in maintaining the functional identity of adult mouse islets and human β-cells by 

regulating insulin gene transcription, insulin content, and insulin secretion has been elucidated [2, 7]. 

Expression of core components of the insulin secretion pathway including glucokinase, the Abcc8/SUR1 

subunit of KATP channels and voltage-gated Ca
2+

 channels were seen to be affected in RFX6 mutants. 

Rfx6 causes gastric inhibitory peptide (GIP) hypersecretion in mouse obesity models [8]. RFX6 

mutations could therefore, also play a role in certain cases of type 2 diabetes. If RFX6 is to be a target of 

pharmacological intervention, it is important to understand the structure and function of this 

transcription factor.  

 

One widely used method to study mammalian proteins in vitro is their over expression in Escherichia 

coli [9, 10]. The advantages of this system include ease of genetic manipulation and mass production of 

protein in a relatively short time [11]. In this technique however, a majority of the over expressed 

protein forms inclusion bodies. Denaturing conditions are required to release the trapped proteins, 

rendering the protein inactive. Various methods, including rapid dilution and step-wise dialysis, have 

been suggested to  re-fold the recombinant protein into an active form [12]. However, the yield of 

correctly folded protein is much lower than the total protein yield.  Alternately, culture conditions such 

as growth temperature, duration of culture, concentration of inducer etc. may be altered in order to 

produce a soluble form of the recombinant protein that can then be readily purified in its active form. 

Recombinant proteins thus produced, may be used for further biochemical and biophysical assays 

including DNA-binding studies. 

 

The present study deals with the soluble expression of a recombinant RFX6 DNA binding region using 

the E.coli system. The expression and purification of the same are also described. Lastly, the ability to 

bind to the human INS gene promoter is also studied.  

 
2. Materials and methods 

2.1  PCR amplification of the RFX6 DBR 

The 252 bp RFX6 DNA binding region (RFX6 DBR) was amplified from cDNA obtained from RFX6-

positive human amnion epithelial cells (hAECs). hAECs were a gift from Dr. Sean V. Murphy 

(WFIRM, USA) and its use for research purposes was approved by the Institutional Review Board 

committee of the Wake Forest School of Medicine (#IRB00002852) . In addition to the 228 bp sequence 

that codes for the RFX6 DNA binding domain, 23 bps upstream of this region was also amplified. 

Forward primer sequence: 5’ gcagcaCCATGGataaaaagaagcagacacagctc 3’; Reverse primer sequence: 5’ 

atcgaCTCGAGctctttgatgccaatccca 3’; where the nucleotides in uppercase in the forward primer indicates 

the NcoI restriction site while the nucleotides in uppercase in the reverse primer indicates the XhoI 

restriction site. Six random nucleotides were introduced 5’ to the restriction sites to increase efficiency 

of digestion. Primers were synthesized by Integrated DNA Technologies (IDT).  

 

PCR conditions were as follows: Initial denaturation – 95 
o
C/1 minute; (95 

o
C/30 seconds, 58 

o
C/30 

seconds, 72 
o
C/1 minute) 35 cycles; Final extension – 72 

o
C/3 minutes. PCR was carried out using the 

DreamTaq Green PCR master mix (2X; Thermo Scientific; Catalogue # K1081) on a Veriti® thermal 

cycler (Applied Biosystems®). The PCR product was gel purified.  
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2.2 RFX6 DBR over-expression and purification 

The gel purified PCR product and the pET28a(+) vector were digested over night with 0.25U/ µL of 

NcoI (Catalogue # ER0575)and XhoI (Catalogue # ER0691) restriction enzymes (both obtained from 

Fermentas, Thermo Scientific) at 37 
o
C. After digestion the RFX6 DBR was gel purified and cloned into 

the NcoI and XhoI restriction sites of the pET28a(+) vector by overnight ligation at 18 
o
C (0.5U/ µL of 

T4 DNA ligase from Bangalore Genei; Catalogue # 105905). The direction and nucleotide sequence of 

the inserted PCR product were confirmed by Sanger sequencing. The recombinant plasmids were 

transformed into the appropriate hosts by the heat shock method [13]. E.coli DH5α were the cloning 

hosts while E.coli BL21(DE3) were expression hosts. Recombinant protein over expression was induced 

by 0.5 mM isopropyl-β-D-thiogalactopyranoside (IPTG; Merck; Catalogue # 420322) at either 37 
o
C for 

5 hours (at an OD600nm of 0.6) or 18 
o
C overnight (OD600nm of 0.4). At the end of the incubation period, 

the cells were pelleted down and the excess growth medium was drained out. The cell pellets were 

stored at -80 
o
C until use. The bacterial cells were thawed on ice and re-suspended in an appropriate 

volume of lysis buffer (50 mM HEPES-Tris buffer containing 500 mM NaCl, 5% glycerol and 10 mM 

imidazole (pH adjusted to 7.5)). The cells were lysed by sonication on ice (20s x 15bursts at output 

power of 4).  The lysate was clarified by centrifugation at high speed for 30 minutes and the supernatant 

and pellet so obtained were analysed by denaturing SDS-PAGE.  

 

The soluble recombinant protein was purified by Ni-NTA affinity purification under native conditions. 

Binding of the clarified supernatant was carried out in the presence of 10mM imidazole. This was 

followed by several washes with buffer containing 10mM, 20mM and 30mM of imidazole. Elution was 

carried out in 50 mM HEPES-Tris buffer containing 500 mM NaCl, 5% glycerol and 300 mM imidazole 

(pH adjusted to 7.5). Excess imidazole and salts were removed by ultrafiltration using a Spin-X® UF 20 

concentrator (Corning®; Catalogue # CLS431487).  

 

Cell pellet obtained from cells induced to grow at 37 
o
C was lysed by sonication and the debris so 

obtained was composed of inclusion bodies containing the recombinant protein. The debris was cleaned 

with several washes of 0.1% Triton X-100 followed by a high salt wash (200 mM CaCl2). The washed 

pellet was re-suspended in 200 µL of NP buffer (50 mM NaH2PO4, 300 mM NaCl; pH 7.5) and 

solubilized by drop-wise addition to 2 mL denaturing NP buffer containing 10 M urea with constant 

stirring at room temperature for 1 hour. The solution was centrifuged at 13,000 rpm at room temperature 

for 30 minutes and the supernatant containing the RFX6 DBR was saved for further use. Attempts were 

made to re-fold the solubilized protein by a rapid dilution method. The denatured protein solution was 

added drop-wise to 100 times the volume of NP buffer (no urea) with constant stirring for an hour at 

room temperature. The degree of protein re-folding was estimated by measuring the optical rotation 

using a JASCO P-2000 polarimeter (254nm Hg lamp; 1mm path length).  The specific rotation was 

calculated as the ((average optical rotation)/(path length x concentration of solution)).  

 

Protein concentrations were estimated using the Bradford protein assay [14], using Bovine Serum 

Albumin (BSA) as the protein standard. Aliquots of the purified protein were stored at -80 
o
C until 

further use. All expression, purification and spectrophotometric methods were repeated a minimum of 

three times.  

 

2.3 Dot blot and Western blot analysis 

One lane of a 15% SDS-PAGE of the affinity column purified RFX6 DBR was transferred to a PVDF 

membrane (Immobilon®-P; EMD Millipore; Catalogue # IPVH00010) at 30V for 30 minutes. The 

membrane was washed, blocked with 3% BSA for 2 hours at room temperature, washed once again and 

then incubated overnight at 4 
o
C with the primary antibody (1:1000 dilution of rabbit polyclonal anti-

RFXDC1; abcam®; Catalogue # ab103497). The membrane was washed the next day and incubated 

with the secondary antibody (1:5000 dilution of goat anti-rabbit IgG-HRP conjugate; Sigma-Aldrich; 
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Catalogue # A0545) for 4 hours at room temperature. The washed membrane was then developed with 

1X TMB/H2O2 (Bangalore Genei) and the result was noted. The membrane was stripped (pH 2.2 mild 

stripping buffer recommended by abcam®) and re-probed with an anti-6X His tag® antibody (1:1000 

dilution; abcam®; Catalogue # ab14923).  

 

Dot blots were similarly carried out for the soluble fraction of the recombinant RFX6 DBR protein on a 

pre-gridded PVDF membrane. Phosphate buffered saline (PBS) and BSA were used as negative controls 

while human pancreatic tissue lysate and MiaPaCa2 human adenocarcinoma cell line lysate were 

positive controls. The procurement of human cadaveric pancreata was approved by the BITS-Pilani 

institutional human ethical committee (Approval no. IHEC-28/11-12). 

 

2.4 Biophysical characterization of RFX6 DBR 

2.4.1 Molar extinction coefficient  

A concentration matched control of BSA was denatured in the same manner as the inclusion bodies 

containing the RFX6 DBR. The UV spectra of the two solutions were read and the molar extinction 

coefficient at 280 nm was calculated using the formula 

 

E (Protein) = Absorbance (Protein) / Molecular weight (Protein) 

 

where E is the molar extinction coefficient.  

 

2.4.2 Electrophoretic mobility-shift assays (EMSA) 

A 450 bp segment of the human insulin (INS) promoter spanning the region 350 bp upstream to 100 bp 

downstream of the transcription start site, was PCR amplified from human genomic DNA. Forward 

primer sequence: 5’TGGGGTCCAGCCACCCTG3’; Reverse primer sequence: 

5’GCCCCGCCCTGCAGC 3’. Primers were synthesized by Bioserve, India. PCR conditions were as 

follows: Initial denaturation – 95 
o
C/3 minutes; PCR (40 cycles) – 95 

o
C/45 seconds, 59 

o
C/15 seconds, 

72 
o
C/45 seconds; Final extension – 72 

o
C/3 minutes. The appropriate PCR product was gel eluted into 5 

mM Tris-Cl (pH 7.5) and concentration estimated by the NanoDrop 2000c (Thermo Scientific).  

 

Protein-DNA binding studies were carried out 20 
o
C in 12 mM HEPES (N-2-hydroxyethylpiperazine-

N9-2-ethanesulfonic acid) (pH 7.9)–12% glycerol–60 mM KCl–0.12 mM EDTA–0.3 mM 

dithiothreitol–0.3 mM PMSF (phenylmethylsulfonyl fluoride)–5 mM MgCl2 [15]. .For super shift 

assays, the protein and antibody were incubated for 15 minutes at 20 
o
C prior to the addition of DNA. 

The reactions were placed on ice as soon as they were completed and immediately loaded in agarose 

(AGE) or non-denaturing polyacrylamide (PAGE) gels. Electrophoresis was carried out 7 V/cm for 3.5 

hours at room temperature in 1X Tris-Acetate-EDTA for AGE and 1X Tris-Borate-EDTA buffer for 

PAGE. The gels were post-stained with 1mg/mL Ethidium Bromide. PAGE gels were further stained 

with blue-silver stain [16]. Densitometric scans of the polyacrylamide gels were carried out using the 

ImageJ software [http://imagej.nih.gov/ij/]. 

 

Equilibrium binding of RFX6 DBR and the INS promoter segment was carried out as a series of 

experiments altering the duration of reaction, concentration of DNA or concentration of protein. Control 

experiments were also carried out with whole cell lysate of wild type (untransformed) E.coli BL21(DE3) 

and uninduced but transformed expression host.  

 

3. Results 

3.1 Expression, purification and identification of the recombinant RFX6 DBR 
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Figure (1) : (a) Schematic of the cloning strategy for RFX6 DBR over expression in E.coli. (b) 5’ to 3’ 
translation of the sequence verified RFX6 DBR insert. The RFX6 DNA binding domain amino acid sequence 
begins with the T at the 10

th
 amino acid position and ends with E at the 85

th
 amino acid position (highlighted). 

The ProtParam predictions for the recombinant RFX6 DBR protein are given below the sequences. 
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Nucleotides 431-659 of the 3517 bp RFX6 mRNA (NM_173560) code for the human RFX6 DNA 

binding domain (DBD). This corresponds to amino acids 124-200 of the full length human RFX6 

protein. 23 nts 5’ of the RFX6 DBD-coding mRNA sequence were included in the PCR amplicon to 

prevent a frame-shift upon cloning into the NcoI restriction site of the pET28a(+) vector (Figure 1a). 

Cloning into the NcoI restriction site was coincident with the ATG start codon.  The amino acid 

sequence N-terminal to the DBD is thus Met-Asp-(Lys)3-Gln-Thr-Gln-Lys. Cloning into the XhoI 

restriction site introduced 24 nucleotides 3’ of the RFX6 DBD. The corresponding amino acid sequence 

C-terminal to the DBD is thus Lys-Glu-(His)6. The nucleotide sequence of the recombinant, hence 

known as the RFX6 DNA-binding region (RFX6 DBR), was verified as carrying no mutations (Figure 

1b).  

 

The resulting recombinant protein monomer (RFX6 DBR) is a highly basic protein composed of 93 

amino acid residues with an estimated molar mass of 11 kDa (Figure 1b). SDS-PAGE analysis 

confirmed that the recombinant protein of the right molecular mass was present in the insoluble fraction 

of cultures induced at 37 
o
C after bacterial cell lysis (Figure 2a). SDS-PAGE profiles of His-tagged 

recombinant protein that was batch purified by affinity purification using a Ni-NTA column and that of 

the inclusion body lysate did not differ, confirming that recombinant protein alone was expressed as 

inclusion bodies (data not shown). 

 
 
Figure (2) : Profile of RFX6 DBR protein expression . (S) Clarified  supernatant (P) pellet after bacterial cell 
lysis by sonication (a) Cultures grown at 37

 o
C (b) Cultures grown at 18 

o
C. The 11kDa recombinant protein is 

indicated by the arrow. PMWL – Protein molecular weight ladder.   

 
Table (1) : Polarimetry assessment of protein re-folding 

 

Sample Average optical 

rotation observed (a) 

Specific rotation (a/lc; where l is 1mm 

path length and c is the concentration of 

the solution i.e. 4.5 µM) 

18
o
C protein 0.0678 13560 

Urea denatured 37
o
C 

protein 

-0.0258 -5,160 

Re-folded 37
o
C protein -0.0013 -260 
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Rapid dilution of the denatured protein in an attempt to re-fold it resulted in an incompletely or 

incorrectly folded protein as measured by polarimetry (Table 1). 

 

We continued further experiments with the protein produced under conditions that favoured its 

solubility .i.e. protein produced in cultures grown at 18 
o
C overnight, unless otherwise specified. 

Induction at a lower OD600 (0.4) and lower temperature (18 
o
C) resulted in a much lower yield of 

recombinant protein (0.4 mg/mL as compared to 20 mg/mL of protein in inclusion bodies; Figure 2b).   

 

Since there was a hexahistidine tag at the C-terminal, the recombinant protein was further purified from 

the clarified supernatant using a Ni-NTA agarose column. The recombinant protein had a moderate 

affinity for Ni2
+
. Less than 47% of the protein was found in the eluate after the first wash with 10 mM 

imidazole compared with eluate after using the elution buffer containing 300 mM imidazole (Figure 3).  

 

 
 

Figure (3) : Affinity column purification of the RFX6 DBR. 1- clarified supernatant from bacterial lysate 2- 
unbound proteins 3- Eluate from 10mM imidazole wash 4- Eluate from 20mM imidazole wash 5- Eluate from 
30mM imidazole wash 6- Eluted recombinant protein after dialysis. Arrow indicates the 11kDa protein.  

 

We were thus able to obtain 53% of purified recombinant protein. Although affinity column purification 

did not result in a single, pure protein, we deemed the mixture to be sufficiently pure for further studies 

(Figure 4a).  

 

The identification of the RFX6 DBR in the semi-pure fraction was confirmed by Western Blot analysis 

(Figure 4b). A single band of the right size was obtained with antibody specific for the full length 

protein. The presence of the 6X His Tag® was also confirmed by the same method (Figure 4b). We 

further confirmed these observations by performing a dot blot. As expected, the positive controls- adult 

human pancreas and MiaPaCa2 pancreatic adenocarcinoma cell line lysate as well as the affinity column 

purified RFX6 DBR protein alone, tested positive with the anti-RFXDC1 antibody (Figure 4c).  
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Figure (4) : Identification of RFX6 DBR protein. (a) 15% SDS-PAGE profile of affinity column purified, semi-
pure, solubly expressed RFX6 DBR protein fraction. The 11kDa recombinant protein is indicated by the arrow. 
PMWL – Protein molecular weight ladder. The recombinant protein was confirmed to be the RFX6 DBR both by 
(b) Western blot and (c) dot blot analysis with appropriate controls. Western blot membrane was stripped and re-
probed to confirm that the recombinant protein also carried a 6X His Tag. The arrow indicates where the specific 
band for RFXDC1 appeared. 

 

3.2 Calculation of molar extinction coefficient 

Since overexpression of protein as inclusion bodies lead to the most pure form of the recombinant 

protein, molar extinction coefficient calculations were performed with the solubilized protein. It was 

found that the molar extinction coefficient of the DBR was lower than that of BSA (Figure 5) since for 

the same concentration of protein, the absorption at 280 nm of the DBR was markedly higher than that 

of BSA. The molar extinction coefficient of the RFX6 DBR was found to be 20,889 M
-1

 cm
-1

. This is 

slightly higher than the theoretical coefficient of 14,690 M
-1

 cm
-1 

suggested by the online ExPASy tool, 

ProtParam [17].  
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Figure (5) : 10 % tricine SDS-PAGE profile of the solubilized inclusion body. PMWL – Protein molecular 
weight ladder, Lane 1 –Cell debris from cleared cell lysate before wash and solubilization (10 % input), Lane 2 - 
Cell debris after wash and solubilization (10 % output). The absorption spectra (200 nm-320 nm) of 20 mg/mL 
solubilized inclusion body and 20 mg/mL denatured BSA (control) indicates that the RFX6 DBR has a higher 
molar extinction coefficient based on the difference in peak height at 280 nm, although maximum absorption was 
seen at 275 nm. Solubilization of inclusion bodies and denaturation of BSA was carried out in the presence of 10 
M urea.  

 

3.3 Binding of RFX6 DBR to the INS promoter 

It has recently been shown that RFX6 binds the human INS promoter between -378 to +42 bps around 

the transcription start site [7]. We aimed to further this knowledge by studying the dynamics of this 

binding. Figure 6 shows the typical equilibrium binding of protein to DNA in vitro. It can be seen that 

binding begins almost immediately and increases up to the 10
th

 minute of incubation after which the 

protein-DNA complex seems to dissociate, although not completely. Further experiments were therefore 

carried out at 20 
o
C for 10 minutes.   

 

In order to prove that the gel shifts were indeed because of the RFX6 DBR present in the semi-pure 

fraction obtained upon affinity column purification, a super shift assay was performed. It was seen that 

high concentrations (1:1000) of RFX6-specific antibody inhibited protein-DNA interactions whereas a 

low concentration (1:20,000) of the antibody resulted in a super shift (Figure 7).  
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Figure (6) : Timed gel shift assay of INS promoter segment (450 bp) with affinity 

column-purified RFX6 DBR at 20 
o
C for various durations. 

 

 
 

Figure (7): Super shift assay with varying concentrations of anti-RFX6 antibody. Super shift (starred) was 
observed at an antibody dilution of 1:20,000. Black arrows– shifted DNA, white arrows– unbound DNA. 

 

Control experiments with whole cell lysate of wild type (untransformed) E.coli BL21(DE3) and 

transformed but uninduced expression host also did not show a shift thus proving that it is the 

recombinant protein alone that is responsible for the observable gel shifts (Figure 8). 
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Figure (8) : Control experiments performed with whole cell lysates from wild type E.coli BL21 (DE3) and pET 
28a(+)-RFX6 DBR transformed but uninduced E.coli BL21 (DE3). Shifts were only observed in those 
experiments that employed the semi-pure RFX6 DBR fraction. 

 

The equilibrium dissociation constant for 50% binding between protein and DNA seems to be either 

approximately 3 µL of a 0.7 mg/mL protein solution for a fixed concentration of 100 ng of DNA (Figure 

9) or 200 ng of DNA for a fixed concentration of 8 µL of the same protein (Figure 10). 

  

 
 

Figure (9) : Gel shift assays employing various concentrations of the RFX6 DBR. (a) An increase in binding 
(black arrows) is observed with increasing protein concentration in the agarose gel. (b) In non-denaturing PAGE, 
the loss of free DNA (arrow) with increasing protein concentration (arrow head) is seen. The image is a 
composite of images obtained by EtBr staining for DNA and blue-silver staining for protein of the same gel. (c) 
A densitometric scan plot of the free DNA in the polyacrylamide gel was performed using image J. The plot 
represents an average of % free DNA relative to lane 1 which contains no protein (n=2). A representative gel 
image is shown below the plot. 
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Assuming that the recombinant protein comprises 55% of the affinity purified protein solution, this 

would correspond to 105 µM and 280 µM of the protein respectively and 0.34 pM and 0.68 pM of DNA 

in the respective situations. The protein: DNA ratio that would result in 50% binding would thus require 

3 to 4x10
8
 molar excess of protein.  

 
Figure (10) : Gel shift assays employing various concentrations of the target DNA. (a) An increase in binding 
(arrow head) is observed with increasing DNA concentrations in the agarose gel. However, at DNA 
concentrations greater than 200 ng, binding is seen to be incomplete (white arrow) (b) In non-denaturing PAGE, 
more free protein (arrow head) is available with increasing DNA concentration (arrow). The image is a 
composite of separate images obtained by EtBr staining for DNA and silver blue staining for protein of the same 
gel. (c) A densitometric scan plot of the free DNA in the polyacrylamide gel was performed using image J. The 
plot represents % free DNA relative to lane 1 which contains no protein (n=2). A representative gel image is 
shown below the plot. 

 

4. Discussion 

The effector functions of a transcription factor (TF) are primarily due to the binding of the protein to a 

regulatory motif in the target DNA. The first step towards understanding the function of a TF could thus 

be to study the DBD itself. In order to investigate the role of the RFX6 DBD in DNA binding and 

transcriptional activity, significant quantities of this protein are required. The current method described 

provides for a fast and easy way of cloning and expressing the human RFX6 DBD in a prokaryotic 

system and its subsequent analysis. 

 

We have successfully cloned and expressed the human RFX6 DBR in the E.coli system. To the best of 

our knowledge, this has not been attempted elsewhere although the cloning of the RFX1 DBD has been 

reported [18]. A compromise had to be made between solubility, yield and purity of protein, by 

modulating the temperature and duration of recombinant protein induction. It was found that the 
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recombinant protein was highly expressed at higher temperatures (37 
o
C) than at lower temperatures (18 

o
C). At the higher temperature, we were also able to obtain a single, pure protein fraction without the 

need for any purification method. This was because the recombinant protein went into the pellet and was 

possibly packed into inclusion bodies. It is known that recombinant proteins packed into inclusion 

bodies are often misfolded and this was not desirable for further studies. Although we used urea 

solubilization as a means to release the protein trapped in the inclusion bodies, this would again cause 

the protein to completely unfold into its primary structure. We tried to use a rapid dilution method to re-

fold the denatured recombinant protein but polarimetric analysis revealed that the protein did not regain 

its native structure. The solubilized protein was highly laevorotatory and the attempted re-folding caused 

them to become less laevorotatory. The re-folding however seemed to be incomplete since the solubly 

expressed, affinity column purified protein was highly dextrorotatory. Further studies were therefore 

carried out using the solubly expressed protein.  

 

Soluble expression resulted in a lower yield of recombinant protein. We were also unable to obtain a 

single purified protein by affinity column purification. This is to be expected since many protocols 

recommend an additional purification step like gel filtration to obtain a pure protein. Alternately, one 

can try shifting the 6X His tag® to the N-terminal [19]. We were nevertheless able to prove the identity 

of the protein by immunoblot analysis. Since the solubly expressed, partially purified protein fraction 

was shown to be useful for in vitro gel shift assays, its function was also proven. A future detailed 

analysis of the DBR-protein complex may require additional purification steps to be performed.  

 

The difference in theoretical and experimental molar extinction coefficients of the recombinant RFX6 

DBR could be due to two reasons – one, the extinction coefficient for the protein was calculated in NP 

buffer whereas ProtParam calculates the extinction coefficient in water; two, the tool documentation 

states a disclaimer that “…there may be more than 10% error for proteins without Trp 

residues”[http://web.expasy.org/protparam/protparam-doc.html]. The recombinant RFX6 DBR has only 

a single tryptophan residue and therefore the actual molar extinction coefficient of 20,889 M
-1

 cm
-1 

falls 

within the 10% error range. 

 

As mentioned earlier, we have shown that extracts containing the RFX6 DBR alone are able to form a 

protein-DNA complex with the 450bp INS promoter segment, although this binding has a short half-life 

of 10 minutes. The weak binding of the recombinant protein to the INS promoter segment as evidenced 

by the high molar excess of protein required for DNA binding may be as a result of the drawback of our 

detection system. Ethidium Bromide (EtBr) is sensitive only up to 1-5 ng of DNA/band 

[https://www.nationaldiagnostics.com/electrophoresis/article/ethidium-bromide-staining]. Further, the 

fluorescence of EtBr is quenched by polyacrylamide, reducing sensitivity by 10-20 fold in PAGE gels. 

This may also explain the difference between our agarose and polyacrylamide gels. Detection systems 

with higher sensitivities such as autoradiography or fluorescent probe capture may be able to provide a 

more accurate picture of the stoichiometry of binding.  

 

5. Conclusions:  

The current study provides a means of producing the RFX6 DBR in large amounts using an E.coli 

system. To the best of our knowledge, although preliminary, this is the first time that a mode of binding 

of the RFX6 DBR to its targets using the INS promoter as an example, has been proposed. 

 

The reproducibility of these results with a purified RFX6 DBR or the full length RFX6 protein could 

provide further interesting insights. The information thus obtained could be useful for molecular 

intervention strategies where RFX6 mutations cause disease. 
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