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                        Summary 
The aim of this work was to determine if the protein Majastridin found in the proteobacterium 

Rhodobacter blasticus has a functional relative in the hypothetical protein Q1U8S3/ B3XNV1 

found in Lactobacillus reuteri. To be able to study the protein, it was overexpressed in  

E. coli-cells and purified. As a starting material, the L. reuteri Q1U8S3 gene previously 

cloned into a pET SUMO vector from Invitrogen was used. The produced protein will be a 

fusion protein containing a His6-tag, a SUMO-protein and the protein of interest. A nickel 

column in combination with a gel filtration column was used to purify the protein and after 

purification, crystallization experiments were set up using standardized kits. 

 

Introduction 
Majastridin is the protein product of the URF6 gene isolated from the atp operon in 

Rhodobacter blasticus [1]. Rhodobacter blasticus is a purple photosynthetic bacteria, and the 

ATP synthase enzyme is part of the energy metabolism machinery in eubacteria, plants and 

eukaryotes. The proton gradient is derived from either the photosynthesis or from the electron 

transport of respiration. The proton gradient is used by the ATP synthase for ATP production. 

When Majastridin is heterologously expressed in E. coli the protein is present in the cytosolic 

fractions only [2]. Majastridin is expressed at its most when the bacteria are in their stationary 

and late exponential phase. Though the function of Majastridin is unknown, it seems to have 

some function in the later phases of the bacterial life cycle. There are a few orthologs to 

Majastridin present in the UniProt public database. When Majastridin was structurally 

determined it was found to be closely related to glycosyltransferases. We are looking at one of 

the orthologs to Majastridin, Q1U8S3 from Lactobacillus reuteri.  

 

L. reuteri is one among a few bacteria that can survive without a source of free iron [3].  

L. reuteri is gram-positive and a facultative anaerobe [4]. When searching for facts about the 

host organism of the Q1U8S3 protein it is hard to find due to the fact that many L. reuteri 

strains are patent protected [5]. This is because L. reuteri is part of the human commensal 

flora and may contribute to prevent allergy and infection [6]. Many of the L. reuteri strains 

are used as probiotics [7]. There are also strains of L. reuteri only present in animals [8]. 
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Blast database searches revealed the fact that the Q1U8S3 hypothetical protein is part of the 

glycosyl transferase family 2, which is a large group of enzymes that has a plethora of 

functions [9]. Glycosyltransferases are enzymes responsible for the transfer of the sugar from 

molecules e.g. UDP-Glucose, GDP-Mannose, UDP, UDP-N-acetyl- galactosamine and CDP-

abequose. The acceptors of these transfers are a range of molecules like e.g. dolichol 

phosphate, techoic acid and cellulose [10]. 

 

When the sequences are compared the relationship between the Q1U8S3 protein from L. 

reuteri and Majastridin are best shown in the shared DEC region, the DEC region is where   

Majastridin shares amino acid sequence with four other hypothetical proteins. The DEC-triad 

is located in the site of binding of glycosyl molecules. Majastridin has 249 amino acids and 

Q1U8S3 has 270 amino acids and that corresponds to a size about 30 kDa [2].  

 

Materials and methods 
  

Production of the fusion protein        

Overnight cultures of E. coli containing the Q1U8S3 plasmid were grown in 10ml of LB-

medium (10g tryptone, 5g yeast extract and 10g NaCl per liter of distilled water) with 

0.05mM Kanamycin at 37°C on a shaker (170 rpm). The overnight cultures were transferred 

to 5l flasks with 1l of pre-heated (37°C) LB medium containing 0.05mM Kanamycin and 

0.293g of Betain to prevent formation of inclusion bodies and the cells where grown at 37°C 

and 170 rpm of shaking to an OD600 of 0.7. 

 

When OD600 reached 0.7, 1ml of 100mM ITPG (Isopropyl β-D-1-thiogalactopyranoside) 

(Saveen Werer AB, Sweden) was added to induce production of the fusion protein.  

After an induction period of about 3 hours the cells were harvested using a centrifuge at 10 

000 rpm at +4°C (Beckman, JBL 8.1000 rotor). The cells where immediately frozen in liquid 

nitrogen and then transferred to -20°C for storage for later use. 

 

Protein extraction 

Protein extraction was performed using the X-press system from Biox. Thereafter the bacteria 

were dissolved in elution buffer (50mM Sodium Phosphate pH 8 and 0.3M NaCl), with 25µl 

of 40mM PMFS (Phenylmethanesulfonylflouride, Fluka/Sigma-Aldrich, Switzerland) per ml 
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solution and a couple of grains of DNase (DNase I from bovine pancreas grade2, ROCHE, 

Germany) were added.  

 

This step was followed by sonication 5x cycles at 70 % for 2 minutes until a homogeneous 

solution was reached. After sonication the solution was centrifuged using an ultra centrifuge 

at 45 000 rpm for 45 minutes (Beckman, Ti 75 rotor). The supernatant was loaded onto a His-

select Nickel Affinity Gel (Sigma-Aldrich) overnight and the pellet was discarded. 

 

Protein purification 

All the protein purification steps were performed at 4°C. The nickel gel (His-select Nickel 

Affinity Gel, Sigma-Aldrich) loaded with the protein sample derived from 3l of LB-medium 

was put in a 15ml syringe, then washed with 20 column volumes of a 50mM sodium 

phosphate buffer pH 8 with 0.3M NaCl and 15mM Imidazole.  

 

The protein was eluted with a 50mM sodium phosphate buffer pH 8 and 0.3M NaCl with 

250mM Imidazole and collected as 1.5ml fractions. To increase protein purity, different 

concentrations of Imidazole (5, 10, 15, 50 and 100mM) with 0.3M NaCl in a 50mM sodium 

phosphate buffer pH 8 was used in different wash and elution steps to find the optimal 

concentrations for washing and elution. A minimum of 10 column volumes was used in each 

wash and elution step. OD280 was used as a measurement of protein elution. 

 

Automated protein purification 

A completely automated purification using a Maxwell machine (Promega, USA) was 

performed with a Maxwell 16 Polyhistidine Protein Purification Kit (Promega, USA)  

A bacterial pellet was dissolved in 100mM HEPES pH 7.5 to a total volume of 1ml at an 

OD600  about 15 with a couple of grains of DNase added, and loaded into the Maxwell 

machine. The protein was eluted in 300µl of elution buffer from the Maxwell kit. 

This machine was run at RT (room temperature). 

 

His-tag purification using ÄKTA 

The ÄKTA chromatography system was used with the column HiTrap Chelating HP 1ml 

loaded with 0.1M NiSO4. The supernatant from the ultra centrifuge step that originated from 

3l of LB-medium was loaded onto the HiTrap column at a rate of 0.2ml/min. The column was 

washed with 20 column volumes of a 50mM sodium phosphate buffer pH 8 with a 
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concentration of 15mM Imidazole and 0.3M NaCl. The wash step was followed by elution 

with 50mM sodium phosphate buffer pH 8 with 250mM Imidazole and 0.3M NaCl and 

collected as 10ml fractions.  

 

Gel filtration using ÄKTA 

After elution, all the samples containing the fusion protein were pooled together and spun 

down (Amicon, 10kDa) to a final volume of 1ml and the concentrated sample was loaded on 

to the ÄKTA chromatography system (ÄKTA explorer purifier with column Hi-load 26/60 

from GE Healthcare). The gel filtration was performed at a flow rate of 2.5ml/min using a 

20mM TRIS pH 7.5 buffer and 10ml fractions were collected during a period of 1.5 column 

volumes. 

 

Analysis of protein purification 

Purified protein fractions were analyzed using 15% SDS-PAGE (30% acrylamide monomer, 

Bio-Rad). The protein samples were boiled for 5 minutes with 2x loading buffer containing β-

mercaptoethonol before loaded onto the gel. Electrophoresis was performed at 150 Volts for 

90 minutes. After electrophoresis the gel was washed 3x10 minutes in distilled water and 

placed in a Coomassie Brilliant blue dye (PageBlue Protein Staining Solution, Fermentas 

Lithuania) for a minimum of 60 minutes before de-staining of the gel using distilled water. 

 

Western blotting (40 volts for 90 minutes) was used to transfer proteins onto a Western Blot 

Membrane (Hybond ECL from Amersham). The membrane was transferred to a 50ml falcon 

tube containing TBST (TBS, with 0.1% Tween20, Duchefa Biochemie) and 3% BSA (Bovine 

Serum Albumin, Sigma-Aldrich) and kept on a rotating table for 60 minutes at RT. 

 

The membrane was washed 3x10 minutes in TBST, then a primary antibody 1:6000 dilution 

(Monoclonal anti-polyhistidin antibodies produced in mice from Sigma) was added to the 

membrane for 60 minutes at RT. After the 60-minute incubation the membrane was washed 

3x10 minutes in TBST before the secondary antibody 1:30000 dilution (antimouse IgG-AP 

produced in rabbit, from Sigma-Aldrich) was added for 60 minutes at RT. The membrane was 

washed 3x10 min in TBST and then developed with a BCIP (5-Bromo-4-Chloro-3-Indolyl 

phosphate)/NBT (Nitroblue tetrazolium) staining Kit (Invitrogen, USA). 
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Protein concentration and stability 

Protein concentration was measured using a protein assay dye reagent concentrate  (Bio-Rad) 

5µl of the protein sample was added to 795 µl of distilled water and then 200µl of protein 

assay dye reagent concentrate was added. The samples were vortexed and then stored in RT 

for 15 minutes before OD595 was measured. The concentration was calculated using the 

expression ABS=0.2268Xconcentration derived from a standard curve for BSA.  

 

Stability tests on the fusion protein were performed with different buffers to find a suitable 

solution, pH and concentration to store the protein in.  

 

The tubes containing the highest concentrations of the protein were pooled into one tube and 

concentrated with a spin-column (Amicon, 10 kDa) to a concentration of 10mg/ml and the 

buffer was exchanged to 20mM TRIS pH 7.5 with 10% glycerol. 

 

Sitting drop 

For the crystallization a crystallization kit was used (Crystal screen HR2-110, Hampton 

Research). Before mixing the protein solution with the crystallization solutions, the protein 

solution was filtered with a 20µm filter. 2µl of the sample was mixed with an equal volume of 

the kit solution in a sitting drop formation. The well volume was set to 500µl minus the 2µl 

that was pipetted out to form the drop. The plates holding the wells were stored at RT. 

 

Hanging drop 

The hanging drops were made of 1µl of sample mixed with 1µl of buffer solution from the 

crystal screen kit. A 500µl well volume minus the 1µl pipetted out to form the drop was used. 

The plates holding the wells were stored at RT.  

 

Cleavage of the fusion protein 

To cleave the protein to remove the His-tag and the SUMO-protein, a SUMO-protease-kit 

was used (Invitrogen). 20µg of fusion protein (1µl) was mixed with 20µl 10x SUMO protease 

buffer including salt and 169µl of distilled water. Finally, 10µl of SUMO protease was added 

to the PCR tube. The PCR tube was placed in a thermoblock with the settings to keep the 

sample at an optimal temperature of 30°C for a total of 6 hours. During the 6 hours 20µl 

aliquots were taken at different time points: 0 hours, 1 hour, 2 hours, 4 hours and 6 hours. 
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Results 
Q1U8S3 from L. reuteri does not exist today! This is because Q1U8S3 was generated from a 

GeneBank entry that has been superseded by a new assembly of the genome. The Q1U8S3 

protein is now in entry B3XNV1 [11]. In this report the old name Q1U8S3 is used as in the 

reference article [9], since this work was started before the name change took place. 

 

Expression 

Q1U8S3 was recombinantly expressed as a fusion protein using a pET-SUMO vector in E. 

coli-cells. After 3 hours of ITPG induction, 6 l of cell culture growing in LB-medium 

produced about 4 mg of pure fusion protein, meaning that the expression is at a satisfactory 

level as was later show when the fusion protein was purified.  

 

Purification 

The His-Select gel was loaded with the ultra-centrifuged bacterial supernatant from 6l of 

bacterial culture. The nickel column was washed (10 column volumes) with a 50mM sodium 

phosphate buffer (pH 8) and 0.3M sodium chloride with different concentrations of Imidazole 

(5, 10, 15, 50 and 100mM) with 0.3M NaCl. 

OD280 was used to check if any protein was eluted with the different wash buffers and an 

SDS-PAGE gel (Fig 1) showed no increase in purity compared with a sample from a column 

washed only with wash buffer with 50mM Imidazole. The protein was eluted with a 50mM 

sodium phosphate buffer (pH 8) containing 250mM Imidazole and was collected as 1.5ml 

fractions.  
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Fig. 1 Coomassie-Brilliant Blue-Stained SDS-PAGE A gel analysis of different wash steps, showing the 
different eluted fractions. Lanes 1-3 show different fractions that were treated the same way by multiple washing 
using wash-buffers first 5, 10, 15, 50 and 100mM Imidazole. Lanes 5-10 show different fractions that were 
washed only once, using a wash-buffer containing 50 mM Imidazole. 

The fusion protein of interest should be somewhere around 43kDa in size. The gel in Fig.1 

shows a strange ladder separation due to a faulty stacking-gel. To be sure that we are looking 

at the right protein we used Western blotting with a polyhistidin-binding primary antibody 

(Fig. 2). 
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Fig. 2 Western-blot of SDS-PAGE gel showing  that polyhistidine primary antibodies bind to all the bands. 
The protein in lanes 1,3 and 4 was treated the same way and washed multiple times and the protein in lanes 5-10 
was treated the same   way and washed only once (see the legend of fig 1). The only difference is the ladder 
position (lane2). 
 

Q1U8S3 is not possible to purify in one step using a nickel column with the buffers used 

above since the polyhistidine primary antibody seems to bind to many proteins present in the 

eluate fractions. All the fractions containing the fusion protein were therefore pooled into one 

tube for later use. 

 

Optimization of the protein purification process 

The Maxwell 16 with the Polyhistidine Protein Purification Kit is designed to purify His-

tagged proteins in one automated step. This setup was used to purify part of the material 

obtained from the recombinant expression of the fusion protein. Whole bacterial cells were 

loaded into the Maxwell machine, since there is no need for time-consuming protein 

extraction. The result from the automated purification is shown in Fig.3. 
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Fig 3 Coomassie-Brilliant Blue-Stained SDS-PAGE electrophoresis showing a comparison between using the 
Maxwell 16 and manual His-Select purification. The protein in lane 1 was purified using the His-Select gel, the 
proteins in lanes 3 and 4 was purified using the Maxwell 16. 
 

As shown in Fig. 3, no improvement of purity was achieved when using the fully automated 

process. In order to further increase the purity of the fusion protein the sample from the 

previously pooled fractions shown in lane 1 of Fig. 3 was concentrated down to a volume of 1 

ml and loaded onto a gel filtration column. 

 

During the gel filtration, 10ml fractions were collected and the chromatogram is shown in  

Fig. 4. 20µl were taken from the fractions corresponding to the UV280 peaks, and loaded onto 

a gel in order to identify in which fraction Q1U8S3 ended up. As shown in Fig. 5, a pure band 

of Q1U8S3 is present, meaning that one 10 ml fraction contains the pure protein. 
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Fig. 4 Chromatogram The first peak at OD260 is pure Q1U8S3. 
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Fig 5 Coomassie-Brilliant Blue-Stained SDS-PAGE gel Lane 1 is the protein ladder, lane 2 contains  

The pure fraction of Q1U8S3 from fraction G1. 
 

The protein fractions G1 and H1(from fig 4) were pooled and concentrated to 10mg/ml and 

the stability test with different buffers was performed. HEPES (4-(2-hydroxyethyl)-1-

piperazine-ethanesulfonic acid), pH 7.5, with different NaCl concentrations of 100, 200 and 

300mM turned out to be excellent denaturing agents for the protein, a precipitate formed 

instantly. The protein showed to be most stable in 20mM TRIS buffer with 10% glycerol (pH 

7.5) and could be stored for 9 days at 4°C at a concentration of 10mg/ml (see Fig. 6).   
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Fig 6 Coomassie-Brilliant Blue-Stained SDS-PAGE gel showing precipitate in different buffers. Lane 1 
contains the Q1U8S3 protein in 20 mM TRIS pH 7.5, lane 2 is the protein ladder, lanes 3-5 show the 
supernatants after centrifugation of the precipitate formed when the protein was incubated in 20mM HEPES 
buffer, and NaCl 100mM, lane 3; 200mM, lane 4; 300mM, lane 5. Lanes 6-8 show the pellet in the 20mM 
HEPES buffer, and NaCl 100mM, lane 6; 200mM lane 7; 300mM lane 8. 
 

The combination of first using a nickel column followed by gel filtration resulted in a pure 

fusion protein. In order to test if an alternative method could maximize the yield, the bacterial 

extract (from 3l of LB-medium) was loaded onto a HiTrap column pretreated with NiSO4 

using the ÄKTA chromatography system. The sample was loaded at a flow rate of 0.2ml/min 

onto the column. The column was washed with 20 column volumes of a 50mM sodium 

phosphate buffer (pH 8) with a concentration of 15mM Imidazole and 0.3M NaCl. 

The wash step was followed by elution with 50mM sodium phosphate buffer (pH 8) with 

250mM Imidazole and 0.3M NaCl and collected as 10ml fractions (see Fig. 7). 
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Fig. 7 Coomassie-Brilliant Blue-Stained SDS-PAGE gel showing fractions from the HiTrap eluation collected 

using the chromatogram data. Lane1 contains the first 10ml fraction, lane 2 is the protein ladder and lanes 3-10 

represent the other fractions collected. 
 

The fractions, which were collected and run on the gel in Fig. 7, were collected because they 

formed peaks in the chromatogram. Unfortunately this chromatogram was destroyed in a 

computer crash and can therefore not be shown. The last 4 fractions seem to have a higher 

concentration of Q1U8S3 when compared with the other fractions in lanes 1,3-6 (Fig. 7)  

 

All the fractions containing the fusion protein were concentrated down to a total volume of 

1ml (Amicon, 10kDa spin column) and loaded onto the gel filtration column. The gel 

filtration was performed at a flow rate of 2.5ml/min using a 20mM TRIS (pH 7.5) buffer, 

10ml fractions were collected during a period of 1.5 column volumes. The chromatogram 

shows a high well-separated peak after about 100ml (Fig. 8). When loading a part of the 

fraction corresponding to the peak on a SDS-PAGE gel a single band corresponding to the 

pure Q1U8S3 fusion protein is obtained after staining with coomassie brilliant blue SDS-

PAGE gel  (Fig. 9).  
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Fig. 8 Gel filtration chromatogram showing a high and single absorbance peak. 
 

 
Fig. 9 Coomassie-Brilliant Blue-Stained SDS-PAGE gel showing a completely pure fraction of Q1U8S3 in 

lane 2, lane 1 is the protein ladder. 

 

 

Pure fraction 
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Enzymatic cleavage 

To separate Q1U8S3 from the SUMO-protein, we used a SUMO-protease kit to cleave the 

two proteins apart. Coomassie brilliant blue stained SDS-PAGE gel showing none of the 

expected bands. We would expect one band at 13kDa, a band corresponding to the SUMO-

protein including the His-tag, and one band about 30kDa, corresponding to the Q1U8S3-

protein. We conclude that the cleavage failed. 

 
Fig. 10. Coomassie-Brilliant Blue-Stained SDS-PAGE gel lane1 contains the fusion protein before the gel 

filtration, used as a control. Lane 2 is the protein ladder. Lane 3 is the fusion protein mixed with the SUMO-

protease and the necessary buffers at time point 0. Lane 4 is at time point 1 hour and Lane 5 is at time point 4 

hours after start of the cleavage. Lane 6,7 and 8 contain protein from another organism not included in our study. 

Lanes 9 and 10 are the SUMO-protease mixed with BSA as a negative control. 

                                         

The cleavage experiment was repeated. Still no bands corresponding to 13 or 30kDa could be 

identified. We conclude that the cleavage of the fusion-protein failed twice. 

 

Crystal formation 
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For the first setup performed, the fusion-protein from the His-select gel was used, i.e. not a 

very pure fraction. In the sitting drop setup no crystals had formed after a time period of 25 

days, so a second setup was performed using a more pure fraction of the fusion protein, the 

fractions collected after the gel filtration were used.  

 

In the hanging drop setup we obtained thin needles under 3 out of 50 different experimental 

conditions. Two of these three conditions had iso-propanol and chloride ions in the solution. 

All 3 solutions had different pH, at least 1 unit apart from each other. 

 

Discussion 

The protein production from the chosen vector and cells gives a satisfactory yield of the 

fusion protein. We started out with 6l of bacterial culture but soon came to the conclusion that 

the amount of fusion-protein was in excess, the amount of unbound fusion-protein in the flow 

through was high, and so we continued growing bacteria in 3l batches.  

 

Manual protein extraction is time consuming compared with the automated Maxwell 

purification but saves a lot of money when used with the His-select resin and the ÄKTA 

chromatography system. This is because it is only possible to load 1ml of cell suspension 

(OD600=20) when using the Maxwell polyhistidine purification kit. This is about 40 times less 

than was loaded on the His-select gel. When analyzing the histidine-affinity purified fractions, 

several bands were found both when using the Maxwell machine and the manual method.  So 

regarding protein purity, the two methods are comparable. This indicates that multiple 

proteins in the sample have a high affinity for nickel and binds to the His-Select column and 

the purification media in the Maxwell kit. This is why Q1U8S3cannot be purified in one 

single step. 

 

There are drawbacks with both methods mentioned for histidine-affinity purification. The 

amount of protein produced with the Maxwell machine is very limited compared with the 

manual method. Using the His-Select in a syringe for purification in a temperature controlled 

room (4°C) is very time consuming and physically tiresome. Therefore the semi-automated 

purification with the ÄKTA chromatography system is preferred. It is very user friendly and 

time saving compared to the manual method. And we achieve a pure fraction of the fusion 

protein protein when a histidine-affinity purification is combined with a gel filtration step. 
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The fusion-protein have serious stability issues and easily precipitates, both when frozen to 

-20°C and in different buffers. To find suitable storage conditions, different buffers were 

tested. It was found that a TRIS buffer pH 7.5 with 10% glycerol is the most suitable medium 

to store the protein in, but the sample must be kept at 4°C.  

 

When the sample was run on the HiTrap column on the ÄKTA, the protein formed a 

precipitate instantly in the fractionator. This may be due to a too high protein concentration. 

To avoid this, less sample should be loaded onto the column or a larger column should be 

used. Another option could be to add glycerol to the fraction tubes before starting the 

fractionator or to add 10% glycerol to the elution buffer, since glycerol seem to stabilize the 

fusion-protein. To increase the flow of the column, i.e. to dilute the sample more, is 

impossible due to the increased pressure, close to the maximum allowed for the HiTrap 

column.  

 

There may be several reasons for poor SUMO cleavage of the fusion protein. According to 

the SUMO-protease manual (Invitrogen), the salt concentration may affect the cleavage result 

and DTT may have oxidized over time and need to be added fresh before the cleavage 

reaction can take place. The SUMO-protease recognizes tertiary structures, so the folding of 

the protein also affects the cleavage process. Unfortunately, there was no time to optimize the 

cleavage process, but the use of fresh DTT would be the first measure to take. The failure to 

separate Q1U8S3 from the SUMO-protease may also be the major factor preventing the 

formation of crystals. 

 

Most of the gel pictures in this report looks a bit strange due to the fact that the stacking gel 

had a too high acrylamide concentration. This resulted in an unusual separation of the ladder 

and poor concentration of the samples before running the separation part of the gels. This is 

shown in e.g. Fig. 10. However, thanks to the use of a ladder with different colors, the result 

could be interpreted. The gel showing the pure fraction of Q1U8S3 (Fig. 9) is a gel with the 

correct concentration of acrylamide in the stacking gel. We also used a prefabricated gel (Bio-

Rad) in one instance (fig. 7). 

 

In conclusion, the fusion protein containing Q1U8S3 has been purified using nickel affinity 

chromatography followed by gel filtration. Crystallization experiments were setup using pure 
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fusion protein at a concentration of 10mg/ml. For future studies we recommend a larger 

HiTrap column with the addition of 10% glycerol to the elution buffer.  
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