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Abstract 

The URC-pathway is one of four pathways involved in catabolizing the nucleotide uracil and it consists 

of five proteins; URC1, URC2, URC3,5, URC4 and URC6. Three out of five of these proteins, namely 

URC2, URC3,5 and URC6 have had their functions elucidated. URC1p is a roughly 50kDa protein that is 

believed to catalyze ring-opening in some variation of uracil but its real function is unknown. Earlier 

efforts by the Piskur group at Lund University and the Dobritzsch group at Uppsala University have led 

to protocols for expression and purification as well as for crystallization but previous crystallization 

experiments, while they led to crystals forming, gave crystals that did not diffract properly and thus 

new crystals are needed.  

 

At the start of the project cells (Escherichia coli strain C41 (DE3) transfected with the plasmid pGEx-

2T_URC1) were grown in TB medium and induced with 0.1 M IPTG. They were later purified using 

affinity chromatography with the GST-tag (glutathione-S-transferase) genetically engineered to be 

linked to the URC1p, digested with thrombin to cleave the GST-tag and a subsequent anion exchange 

chromatography step to purify the URC1p from the GST-tag. After optimization efforts on the 

purification protocols it was decided that growth in LB medium with 1 mM IPTG gave higher protein 

yields. 

 

Six crystallization screening experiments were made, three for pure URC1p and three for URC1p still 

linked to the GST-tag. The three screens were Morpheus®, JSCG-plus™ and Structure 1. Crystals were 

found in the screens for URC1p but only in wells containing phosphate which is believed to have 

formed magnesium phosphate crystal with magnesium from the protein solution. Five scaled-up 

crystallization plates were made, one for URC1p-GST and four for purified URC1p, using a pH range of 

6-7.5 and sodium citrate as a precipitant with a concentration span of 1 M to 1.2 M. No protein crystals 

were found under the duration of the project. 
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Introduction 

All known living organisms consist of mixtures between primarily four major molecule groups – 

carbohydrates, proteins, lipids and nucleic acids. Some of the members of these groups are synthesized 

by the organisms themselves and others are salvaged from the environment, although then they are 

usually synthesized by another organism. The synthesis of the vast number of biomolecules is done by 

different enzymes as part of pathways, very much like workers in a factory; each specialized in their 

own isolated task. Based on the needs of the organism, a very tightly regulated interplay between 

thousands of enzymes occurs constantly to generate the needed molecules and to break down the 

unwanted ones into their constituent parts. The end result of all the synthesizing and all the degrading 

is a dynamic system encompassing not only thousands of enzymes but also the thousands of small 

biomolecules that those enzymes work on. 

 

Changes in the activity in just a single one of these enzymes can have catastrophic ramifications for 

the cell. Many genetic diseases affect the metabolism in the cell by either completely shutting down 

an enzyme or altering its activity which creates imbalances between different metabolites. This in turn 

can lead to either an unwanted build-up of small molecule metabolites or a deficiency which can cause 

great damage or even be fatal. An important aspect of nucleic acid metabolism is its central role in 

cancer. In the early 20th century the German biochemist Otto Warburg noted that isolated cancer cells 

often undergo a metabolic shift from the normal reliance on the citric acid cycle and oxidative 

phosphorylation to glycolysis and fermentation of pyruvate into lactic acid (Ferreira, 2010). This laid 

the foundation for an entirely new avenue of research into cancer where studying changes in the 

metabolism of the tumor cells have led to therapeutic strategies, and drugs such as the nucleotide 

analogue 5-fluorouracil, and to the diagnostic use of metabolic biomarkers (Heidelberger et al., 1957). 

Research into the metabolic pathways and enzymes is therefore critical and structural studies of the 

important players is a corner-stone in any such research. 

 

URC1p and the URC-pathway 

One of the nucleobases that is used by all known organisms to form RNA is uracil. Uracil is procured in 

two different ways; it can be synthesized and it can be salvaged from nature (Vogels & Van der Drift, 

1976). In the cell it can be used as a nitrogenous base in RNA but it can also be degraded and used as 

a nitrogen source through enzymatic pathways. There are four known pathways that degrade uracil. 

There is the reductive pathway, which is the most studied and is found in eukaryotes, including 
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humans, and in a few strains of bacteria. There is the oxidative pathway which is a rare pathway that 

is only found in some bacterial strains and requires oxygen to function. There is the newly found rut-

pathway which was first found in a strain of E. coli (strain K12). Lastly, there is the URC (Uracil 

Catabolism) pathway which was first found in the yeast Saccharomyces kluyveri. Homologues of the 

proteins of the URC1p pathway have also been found in other organisms such as Bradyrhizobium 

japnonicum, Bdellovibrio bacteriosvorus, Neurospora Crassa and Yarrowia lipolytica (Andersen et al., 

2008). This pathway consists of six genes (URC1-6) that encode five proteins. Three of the proteins 

have known functions; URC2 encode a transcription factor that upregulates the rest of the genes in 

the pathway, URC3 and URC5 together encode an urea amidolyase and URC6 encode a uracil 

phosphoribosyltransferase (Andersen et al., 2008) 

 

URC1p is a roughly 50 kDa protein with no known close homologues. The functions of URC1p, the 

protein encoded by the gene URC1, and URC4p, the protein encoded by the gene URC4, remains to be 

identified. One thing that is known about them is that the presence of both uracil and uridine 

upregulates both URC1 and URC4 heavily (by a factor of 800-100 and 250-350 respectively)(Rasmussen 

et al., 2014). One theory is that the protein encoded by URC1p has ring-opening amidohydrolase 

activity similar to those found in the some of the other catabolic pathways; barbiturase in the oxidative 

pathway and PYD2 in the reductive pathway for instance (Gojkovic, 2000)(Soong, 2002). Since there is 

almost no sequence homology between these proteins, it is hard to tell whether or not this is actually 

the case without knowing which form of uracil the substrate is and without a crystal structure.   

 

The aim of the project upon which this report is based on is in the long-term is to find the function of 

URC1p and solve its three-dimensional structure in order to gain mechanistic insights into its enzymatic 

activity. So far, the URC1 gene has been successfully cloned into a plasmid, expressed and purified both 

at Lund University by the Piskur group and at Uppsala University by the Dobritzsch group and 

crystallization efforts have led to crystals being generated. However, these crystals did not diffract very 

well and thus new crystals are needed in order to solve the structure.  Optimization efforts of the 

expression protocol to save time and money in the future were also to be undertaken. 
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X-ray crystallography 

The study of proteins, of which enzymes is a subgroup, is done in many different ways where many of 

these ways have gotten their own field of research devoted to them. There are enzymologists that 

study the catalytic mechanisms of the enzymes on a substrate level, there are protein-interaction 

specialists that try to understand how proteins interact with one another, there are glycobiologists 

who study protein-specific carbohydrate trees and there are structural biologists who try to elucidate 

the three-dimensional structure of proteins on a molecular level. Each of these fields have their own 

professional tool kits to obtain the information they need from the proteins of interest. In the case of 

the structural biologists the most powerful tool has historically been X-ray crystallography and it still 

is the most widely used technique to this day. The method is based on the idea of having molecular 

conformity within a solid crystal to amplify what is otherwise a signal that is too weak to be detected, 

namely the X-rays diffracted by a single protein molecule in solution.  

 

Crystallization of proteins is a technique built upon equilibria shifting and concentrations changing as 

water evaporates from the drop in which the crystallization is occurring. There is often a very small 

area of physico-chemical space where crystallization can start and another small area where crystals 

will grow and the trick is to find that spot and try to keep the solution going back and forth in those 

two zones, the nucleation zone and the growth zone (Fig. 1).  

 

Practically, crystals are generated by having a reservoir solution containing a buffer and a precipitant 

in a well and nearby, either as a hanging drop right above the reservoir solution or as a sitting drop in 

another well within the same enclosed system, a drop of protein solution and some of the reservoir 

solution. When water is vaporizing, which in essence means that it is leaving the drop and joining the 

atmosphere in the sealed compartment and adds to the reservoir solution, the concentration of the 

protein and the precipitants in the drop increases. When protein molecules become part of a crystal 

they leave the solution, which means that the protein concentration in the drop decreases. This zig-

zaging through physico-chemical space is what eventually forms the crystals. 
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Figure 1: A simplified phase 

diagram showing precipitant 

concentration on the x-axis and 

protein concentration on the y-

axis. The goal of crystallization is 

for the solution to move from the 

undersaturated phase into the 

nucleation zone as the water in the 

drop evaporates and the 

concentrations of the protein and 

the precipitants increase and then 

down into the metastable zone, 

also called the growth zone, when 

the proteins start crystallizing and leave the solution, thus reducing the protein concentration (Snell et 

al., 2008). (Used under Creative Commons License [OpenI]). 

 

When crystallizing a protein there are a lot of variables that need to be taken into account. There are 

variables concerning the protein, such as concentration, stability and purity. There are also variables 

around the composition of the reservoir solution, for instance which salt is being used, which 

precipitant is being used, which pH the solution has and which buffer system is being used. Lastly there 

are variables that could be considered physical variables such as the size of the drop, the ratio of drop 

volume and reservoir volume, the temperature that the crystallization experiment is taking place at 

and whether the drop is hanging or sitting. A protein crystallographer will often start testing different 

protein concentrations and different pH:s and precipitants and then move on to change other things 

but there are never any guarantees that crystals will grow under any circumstances.  

 

The result one gets from bombarding a protein crystal with x-rays are so called diffraction images which 

can be transformed into electron density map by Fourier transform. Putting the molecular structure of 

the protein together from the density map is analogous to drawing something from its shadow. 

Drawing an object using its shadow as a reference is almost impossible because it is a two-dimensional 

representation of a three-dimensional object. However, if the person drawing the object can rotate 

the light and thus see the shadow of the object from many different angles it becomes easier to 

visualize the three-dimensional object and hopefully then it can be drawn. This is of course only an 



8 
 

analogy but a similar problem exists in interpreting electron density maps in x-ray crystallography. 

Instead of rotating the light, generating larger amounts of data from different experiments done on 

the same protein is what gives a more complete picture of the protein and there are a few ways of 

accomplishing this. One way is through so-called multiple-wavelength anomalous diffraction (MAD) 

which is built upon the idea of introducing heavier atoms than the ones normally found in proteins 

into the crystal structures (Hendrickson, 1991). Since diffraction of X-rays is done by electrons, having 

heavier atoms that carry more electrons in the structure will increase the amount of diffraction: 

 

Selenomethionine substitution – Methionine is one of the 20 amino acids found in proteins and in its 

side chain it has a sulphur atom. Selenium is in the same group as sulphur in the periodic table so it 

shares a lot of its chemical properties, but it is one period down which means that it is a larger atom 

and has more electrons. If selenium atoms are substituted in where sulphur would normally be in 

methionine the end result is an amino acid that is similar enough for the ribosomes to mistake it for 

methionine and integrate it into proteins but with a heavier atom in it that diffracts more x-rays (Fig. 

2).  

 

Figure 2:  The chemical structure of the amino acid methionine and the selenium-substituted version 

called selenomethionine. 

Heavy metal soaking – Another strategy is to integrate heavy metal atoms into the structure of the 

protein through a method called soaking. These heavy metals, commonly lead and mercury but even 

heavier atoms could be used, diffract a relatively large amount of x-rays because of the number of 

electrons they have and by seeing their position in the crystal it is possible to get additional information 

about where the electrons are in the molecule. This information can then be used to generate a three-

dimensional protein structure model.  
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Protein production 

When analysing proteins researchers often run into the problem of needing large quantities of pure 

protein in order for their methods to work and this requires thought-out strategies to achieve. A choice 

has to be made which factory system to produce the protein in; in other words which organism to work 

with. Escherichia coli (henceforth denoted E. coli) is a common gut microbe that has been intensely 

studied as a model organism for a long time and there is a wealth of information available about many 

facets of its biology. Available to the researcher is also a large library of different strains which many 

different properties, ranging from resistance to certain antibiotics to mutations that render the 

bacterium unable to metabolize specific metabolites.  

 

When a bacterial culture is being prepared for protein production it has to first be given the 

instructions on how to produce the target protein as well as the orders to do so, like a product in a 

factory. This is done though introducing a plasmid, which is a piece of circular DNA, containing among 

other things the target gene as well as the mechanisms needed to force the bacterium to produce 

great quantities of the protein. One of the most common methods is to use the interplay between a 

cluster of genes called the “lac operon”, containing the necessary genes to break down lactose in E. 

coli cells, and a synthetic sugar called IPTG (Isopropyl β-D-1-thiogalactopyranoside). When this 

synthetic sugar binds to a repressor protein in the operon the repressor dissociates from the DNA 

strand. The end result will be unhindered transcription of the genes within the operon which is helped 

even further by a powerful promoter sequence downstream from the regulatory site of the operon. 

This in turn leads to the translation of a large number of proteins. In the lac operons used in molecular 

biology the genes encoding proteins that are involved in lactose metabolism have often been displaced 

by the target protein gene.  

 

Purification of produced proteins is usually a step-wise process where each step is designed to remove 

different unwanted components, from ruptured cell walls to other proteins. The first step is usually 

centrifugation of destroyed cells in an appropriate buffer which leads to a pellet at the bottom of the 

centrifugation vessel where most of the cell walls, organelles that were not destroyed and so forth will 

be. All the soluble proteins will still be in the supernatant which is what is used for the next step of the 

purification. What the next step is, however, differs from one purification protocol to the next.  
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Affinity chromatography – Affinity chromatography is separation based on very specific interactions 

between two molecules. One example of such an interaction is an enzyme with its substrate as in the 

separation technique used in the laboratory work that this report is based on where a so-called GST-

tag, or glutathione transferase tag, is used. A GST-tag works on the principle of having a column with 

glutathione linked to it through which the sample is run. Already on a genetic level a glutathione 

transferase has been linked to the target protein and when this dimer runs through the column it binds 

to the glutathione and is retained in the columns. Everything that does not bind to glutathione will go 

straight though. The glutathione transferase-target protein dimer will then be eluted using a buffer 

containing loose glutathione. 

 

Anion exchange chromatography – Another common purification method is anion exchange 

chromatography which will separate the proteins based on their charge. Each protein has a so-called 

isoelectric point (pI) which is where all the charges on the protein cancels out and the net charge of 

the molecule becomes neutral. When the pH of the solution is higher than the isoelectric point of the 

protein, the protein will be positively charged. When the pH is lower than the isoelectric point the 

protein will be negatively charged. Using this information a strategy can be made where it is possible 

to separate the target protein from other proteins that have different pI:s. 

 

Aims of the project 

One aim of the project was to optimize the protocols for protein expression and purification received 

from the Piskar group at Lund University. Because of the long-term nature of the project and because 

a lot of protein will be needed in the future, having quick and cheap protocols for expression and 

purification is vital. Another aim was to produce native URC1p as well as SeMet-substituted URC1p for 

crystallization studies from the received plasmids. The group in which the laboratory work took place 

had already managed to get crystals of the protein needed to be able to optimize them. 
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Materials and method 

Buffers and media used 
The following buffers and media were used and will only be described by name in the rest of this 

report: 

LB medium – 10 g NaCl, 10 g Peptone and 5 g Yeast Extract per liter 

TB medium – 12 g Peptone, 24 g Yeast Extract, 6 ml 87% glycerol per liter (autoclaved). The following 

additives were sterile filtered and added before use. 

 Additive 1 – 10 mM KH2PO4, adjusted to pH 6.8 

 Additive 2 – 10 mM NH4Cl and 4.1 mM MgSO4 

PBS-buffer – 140 mM NaCl, 2.7m M KCl, 10 mM Na2HPO4 and 1.8 mM KH2PO4, adjusted to pH 7.3.  

Lysis buffer – 5 mM MgCl2, 10 µg/ml DNA:se, 50 µg/ml of lysozyme, 1 mM PMSF (Protease inhibitor) 

and one tablet of cOmplete EDTA free protease inhibitor (Roche). The final volume was then reached 

by adding PBS-buffer. 

Glutathione elution buffer – 100 mM Tris-HCl, adjusted to pH 8. Reduced L-glutathione was added 

before use to a concentration of 10 mM.  

Minimal medium (per liter) – 2 ml 1 M MgSO4 (2  mM), 20 ml 20% glucose (0,4%), 1 ml vitamin solution, 

10 ml trace element solution. 1X M9 salt solution to 1 liter final volume.  

100X Trace element solution – 17 mM EDTA, 5 mM FeCl3, 3.5 mM ZnCl2, 50 µM CuCl2, 

750 µM CoCl2, 12 mM MnCl2, one spatula tip of Ni2SO4. The pH was adjusted to 7.0 with 

NaOH.  

1000X Vitamin solution – 2.6 mM riboflavin, 6 mM pyridoxine monohydrate, 3.3 mM 

thiamine.  

Glucose solution – 40% (w/v) glucose.  

Amino acid mix – 1 g lysine, 1 g threonine, 1 g phenylalanine, 0.5 g of leucine, 0.5 g 

isoleucine, 0.5 g valine and 0.5g of L(+)-selenomethionine 

10x M9 Salt solution – 560 mM Na2HPO4, 300 mM KH2PO4, 85 mM NaCl and 93 mM 

NH4Cl.  

Buffer A – 50 mM NaCl and 20 mM HEPES. pH adjusted to 7.5. 

Buffer B – 800 mM NaCl and 20 mM HEPES. pH adjusted to 7.4. 

Buffer C – 20 mM MES. pH adjusted to 6.5.  

All buffers were filtered through a 0.2 µm filter. 
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Cell growth and induction protocol for native URC1p 

Cells (Escherichia coli strain C41 (DE3) transfected with the plasmid pGEx-2T_URC1) were received 

from the Piskur group at Lund University and were stored at -80oC. Cells were grown according to the 

following protocol: 

 

A 4ml overnight culture was prepared from 4 ml LB medium, 4 µl ampicillin (100 mg/ml) and 4 µl frozen 

glycerol stock cell culture. After roughly 16 hours of incubation at 37oC, the cultures were placed at 

4oC for 8 hours. A second culture with a volume of 50 ml was prepared from 50 ml LB medium, 50 µl 

ampicillin (100 mg/ml) and 50 µl of the 4 ml culture from the night before. This was placed in the 

incubator for roughly 16 hours at 37oC with shaking.  

 

The main culture was prepared from 500 ml of TB medium with 500 µl of ampicillin (100 mg/ml) and 

inoculated with 5ml of the second culture. It was grown at 37oC and 200 rpm to an OD600 of 0.5-0.6 

and subsequently induced by the addition of 0.1 mM IPTG. After induction the temperature was 

reduced to 18oC and the culture was left to grow overnight (16 hours) with shaking at 200 rpm. The 

cells were then pelleted by centrifugation and storedat -80oC for until purification. 

 

Cell growth optimization experiment 

An attempt to improve the original cell growth protocol (appendix 1) was made where the impact of 

two factors was being tested, the type of medium and the concentration of IPTG. The temperature of 

the growth after induction as well as the time spent growing after induction varied too. One 

experiment was done with LB medium and induction with 1 mM IPTG, one with LB medium and 0.1 

mM IPTG, one with TB medium and 1 mM IPTG and the last one with TB medium and 0.1 mM IPTG. 

The preparation of the cultures was done as previously described. 5 ml of the second cultures was later 

used in 500 ml flasks of either LB medium or TB medium prepared with 500 µl ampicillin (100 mg/ml). 

The cultures grown in LB medium were grown until they reached an OD600 of 0.5-0.6, induced with 

either 1 mM IPTG or 0.1 mM IPTG and then continued to grow for another four hours before the cells 

were harvested. The cultures grown in TB medium were grown at 37oC until they reached an OD600 of 

0.5-0.6, were induced with either 1 mM IPTG or 0.1 mM IPTG and then the temperature was reduced 

to 18oC and the growth went on overnight (roughly 16h) (Fig. 3).  
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The cells were pelleted by centrifugation at 5900 g for 20 minutes in a Sorvall RC-3B Refrigerated 

Centrifuge and the pellet was frozen at -80oC.  

 

Figure 3: Cell growth in LB medium with induction at OD600 of 0.6 (shown with a red line). The cells were 

grown until they reached the lag phase and where then harvested.  

 

Cell growth for SeMet-substituted URC1p 

As described above, the growth was done in a three-step scale up process. The growth protocol was 

identical to the growth in normal LB-medium, described in the optimization test above, up to where 

the cell culture reached an OD600 of 0.5. When this point was reached, the cells were centrifuged down 

at 5900 g, washed with M9 salt solution and then re-suspended in minimal medium with added 20 ml 

amino acid mix. The cells were incubated for 40 minutes at 37oC and then they were induced with 1 

mM IPTG and the temperature was reduced to 18oC. 

 

Protein purification 

Cells were resuspended and homogenized in lysis buffer using a mechanical homogenizer and then 

lysed with a Constant Cell Disruption Systems cell disruptor with the pressure set at 1.7 kbar. The 

lysates were pelleted by centrifugation at 29,600 g for 60 minutes and the supernatants were 

transferred to 50 ml Falcon tubes. 500 µl of a 50% solution of Pierce® Glutathione Agarose beads 

(Thermo Scientific) was added to each of the Falcon tubes and then the solutions were incubated for 

2 hours at 4oC on a shaking table. After the incubation, the beads were packed in a column, washed 
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with 40 ml 1X PBS buffer and eluted with 20 ml elution buffer. 500 µl of thrombin (10 units) solution 

was added to the eluate and it was left at 4oC for around 15 hours. After thrombin digestion the protein 

solution was loaded onto an anion exchange column (HiTrap™ Q XL, 1 ml [GE Healthcare]) on an ÄKTA-

system. 

 

Thrombin (from Bovine Plasma, GE Healthcare) was used to cleave the GST-tag and a second anion 

exchange run was performed in order to remove the thrombin and the cleaved off GST-tag. The 

cleavage was done in 20 mM Tris-HCl pH 8.5, 100 mM NaCl, 0.3 mM CaCl2 and 10 mM DTT and with 10 

units of thrombin at 4oC for 16 hours. All purification steps were monitored using SDS-PAGE according 

to established protocols (Laemmli, 1970) and the marker used was Unstained Protein Molecular 

Weight Marker (Thermo Scientific). 

 

Crystallographic studies 

Six crystallography screening experiments were performed to test for possible conditions for crystal 

growth, three for native URC1p and three for URC1p still linked to the GST-tag. In the screening 

experiments with URC1p-GST, uracil monophosphate and magnesium ions were added. The screening 

experiments were performed in 96-well sitting-drop plates and three commercially available 

crystallization screens from Molecular Dimensions®; Structure Screen 1, JCSG-plus™ and Morpheus® 

(Jancarik et al, 1991). These plates test a very diverse range of pH:s, precipitant concentrations, 

precipitants and buffers which are listed in product sheets (MD1-01, MD1-37 and MD1-46) at 

www.moleculardimensions.com. All screens were made with a protein concentration of 6 mg/ml. The 

plates were placed at 20oC and were monitored regularly. 

 

Five 24-well crystallization plates were made, one with URC1p linked to the GST-tag and four with pure 

URC1p. The crystallization experiments were designed based on past crystallization experiments. The 

buffers in the reservoirs and drops had a pH range of 6-7.5 and a range of the concentration of sodium 

citrate of 1 M to 1.2 M and utilized a hanging-drop strategy. All crystallization experiments were done 

with a protein concentration of 6 mg/ml. Once the plates were pipetted they were left at 21oC.  
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Results 

Cell growth 

Cells were grown three times with the normal TB medium + 1mM IPTG protocol (Fig 4). Growth curves 

for the three experiments looked similar each time. Achieved cell masses are listed in Table 1: 

Table 1: Bacterial cell yields from three cell growing experiments using TB medium and growing 

overnight after inducing with 1mM. 

Run [IPTG](mM) Yield Comments 

First experiment 1 22 g  

Second experiment 1 11 g The cells were left at 4oC for 30 min prior to induction 

Third experiment 1 36 g  

 

 

Figure 4: Typical growth curve for cell growth in TB-medium.  

During the protocol optimization experiment different combinations of media, IPTG concentrations 

and incubation times were used (Table 2).  
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Table 2: Bacterial cell yields and yields of purified protein from the cell growth- and expression 

optimization test.  

 

Purification 

The first step in the purification was the affinity chromatography using the binding of the GST-tag to 

gel beads with glutathione linked to them. The entire initial purification with the glutathione beads 

was followed using SDS-PAGE samples from the lysate, a re-suspended part of the pellet from the 

centrifugation, three out of the four wash fractions (each with a volume of 10 ml) and all four elution 

steps (each with a volume of 5ml) (Fig. 5). 

 

Figure 5: SDS-PAGE of the affinity chromatography step. Part of the pellet was re-suspended in 1X PBS 

buffer and the lysate was also diluted 1:10 in 1X PBS-buffer. The expected size of the URC1p-GST is 

roughly 67kDa. 

 

Medium [IPTG](mM) Cell yield (g) Purified protein Yield (mg) Comments 

LB 1 4.5 4 

Approx 8 hours at 37oC. Some of it was 

spilled. 

LB 0.1 4.5 2.9 Approx 8 hours at 37oC. 

TB 1 7.5 1.6 Approx. 16 hours at 18oC. 

TB 0.1 11 2 Approx. 16 hours at 18oC. 
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Anion exchange chromatography was performed with the pooled eluate from the affinity 

chromatography step using a slowly increasing NaCl concentration to generate two large, partly 

overlapping peaks (Fig. 6). 

 

Figure 6: Anion exchange chromatogram for the attempted removal of the GST- tag. The blue curve is 

the measured absorbance at a wavelength of 280nm, and the orange curve visualizes the applied 

gradient as percentage of buffer B. The anion exchange was run with buffers A and B (pH 7.5). 

SDS-PAGE was run to confirm the identity of the proteins in those two peaks (Fig. 7). It was run in 

conjunction with older samples.  
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Figure 7: SDS-PAGE gel from the fractions of the anion exchange chromatography of URC1p after the 

glutathione transferase tag had been cleaved off. The expected sizes are: URC1p-GST around 70kDA, 

URC1p around 45kDA and GST around 25kDA. 

When the incomplete separation of URC1p from the GST tag was confirmed a change was made to 

exchange Buffer A with Buffer C (pH 6.5) after a re-evaluation of the theoretical pI:s of the proteins 

(Fig. 8). The NaCl gradient was brought up to 10% for a while and then up to 100% via a steep gradient. 

 

Figure 8: Chromatogram obtained after anion exchange performed with Buffer C and B to separate 

GST-tag from URC1p. The blue curve represents the absorbance measured at 280 nm and the orange 

curve represents the % of Buffer B in the buffer mix. SDS-PAGE samples for the different fractions are 

shown in figure 12. 

 

Next, the linear NaCl gradient used in the previous experiment was replaced by a stepwise gradient to 

achieve a better resolution. Two strong peaks, one at 10% and the other at 30% buffer B, were eluted, 

with the absorbance reaching base-level between the two peaks (Fig. 9). An SDS-PAGE was performed 

to confirm the purity of the last peak and it showed a very thin band for the GST-tag and a very strong 

band for URC1p (Fig. 10). Pooled samples of the two small peaks that were eluted at 30% buffer B but 

came out before the large peak of URC1p turned out to contain roughly 50% GST and 50% URC1p.  
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Figure 9: Anion exchange run to remove GST of another batch of URC1p but with a different elution 

profile. The same elution profile as in figure 11 was used for this anion exchange. Absorbance was 

measured at 280 nm and it was run on the MES-buffer (pH 6).  

 

 

Figure 10: SDS-PAGE gel of the different peaks from the last anion exchange chromatography 

experiment with native URC1p.  

Purification of the selenomethionine-substituted URC1p was done in the same way as native URC1p 

and after the cleavage the elution profile looked fairly similar to the experiments with native URC1p 

and the same elution program (Fig. 11). The peak heights are lower by a factor of ten, which means 
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that there is considerably less protein in the eluate, which is confirmed by the very thin bands in the 

SDS-PAGE gel obtained with fractions from this anion exchange experiment (Fig. 12). 

 

 

Figure 11: Elution profile from anion exchange chromatography of SeMet-substituted URC1p. 

Absorbance was measured at 280nm and the buffer was Buffer A (pH 7.5).  

 

 

Figure 12: SDS-PAGE gel from analysis of the fractions from anion exchange of the SeMet URCp1 

purification. The lanes marked with an asterix come from the the anion exchange described in figure 8.  
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Crystallographic studies 

None of the screens with the URC1p-GST showed any signs of any crystallization except for in a few 

wells where phosphate was part of the reservoir. The screens with pure URC1p showed no signs of any 

crystals. However, there was a lot of precipitation in many of the drops. 

 

The crystallization experiments in the larger crystallization plates showed a similar tendency to have a 

lot of precipitate (and sometimes nothing at all) but no protein crystals. Two examples of drops, one 

with heavy precipitation and one that is clear is shown in figure 13: 

 

Figure 13: Two pictures of drops from crystallization experiments of pure URC1p. A shows a drop with 

no visible precipitation or crystallization and B shows a drop with heavy precipitation. 

During the last week of the project, a quick scan of the plates revealed tiny crystals forming in one of 

the pure URC1p plate wells. The crystals were deemed too small to be shown in this report. 

 

Discussion 

Cell growth and optimization efforts 

First, a protocol was used in which bacteria were grown in TB-medium at 37oC until an OD600 of 0.5-0.6 

was reached, followed by induction with 0.1 mM IPTG and protein expression over night at 18oC. This 

gave large cell weights, at least when no mistakes with the temperature were made, but the amount 

of URC1p in those bacterial cultures was decent at best (around 0.2 mg/g of cells). During the 
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optimization experiments it was found that growing the cells in LB-medium over the span of 

approximately 8 hours and using ten times as much IPTG gave a much higher level of expression. More 

cells were obtained in TB-medium and because this is a richer medium which was expected. However, 

there was less URC1p in the cells grown in TB. One possibility is that because the LB cultures were 

grown for a shorter period of time and at 37oC, there was less time for degradation of the recombinant 

protein to occur. Another possibility is that the proteins started forming inclusion bodies at a certain 

concentration. This possibility is supported by the existence of a fairly large band at the expected size 

of URC1p+GST in the pellet sample (Fig. 5). This would imply that there is a point somewhere between 

four hours of induction and sixteen hours of induction where the amount of protein is at a maximum, 

which could be found through a second round of optimization experiments. Another reason could be 

that the protein is somehow harmful to the bacteria, perhaps by disturbing natural levels of uracil, but 

that should be apparent by lower yields in bacterial cells.  

 

For determination of the optimal IPTG concentration the results were varied. In LB-medium the higher 

concentration of IPTG gave a larger yield but in TB-medium both concentrations gave roughly the same 

yield. The reason for that could be that having a high transcriptional pressure for longer periods of 

time on the bacteria means that they are more likely silence the URC1p-gene or discard the entire 

plasmid completely.  

 

Purification 

The affinity chromatography 

There is large amount URC1p-GST in the re-suspended bacterial pellet, probably in the form of 

inclusion bodies, but since sufficient amounts of protein were present in the supernatant it was 

deemed that retrieval of additional URC1p from the pellet was unnecessary. The URC1p-GST dimer did 

bind to the glutathione column but it appears that some contaminations did too and the purification 

could not be considered complete after the affinity chromatography. The purification steps can be 

followed in figure 5 and it appears that some bands that look like impurities could have come from the 

marker flowing over to the other wells during loading. However, some bands cannot be explained 

through via the marker.  

 

The anion exchange chromatography 
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A steady improvement of the separation was achieved by first going from a slow salt gradient to a step-

wise elution profile with defined steps (10%, 30% and 100%) and then also by changing buffers from 

Buffer A (with pH 7.5) to the MES-buffer (with pH 6.5). The theoretical pI:s of URC1p and glutathione 

transferase are 5.2 and 6.2 so adjusting the buffer pH in between the two pI:s seemed to be a 

reasonable strategy. The anion exchange often removed a lot of the glutathione transferase, but never 

all of it, which can be explained by the relatively close pI:s of the two proteins. Since the theoretical 

pI:s are just that, theoretical, there is a margin of error for actual pI:s that might mean that they are 

closer to each other than anticipated. Oddly, the glutathione transferase eluated at different salt 

concentrations and in distinct peaks for each of those concentrations as seen in figure 8 and figure 9, 

where some of it eluted at 10% and some at 30% buffer B concentration.  

 

 

Thrombin cleavage 

For most of the experiments the thrombin cleavage worked perfectly; meaning that no GST-fused 

URC1p remained, even at very low concentrations of protease. However, this was not the case for the 

SeMet-substituted URC1p. There it appears that roughly half of the URC1p is still linked to a glutathione 

transferase protein. It still needs to be determined whether this is due to the selenomethionine-

substitution, due to problems with one specific aliquot of the thrombin or due to other reasons. 

 

Cell growth in minimal medium selenomethionine addition 

The cell yields for growth in minimal medium were lower than those obtained in normal nutrient-rich 

LB and TB media but that is to be expected. There are, however, reasons why the growth could have 

been worse than it actually should be: 

Missing vitamins – The recipe used for the minimal medium contained a solution of four different 

vitamins; riboflavin, niacinamide, pyridoxine monohydrate and thiamine. Due to there being no 

niacinamide available, this vitamin was skipped. On top of that, when this soluton was being filtered it 

was noted that a layer of orange powder that resembled the riboflavin added earlier was left on the 

filter. The solution that passed through had an orange color which could not have come from anything 

else than the riboflavin and it was found that the solubility of riboflavin was much lower than the 0.5 

g for 500 ml that the recipe dictated.  
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Missing molybdenum – Similar to the problem with the missing vitamin, the recipe asked for some 

molybdic acid to be added. Since this chemical was not available either, it was skipped. 

Ill-mixed trace element solution – When weighing in the metal salts for the metal solution very small 

quantities had to be weighed up (as little as 10 mg) which lead to insufficient accuracy. The 

concentration of cobalt chloride may therefore have been 15 mg/l rather than the required 10 mg/l. 

The same applies for copper chloride. These are small differences but in terms of percentages it is 

substantial. 

 

 

 

Crystallization experiments 

Since all the screens that showed crystal growth had phosphate in them and there was added 

magnesium in the protein solution it is likely that the crystals that formed were magnesium phosphate 

crystals. The camera used to analyse the crystals also takes a supplementary picture with UV-light and 

this can give an indication as to whether or not the crystal contains protein or salt but it is by no means 

conclusive. The only way to really tell is to bring the crystal to an X-ray beam station and irradiate it. In 

the overwhelming majority of the screens, both for URC1p and URC1p-GST, there was heavy 

precipitation which might be an indicator that the protein concentration was too high (Fig. 14). A 

logical next step would be to try with a lower protein concentration but that was beyond the span of 

the experiments described in this report.  The result of prior crystallization efforts with URC1p have 

turned out to be varied and seemingly rely on the specific batch of purified protein and it is possible 

that purity, or lack thereof, plays a larger part in whether or not crystallization occurs than has been 

taken into account for. 
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Figure 14: Visualization in physico-chemical space of what happens when precipitation occurs and 

proteins leave the solution to form irregular congregates (red arrow) or when there is not enough water 

leaving the drop for protein to start leaving the solution (green arrow).  

 

 

 

Conclusion 

Transfected cells were successfully grown using a few different protocols with varying success. The 

best growth for protein yield turned out to be LB-medium over day with 1 mM IPTG used for induction. 

URC1p was successfully purified using a strategy that combined affinity chromatography with 

glutathione and GST, and anion exchange chromatography using a pH 6 buffer. Crystallization 

experiments with purified URC1p and with URC1p-GST were unsuccessful and no crystals were 

generated. Further crystallization studies are necessary and a reasonable first-step could be to try a 

lower protein concentration. 
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Appendix 1: The original protocol  

Large scale protein expression 

The large scape protein expression was made by diluting 50 ml of over- night grown cultures 

in 4* 500 ml of LB+ ampicillin (100µg/ml) in 2 liter culture flasks. The flasks were shifted to a 

shaking water bath maintained at 37oC, 200rpm. When OD600 was approximately 0.6, flasks 

were removed and cooled to room temperature before adding IPTG. For URC1p and URC4p 

over-expression, 0.1& 0.5 mM of IPTG were added and corresponding expression 

temperatures were 20oC & 25oC respectively. After 16 hours, cells were harvested in large 

centrifuge tubes at 5,000 rpm for 20 minutes in JA10 rotor from Beckman Coulter. The 

supernatant was carefully discarded and pellets were stored at -80oC.  

Purification 

The over-expressed proteins contained in BL21 StarTM (DE3) were extracted using French 

press lysis method. The pellets from 2 liter culture were usually dissolved in 50 ml of binding 

buffer with a tablet of protease inhibitor from Roche. The re-suspended cells were passed 

through French press twice at 1000 psi maximum. The slightly brown extract was centrifuged 

at 13,000 rpm for 30 minutes in JA 25:50 rotor from Beckman Coulter. The supernatant 

containing protein of interest was transferred to a falcon tube and sterile filtered using 

0.45µm filter from VWR before loading in to chromaographic column. Glutathione Sepharose 

TM 4 fast flow purchased from GE healthcare was used to purify GST tagged URC1p from the 

crude extract whereas Ni SepharoseTM 6 Fast Flow was used to His-tagged URC4p. The 

column was packed as per the instructions from the manufacturer and pre- washed with 20 % 

ethanol and sterile Milli-Q water before running with equilibrium buffer. The operation and 

purification procedure described in manuals 71-5016-96 AK (GST-tag) & 11-0008-87 AE (His-

tag) were followed. The sample was loaded through at flow rate 0.1 ml/min while column was 

washed and eluted at a maximum volumetric flow rate (1.5 ml/min for C-10 column). The 

entire purification step was done in GE ÄKTATM Explorer with UNICORN version 5. The eluted 

protein was collected in a fraction of 3 ml and those fractions which showed absorbance at 

280 nm were pooled and analyzed in SDS-PAGE. The protein sequence was also verified by 

mass spectrometry. GST (glutathione-S-transferase)- tag from URC1p was removed by re- 
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circulating thrombin protease buffer to the bound GST-tagged URC1p to the column. This was 

done by using peristaltic pump manually. 

Expression of Se-Met labeled SkURC1 

In order to overcome ”the phase problem” in solving the crystal structure, Seleno methionine 

was introduced instead of methionine in URC1p. This was done by inhibition of methionine 

biosynthesis. P929 vector in BL21 StarTM (DE3) grown overnight in 5 ml of YPD was washed 

with M9 minimal medium and diluted into 2*50 ml of M9+ ampicillin 0.1 mg/ml. After 

approximately 16 hours, the cells were again scaled up in 4*500 ml in 2 liter flasks at 37oC. 

When OD600 was around 0.5 amino acid mix containing 0.1 mg/ml lysine, threonine, 

phenylalanine and 0.05 mg/ml of leucine, isoleucine, valine & L-seleno methionine were 

added. After 15 minutes, the flasks were cooled to room temperature and 0.1mM IPTG was 

added in each flask. The expression conditions and the purification protocol were the same as 

native SkURC1p. 

 


