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Abstract 
The enzyme inosine triphosphate pyrophosphatase (ITPase) is responsible for controlling the levels of 

the by-products guanosine monophosphate (GMP) and adenosine monophosphate (AMP) through 

their precursor inosine monophosphate (IMP). ). Human ITPase consists of a 194-amino acid 

homodimer which relies upon either an Mg2+ ion or a Mn2+ ion for catalytic activity, and orthologs of 

this protein have been found in many different organisms. 

The purpose of this project was to try out methods learned throughout the education and to use this 

knowledge to gather new data about the human protein inosine triphosphate pyrophosphatase 

(ITPase). The protein was expressed in BL21/DE3 cells from a pre-made vector. Experiments 

performed during this project include secondary- and tertiary stability measurements, tryptophan 

fluorescence spectra, binding curve and thermic stability to ITPase with ANS and methotrexate. 

The Tm-value of human ITPase was examined with Trp-Fluorescence, ANS-fluorescence and Near-

UV and Far-UV circular dichroism (CD). The stability of ITPase monitored by Near-UV as well as 

Far-UV coincides, indicating that secondary- and tertiary-unfolding occur simultaneously without any 

intermediates. 

The results of Trp-fluorescence showed that the tryptophans were already exposed and thus it did not 

yield a reliable result. The binding properties of ANS and MTX to ITPase were also examined. 

 

  



   

Abbreviations 
ALL – Acute lymphoblastic leukemia 

ANS – 1,8-anilino naphthalene sulphonate 

CD – Circular Dichroism 

DTT – Dithiotreitol 

FRET – Fluorescence Resonance Energy Transfer 

IPTG – Isopropyl β-D-1-thiogalactopyranoside 

ITPase – Inosine triphosphate pyrophosphatase 

MTX – Methotrexate 

P32T – A mutant version of the protein inosine triphosphate pyrophosphatase where the amino acid 

proline in position number 32 have been substituted by the amino acid threonine. 

Tm – Melting temperature 

UV – Ultraviolet 

wt – Wild type 
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Introduction 

Background 
The metabolite inosine monophosphate has an essential role in purine biosynthesis (1), since it can be 

converted into guanosine monophosphate (GMP) and adenosine monophosphate (AMP). Inosine 

triphosphates are produced as by-products from phosphorylation of IMP or by deamination of purine 

bases and are thus generally present at low levels. The enzyme inosine triphosphate pyrophosphatase  

(21.5 kDa) or ITPase is responsible for controlling the levels of these biproducts. ITPase catalyzes the 

dephosphorylation of Inosine triphosphate (ITP) to IMP and a pyrophosphate (PPi).Human ITPase 

(Fig 1) consists of a 194-amino acid homodimer which relies upon either an Mg2+ ion or a Mn2+ ion 

for catalytic activity, and orthologs of this protein have been found in many different organisms. 

The activity of this enzyme prevents accumulation of ITP and dITP in the cell. An accumulation of 

ITP and/or dITP could lead to an accidental incorporation of these nucleotides into DNA or RNA 

synthesis and thus result in mutagenesis. In studies conducted on individuals with detectable levels of 

ITP in erythrocytes, a link has been proven between ITPA deficiency and several single nucleotide 

polymorphisms in the human ITPA gene (1). 

One mutation that is of particular importance is P32T, which completely abolished ITPase activity, 

and thus gives rise to an accumulation of ITP in erythrocytes (1). Studies have been made (2) showing 

that the P32T allele is present within all ethnic groups, with its expression being highest (11-19%) in 

Asian and lowest (1-2%) in Central and South American populations.  

 

Figure 1: The three-dimensional structure of human Inosine triphosphate pyrophosphatase (ITPase). The individual 

monomers of this protein are represented by the green and yellow structures shown in the image. The coordinates 

visualized using PyMOL(21) obtained from Protein Data Bank, PDB entry: 2car. 

Purpose 
The main purpose of this project was to use standard methods of characterization that had been used 

previously and also to find new data of this protein by using methods that had not been used on this 

particular protein before. In addition, the expression of the ITPA-P32T mutant allele was also a part of 

this project. Due to the involvement of Methotrexate in the treatment of acute lymphoblastic leukemia 

(ALL) it was crucial to examine protein-ligand interaction of ITPase-MTX. This purpose was reached 

by preparation and expression of the wild-type protein and by subjecting it to Fluorescence and 

Circular Dichroism. 
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Site-directed mutagenesis 
Site-directed mutagenesis is an essential technique and is used within areas such as genetic 

engineering, studies regarding function, biochemistry and protein engineering. Its uses in protein 

engineering include humanization of antibodies, introduction of new catalytic activities and for 

manipulating proteins to be better suited for biophysical characterization. Several versions of this 

technique have been created; however, the most favored is the QuikChange Site-Directed Mutagenesis 

System developed by Stratagene (3). 

By using a pair of complementary primers in a round of PCR cycles, these primers will anneal to the 

template DNA and thus replicating the plasmid DNA with the mutation. The mutated and the parental 

DNA can be easily separated by DpnI treatment (see Fig 2). This is due to methylation only being 

present in the parental DNA and not in the mutated DNA. The remaining DNA can then be 

transformed into E.Coli host cells. The strand break which had been created by the annealing process 

will be ligated by the host cell after the transformation reaction is completed (3). 

 

Figure 2: A example of the mechanism of Quick-Change site directed mutagenesis. Parental DNA is denatured; the 

mutagenic primers are annealed and incorporated. In the final stages, DNA is treated to Dpn1 and finally 

transformed into host cells. This image was taken from the homepage for Agilent Techonologies (2015-01-31). 
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Spectroscopic techniques used to study proteins 
By emitting a light with a certain wavelength it is possible to excite aromatic amino acids within the 

sequence of ITPase, and thereafter, study the re-emitted light caused by the fluorescence at the specific 

wavelength. Fluorescence is a very useful technique in biochemistry and can be used to study protein-

ligand interaction, stability and tertiary structure. Aromatic amino acids such as tryptophans are able to 

function as probes and can be used to detect local changes in the interior of the protein structure. If the 

protein is unable to perform fluorescence, a common alternative is to use other molecules with this 

property such as 1,8-anilino naphthalene sulphonate (ANS) (4). 

By using Circular Dichroism in the far-UV spectrum (Fig 3A), the secondary structure and its 

elements are examined. This method is used to examine α-helices, β-sheets and random coiling. 

A spectra created from a measurement will consist of a sum of all of these elements and thus an 

approximate fraction of each element can be determined. In the near-UV spectrum (Fig 3B), the 

tertiary structure is examined. This method is used mainly to examine the aromatic amino acids and 

disulfide bonds of a protein. Signals in the region 255-270 nm is attributable to phenylalanine, 275-

282 nm to tyrosine and 290-305 nm to tryptophans. Disulfide bonds provide broad and weak signals 

throughout the entire near-UV spectrum with a maximum at 260 nm (5). 

 

Figure 3: 3A was generated as a result of a Far-UV measurement and figure 3B is a result from a Near-UV CD 

measurement ITPase. In both A and B: wild-type ITPase (dashed line) and its mutant allele P32T (solid line). This 

image is adapted from fig 4 by Simone et al. (6) 

Impact on society 

Cancer is a serious disease, often with a low survival rate. Many have died from diseases such as 

Acute lymfoblastic Leukemia (ALL), and even though inhibitors have been found, previous studies (2) 

have shown that certain populations carry an allele which causes ITPase to become inactive.  

The new data gained from this project may help to provide a deeper insight and understanding of this 

protein, which may be an important step towards curing the diseases linked to the reduced activity of 

this protein. 
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Acute lymphoblastic leukemia 

Acute lymphoblastic leukemia (ALL) is a form of blood-cancer which is most common among 

children between the ages of 2-5 years old, but it has been found in both adults and children. The 

cause of ALL is still unknown; however, it is believed to be caused by multiple factors. 

Approximately twenty candidates have been found, but very few of them are considered to be 

reasonable causes. A few of the likely candidates are genetic inheritance, exogenous- or endogenous 

exposure, and chance. ALL is cured in most cases with multiagent chemotherapeutic regimens, and 

recent trials have shown that the survival rate of children suffering from ALL has increased to around 

90%. This is due to new information and increased supportive care, which has led to a more 

personalized treatment. However, despite the increase in survival rate of children; the survival rate of 

adults and infants is still low. New information has been provided by recent genome-wide profiling of 

germline and leukemic cell DNA, which could be important for further improvements and more 

personalized treatments in the future (7,8). 

Treatment 

Treatment of ALL most commonly lasts approximately 2-2.5 years and consists of three phases: 

Remission-induction, intensification and continuation. The first part of the treatment is the remission-

induction, and over the course of four to six weeks, the remission therapy will eradicate any initial 

leukemic cells, and will in most cases, also restore normal haematopoiesis. It is followed by the 

intensification therapy, which commonly consists of high-dosage of methotrexate, in combination with 

a few other drugs, and this part of the treatment will eradicate any residual leukemic cells (7,8). 

 

Figure 4: The three-dimensional structure of methotrexate. This image is visualized in PyMOL(21) and adapted from 

Protein Data Bank, PDB entry: 1rg7. 

During the final step of the process, the continuation therapy, patients are given daily dosage of 

mercaptopurine and weekly dosage methotrexate and sometimes a few other drugs. Mercaptopurine 

and thioguanine inhibit de novo purine synthesis. The protein thiopurine methyltransferase (TPMT) is 

responsible for catalyzing the S-methylation of thiopurines in order to inactive methylated metabolites. 

DNA mis-match enzymes demonstates a cytotoxic effect if thioguanine nucleotides are incorporated 

into DNA, which is why a deficiency in those enzymes gives rise to thiopurine-resistance in leukemic 

cells (7,8). 

Pharmacogenetics-based and uninterrupted dosage of mercaptopurine is important to prevent relapse. 

One of the main reasons for interruption of chemotherapy is treatment-related toxicity, which can be 

life threatening. However, interruption of chemotherapy could increase the risk of relapse. Due to wide 

interpatient variation in pharmacokinetics and pharmacodynamics, prediction of toxicity is hard, but a 

trial and error approach is not optimal due to factors such as a delay between dosing and toxicity (7,8). 

Genetic predisposition is a known factor to the risks of common toxicities; however, the extent is not 

yet clear. Inherited polymorphisms in genes that encode drug-metabolizing enzymes, transporters, 

targets and receptors may affect the toxicity from anticancer drugs (7,8). 
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Aim 
The current study was limited to expression and characterization, by methods learned in previous 

courses. To characterize and refine previous data of the protein ITPase and its mutant allele P32T and 

also to perform new experiments, not yet performed.  

At the end of this project we hope to establish new data of the binding properties and stability of 

ITPase. A side objective for this project is also to determine whether the active substrate methotrexate, 

commonly used for the treatment of acute lymphoblastic leukemia (ALL), could form a protein-

substrate complex with ITPase. 

There are many factors involved in the various steps of protein preparation which could provide an 

effect on the overall efficiency of a project. Most are uncontrollable, such as expression time, cellular 

growth rates, transformation frequencies and dialysis. However, a few steps have been taken to ensure 

a more efficient project. A continuously updated week by week schedule provided a smooth work pace 

with numerous goals for each week. The automated autoclavation machine used in this project made it 

possible to continue working on the project while simultaneously sterilizing materials needed in the 

future. A possible improvement for future projects could be to grow overnight cultures, used for 

example during expression, on large agar plates. The reason for this is because larger agar plates could 

potentially generate a large culture of bacteria, which could then be dissolved in a small amount of 

medium, and used as a starter culture.  
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Theory 

The principles of fluorescence spectroscopy 
Fluorescence is one of the sub categories of luminescence, which is the emission of light from any 

substance. When an electron in the fluorophore absorb energy, for example a photon, the energy will 

excite the electron to a vibrational state, and emission of light occurs when the electron shifts back to 

its original state and release the energy stored within (Fig 5). When the absorption occurs, the electron 

will shift to a high vibrational state and then quickly relax down to the lowest possible vibrational 

state, also called the thermally equilibrated excited state. In general, emission will only occur after the 

thermally equilibrated excited state has been reached (9). 

The frequency of the electron does not shift when entering or exciting the excited state; however, the 

wavelength will differ slightly. As the electron reverts back to its ground state, a wavelength-shift will 

be noticeable. This phenomenon is known as Stoke’s Shift and it occurs due to energy loss during the 

relaxation between vibrational states (9). 

A decrease of fluorescence intensity is known as quenching. Fluorescent quenching occurs when a 

fluorophore loses energy due to interaction with another molecule in the solution (9). 

 

Figure 5: The mechanism of fluorescence. As an electron absorbs a photon it is shifted to a higher energy state, and 

the emission occur when it reverts back to the ground state. This image was adapted from Physical Chemistry, Ninth 

Edition (10) 
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Intrinsic protein fluorescence 

The peptide bonds in a protein give rise to an intense peak in the far UV range at 190 nm  and a 

weaker peak at around 210-220 nm. This is due to the π →π* and n→π* transitions. There are a few 

amino acids which give rise to weak electronic transitions at around 210 nm. However, these amino 

acids are not usually observed due to the more intense peptide bond absorption. Tryptophan and 

tyrosine both give rise to intense peaks, tyrosine at 274 nm and tryptophan at 280 nm, while 

phenylalanine gives rise to a weak peak at 257 nm. In a few cases the weak absorption maximum from 

cystines, which is approximately of the same intensity as phenylalanine, can play a role for the optical 

activity or protein fluorescence of a protein. Proteins containing prosthetic groups, such as haem or 

carotenoids, may give rise to strong absorption in the UV/Vis range. Various metal-protein complexes 

may also give rise to absorption in this area. These bands are usually sensitive to local environment 

and can be used for physical studies of enzyme action (11). 

  



  15 

ANS 

1,8-anilino naphthalene sulphonate (ANS) is a non-specific ligand commonly used to label proteins 

non-covalently. This allows it to be easily exchanged by the true ligand of the protein. Since ANS is 

amphiphatic, it is able to bind to most proteins and protein assemblies. The fluorescence intensity of 

ANS is low in solution; however, it drastically increases when ANS is bound to the hydrophobic areas 

of a protein (12). 

 

Figure 7: The three-dimensional structure of 1,8-

anilino naphthalene sulphonate (ANS). This image 

is visualized in PyMOL (21) and adapted from 

Protein Data Bank, PDB entry: 4A80 

 

 

Circular Dichroism 
Circular dichroism is a method that is often used to determine structure and folding properties of 

proteins. Circuar dichroism spectroscopy works by measuring the difference in absorption between 

left-handed and right-handed circularly polarized light. When a beam of light is passed through a 

series of prisms or filters its electric field will start to ocillate sinusoidally in one plane. If the beam is 

viewed from the front, the wave will be visualized as two vectors of equal length, with opposite 

rotation to each other. The two circularly polarized waves are 90 degrees out of phase from each other 

and can be separated from each other. Asymmetrical molecules might absorb right- and left-handed 

circularly polarized light waves to different extents (14). 

The protein stability can be determined with this technique by monitoring either the secondary- or 

tertiary structure of a protein with, for example, an increasing temperature, or in the presence of a 

denaturant. For stability measurements of the secondary structure, α-helices, and β-sheets, as well as 

random coiling, are monitored, while stability measurements of the tertiary structure is possible by 

monitoring components, such as the aromatic amino acids (15). 

Figure 6: Example of ANS fluorescence at various pH. This 

image was adapted from Gasymov O and Glasgow B (13) 
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Protein stability 
Proteins fold according to the “all or none” process as a result from a cooperative transition (16). 

In most cases, there are only two conformational states in which the protein can remain; the folded 

native state and the unfolded denatured state. It is for this reason that a sharp transition between the 

two states will occur whenever a denaturant is present (see Fig 8). 

In order to unfold a protein, any treatment which disrupts the weak bonds which stabilize the tertiary 

structure would work. Examples of such treatments are heating, and chemical denaturants such as 

guanidium chloride and urea. In order for a protein to remain in the folded state, the majority of the 

structure has to be thermodynamically stable. If the majority of a protein was forced into a position, in 

which it was thermodynamically unstable, the folded structure would be disrupted (16).  

 

Figure 8: Example of a thermostability measurement. The image was taken from the results section of this thesis. 

The major factors of protein stability are non-covalent interactions. Covalent bonds and disulfide 

bridges remain both in the folded and in the unfolded structure and do not contribute to the 

conformational stability. Non-covalent interactions include hydrogen bonds and hydrophobic forces 

and interactions that cumulatively contribute to the increased stability of the protein.  From an entropic 

perspective, the folding process is unfavorable due to the large unstructured protein folding into a very 

organized structure; however, by folding, the proteins overcome this obstacle due to the contributions 

from hydrophobic effects, interaction between charged groups, hydrogen bonds and Van der Waals 

interactions. Hydrophobic interaction therefore provides the major contribution for thermodynamic 

stability. By folding, the protein will greatly increase in entropy since the structured water molecules 

in the unfolded  state are released and the hydrophobic amino acids become hidden away from water 

on the inside of the molecule (17). 

  



  17 

Materials and Methods  

Protein mutagenesis, expression and purification 
In the initial steps of the project, the pre-made pET28-LIC vector, carrying the ITPA gene and 

kanamycin resistance was transformed into Agilent QuickChange XL-1 Blue supercompetent cells. 

The cells were plated on 1X agar plates using pre-made agar solution. A few colonies were selected 

and incubated overnight in LB-medium. The ITPA plasmid was prepared from the culture using a 

Qiagen QIAprep Spin Miniprep Kit.  

During preparation of wild-type ITPase, efforts were also made to create and express the mutant allele 

ITPA-P32T in XL1-blue. A plasmid preparation of ITPA was performed using the same Qiagen kit as 

mentioned earlier and the results were analyzed with gel-chromatography. The results of the gel (Data 

not shown) proved positive and a quick change site-directed mutagenesis was performed on portions 

of 5 µl and 10 µl DNA using a primer concentration of 0.25 µM, a Strategene QuikChange Site-

Directed Mutagenesis Kit and a PCR program according to Table 1. The PCR program was 

constructed according to the instructions for this technique provided by the manufacturer. 

Table 1: PCR program 

Step Temperature (°C) Time (min) 

Denaturation 95 0.5 

Annealing 55 1 

Elongation 68 10 

Amount of cycles: 16 

The samples were chilled on ice for 2 min. Afterwards a digestion reaction was performed using 1 µl 

(10U/ µl) Dpn I. The samples were incubated at 37°C for 1 hour. The samples were transformed into 

fresh XL-1 blue supercompetent cells and plated onto Kanamycin 1X-agar plates.  

A number of very small colonies were found after incubation of approximately 32 hours, these were 

examined under a stereo microsope. Nine separate colonies were chosen and grown separately in 

overnight cultures with shaking at 37 °C.  

The ITPA wild-type plasmid was transformed into Novagen BL21(DE3) competent cells and grown 

overnight. Five of these colonies were selected and grown in 50 ml LB-medium overnight. The starter 

culture was added to a 5L Erlenmeyer flask containing 2L 1X LB-medium and grown until OD600 

around 0.8. IPTG was added to the culture at a final concentration of 1mM and incubated overnight. 

The culture was centrifuged at 7500 rpm for 30 min at 20 °C, excess liquid was drained and the cells 

were resuspended in a total of 30 ml wash buffer containing 20 mM phosphate, 500 mM NaCl and 

20mM imidazole. The culture was sonicated with 9, 20-second pulses using a Branson digital sonifier 

(102C) set at 25% amplitude. The sample was centrifuged at 7500 rpm for 30 min at 20 °C. Using a 

syringe, an Amersham HisTrap HP 1 ml column was washed and equilibrated with 8 column volumes 

of wash buffer. The sample was added to the coloumn and washed with 4 column volumes of wash 

buffer. The protein was eluted with elution buffer containing 20 mM phosphate, 500 mM NaCl and 

500 mM imidazole until A280≈0. The fractions of highest absorbance were chosen and pooled together. 

The sample was dialyzed overnight in wash buffer. This was done in order to remove unwanted 

leftovers from the sonication process. The sample was added to a fresh Amersham HisTrap HP 1 ml 

column and the purification process was repeated as above. 
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The fractions of highest absorbance were collected and dialyzed for approximately 48 hours against 2x 

1L dialysis buffer containing 20 mM phosphate, 100 mM NaCl, 10 mM MgCl2, and 1 mM DTT. Due 

to the formation of Mg3(PO4)2, the dialysis buffer was filtered before use.  

The extintioncoefficient of wild-type ITPA was calculated to 19940 M-1 cm-1 by inserting the amino 

acid sequence into Expasy ProtParam (22). The concentration of the sample was measured at 280nm 

with a HITACHI UV/Vis U-1900 spectrophotometer. 

Parallel to the expression and purification of ITPase, measurements were performed using pre-made 

protein that was supplied to us as a generous gift from Dr Pål Stenmark (Stockholm University). 

Circular dichroism measurements 
The results obtained for Far/Near-UV CD measurements and Temperature stability measurements 

were obtained using a Chirascan CD spectrometer with a 0.2 cm quartz cuvette and a total volume of 1 

mL. During measurements of both Far-UV and Near-UV spectra, 3 scans were taken and the average 

was calculated. During the thermostability measurements a temperature range of 20-90 °C was used 

with a rate of 1°C/point. 10 measurements were taken for each data point and the average was 

calculated. The concentration of the protein was fixed at 3.6 µM (0.085mg/ml) during Far-UV spectra 

and thermostability measurements and 55uM (1.3mg/ml) during Near-UV spectra and thermostability 

measurements. Far-UV was used to measure changes in secondary structure and Near-UV was used to 

measure the changes in tertiary structure. Thermostability measurements with Far-UV CD in the 

absence (Fig 10A) and presence of ANS (Fig 11) were performed at the fixed wavelength of 222 nm. 

This wavelength was chosen due to the strong signal in this range in the Far-UV spectra (Fig 9A) and 

because it is the classical wavelength for the α-helix, which is clearly visible in the protein structure. 

By studying the Near-UV spectra (Fig 9B), it is clear that the strongest signal in this range is given at 

270 nm, which is why this was chosen for the thermostability measurement in this wavelength area. 

The thermostability measurements with Near-UV CD (Fig 10B) were performed at the fixed 

wavelength of 270 nm. The thermostability measurement of ITPase in the presence of ANS was taken 

with the concentration of ITPase fixed at 3.6 µM and the concentration of ANS fixed at 76 µM. This 

was done at the fixed wavelength 222 nm. 

Fluorescence measurements 
Fluorecence measurements were performed using a FluoroMax-4 spectrofluorometer (Horiba Jobin 

Yvon) with a 0.2 cm quartz cuvette. 3 separate scan were taken for each data point and the average 

were calculated for each one. The concentration of ITPase was fixed at 4.6 µM for all measurements. 

Excitation and emission slits were set to 3 during all measurements. 

The tryptophan thermostability measurement (Fig 13) was performed with the excitation wavelength 

295 nm and the emission wavelength 310-450 nm over a temperature range of 20-90 °C. The 

wavelength of maximum intensity (356 nm) was chosen as reference point for the titration curve (Fig 

12). 
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The ITPase thermostability measurement in the presence of 40 µM ANS (Fig 14) was performed with 

the excitation wavelength 360 nm and the emission range 410-600 nm. During this measurement, the 

wavelength of intensity maxima shifts from approx. 470-515 nm. However, since the chosen 

wavelength for the titration of ANS was 500 nm wavelength, this wavelength was also used for the 

thermostability curve as well. During the titration of ANS to ITPase (Fig 12), ANS was gradually 

added until saturation. It was performed with the excitation wavelength 295 nm and the emission 

wavelength 310-450 nm. During titration the wavelength of intensity maxima shifted from 481-513 

nm. Therefore the wavelength 500 nm was chosen as a reference point for the titration graph. 

Methotrexate binding 
A titration of methotrexate to ITPase was performed (Fig 15) with the concentration of ITPase fixed at 

4.6 µM and with the total concentration of methotrexate increased in steps of 0,10,20,40 µM. It was 

performed with the excitation wavelength 295 nm and the emission range of 310-450 nm. 3 averaged 

scans were taken for each step. The excitation slit was set to 3 and the emission slit was set to 4 for 

this measurement. An incubation time of 5 min and 10 min were used in between each portion. An 

exception was made for the 40 µM step which had, in addition to 5 and 10 min also an additional 

measurement taken after 15 min. The methotrexate used was dissolved in 0.1 M NaOH. 
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Results  

Mutagenesis 
After several attempts at growing XL-1 blue cells containing the ITPA-P32T allele, a number of very 

small colonies were found after incubation of approximately 32 hours. These were examined under a 

stereo microscope and nine separate colonies were chosen and grown separately in overnight cultures 

with shaking at 37 °C. None of the cultures generated any results. 

The prepared protein; purity and concentration 
The result of A280 measurement was 1.000 which corresponded to a concentration of 50.15 µM. A total 

of 2L culture was prepared for expression which resulted in a total yield of 2.35 mg protein. 2.35 mg 

protein from a 2L culture is considered a low yield. The purity of these samples was controlled by Far-

UV CD spectra which proved similar to previous results (data not shown).  

The protein used in order to obtain the results from all measurements was provided by Dr Pål 

Stenmark at Stockholm University. 

Circular Dichroism 
The Far-UV spectrum (Fig 9A) indicates that the secondary-structure of wild-type ITPase is a 

combination of both α-helices and β-sheets. These results seem to correspond to the structural 

attributes shown by Pål Stenmark et al (1). The results obtained from the Near-UV CD measurement 

(Fig 9B) show that the protein contains a mixture of all aromatic amino acids. 

 

Figure 9: A shows a far-UV spectrum which indicates that the protein consists of a mixture of α-helix and β-sheets. B: 

This near-UV spectrum indicates that a mixture of all three aromatic amino acids is present within the protein with 

its minimum elipticity at approx. 270 nm.  

In this project the thermostability of wild-type ITPase has been examined with both Circular 

Dichroism and Fluorescence. Thermostablility of wild-type ITPase in Far-UV (Fig. 10A) provided a 

calculated Tm-value of 69.9 °C and the results obtained from the Near-UV thermostability 

measurement (Fig. 10B) also provided a Tm of 69.9 °C. 

The similarities of both Far- and Near- UV spectrums seem to indicate a complete collapse of both 

secondary structure and tertiary structure at a temperature of 69.9 °C. Refolding measurements were 

carried out after the completed thermostability measurements in both Far-UV and Near-UV, which 

demonstrated that the protein was not able to re-fold (Data not shown). 
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Figure 10 A: Thermostability measurement with Far-UV CD performed at 222 nm. This wavelength reflects the 

secondary structure of the protein. B: Thermostability measurement with Near-UV CD performed at 270nm. 270 nm 

reflects the tertiary structure of the protein. 

The addition of 76 µM ANS during measurement in Far-UV (Fig 11) shifts the curve slightly to the 

left which provided the new Tm-value of 67.8 °C.  

 
Figure 11: Thermostability of ITPase in the presence of ANS in Far-UV CD performed at 222 nm. The interaction 

between ITPase and ANS appears to disrupt the structure of the protein to some extent. 

Fluorescence 

Binding of the extrinsic fluorescent probe ANS 

Fluorescence titration of ANS to ITPase at a wavelength of 500 nm (Fig 12) revealed what appears to 

be two binding points on ITPase. The first saturation was reached at approximately 40 µM of ANS and 

the second one at approximately 125 µM of ANS. The first binding point appears to be saturated at 

low concentrations while the second binding point is being filled at higher concentrations. 
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Figure 12: Titration of ANS to ITPase at a fixed concentration measured at 500 nm. This plot shows what appear to 

be two saturation points for ANS, one at approx. 40 µM and a second at approx. 125 µM. 

Protein stability 

The wavelength 356 nm for the tryptophan stability was chosen due to its strong intensity in fig 13B. 

Due to the very linear shape of the curve (Fig 13A) it is likely that the tryptophans of ITPase are 

positioned on the surface of the protein and thus are already exposed. Melting temperature is 

approximately 55 °C. A similar shape and Tm-value was obtained earlier by Simone et al. (6).

 

Figure 13: A: Fluorescent thermostability of ITPase at 356 nm. Melting temperature occurs at approx. 55 °C. Our 

results appear to correspond with the earlier results by Simone et al (6). B: Tryptophan fluorescence of ITPase over a 

range of 310-450 nm and a temperature ramp of 20-90 °C with its maximum intensity at 356 nm. In this graph only 

measurements for every 10°C are shown for simplicity. 

The maximum intensity of ITPase in the presence of ANS shifts from approximately 470 nm to 515 

nm (Fig 14B). The thermostability measurement of ITPase in the presence of 40 µM ANS showed a 

clear peak at approximately 68 °C (Fig14A). This sharp transition at approximately 68 °C corresponds 

well with the Tm-value obtained earlier for the thermostability measurement in Far-UV CD, in the 

presence of ANS. 

The shape of the curve is unusual and we believe that the temperature exposure of the protein opens up 

new hydrophobic areas for ANS previously protected in the core of the protein. The initial part of the 

peak is believed to have been formed as the protein is heated and the hydrophobic areas are exposed, 

which creates new binding points for ANS. The drop would then have been created as the protein 

structure collapses and ANS is released into the solution. In an earlier study, a similar shape was 

created when a bis-binding of ANS was performed by Török et al.(18) which led them to the same 

conclusion. 
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Figure 14: A: Thermostability measurement of ITPase in the presence of ANS. From plot A, we have estimated a Tm-

value of 68 °C. B: The wavelength of the maximum intensity shifts from approx. 470-515 nm. In this graph only 

measurements for every 10°C are shown for simplicity.  

 

Table 5: Summary of Tm-Values 

Protein Tm-Value (°C) 

 Fluorescence Circular dichroism 

 ANS* Trp Far-UV Near-UV ANS** 

ITPase 68 55 69.9 69.9± 0.2 67.8± 0.4 

*In the presence of 40 µM ANS, ** in the presence of 76 µM ANS 

Methotrexate binding 
The presence of methotrexate to ITPase causes a decrease in fluorescence intensity over time. Each 

measurement was taken with 5 min and 10 min incubation time. 

 

Figure 15: Methotrexate binding in portions of 0, 10, 20 and 40 µM. 
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Discussion 
Attempts at creating and expressing the ITPase-P32T mutant were made. However, our efforts proved 

unsuccessful. The reason for this might be that one or more components of the kit were not 

functioning as expected and thus the reaction could not be completed. A low yield of ITPA-wt plasmid 

after the plasmid preparation could have resulted in a very low yield of ITPA-P32T. A possible 

explanation as to why the few colonies that could be seen on the plate were very small and grew at 

such a poor rate could be that the salt content of the agar plates had been raised to a non-compatible 

level by mistake. 

The polyhistidine tag used during the purification process still remained during measurements since 

the protein never underwent a thrombin treatment. By coloring the protein according to B-factors 

(brighter color equals more flexibility) we can see that the N-terminus points away from the structure 

and have quite high flexibility, as can be seen in the figure below (Fig 16). The polyhistidine tag is 

therefore believed to merely act as an elongation of the N-terminus and not to have any effect on the 

structure of the protein.  Likewise, it should not have any impact on the accuracy of any of the 

measurements, or on the structure itself. 

 

Figure 16: Three-dimensional structure of ITPase colored according to B-factors (temperature factors). The targeted 

part is the N-terminus. The protein is visualized in PyMOL (21) (PDB entry: 2car). 

During the purification process, remnants of cellular debris were found in one of the fractions, which 

led to the additional dialysis and purification steps. These steps might be responsible for the low yield 

obtained after the expression. Another probable reason could be that the cellular density was not high 

enough. 

The dialysis buffer consisted of a sodium phosphate buffer which included MgCl2. This combination 

resulted in the formation an insoluble salt which had to be filtered out. The presence of Mg2+ ions is 

necessary for enzyme activity. However, a sufficient amount of Mg2+ ions should still be present in the 

dialysis buffer and it is therefore believed not to have an effect on the measurements. 

CD analysis of the protein with gradually increasing temperature indicated that in both Far-UV 

(222nm) and Near-UV (270nm), the plots are nearly identical. This is a good indication that the entire 

structure collapses at the same time. A refolding experiment was conducted at both Far- and Near-UV 

which showed that a refolding was not possible (Data not shown). 
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Results from Trp-fluorescence indicated that the tryptophans in ITPase were already exposed which 

corresponds with the tryptophan placements seen in fig 17. 

 

Figure 17 This image represents a monomer of ITPase in green and its tryptophans in red. A is represented in the 

original orientation (same as Fig 1). B is adapted from A to highlight the position of the tryptophans. C shows a 

surface representation of the tryptophans highlighting their exposure. This image is visualized in PyMOL (21), PDB 

entry: 2car. 

According to our results the Tm-value obtained from the Trp-fluorescence is approx. 55 °C with a 

maximum at 356 nm. In earlier studies ((6) Fig 4C), the Tm-value of wild-type ITPase at 4.6 uM was 

measured to 61.3 °C with Trp-fluorescence with a maximum at 345 nm. A theory was made by 

Simone et al. which stated that phosphate buffered saline might have an overall stabilizing effect on 

the protein, which could explain the change in Tm-value. 

This theory also corresponds with another study of wild-type ITPA conducted by Stepchenkova et al. 

(19), which yielded a Tm-value ranging from 53-57 °C for various concentrations of ITPase in 

temperature-induced UV measurements. 

According to our results from Far-UV and Near-UV measurements, both methods yield the same Tm-

value (69.9 °C) at a concentration of 4.6 µM. The explanation for this is that both the secondary and 

tertiary structures break down at the same time. 

When examining the temperature-induced profile of wild-type ITPA in the presence of ANS, we 

found that it only provides a minor change in thermostability (approx. 1.9 °C). The binding of ANS to 

ITPase might cause the structure to become more rigid and so as the protein is exposed to heat it is 

unable to vibrate properly and thus it falls apart sooner. Another possible solution could be the binding 

of ANS affects the dimer-structure of the protein in such a way that it becomes slightly more unstable 

and therefore denatures a little bit easier. 

The increased fluorescence intensity of ANS at higher temperatures could be explained if the 

unfolding-process of ITPase increases the amount of hydrophobic areas being accessible by ANS on 

the protein. 
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We have noticed that there is a slight variation in Tm-value depending on which method has been 

used. As seen above, earlier results have shown Tm-values of around 53-57 °C, which correspond with 

our Tm-value obtained from the tryptophan fluorescence. However, due to the probability of the 

tryptophans in ITPase already being exposed, this value is not as certain. According to our results, 

ITPase appears to be considerably more stable than previously reported.  

According to our data the Tm-value of ITPase is 69.9 °C, due to the correspondence seen between 

Near-UV and Far-UV CD measurements. However, the reason for this discrepancy remains unclear. 

Our results show that even a relatively small amount of methotrexate can lead to a noticeable drop in 

fluorescence intensity over the course of 5-10 min. In very high concentrations of methotrexate (125 

µM) the fluorescence appears to stop completely. The cause of this is not yet clear. One possible 

explanation is that methotrexate binding to ITPase causes a slow degradation of the protein over time. 

In the future, studies could be made on more active substrates involved in cancer treatments and this 

protein. In addition to methotrexate, 6-Mercaptopurine might also have an impact on ITPase.  

Future perspectives 
By expressing and characterizing the ITPA-P32T mutant in the same way we did with the wild-type, a 

valuable new insight about the properties of this protein might be revealed. Other spliced versions of 

this protein (20) have also been proposed. By expressing all of these types and combining them into 

dimers of different combinations, it might be possible to achieve enzymatic activity despite using 

dimer containing a mutant which would not otherwise have had any. 

Due to a shortage of time, the potential degradation of ITPase during interaction with methotrexate has 

not yet been solved. However, in the future we suggest monitoring the secondary- and/or tertiary 

structure by scanning the structure with several scans of circular dichroism over time and observing 

the change. By doing so and plotting each point into a graph with the amount of random coiling on the 

y-axis and time of scan on the x-axis, a plot showing the degradation over time should be created. This 

could provide a clue as to what changes might occur in the protein structure during the interaction, as 

well as the rate of change and, possibly even if certain parts of the protein are more unstable than 

others. 
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Appendix  

Sequence 
Amino acid sequence of human ITPase: (Yellow=His-tag) 
MGSSHHHHHH SSGLVPRGSM AASLVGKKIV FVTGNAKKLE EVVQILGDKF PCTLVAQKID  

 

LPEYQGEPDE ISIQKCQEAV RQVQGPVLVE DTCLCFNALG GLPGPYIKWF LEKLKPEGLH  

 

QLLAGFEDKS AYALCTFALS TGDPSQPVRL FRGRTSGRIV APRGCQDFGW DPCFQPDGYE  

 

QTYAEMPKAE KNAVSHRFRA LLELQEYFGS LAA 

 

Table 6: Prot-param data 

 Length  

(Amino acids) 

MW 

(g/mol) 

Theoretical 

pI 

Ext. Coefficient* 

(Assuming all cys 

form cystines) 

Ext. Coefficient* 

(Assuming all cys 

are reduced) 

AA sequence 

with His-tag 

213 23471.8 6.44 20315 19940 

AA sequence 

without His-

tag 

194 21445.6 5.50 20315 19940 

* The units for the extinction coefficients are M-1 cm-1, if measured in water at 280 nm 

All values have been calculated by ProtParam (22). 

Vector design 
The vector used for this project was a pET28-LIC vector. 

Principal investigator: Nicola Burgess Brown 

Addgene plasmid 42345 

 

Figure 18 pET28-LIC vector. This image was taken from Addgene.org (2015-03-19) 
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ITPA-P32T forward and reverse primers 
Table 7: Primer data 

Name Tm-Value (°C) GC (%) MW (g/mol) 

Forward 63.2 45.5 13623.9 

Reverse 63.2 45.5 13437.8 

Primer sequence: Forward  

5’ – GTCGTTCAGATTCTAGGAGATAAGTTTACGTGCACTTTGGTGGC – 3’ 

Primer sequence: Reverse 

5’ – GCCACCAAAGTGCACGTAAACTTATCTCCTAGAATCTGAACGAC – 3’ 

 


