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Abstract 

-Alanine synthase (AS) is the third and last enzyme in the reductive pyrimidine catabolic 

pathway. C41 pRARE2 and Rosetta (DE3)\pLysSRARE cells were transformed and 

successfully used to express the AS gene. The protein was purified using immobilized metal 

affinity chromatography and anion exchange chromatography. During the expression of the 

AS gene, varying concentrations of Zn
2+

 ions (1 M & 50 M) and isopropyl β-D-1-

thiogalactopyranoside (IPTG, 0.5 mM and 2.0 mM) were used to investigate if a higher 

protein amount could be yielded. Results showed that there was no difference in protein 

amount when adding or varying the zinc concentration. However, when increasing the IPTG 

concentration, a higher amount of AS was yielded. Lastly crystallization experiments were 

set up using 24 well plates placed at room temperature. The crystals obtained were small and 

not so well ordered, meaning further optimization of the conditions is required. 
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List of abbreviations 

5-FU 5-fluorouracil 

βAS β-alanine synthase 

CAM chloramphenicol 

CAR carbenicillin 

DHP dihydropyrimidinase 

DPD dihydropyrimidine dehydrogenase 

GABA γ-aminobutyric acid 

GDH glutamate dehydrogenase 

IMAC immobilized metal ion affinity 

chromatography 

IPTG isopropyl β-D-1-thiogalactopyranoside 

NADH nicotinamide adenine dinucleotide 

OPA ortho-phthaldehyde 

SDS-PAGE sodium dodecyl sulfate polyacrylamide gel 

electrophoresis 

TCA trichloroacetic acid 

 

MPD 2-methyl-2,4-pentanediol 
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1. Introduction 

1.1 Background 

β-Alanine synthase (also called N-carbamoyl--alanine amidohydrolase and β-

ureidopropionase), abbreviated βAS, is the last enzyme in the reductive pyrimidine catabolic 

pathway.[1] 

The reductive pyrimidine catabolic pathway consists of three reactions and is found in most 

eukaryotes. It is responsible for the degradation of the pyrimidine bases uracil and thymine to 

β-amino acids (Fig. 1).  The first enzyme dihydropyrimidine dehydrogenase (DPD) catalyzes 

the rate-limiting reduction of uracil and thymine to 5,6-dihydrouracil and 5,6-dihydrothymine, 

respectively. The second reaction is a reversible hydrolysis of the dihydropyrimidines and is 

catalyzed by the enzyme dihydropyrimidinase (DHP). In the final step, N-carbamyl- β-alanine 

and N-carbamyl- β-amino isobutyric acid are irreversibly hydrolyzed to β-alanine and β-

amino isobutyrate, carbon dioxide and ammonia by βAS.[1]  

 

 

Figure 1 Reductive pyrimidine catabolic pathway illustrating the degradation of uracil by the enzymes 

dihydropyrimidine dehydrogenase (DPD), dihydropyrimidinase (DHP) and β-alanine synthase (βAS). Figure taken 

from [2] 

 

The degradation of uracil is the only pathway resulting in the biosynthesis of the β-amino 

acid, β-alanine in mammals. [3] β-Alanine is the only naturally occurring beta version of an 

amino acid and is itself a non essential amino acid. It is also not involved in the synthesis of 

proteins. [4,5] It is however a structural analog of γ-aminobutyrate (GABA) and glycine, two 

inhibitory neurotransmitters in the central nervous system, and has been proven to act as an 
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agonist on their receptors. [6] β-Alanine itself functions as a neurotransmitter and studies have 

shown that it is involved in the regulation of dopamine levels.[7] β-Alanine synthase 

deficiency has been proven to cause neural dysfunction. [8,9]  

Another important role of the pyrimidine catabolic pathway is the regulation of the amount of 

pyrimidines in the cell, ensuring a balanced amount of precursors for nucleic acid synthesis. 

[10] 

Cytotoxic drugs with a pyrimidine based structure such as 5-fluorouracil (5-FU), which is the 

most prescribed anti-cancer drug, undergo the same catabolic degradation.[11,12] It is 

therefore likely that the enzymes in the pyrimidine pathway alter the pharmacokinetics of the 

drug.[13] The products formed after the degradation of 5-FU are neurotoxic. Thus, 

understanding the structure and properties of all enzymes in the reductive pyrimidine 

catabolic pathway, with human -alanine synthase being one of the last missing puzzle pieces, 

can lead to the emergence of new therapeutic strategies resulting in reduced 5-FU toxicity. 

For instance inhibiting the enzyme DPD would prevent 5-FU from being degraded, and 

therefore 5-FU would not have to be administrated in such high doses as today. 

The crystal structures of β-alanine synthases from Drosophila melanogaster and 

Saccharomyces kluyveri were already determined. However, the structure of the human 

enzyme is unknown. When the crystal structure of the S. kluyveri enzyme was determined, it 

revealed a dimer of identical subunits with a catalytic domain containing a di-zinc center in 

the active site. [15,16] 

It has been proposed that human AS may contain Zn
2+

 ions based on chemical analysis of 

AS from rat liver showing that it contains 2 zinc atoms per subunit. [14]  

Another theory that has been proposed regarding the structure is that βAS is allosterically 

regulated, that β-alanine works as an allosteric inhibitor and substrate N-carbamyl-β-alanine 

as an allosteric activator. This theory arose after observations on AS extracted from rat liver, 

exhibited allosteric properties. [17] 
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1.2 Aim 

The aim of this project will be the expression and purification of human β-alanine synthase 

and structure determination. Also, different Zn
2+

 ions and isopropyl β-D-1-

thiogalactopyranoside (IPTG) concentrations will be used during the expression to test 

whether or not a higher protein amount is yielded. 

The gene for human β-alanine synthase was previously cloned into a pOPIN-vector. The 

strategy will be to transform C41 (DE3) / pRARE2 and Rosetta (DE3)\pLysSRARE cells with 

the plasmid, grow the cells and purify β-alanine synthase with IMAC and anion exchange 

chromatography. The purity of the obtained protein will be determined via SDS-PAGE.  

Two activity assay will be performed, colorimetric OPA assay and glutamate dehydrogenase 

(GDH) assay. The GHD assay will be performed to test if it is suitable for human AS. 

Crystallization experiments will be performed in 24-well plates at room temperature. 

 

2. Procedure 

2.1. Transformation & cell culturing 

Electrocompetent Rosetta (DE3)\pLysSRARE cells were transformed with plasmid pOPINF-

BH1 (40 ng) using electroporation. Transformation was performed in 2 test tubes with 

plasmid, and in one tube with water as negative control. The transformed cells were thereafter 

incubated for 60 min at 37 °C in 1 ml SOC medium [0.5 % (w/v) yeast extract, 2 % (w/v) 

tryptone, 10 mM NaCl, 2.5 mM KCl, 10 mM MgCl2, 10 mM MgSO4, 20 mM glucose]. The 

cells were then plated out on LB agar plates [1 % (w/v) peptone, 0.5 % (w/v) yeast extract, 1 

% (w/v) NaCl, 1.5 % (w/v) agar], containing chloramphenicol (CAM, 27 g/ml) and 

carbenicillin (CAR, 80 g/ml), and incubated overnight at 37 °C.  

A colony from the agar plate incubated overnight or, alternatively 50 l of previously 

transformed C41 (DE3) / pRARE2 pOPINF-BH1 cells from a glycerol stock, were used to 

inoculate 50 ml LB medium [1 % (w/v) peptone, 0.5 % (w/v) yeast extract, 1 % (w/v) NaCl] 

containing CAM (34 g/ml) and CAR (100 g/ml). These pre-cultures were incubated 

overnight at 37 °C. 
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5 ml of the  C41 (DE3) / pRARE2 pOPINF-BH1 pre-culture were pipetted into each of 6 

flasks containing 450 ml TB-medium [ 1.2 % (w/v) pepton, 2.4 % (w/v) yeast extract, 0.5 % 

(v/v) 87 % glycerol], 50 ml TB-additives [10 mM NH4Cl, 2 mM MgSO4 ∙ 7 H2O, 100 mM 

KH2PO4, pH 6.8] and CAM (34 g/ml) and CAR (100 g/ml). The flasks were incubated in a 

shaker at 200 rpm and 37 °C. Absorbance at 600 nm was measured every 30 min. At OD600 = 

0.5  gene expression was induced by addition of IPTG (1mM). Then the flasks were shaken at 

200 rpm, and 18 °C for 16 hours. The culture medium was centrifuged for 15 min at 2500 g 

and 4 °C. The pellets transferred to 50 ml falcon tubes and stored at -80 °C until cell lysis. 

Thereafter cells were grown two more times following the same steps as above to test if 

varying Zn
2+

 or IPTG concentrations could yield a higher amount of recombinant protein. For 

each of the tested conditions (1 M or 50 M ZnCl2, 0.5 mM or 2 mM IPTG) cells were 

grown in 3 flasks containing 450 ml TB-medium. 

2.2. Protein purification using immobilized metal affinity chromatography (IMAC) and anion 

exchange chromatography. 

Cells were thawed on ice and then placed in 300 ml (-cell volume) lysis buffer [50 mM 

HEPES pH 7.4, 0.4 M NaCl], DNase (10 g/ml), lysozyme (50 g/ml), 1 tablet complete 

EDTA free protease inhibitors, MgCl2 (1mM), CaCl2 (1mM) and phenylmethylsulfonyl 

fluoride (PMSF, 1mM) were added to the mixture. The cells were then incubated for 20 min 

at room temperature.  

 

The cell suspension was then run twice in a cell disruptor set to 1.7 kbar. The obtained cell 

lysate was centrifuged at 30 000 g for 60 min at 4 °. The supernatant was transferred into 50 

ml falcon tubes and a sample for SDS-PAGE was taken.  The concentration of imidazole was 

adjusted 10 mM and 0.75 ml of nickel(II) chloride slurry was added for every 50 ml of lysate. 

The lysate was then incubated on a shaking table for 90 min at 100 rpm and 4 °C and 

thereafter centrifuged for 5 min at 1500 g. The gel slurry was then transferred to an empty 

column, the flow through (FT) was collected and a sample was taken for SDS PAGE. Then 

the imidazole concentration was gradually increased according to the Table 1, and from each 

eluted fraction, a sample was taken for SDS-PAGE. 
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Table 1 List of gradually increasing imidazole concentrations used for IMAC protein purification 

[Imidazole] 

/mM 

Used volume 

/ml 

  

25 10 

75 3 x 5 

100 5 

150 5 

1000 3 x 2.5 

 

The second and third time using IMAC, imidazole concentrations 25 mM, 100 mM and 150 

mM were skipped. Instead 3 x 10 ml imidazole (75 mM) and 3 x 2.5 ml imidazole (1M) were 

used. 

The fraction eluted with 1 M imidazole was desalted with a PD10-column containing 

Sephadex™ G-25 medium, equilibrated with buffer A [20 mM Na-HEPES pH 7.4, 50 mM 

NaCl]. FT was discarded, and proteins were eluted with 3.5 ml of buffer A and collected in a 

falcon tube. 

The eluted fraction was further purified by anion exchange using a HiTrap Q Sepharose FF 

column (GE Healthcare) equilibrated with buffer A connected to an ÄKTA system. Proteins 

were eluted with a stepwise gradient of buffer B [20 mM Na-HEPES pH 7.4, 0.8 M NaCl], 

using 20 ml 0 % buffer B (100 % buffer A, 50 mM), 10 ml 13 % (147.5 mM NaCl) and 

finally 20 ml 70 % (575 mM). The fractions containing βAS were then combined and 

concentrated in a Vivaspin 20 concentrator (GE Healthcare), by centrifugation for 30 min at 

1500 g and 4 °C. The protein concentration was determined by absorbance measurement at 

280 nm, then a sample for the SDS PAGE was taken and the rest was stored at - 80 °C. 

All collected SDS-PAGE samples were prepared with 20 l of sample buffer [240 mM Tris-

HCl pH 6.8, 40 % glycerol, 8 % SDS, 0.04 % bromphenol blue, 5 % -mercaptoethanol], 

heat-denatured for 5 min at 100 °C and then loaded on the gel. An unstained protein marker 

(Thermo Fischer) was also loaded on the gel. The SDS-PAGE ran for 60 min at 190 V. The 

gel was stained with staining solution [0.1 % Coomassie R250 , 10 % glacial acetic acid, 50 
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% methanol] overnight and later destained with destaining solution [10 % glacial acetic acid, 

40 % methanol] overnight. 

2.3 Activity assay 

The activity of the purified βAS was determined with two different activity assays. The 

colorimetric OPA assay was performed on a 96-well plate according to Table 2. The reaction 

was started by the addition of 5 l 16 mM sodium 3-ureidopropionate. The reaction was 

allowed to take place during 25 min at room temperature, and was thereafter stopped by 

adding 5 l of stop solution [5 M NaOH in 100 % methanol]. The reaction volume was then 

quartered by transferring 4 x 26.5 l from the original wells to the new wells. 250 l of assay 

reagent [1.5 mM OPA, 1.5 mM Na2SO3, 0.1 mM EDTA, 280 mM Na-borate pH 9.5, 20 % 

(v/v) methanol] was added to each well and left to incubate for 1 h at room temperature, 

covered to protect from light. Subsequently, the absorbance was measured at 340 nm to 

determine whether or not βAS was active. 

 

Table 2 List of solutions added to each well for the activity assay (I) 

Solution Well 

1 

Well 

2 

Well 

3 

Well 

4 

Well 

5 

Well 

6 

Well 

7 

Well 

8 

         

H2O / l 35 35 35 35 45 45 45 45 

βAS/ g 6 6 6 6 - - - - 

 

16mM 3-

ureidopropi

onate  /l 

 

 

5 

 

 

5 

 

 

5 

 

 

5 

 

 

5 

 

 

5 

 

 

5 

 

 

5 

 

Buffert A/ 

l 

 

50 

 

50 

 

50 

 

50 

 

50 

 

50 

 

50 

 

50 

 

 

The second, enzymatic activity assay was performed by mixing 500 l of 0.2 M Na2HPO4 

buffer pH 7.0 with 50 g of βAS, total volume adjusted to 850 l with water. Thereafter 50 l 
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16 mM of 3-ureidopropionase was added. The reaction was allowed to take place for 25 min 

and then stopped with 100 l of 50 % trichloroacetic acid (TCA). The solution was mixed, 

incubated at room temperature for 30 minutes and centrifuged 2 min. Then 250 l of the 

supernatant were mixed with 200 l 1M of NaHCO3, 420 l 1 M Tris/HCl (pH 8.0), 100 l 

0.1 M 2-oxo-gluturate, 20 l 12 mM NADH and 10 l of glutamate dehydrogenase (GDH) 

and incubated for 60 min, after which the absorbance was measured at 340 nm.  

 

2.4 Crystallographic studies 

Preliminary crystallization conditions identified in previous screens were further optimized. 

Two 24-well plates were prepared according to Fig. 2 and incubated at room temperature until 

crystals are formed. 

 

Figure 2 2 x 24 well plates illustrating the content of each well as well as the droplets 
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After 1 week, the two plates were inspected under the microscope. The observations were 

analyzed and used to improve the conditions for the next plates, which were prepared 

according to Fig. 3. 

 

 

Figure 3 2 x 24 well plates illustrating the content of each well as well as the droplets 

 

3.Results 

3.1 Transformation & cell culturing 

Before AS was purified, the cell mass was recorded. After purification the protein 

concentration was determined via absorbance at 280 nm, and the mAS/mcellmass was 

calculated. A complete list over the results can be seen in Table 3. The results show there is 

no difference in AS amount when adding nor varying concentrations of Zn
2+

 ions. However, 

when varying the IPTG concentration, there is a big difference. The higher the concentration 

of IPTG, the higher the AS yields. 
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Table 3 A list over the cell types used and the amount of purified AS yielded from each 

 

 

3.2 Protein purification  

During purification by ion exchange chromatography, two big absorbance peaks were 

obtained, (Fig. 4). The first one was obtained when the concentration of buffer B was raised 

to 13 % (147.5 mM NaCl), and the second when raised to 70 % (575 mM NaCl). We also see 

a smaller peak after the concentration was raised to 100 % (800 mM NaCl). 

 

 

Cell type CZnCl2 

/M 

CIPTG 

/mM 

Cellmass 

/g 

tinduction 

/h 
VAS 

/ml 

CAS 

/M
 

mAS 

/mg 

mAS/cellmass 

/gAS/gcells 

         

C41 (DE3) / 

pRARE2 

pOPINF-

BH1 

 

 

- 

 

 

1 

 

 

31 

 

 

16 

 

 

1 

 

 

15.3 

 

 

0.68 

 

 

22 

 

Rosetta 

(DE3) 

\pLysSRARE 

pOPINF-

BH1 

 

 

 

1 

 

 

 

1 

 

 

 

32 

 

 

 

18 

 

 

 

1.5 

 

 

 

11.6 

 

 

 

0.78 

 

 

 

25 

 

Rosetta 

(DE3) 

\pLysSRARE 

pOPINF-

BH1 

 

 

 

50 

 

 

 

1 

 

 

 

34 

 

 

 

18 

 

 

 

1.5 

 

 

 

12.5 

 

 

 

0.85 

 

 

 

25 

 

Rosetta 

(DE3) 

\pLysSRARE 

pOPINF-

BH1 

 

 

 

- 

 

 

 

0.5 

 

 

 

23 

 

 

 

18 

 

 

 

1.4 

 

 

 

2.2 

 

 

 

0.14 

 

 

 

6 

 

Rosetta 

(DE3) 

\pLysSRARE 

pOPINF-

BH1 

 

 

 

- 

 

 

 

2 

 

 

 

16 

 

 

 

18 

 

 

 

2.3 

 

 

 

5.4 

 

 

 

0.70 

 

 

 

44 
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Figure 4 Graph from ÄKTA, the first peak is at 13 % (147.5 mM NaCl) buffer B, and the second peak at 70 % (575 

mM NaCl) buffer B. 
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In Figures 5,6 and 7, SDS-gel scans show that AS (45.0 kDA) was successfully purified. 

When testing the rest solution from ÄKTA, meaning the eluted fraction after raising the 

buffer B percentage to 70 %, we see that a high amount of AS remained (Figures 6 & 7).  

 

 

 

Figure 5 SDS-PAGE loaded with I: Lysate, II: 75 mM (fraction 1) Imidazole, III: 100 mM Imidazole, IV: 150 mM 

Imidazole, V:Marker, VI: 1 M (fraction 1) Imidazole, VII: 1 M (fraction 2) Imidazole, VIII: 1 M (fraction 3) 

Imidazole, IX: 13 % (147.5 mM NaCl) buffer B, 1 M Zn2+, X: 13 % (147.5 mM NaCl) buffer b, 50 M Zn2+. 

 

 

 

 

Figure 6 SDS-PAGE loaded with I: Lysate, II:FT, III: 75 mM (fraction 1) Imidazole, IV: 75 mM (fraction 3) 

Imidazole, V:Marker, VI: 1 M (fraction 1) Imidazole, VII: 1 M (fraction 2) Imidazole, VIII: 1 M (fraction 3) 

Imidazole, IX: 13 % (147.5 mM NaCl) buffer B, X: 70 % (575 mM NaCl) buffer B. 
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Figure 7 SDS-PAGE loaded with I: 75 mM (fraction 1) Imidazole, II:75 mM (fraction 3) Imidazole, III: 1 M (fraction 

1) Imidazole, IV: 1 M (fraction 2) Imidazole, V:1 M (fraction 3) Imidazole, VI: Marker, VII: 13 % (147.5 mM NaCl) 

buffer B, 0.5 mM IPTG, VIII: 70 % (575 mM NaCl) buffer B, 0.5 mM IPTG, IX: 13 % (147.5 mM NaCl) buffer B, 2.0 

mM IPTG, X: 70 % (575 mM NaCl) buffer B, 2.0 mM IPTG. 

 

3.3 Activity assay 

Two different activity assays were performed to determine whether the purified AS was 

active, and which of the assays is suitable or most practical to use. In Table 4, we see the 

results from the first activity assay, showing that the absorbance is much higher in the wells 

containing AS. The negative values obtained in row 2 might be due to pipetting errors or due 

to errors in the spectrophotometer. In the wells containing water instead, we see low or no 

absorbance. 

Table 4 Absorbance data obtained after the activity assay (I). Row number 1-4 contains the enzyme bAS (6.8 µg), rows 

5-8 were used as control and contained water instead. 

Row 

number 
A340 

/nm 
A340 

/nm 
A340 

/nm 
A340 

/nm 

     

1 0,04185 0,04265 0,04735 0,04435 

2 0,04625       - 0,00335       - 0,00835       - 0,00975 

3 0,07185 0,09075 0,07605 0,07975 

4 0,08985 0,05335 0,05255 0,05745 

5       - 0,00475 0,00195 0,03325       - 0,01025 

6 0,01145 0,00335       - 0,00735       - 0,01155 

7       - 0,00875       - 0,01045       - 0,00055 0,00005 

8       - 0,00015 0,00405       - 0,00005       - 0,00025 
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In the second activity assay the absorbance was measured before and after adding GDH. The 

data obtained, see Table 5, show that the absorbance was considerably lower after adding 

GDH. Since the spectrophotometer can not measure over a value of 1, the solution was 

diluted. First 1:20 and after adding GDH 1:10, the 1:1 absorbance was then calculated.  

 

 

Table 5 Absorbance data obtained after the activity assay (II). Since the absorbance was too high, the solution was 

diluted 1:10 before adding glutamate dehydrogenase (GDH), and 1:10 after adding GDH. 

Dilution ratio A340/nm before adding GDH A340/nm after adding GDH 

   

1:20 0.147  

1:1 3.94 0.98 

1:10  0.098 

 

 

 

3.4 Crystallographic studies 

After 1 week of incubation, one can see crystalline material in several wells in the plates 

prepared with PEG as precipitant. In the plates prepared with MPD as the precipitant only one 

crystal can be observed so far, although it remains to be determined whether it is a salt or 

protein crystal.   

After another week of incubation, one crystal previously obtained showed diffraction to ~7Å 

resolution. 
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4. Discussion & conclusion 

4.1 Transformation and cell culturing 

Both the C41(DE3) pRARE2 and Rosetta (DE3)\pLysSRARE cells were successfully 

transformed with plasmid pOPINF-BH1. Both types of cells were electro competent meaning 

they were prewashed with buffer to reduce the salt content. During the electroporation 

process, electrical pulses flow through the cells, causing a temporary loss in the semi 

permeability of the cell membrane leading to an increased amount of uptake of DNA by the 

cells. [18] 

The gene coding for human AS contains many codons that are rare i E.coli meaning the 

concentrations of tRNAs for those codons are low. Therefore the strains of E.coli used in this 

project have been transformed with a pRARE2 vector which codes for tRNAs for the rare 

codons. The pRARE2 vector also contains resistance against the antibiotic chloramphenicol 

(CAM). The plasmid pOPINF-BH1 contains a gene coding for resistance against the 

antibiotic carbenicillin (CAR). After the transformation the cells were placed on a LB-agar 

plate containing CAM and CAR. Therefore only the cells that had taken up the plasmid could 

survive and grow on the plate. 

As seen in Table 3, there was no significant change in the yield of purified AS protein when 

adding varying concentrations of Zn
2+

 ions. This does however not provide any proof with 

regard to whether Zn
2+

 ion binding to the enzyme is required for catalytic or structural 

reasons. In future studies, higher zinc concentrations will be tested as an attempt to further 

increase yields. 

When comparing between the three IPTG concentrations used to induce gene expression, we 

clearly see the higher IPTG concentration result in higher amounts of protein. Doubling the 

concentration from 1 mM to 2 mM yielded almost twice as much protein. Decreasing the 

IPTG concentration from 1 mM to 0.5 mM yielded less than half the amount of protein. 

IPTG is an artificial structural analog to allolactose which is an inducer in the lac operon. The 

lac operon is an operon found in Escherichia coli (E. coli). The E. coli strain used in this 

project have been genetically engineered to contain the T7 polymerase, a lac operator region 
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(lacO), a lac inducer region (lacI) and a lac promoter region (lacP). These strains of E.coli are 

marked as (DE3). [19,20] 

Both allolactose and IPTG bind to the lac repressor, leading to a change in its conformation 

and thus the affinity for the lac operator is decreased and dissociates. The repressor is an 

allosteric protein and as long as it is bound to the operator, RNA polymerase is blocked from 

binding and no transcription of the lac genes can occur. Normally, the repressor is bound to 

the lac operator in the absence of lactose. When the repressor dissociates from the operator 

RNA polymerase is free to bind and transcriptions of the lacZ, lacY and lacA genes occur. 

The genes normally code for enzymes, β-galactosidase, ß-galactoside permease, and ß-

galactoside transacetylase, respectively. These enzymes are responsible for the degradion of 

lactose.[21] These genes are replaced with genes of our interest. 

The T7 polymerase is taken from an bacteriophage, and is highly specific and fast.  The 

vector pOPINF contains, among other elements, the T7 promoter, lacO and lacI. This means 

that when IPTG is added , the repressors at both operator regions will dissociate, meaning that 

the gene coding for T7 polymerase, which is located in the E.coli genome will be expressed 

and the newly synthetised T7 polymerase can bind to the T7 promoter on the vector and start 

expressing our protein, AS. [19] 

Since the lac operon is relatively easy to control, it is often used when inducing expression of 

cloned genes. 

 

4.2 Protein purification 

As mentioned before, AS was purified using two different methods. The first one is 

immobilized metal affinity chromatography. Using this method our protein solution, 

containing Ni
2+

-slurry, was applied in a empty PD-10. The vector pOPINF also codes for a 

histidine tag, adding 6 histidine residues (His6-tags) to the N-terminus of the human -alanine 

synthase. The more histidine residues the tag contains (up to a certain point), the tighter it will 

bind the Ni
2+

 ions. The proteins that do not bind will flow through the column and thus 

separate from the desired protein. But there are other proteins than AS that bind to the Ni
2+

 

ions,  that have a natural affinity for the Ni
2+

 beads. An imidazole gradient can be used for 
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elution to separate those from the desired protein. [22] 

Imidazole is a structural analog of histidine and will therefore also bind to the Ni
2+

 ions. The 

more imidazole we add, the more it can outcompete other proteins with lower affinity for the 

Ni
2+

 beads than AS. Finally, also AS will be eluted by the imidazole gradient.[22] 

 

Before the next purification step using ÄKTA, the protein solution was desalted using size 

exclusion chromatography . Since imidazole is smaller than AS it will flow slower through 

the gel.  

In the anion exchange chromatography AS and other proteins carrying a negative charge will 

be bound to the stationary phase. Proteins that do not bind will be washed away. Thereafter 

the salt content is raised by increasing the percent of buffer B to 13 % (147.5 mM NaCl). By 

raising the salt content, the proteins are outcompeted by the salts leading to them falling out. 

The higher the ion charge is, the harder it will be bound.[23] AS is released at 13 % buffer 

B, that is the first peak we see in Fig.2. When buffer B was raised to 70 % (575 mM NaCl) 

the majority of the bound proteins were released, which explains the second peak.  Finally the 

percent of buffer B was raised to 100 % (800 mM) to make sure all proteins were released 

from the stationary phase, and is the last peak in Fig. 4.  

In Figures 6 & 7, we saw that a high amount of AS was remained. This means that instead of 

discarding the 70 % eluted fractions, they could be saved and re-purified to obtain a higher 

amount of the protein.  

 

4.3 Activity assay 

In the first activity assay the substrate 3-ureidopropionate is converted by AS to -alanine, 

carbon dioxide and ammonium. Thereafter ortho-phthalaldehyde (OPA) can react with 

ammonium, -alanine or other compounds with free primary amino groups to form isoindole-

derivatives that absorb light at 340 nm, (Fig.8). If AS is active we should see absorbance at 

340 nm, which we did. 
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Figure 8 Reaction mechanism involved in activity assay (I). The isoindole derivatives absorb at 340 nm and are 

therefore used as an indication that AS is active. [24] 

 

In the second activity assay a coupled reaction was used. First the substrate 3-

ureidopropionate is converted by AS to -alanine, carbon dioxide and ammonium. Then -

ketoglutarate is added which reacts with ammonium and, with the help of the NADH-

dependent enzyme glutamate dehydrogenase (GDH), forms glutamate, water and NAD
+
. 

NADH absorbs at 340 nm unlike NAD
+
 which

 
does not. [24] This means that if AS is active, 

ammonium will be formed, leading NADH to convert to NAD
+
,
 
and therefore a decrease in 

the absorbance at 340 nm is observed, (Fig. 9). Since the measured absorbance measurements 

at 340 nm were lower after adding GDH, we can draw the conclusion that AS was active. 

In future studies one or both of these activity assays will be used to determine Michaelis–

Menten kinetics for AS.  
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Figure 9 Reaction mechanism involved in activity assay (II). Ammonium is formed when AS converts 3-

ureidopropionate to -alanine, then enzyme GDH catalyzes a reaction between -ketogluturate and ammonium in 

which NADH gets converted to NAD+. Since NAD+ unlike NADH does not absorb at 340 nm, absorbance 

measurement at 340 nm after adding GDH indicate whether or not BAS is active. 

 

4.4 Crystallographic studies 

These crystals obtained are very small and not well ordered, so further optimization of the 

conditions is required. However, this condition usually requires longer incubation times, so it 

is not clear yet whether more crystals will appear later.   
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