
 

UPPSALA 

UNIVERSITY 

 

Production of Dimer-stabilized β-Alanine Synthase Variants 

for Functional and Structural Analysis 

 

 

 

A thesis submitted in partial fulfillment of the requirements for the 

Bachelor’s Degree in Chemistry 

 

By  Chuqiao Liang 

 

 

Supervisor: Doreen Dobritzsch 

June 3, 2016 

 



1 
 

Abstract 

β-Alanine synthase is the enzyme catalyzing the last step of reductive pyrimidine 

degradation. The structures of Drosophila melanogaster β-alanine synthase are known, 

of which sequence alignments reveal 64% sequence similarity with human β-alanine 

synthase. To obtain pure dimer human β-alanine synthase and reveal its structure, we 

expressed human mutant S208A and R130I -alanine synthase and purified these two 

proteins. By optimizing the purification protocol, which employs anion-exchange 

chromatography and cation-exchange chromatography together, we obtained purified 

protein for mutant R130I -alanine synthase. We also found out the best crystallization 

condition for mutant R130I -alanine synthase and obtained crystals of mutant R130I 

 

Key words: 

β-alanine synthase, reductive pyrimidine degradation pathway, purification, 

crystallization, functional and structural protein analysis  
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Introduction 

1.1 Introduction to β-alanine synthase 

β-Alanine synthase (βAs，E.C.3.5.1.6) is the enzyme catalyzing the last step of 

reductive pyrimidine degradation, forming nitrogen，carbon dioxide and β alanine or 

β-aminoisobutyrate via hydrolysis of N-carbamyl-β-alanine and N-carbamyl-β-

aminoisobutyrate.1 The complete pathway of reductive pyrimidine degradation 

involves three enzymes catalyzing its three steps. The dihydropyrimidine 

dehydrogenase (DPD) is responsible for reduction of ethylenic bond on uracil and 

thymine. The dihydropyrimide amidohydrolase (DHPase) is involved in ring opening 

of dihydrouracil and dihydrothymine. Then the βAs eliminates the N-carbamyl group 

of N-carbamyl-β-alanine and N-carbamyl-β-aminoisobutyrate.2 [Scheme 1] 

 

Scheme 1. The mechanism of reductive pyrimidine degradation pathway. 

 



4 
 

For Drosophila melanogaster, the conserved triad residue in active site of βAs is Cys234, 

Lys197 and Glu120, [Fig. 2a] of which the Glu120 and Lys197 are responsible for 

substrate binding and Cys234, with being the nucleophile that covalently attaches itself 

to the substrate, is located at the bottom of three loops and a hairpin formed by these 

three residues.3[Fig. 1b] According to Lundgren et al. (2007), a Drosophila 

melanogaster β-alanine synthase (DmβAs) molecule is consist of two polypeptides at 

least and eight at most, and the crystal structure of octamers were observed.4 In an 

oligomer, tightly interlocked dimers are formed by interactions of N-terminal helices 

as well as swapping of C-terminal helices of two monomers. As for the dimer-dimer 

interaction [Fig. 1c], the C-terminal tail (residues 373~380) as well as three loops 

(residue 130-133,202-217,297-309) of diagonally opposed monomers contribute to the 

interference between the dimers.3 Sequence alignments of DmβAs and human βAs 

reveal 64% sequence similarity and show considerable conservation of the amino acid 

130-133 and 202-217 involved in dimer interactions,3, 5 suggesting that human βAs 

shows a similar oligomer assembly mode as the DmβAs whose structure is known for 

sure. Sakamoto and coworkers (2001) determined that the human βAs monomer’s 

molecular weight is about 43,000 Da by isolating the cDNA code of βAs from human 

liver cDNA library and expression and purification that protein.5  

 

    

 

Fig. 1. 3D structures for βAs. (a) Active residues for DmβAs. (b)Active residues for DmβAs in a 

polypeptide chain. (c)The interaction between polypeptide chains in salmon color and light blue 

color is dimer-dimer interactions. And the dark green polypeptide chain with salmon polypeptide 

chain consist a strongly interlocked dimer. 

 

 

(a) (b) (c) 

https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Teruyoshi+SAKAMOTO
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1.2 Significance of this research 

Patients suffering of βAs deficiency are often found to have serious problem with their 

neurological system, with symptoms including intellectual disabilities, seizures and so 

on.6 The catalytic product of this enzyme, beta-alanine, has been found the function for 

enhancing muscular endurance,7 and it is the critical source of carnosine (beta-alanyl-

L-histidine),8 which is a significant antioxidants for brain and muscles.9 Moreover, the 

toxic analogue of pyrimidine, such as 5-fluorouracil can be metabolized in the 

pyrimidine degradation pathway.1 When utilized as anti-cancer agent, 5- fluorouracil is 

efficiently degraded by the pathway, necessitating high dosage increasing the risk of 

drug toxicity.1, 10However, patients who suffer βAs deficiency don’t degrade 5-

fluorouracil to the end, thus the high dose leads to accumulation of degradation 

intermediates that may cause an increased risk of drug toxicity.11 

 

Previous research stated that the oligomerization of βAs from rat liver is subjected to 

the substrate N-carbamoyl-β-alanine12 , its analogue13 and the inhibitor propionate12, 

plus the dissociation is correlated to the catalytic product β-alanine12 and its analogue.13 

It was shown that the trimeric rat liver βAs doesn’t show activity to the substrate, but 

the hexameric βAs shows activity, indicating that the association or the dissociation 

caused by the binding of the reaction substrate and product has allosteric effects on their 

activity.13 For DmβAs, the structure doesn’t seem to be allosterically regulated till now. 

The results of this research may show us some clues to the possibility of human βAs 

allosteric properties and catalytic characterization. 

 

1.3 Research hypothesis 

In our research, we will work on the human AS mutant S208A and R130I. Both 

mutation sites exactly lie in the loops putatively important for dimer-dimer interaction. 

[Fig. 2] We hypothesize that the Arg130 exchange to isoleucine will prevent/disturb 

interaction between the two diagonally opposed monomers in the dimer-dimer interface. 

In the case of Ser208, it will be mutated to alanine to probe the importance of Ser208 
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for dimer-dimer interface formation. We also try to work out the most efficient 

purification protocol for these two proteins and work towards the determination of the 

three dimensional structure by attempting to crystallize these two enzyme variants.  

 

 

Fig. 2. S208 and R130 lie in the loops putatively important for dimer-dimer interaction 

 

 

 

Materials and methods 

2.1 Expression of human βAs mutants 

E.coli cells (Rosetta (DE3)pLysSRARE) containing plasmid harboring the gene 

encoding mutated human AS and His6-tags, pOPINF_AS_S208A and 

pOPINF_AS_R130I, were obtained from Maurer in our lab. The cells were in Petri 

dishes containing 1mg/ml Amp and 34ul/ml Cam in LB-agar. Cells was picked from 

the Petri dish and used to inoculate 4ml LB medium [0.5% (w/v) yeast extract, 1% (w/v) 

NaCl, 1% (w/v) peptone] containing 0.1 mg/ml Amp and 34 ug/ml Cam for overnight 

culture at 37°C with agitation at 200 rpm. The overnight culture recombinant strains 

were carried out to 50ml LB medium as dilution of 1:1000, which contained 0.1mg/ml 
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Amp and 34ug/ml Cam, for scale-up overnight culture at 37℃.The scale-up culture was 

transferred to flasks containing 400ml TB medium[2.4% (w/v) yeast extraction, 0.5% 

(v/v) Glycerol, 1.2% (w/v) peptone]  and 100ml TB additive[10 mM NH4Cl, 2 mM 

MgSO4 ∙ 7H2O, 100 mM, KH2PO4, pH 6.8as] as dilution of 1:100, with 0.1mg/ml 

Amp and 34ug/ml Cam in the medium, continuing to culture till an optical density (OD) 

of 0.4-0.6 at 600 nm was achieved. Thereafter IPTG was added to a final concentration 

of 1mM, and culturing was continued overnight (over 16h) at room temperature (ca. 

20℃) and 200 rpm agitation. The cells were collected by centrifugation for 30 minutes 

at 5000 rmp , after which the cells were resuspended in 20% (w/v）sucrose buffer 

[50mM HEPES, 20% (v/v) sucrose, 1 mM EDTA] and collected again. Before storage 

of the  cells at -80℃, they were resuspended in 5 mM MgCl2 and then collected by 

centrifugation.  

 

For AS isolation and purification, about 30 g cells, were thawed and resuspended in 

the lysis buffer to a final volume of 300ml and incubated for 15min. After the cells were 

homogenized by Ultra Turrax Dispersers (IKA®-Werke GmbH & CO. KG, Germany) 

and broken down by Constant Cell Disruption System (Constant Systems Limited, 

United Kingdoms) with cooling in ice-water bath, the crude enzyme solution was 

obtained by centrifugation at 4℃ and 19000 rpm [SS-ANGLE 34] for 60 min. Then the 

supernatant was collected for further purification. 

 

2.2 Purification of βAs  

2.2.1 Immobilized metal ion affinity chromatography (IMAC) 

Ni-NTA beads [A Geno Technology, Inc. (USA)] pre-equilibrated in buffer A[20 mM 

HEPES, 50 mM NaCl, pH 7.4] were added to the crude enzyme (v/v, 3:100) and 

incubated for 60min on a shaker. Then all the suspension (ca. 300ml) was loaded into 

two empty gravity flow columns, each for 150ml. The beads on each column were first 

washed with 30ml 60 mM imidazole in buffer A, and the proteins binding to the beads 

were then eluted with 20ml 500mM imidazole in buffer A and collected..  
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2.2.2 Desalting of βAs 

The eluent containing 500mM imidazole was applied to a HiPrep 26/10 desalting 

column [GE Healthcare] equilibrated with buffer A that was connected to an ÄKTA 

Protein Purification Systems (GE Healthcare), and eluted with buffer A. Fractions 

showing UV light absorption at 280nm but no peak in conduction were collected for 

further purification.  

 

2.2.3 Anion-exchange chromatography (AEC) 

The desalted sample was loaded onto a 5ml HiTrap Q HP column connected to the Äkta 

Protein Purification Systems and equilibrated with buffer A，which was followed by 

the buffer A washing procedure at a speed of 2.5ml/min until the base line of UV light 

absorption at 280 nm was reached. Bound proteins were eluted using a 0% to 100% 

gradient of buffer B[20 mM HEPES, 0.8 M NaCl, pH 7.4] till the base line was reached 

again. 3ml fractions were collected in tubes. Fractions belonging to the same peak were 

combined for further investigation. 

 

2.2.4 Cation-exchange chromatography (CEC) 

The enzyme solution was loaded on a 1 ml HiTrap SP HP column equilibrated with 

buffer C [100 mM Na-acetate, 50 mM NaCl, pH 5.0] connected to the Äkta Protein 

Purification Systems. The column was washed with 100% buffer C till the base line at 

UV light absorption at 280 nm was reached again. Elution with 100% buffer D [100 

mM citric-acid, 50 mM NaCl, pH 6.2] (to the base line) was followed by washing of 

the column with approximate 10ml 100% buffer B till the base line. 3ml fractions were 

collected for further analysis.  

 

2.2.5 Reverse Immobilized metal ion affinity chromatography 

(Reverse-IMAC) 

The obtained solution of the target protein carrying a His6-tag was incubated with 1 

mg/ml 3C protease and 1mM β-mercaptoethanol for overnight reaction. Thereafter the 
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solution was loaded onto a Ni-NTA column equilibrated with buffer A, and the bound 

proteins were eluted with 1M imidazole in buffer A. Both the flow through (containing 

untagged AS) and eluent (containing tagged AS and proteins binding unspecifically 

to the column) were collected.  

 

2.3 SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 

10ml separation gel [4ml MilliQ water, 2.5ml 1.5M Tris-HCl(pH8.8), 100ul 10%（w/v）

SDS, 3.3ml acrylamide/bisacrylamide(30%/0.8% w/v), 50ul 10%(w/v)APS and 10ul  

TEMED)] and 5ml stacking gel [3ml MilliQ water, 1.25ml 0.5M Tris-HCl(pH6.8), 50ul 

10% （ w/v ） SDS, 0.67ml acrylamide/bisacrylamide (30%/0.8% w/v), 250ul 

10%(w/v)APS and 5ul  TEMED)] were prepared.  

 

A mixture of each sample and SDS loading buffer [240 mM Tris-HCl pH 6.8, 40% (v/v) 

glycerol, 8% (w/v) SDS, 0.04 % (w/v) bromphenol blue, 5 % (v/v) b-mercaptoethanol)] 

(v:v=1:2) was heated in a heating block at 100℃ for 10 min and it is loaded onto the 

gel. The electrophoresis was run at 200V for 55 minutes. The gels were stained by 

staining buffer [0.1% (w/v) Commassie Blue R250 in 10% (v/v) HAc, 40% (v/v) MeOH, 

50% (v/v) H2O] for 40min with gentle shaking, then were washed and destained for 15 

minutes in destaining buffer [10% (v/v) HAc, 40% (v/v) MeOH, 50% (v/v) H2O].  

 

2.4 Light scattering  

About 200ul protein solution (ca. 6mg/ml) was loaded onto the column equilibrated 

with buffer A connected to Static Light Scattering Spectrometer (LS Instruments, 

Switzerland). The column was washed by 100% buffer A approximately for 40min at 

0.5ml/min. Fractions were collected when it started a peak at UV light absorption at 

280nm. 

 

2.5 Activity assay 

The activity assay was carried out by mixing 10ul enzyme solution, 5mM 3-

ureidopropionate as substrate and 5mM β-mercaptoethanol as reductive preservative 



10 
 

agent. After incubation at room temperature for 1h, the reaction was stopped by adding 

5ul 5M NaOH (in methanol) and kept away from light. Then the OD is measured under 

340nm florescent excitation after activity reagent [1.5 mM ortho-phthalaldehyde (OPA), 

1.5 mM Na2SO3, 0.1 mM ethylenediaminetetraacetic acid (EDTA), 280 mM Na-borate 

(pH 9.5), 20% (v/v) MeOH] was added to the reaction solution and incubated in room 

temperature for 10 minutes protected from light. And the OD value was compared with 

negative control and wild type βAs to estimate the activity of the purified mutant protein. 

The mechanism of this reaction is shown in Scheme 2:  

 

Scheme 2. The mechanism of activity assay of AS 

 

2.6 Crystallization 

About 6mg/ml-8mg/ml pure protein solution were used for crystallization. The 

Mosquito Crystallization Robot (TTP Labtech Limited, United Kingdoms) was utilized 

for crystallization of our protein. The crystals are grown on a 96-wells plate. [Scheme 

3] According to the JCSG+TM Crystallization Screen (Molecular Dimensions Limited, 

United Kingdoms), 96 solutions with different conditions were added to different wells 

in the reservoir R. Then the protein solution were added to the small circular wells in 

each well, 50nl, 100nl and 150nl for position 1, 2 and 3, respectively. Then solution in 

R was added to each small circular wells with different volumes (150nl, 100nl and 50nl 

for position 1, 2 and 3, respectively), providing different growing conditions for the 

protein. The setup above was designed to find the best solution and concentration for 
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crystals growing. The incubation plate were kept in 20 °C till crystals are found. 

Scheme 3. 96-wells plate used for crystallization. 

 

 

 

Results 

3.1 Expression of AS mutants S208A and R130I  

By scale-up culture and inducing cells to expression, we harvested 27.3g~49.6g cells 

expressing mutant S208A in 3L medium, and 28.8~46.6g cells expressing mutant R130I 

in 3L medium.(Table 3) About 30g cells were used for each purification attempt.  

Table 1. Cell mass of mutant S208A and R130I. 

       Cell type 

No. 

Cell mass (in 3L medium) 

S208A R130I 

1 38.4g 28.8g 

2 27.3g 34.9 

3 49.6g 46.6 

 

3.2 Purification of mutants S208A and R130I of beta-alanine 

synthase 

3.2.1 IMAC for S208A and R130I 

We remove some unwanted proteins during 60 mM imidazole wash in IMAC, in spite 



12 
 

of losing some of our target proteins unfortunately but inevitably. By increasing the 

concentration of imidazole to 500mM in buffer A, we eventually eluted our His-tagged 

protein of interest together with minor contaminants. [Fig. 3] Functionally, IMAC can 

separate soluble proteins containing histidine tags and proteins without short histidine 

residues. Later, the increasing concentrations of imidazole of the gradient can bind to 

the Ni2+ chelate and competing with the imidazole ring on the histidine tags of proteins, 

eluting our target protein βAs from the column matrix.  

 

Fig. 3. SDS-PAGE of eluates from (i) 60mM imidazole wash step and (ii) 500mM imidazole elution 

step of the IMAC of mutant S208A. At around 45kDa we can clearly see bands in both samples, 

which can be our target protein. In the next step we will work on the 500mM eluate for pure protein.  

 

However, after the desalting procedure, which aims to remove all salts in the protein 

solution and provides a stabilizing soluble environment for βAs, we still find that our 

proteins from both mutants tend to precipitate on the tube wall on ice bath in a small 

volume buffer A, around 3.5ml. After preparing samples of the precipitation from both 

mutants for a SDS-PAGE, apparently at around 46kDa we found a strong band, not 

surprisingly. [Fig. 4] Therefore, we tried to utilize more buffer A for protein storage 

after desalting, and 15 ml works for both mutants. 
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Fig. 4. SDS-PAGE of precipitate on tube wall for (a)S208A and (b)R130I. At around 45kDa, a 

strong band is shown for both mutants, suggesting that βAs is not stable in a concentrated solution, 

even at most comfortable pH 7.4. A less concentrated solution is necessary for keeping this protein 

stable in solution.  

 

3.2.2 Ion exchange chromatography for mutants S208A and R130I  

“A story of discovering the most effective elution methods.” 

 

3.2.2.1 Anion-exchange chromatography for mutant S208A and R130I 

At first, for mutant S208A, the desalted protein was eluted using a stepwise gradient of 

13%, 35%, 70% and 100% (v/v) buffer B as this was successful for the purification of 

the wildtype βAs previously. According to the principle of ion-exchange 

chromatography, proteins with less charges will be eluted in lower concentration of 

buffer B containing 0.8M NaCl. Thus, we had expected to get pure βAs by elution with 

13%buffer B. We prepared the electrophoresis sample of each elution peak and run a 

SDS-PAGE, but 13% eluate had some protein contaminants in higher molecular weight 

[Fig. 5].  
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Fig. 5. SDS-PAGE of protein peaks eluted from AEC for mutant S208A. (i) 13% buffer B. Between 

37kDa and 50kDa, it shows a small band, with some weak contaminant in lower molecular mass. 

The main product is our target protein. (ii) 35% buffer B. Two contaminant bands stronger than that 

of the target proteins are here, so we deduce that this concentration is not suitable for eluting βAs. 

(iii) 70% buffer B. Little target protein exists in this elution peak. (iv)100% buffer B. Little protein 

is shown in this eluate, indicating that all proteins were eluted in 70% buffer B. 

 

Later we changed our protocol to usage of a linear gradient of buffer B from 0% to 30% 

to investigate the accurate elution concentration, with a final increase to 100% buffer B 

to wash all proteins from the column. From the peak position [Fig. 6], we speculated 

that our protein was eluted at 7% buffer B, which was confirmed by SDS-PAGE. [Fig.7] 

We saw a stronger band and purer protein in this elution, but still minute amounts of 

contaminant remain.  

 

Fig. 6. AEC of mutant S208A.We speculated that the peak 1 (ca.58ml-72ml) showed up when 7% 

buffer B is eluting. We collected fractions in peak 2(ca.72ml-86ml), peak 3 (ca.86ml-102ml) and 

peak 4 (ca.102ml-110ml) for running an SDS-PAGE.  
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Fig. 7. SDS-PAGE of eluates corresponding to different peaks eluted from the AEC column for 

mutant S208A. (i) Peak 1 of 0% to 30% gradient buffer B. We get purer target protein than other 

eluate in this concentration ca. 7% . (ii) Peak 2 of 0%-30% buffer B. (iii) Peak 3 of 0%-30% buffer 

(iv)100% buffer B. 

 

For mutant R130I, as suggested by our experiences with mutant S208A, we used a 

stepwise gradient of 5%, 13%，35% and 100% buffer B to elute our target protein. 

Surprisingly, we got a strong band of the target protein at 13% elution, as identified by 

SDS-PAGE, with some, partially strong, extra contaminant bands. [Fig. 8]  

Fig. 8. SDS-PAGE of eluates corresponding to different peaks eluted from the AEC column for 

mutant R130I. (i) 5% buffer B. (ii) 13% buffer B. We obtained lots of target proteins in this elute. 

(iii) Peak 3 of 0%-30% buffer (iv)100% buffer B. 
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Due to the presence of contaminant in the 13% buffer B elution of R130I, we next 

employed a linear gradient elution from 0% to 20% buffer B before final elution with 

35% buffer B to discover the appropriate buffer B concentration for elution. A band 

stronger than that of βAs appeared at around 25 kDa in all eluted peaks [Fig. 9], which 

indicates that a stress protein, SlyD, is highly expressed. A new AEX elution protocol, 

including changes of pH and elution salts, has to be developed to remove that “stubborn” 

protein. 

 

Fig. 9. SDS-PAGE of eluates from AEC of mutant R130I. Bands seen in (i), (ii), and (iii) correspond 

to the three peaks eluted with a linear gradient of 0%-20% buffer B. (iv) 35% buffer B. (v) 70% 

buffer B. In all eluates we observed a strong band corresponding to a stress protein at around 25kDa. 

 

3.2.2.2 Cation-exchange chromatography for mutant S208A and R130I 

In this new protocol, we switch to cation exchange and use buffer C and buffer D as 

mobile phase. The desalted proteins from mutant S208A and R130I were first eluted 

with buffer C (pH 5) and then with buffer D (pH 6.2). From the SDS-PAGE [Fig. 10], 

we found that the target protein in pH 6.2 eluate which contained, however, the SlyD 

protein as well.  
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Fig. 10. SDS-PAGE of flow through solution or eluate from CEC of mutant S208A (a) and R130I 

(b). (i) Flow through solution. (ii)Buffer C eluate. (iii) Buffer D eluate.  

 

3.2.2.3 AEC-CEC for mutant R130I 

An AEC-CEC protocol was utilized for R130I mutant to remove the stress protein. The 

AEC column is equilibrated with buffer A and the CEC column is equilibrated with 

buffer C. This protocol employed 100% buffer C as mobile phase for the anion 

exchange, as well as 100% buffer D and 100% buffer B as mobile phase orderly for 

cation exchange. In eluate of the buffer B, we finally remove the contaminating SlyD 

protein and get the pure target protein with minor contaminant. [Fig. 11]  

 
Fig. 11. SDS-PAGE of IMAC eluate, or eluate from AEC-CEC of mutant R130I. (i) 500mM 

imidazole IMAC eluate. (ii) 60mM imidazole IMAC wash. (iii) Eluate of 100% buffer C on AEC 

column. (iv) Eluate from 100% buffer D on CEC column. (v) Eluate from 100% buffer B on CEC 

column.  
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3.3 Light scattering  

To analyze the molecule mass of the proteins we got from AEC of mutant S208A (peak 

1 from 0%-30% buffer B elution, related SDS-PAGE see Fig.6. (i)) and R130I (13% 

buffer B eluate, related SDS-PAGE see Fig.9. (ii)) and AEC-CEC of mutant R130I (100% 

buffer B eluate, related SDS-PAGE see Fig.10. (v)), we use Static Light Scattering 

Spectrometer with UV light detector [Pharmacia], light scattering detector [Wyatt 

Technology] and refraction index [Wyatt Technology].  

 

We chose several peaks in each light scattering chromatography to get the molecular 

mass and conclude the polypeptide oligomeric state. For mutant S208A from AEC, 

there is 45% monomers, 10% dimers and 45% mix of monomers and dimers. For R130I 

from AEC, there is 30%monomers, 20% dimers and 50% mix of monomers and dimers. 

For R130I from AEC-CEC, the retention time of the first peak is similar to the wildtype 

AS, but this result could not be determined. The results of this light scattering are 

shown in Fig. 12. 

 

 

(a) 

(b) 
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Fig. 12. Static light scattering of (a) proteins of mutant S208A from AEC, (b) proteins of mutant 

R130I from AEC. (c) Protein of mutant R130I from AEC-CEC. (d)Protein of wildtype AS at 

2.5mg/ml. (Provided by previous result from Maurer in our lab, not published.) 

 

3.4 Reverse IMAC after His-tag cleaved from the target protein 

For mutant S208A, since the stress protein appears in every elution of the AEC (Fig. 4), 

we hypothesized that SlyD binds to βAs or to the column. The SlyD protein sequence 

naturally contains a binding site for attachment to the Ni2+ column. The 3C protease 

was used to cleave the His6-tag from AS, aiming to separate the SlyD and untagged 

βAs by βAs loosing the capability to bind the Ni-NTA beads. 

However, from the SDS-PAGE [Fig. 13], we didn’t see anything in the flow through 

collection. So the reverse IMAC is not successful for separation of AS and SlyD. 

(c) 

(d) 
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Fig. 13. The SDS-PAGE of reverse IMAC for mutant S208A. (i)Buffer A wash on column before 

reserve IMAC. (ii) 13% eluate buffer B by AEC. (iii) Flow through of reserve IMAC (iv) 1M 

imidazole eluate from reverse IMAC.  

 

3.5 Activity assay. 

Both mutant βAs from S208A and R130I showed activity to substrate 3-

ureidopropionate. For mutant S208A, the enzyme catalytic reaction took 16h (over 

night). And reaction for mutant R130I took 1h.   

 

3.6 Crystallization  

6.4mg/ml purified mutant R130I AS was used for crystallization. Seven days after 

incubation we find crystals growing. [Fig. 14] According to JCSG+TM Crystallization 

Screen, three kinds of buffers are used for crystal growth, viz. 0.1M Tris/HCL pH8.5, 

0.2M trimethylamine N-oxide, 20% (w/v) polyethylene glycol 2000 monomethyl ether 

(PEG 2000 MME). Proteins grow in two conditions-1:1 (v/v) protein: growing solution 

and 3:1 (v/v) protein: growing solution.  
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Fig. 14. Crystals growing from 6.4mg/ml purified mutant R130I AS. Crystals grow in condition 

(a) protein solution : growing solution =3:1(v/v), (b) and (c) protein solution : growing solution 

=1:1(v/v),  

 

 

Discussion 

For reverse IMAC, the result that there is nothing in the flow through indicate that little 

cleavage reaction of His6-tag was carried out. The failure might due to the deficiency 

of β-mercaptoethanol, a kind of reductive agent for preventing AS being oxidized and 

inactive. However, the Ni (II) in Ni-NTA beads can easily be reduced to Ni (I), which 

rarely bind any histidine and other relative amino acids, in the presence of β-

mercaptoethanol in some extent. Aiming to protect Ni (II) from being reduced to Ni (I), 

only 1mM β-mercaptoethanol was used in our experiment.  

 

From Takara Bio Inc. product’s introduction, TALON Metal Affinity Resin containing 

Co (II) beads performs better in resisting reduction caused by β-mercaptoethanol (up to 

30mM). So in further research, we can improve our protocol to use Co (II) beads as 

column material and try to increase the concentration of β-mercaptoethanol.  

(a) 

(b) 

(c) 



22 
 

 

Moreover, it is also possible that AS strongly interacts with SlyD, so it can’t flow out 

in the flow through. In this case, though the cleavage reaction of His6-tag was carried 

out, AS-SlyD complex still binds to Ni (II) beads via histidine enriched site on SlyD.  

 

From light scattering chromatography, in both mutant we don’t have any clues for 

seeing tetramers and higher oligomers, but we saw activity for both mutants. From the 

catalytic mechanism we know for rat liver and fruit fly, trimeric rat liver AS doesn’t 

have activity and dimer fruit fly AS either, indicating that a dimer-dimer interaction 

might have significant impact on reactivity.3, 13 Thus we deduce the activity of mutant 

S208A might because of the long reaction time (16h) for enzyme and substrate. And 

for R130I, we can’t achieve certain explanation or conclusion that why dimers and 

monomers show activity. In further research we will repeat the purification protocol for 

this two mutants and activity assay to discover the molecule mass (i.e. by native PAGE), 

precise protein structure and the human AS catalytic mechanism.  

 

Since we got crystals for purified mutant R130I AS, later we can hopefully get the 

structure of that crystal by X-ray crystallography and see the molecule structure. More 

details will be clear in further research.  

 

 

 

Conclusion 

In this project, the E.coli expression system with designed plasmid pOPINF can 

successfully express our target proteins, human AS mutant S208A and R130I. In the 

purification process, most contaminant can be removed by IMAC, and the rest can be 

washed by bufferC on ACE, buffer D and buffer B on CEC progressively. Our protocol 

for removing the stress protein, SlyD, by using 3C-protease and reverse IMAC should 

be improved. Initial results concerning molecular mass, which analyzed by light 

scattering and size exclusive chromatography, indicate that only monomers and 
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tetramers are in human AS S108A and R130I. Through activity assay, we knew that 

both mutant AS have activity on substrate 3-ureidopropionate. The crystal of purified 

human AS R130I can be obtained by growing solution containing 0.1M Tris/HCL 

pH8.5, 0.2M trimethylamine N-oxide and 20% (w/v) polyethylene glycol 2000 

monomethyl ether (PEG 2000 MME). This project can be important for further study 

for human AS structure analysis.  
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