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Abstract 

β-alanine synthase (βAS) is the enzyme catalyzing the last step of pyrimidine 

degradation in eukaryotes. Mutant C233A and wild-type human βAS were successfully 

expressed in E.coli strain Rosetta (DE3)\pLysSRARE cells containing vector 

pOPINF_βAS encoding the human gene, while the mutant T299C was not expressed 

for some reasons to be confirmed. After being purified by immobilized metal affinity 

chromatography and ion exchange chromatography, pure mutant C233A was obtained. 

The result from structure and function analysis of pure C233A revealed that it existed 

as tetramers in the absence of substrate. In addition, the mutagenesis targeting C233 

also resulted in the inactivity of the enzyme, which proved that C233 was the crucial 

catalytic residue. 
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1. Introduction 

β-alanine synthase (EC 3.5.1.6), which is also named β-ureidopropionase or N-

carbamyl-β-alanine amidohydrolase, is the third enzyme involved in eukaryotic 

pyrimidine catabolism and catalyzes the last step of uracil degradation in mammals. 

This reaction, which transforms the substrate, 3-ureidopropionate into β-alanine, carbon 

dioxide and ammonia, is the only pathway in humans to produce β-alanine[1]. Up to 

now, βAS from rat, calf, and Drosophila melanogaster have been purified and 

characterized[2,3,4,5,6], and rat βAS proved to undergo allosteric regulation that changing 

the oligomeric states in the presence of substrate or product[6], which could also be 

observed in human. Based on its crystal structure, βAS from Drosophila melanogaster 

(DmβAS) has been concluded that it can achieve higher oligomeric states by simply 

attaching the assembled dimeric units on each surfaces (Figure 1), and higher oligomers 

can be stabilized by mutagenesis of residues that strengthen hydrophobic or polar 

interactions between dimer surface[4]. One of the mutant used in this project, T299C is 

created by mutating the threonine 299 (Figure 2) into cysteine, which allows the 

formation of a disulfide bridge (-S-S-) across the dimer-dimer interface and hence 

stabilized higher oligomers. 

 

Figure 1. Schematic representation of DmβAS homooctamer assembly[4]. The dimer-dimer 

interfaces were colored in magenta.  Reproduced with permission of copyright owner © 

Elsevier. (License: No.3875490900555) 

 

Figure 2. Residues T299 and R130 on the interface between dimeric units D and E (in Figure 

1). Reproduced with permission of copyright owner © Doreen Dobritzsch and Dirk Maurer 
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The assumed catalytic mechanism of human βAS shown in Figure 3 can be deduced 

comparing to DmβAS and homogeneous N-carbamyl-D-amino acid amidohydrolases 

(DCases)[4]. In the catalytic cycle, the active site C233 as well as three other residues 

placed closely (K196, E119 or E207, shown in Figure 3) are involved in binding 

carbamyl and carboxyl parts of the substrate.  

   

Figure 3. The deduced catalytic mechanism of human βAS. Reproduced with permission of 

copyright owner © Doreen Dobritzsch and Dirk Maurer 

 

Figure 4. The active site C233 and other residues nearby involved in catalytic cycle (K196, 

E119, E207). Reproduced with permission of copyright owner © Doreen Dobritzsch and Dirk 

Maurer 
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In this project, two different mutants, T299C and an inactive variant C233A in which 

the active site cysteine is mutated, were expressed, purified and further analyzed. Wild-

type βAS was also purified and analyzed for comparison. At the beginning of this 

project, Rosetta (DE3)/pLysSRARE2 cells containing pOPINF vector encoding 

recombinant βAS with polyhistidine tag were already available, and immobilized metal 

affinity chromatography (IMAC) using nickel-nitrilotriacetic acid (Ni2+-NTA) matrices 

was carried out during a batch purification procedure applied for different mutants[7]. 

Ion exchange chromatography (IEC) purification protocols comprising anion exchange 

chromatography (AEC) or cation exchange chromatography (CEC) were optimized 

several times by adjusting elution gradient, pH and salt concentration, and finally 

C233A was successfully purified. Thereafter structural and functional analysis were 

performed by static light scattering and activity measurements. 

2. Material and Methods 

2.1 Expression 

E.coli strain Rosetta (DE3)\pLysSRARE cells containing vector pOPINF_T299C, or 

pOPINF_C233A were picked from previously prepared glycerol stock stored at -80 °C, 

and cultured in 4ml LB medium [1% (w/v) peptone, 1% (w/v) NaCl, 0.5% (w/v) yeast 

extract] supplemented with 100μg/ml ampicillin (Amp) and 34μg/mL chloramphenicol 

(Cam) overnight for around 14-16 hours at 37°C under agitation. Then another 50ml 

overnight culture at 37°C was performed before expanding to an over day culture in 

500ml TB medium [1.2%(w/v) peptone, 2.4%(w/v) yeast extract, 0.5%(v/v) glycerol] 

supplemented with additives (10mM NH4Cl, 0.2mM MgSO4·7H2O; 20mM KH2PO4, 

pH7) and antibiotics of 100μg/ml Amp and 34μg/mL Cam. The expression of mutant 

proteins T299C, C233A and wild-type βAS were induced by the addition of isopropyl 

β-D-1-thiogalactopyranoside (IPTG) to a final concentration of 1mM when optical 

density at 600nm (OD600) reached 0.4~0.6, then cells were grown at room temperature 

under agitation for about 14~16 hours. 

2.2 Cell preparation and lysis 

Cells were harvested by centrifugation at 5000×g at 4°C for 15min and washed twice 

with sucrose buffer (50mM HEPES, pH7.9, 50% sucrose, 1mM EDTA) and 5mM 

MgCl2 solution before storage at -80°C. 

The cell pellet was resuspended in cold lysis buffer [10μg/ml DNaseⅠ , 50μg/ml 

Lysozyme, 5mM MgCl2, 1mM phenylmethylsulfonyl fluoride (PMSF) and 1 complete 

EDTA-free protease inhibitor mix (GE Healthcare) in filtered Buffer A] to a total 

volume of approximately 300ml. For T299C, β-mercaptoethanol at a final 

concentration of 1mM was also added to the lysis buffer. Cells were homogenized and 

then lysed using a cell distributor at 1.7kbar, followed by a centrifugation at 4°C, 

19000×g for 1 hour, after which all supernatants were collected, pooled together and 

kept on ice. 
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2.3 Purification 

An established purification protocol for the wild-type enzyme was applied for the βAS 

mutants. A bench purification using immobilized metal affinity chromatography was 

carried out using Ni2+-NTA. The eluate was then desalted and finally loaded onto pre-

packed columns for ion exchange chromatography. 

2.3.1 Immobilized metal affinity chromatography (IMAC) 

Collected supernatants were incubated at 4 °C for 1 hour with Ni2+-NTA beads. The 

suspension was then applied to 2 empty PD-10 columns (GE Health Care), followed by 

washing with each column 20ml Buffer A (50mM NaCl, 20mM HEPES, pH7.4). 

Afterwards 60m and then 500mM imidazole (in Buffer A) were used for elution. The 

500mM imidazole eluate was concentrated using centrifugal filters (MilliPore) by 

centrifugation at 4°C, 4000×g until the volume was less than 10ml. Fractions from both 

elution were collected separately, and saved for SDS-PAGE analysis.  

2.3.2 Ion exchange chromatography (IEC) 

Several protocols including anion and cation exchange chromatography were carried 

out to optimize the purification result for different mutants as well as the wild-type βAS. 

Samples were desalted before being applied to the IEC columns. For mutants that were 

further purified with anion exchange chromatography (AEC), Buffer A (pH7.4) was 

applied while another buffer, Buffer C (Na-Acetate buffer: 100mM Na-Acetate, 50mM 

NaCl, pH5.0) was used for cation exchange chromatography (CEC) purification. All 

buffers were filtered before being applied to the columns. 

T299C 

After the desalted 500mM imidazole eluate was being applied to a 5ml Q-HP AEC 

column (HiTrapTM) equilibrated with Buffer A, three AEC purification processes were 

run under different elution conditions: (a) The sample was eluted with a stepwise 

gradient of 5%, 35%, 70% and finally 100% Buffer B (0.8M NaCl, 20mM Na-HEPES, 

pH7.4). (b) A linear gradient elution was performed with 0-30% Buffer B, and then the 

sample was eluted with 100% Buffer B. (c) A gradient elution process was first carried 

out by eluting the column with Buffer B (contanining 1mM β-mercaptoethanol) for 

30min, during which the concentration of buffer B was increased steadily to 20%; then 

35%, 70%, and finally 100% Buffer B (containing 1mM β-mercaptoethanol) were used 

for elution. 

Fractions corresponding to each protein peak of absorbance at 280nm were collected 

separately in different falcon tubes, and concentrated until a final volume of 

approximately 1ml. 

C233A 

A single AEC purification as well as both AEC and CEC purification were applied to 

mutant C233A. In the AEC purification process (d), the desalted 500mM imidazole 

eluate was applied to the Q-HP AEC column (HiTrapTM) with Buffer A, followed by an 
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elution process using a stepwise gradient of 5%, 13%, 35% and 100% Buffer B.  

During another process comprising both AEC followed by CEC purification (e), the 

desalted sample was first eluted from the AEC column (equilibrated with Buffer A) 

using 100% Buffer C, and finally 100% Buffer B. Afterwards, fractions collected from 

Buffer C elution was applied to another column (SP HP, HiTrapTM, 1cm) for CEC 

purification, during which the sample was loaded with Buffer C and eluted with 100% 

Buffer D (citric acid buffer: 100mM citric acid, 50mM NaCl, pH6.2), and finally 100% 

Buffer B. Fractions of each elution peak were collected and used for SDS-PAGE 

analysis. If necessary, some of the fractions needed to be concentrated to approximately 

200~1000μl before SDS-PAGE analysis. 

Wild-type βAS 

Wild-type βAS was purified using CEC [purification process (e)] after desalting with 

Buffer C; the concentrated 500mM imidazole eluate was applied to the CEC column 

(SP HP, HiTrapTM, 1cm) equilibrated with Buffer C. The absorbance of the eluate was 

measured at 280nm. The elution process starts with a linear gradient using 0-100% 

Buffer D. After an evident protein peak was eluted, Buffer B was exchanged for Buffer 

D for final elution. Fractions could be collected and concentrated to less than 1ml for 

SDS-PAGE and further analysis.  

2.3.3 Polyacrylamide gel electrophoresis 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels (10% 

SDS) were prepared using the recipe presented in Appendix 1. 

10μl of both imidazole eluates during IMAC, and concentrated fractions of 

corresponding peaks from IEC were saved for SDS-PAGE. 20μl of SDS-sample 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) -mercaptoethanol] were added to the samples, which were 

boiled at 100°C for 10 minutes before loading on the gel. SDS-PAGE electrophoresis 

was performed at 200V for approximately 55 minutes with 1x electrophoresis buffer 

[25mM Tris, 192mM glycine, 0.1% (w/v) SDS, pH8.3]. Then the separation gel was 

stained with staining solution [0.1% (w/v) Commassie Blue R250 in 10% (v/v) HAc, 

40% (v/v) MeOH, 50% (v/v) H2O] and gentle shaking for c.a. 45 minutes, and then 

destained using destaining solution [10% (v/v) HAc, 40% (v/v) MeOH, 50% (v/v) H2O] 

under shaking for 15 minutes. 

2.4 Analysis: kinetics and light scattering. 

2.4.1 Concentration estimation 

The concentration of enzyme was determined according to Lambert-Beers law [A=k·l·c, 

whereas A=Absorbance at 280nm (AU), l=the path length=1 cm, c=concentration of 

βAS (mol/L)] and the theoretical εβAS280nm= 56,630 M-1cm-1.  
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2.4.2 Light scattering 

Light scattering was performed twice for mutant C233A. For the first experiment the 

buffer was supplemented with 5mM substrate, 3-ureidopropionate. IEC fractions 

containing pure βAS, were combined and desalted using PD-10 columns equilibrated 

with Buffer A containing 5mM substrate, 3-ureidopropionate. Then approximately 200-

300μl of the desalted sample were loaded on the equilibrated gel filtration column 

(FPLC Superose 6TM, Pharmacia). Three detectors (Interferometric Refractometer, 

Wyatt Technology; Enhanced Optical System, Wyatt Technology; UV detector, 

Pharmacia) were used and signals were displayed by an ASTRA system. In the second 

experiment C233A was tested in the absence of substrate, and wild-type sample was 

also tested as comparison. Fractions corresponding to absorbance peaks at 280nm were 

collected and then concentrated to final volume less than 200μl, and an SDS-PAGE 

analysis of the peak samples was performed.  

2.4.3 Activity measurement 

The activity test for mutant T299C obtained using the AEC purification protocol (c) as 

well as mutant C233A after the CEC purification was carried out after exchanging the 

buffer to Buffer A. Sample solutions containing pure βAS were used for activity test; 

wild-type βAS and Milli-Q water were tested as positive and negative control, 

separately. Enzymatic reactions in solutions containing around 50-120μg/ml βAS and 

5mM substrated together with 5mM β-mercaptoethanol were performed in four 

different Eppendorf tubes at room temperature for 1 hour. After incubation, the catalytic 

reactions were stopped by adding 5μl of 5M NaOH solution, and then approximately 

250μl of heated activity reagent [1.5 mM ortho-phthaldehyde (OPA), 1.5 mM Na2SO3, 

0.1 mM Ethylenediaminetetraacetic acid (EDTA), 280 mM Na-borate (pH 9.5), 20% 

(v/v) MeOH] was added and incubated at room temperature protected from light for 10 

minutes. Fluorescence were measured at 460nm after exciting the sample at 340nm.  

3. Results  

3.1  Expression and purification 

In this project, for different expression of T299C and C233A performed under the same 

condition, the amount of cells obtained was almost same for the same mutant, and 

varied between two mutants. Although less cells for mutant C233A (c.a. 15g) were 

harvested than for T299C (c.a. 30-40g), there was more mutant C233A obtained after 

purification compared with T299C which was not expressed.  

Since some proteins were unspecifically bound to βAS or Ni2+, the purification process 

usually needed two steps comprising IMAC and AEC. In process (e), which included 

IMAC as well as AEC and CEC purification was successful. Pure βAS mutant C233A 

was obtained from the last elution step. However, the SDS-PAGE results from three 

purification protocols proved that there were no T299C expressed by E.coli. 
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T299C 

Four peaks obtained when sample was eluted with Buffer B at different concentrations 

from the AEC purification protocol (a) is shown below (Figure 5). However, there was 

no clear band indicating the presence of βAS in most of elutate fractions from the SDS-

PAGE result (Figure 6). 

 

Figure 5. AEC chromatogram of purification protocol (a) for mutant T299C. A stepwise 

gradient elution was carried out using 15%, 35%, 70% and 100% Buffer B, while Buffer A 

(0%B) was used as loading buffer. 

 
Figure 6. SDS-PAGE result of IMAC and AEC purification protocol (a) for mutant T299C. 1: 

Marker, 2: IMAC 60mM imidazole wash, 3: IMAC 500mM imidazole wash, 4: AEC 13% 

Buffer B elution, 5: AEC 35% Buffer B elution, 6: AEC 70% Buffer B elution, 7: AEC 100% 

Buffer B elution. 

 

Figure 7. SDS-PAGE result of reverse IMAC after purification process (a). 1: Marker, 2: 

T299C in Buffer A flow through, 3: 1M imidazole elution.  
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After the first attempt to purify T299C with protocol (a), except for the band from AEC 

first eluate, there was no band corresponding to the molecular weight of βAS (around 

45kDa). A reverse IMAC after His-tag cleavage was carried out, to achieve a better 

separation of another endogenous protein produced by E.coli and βAS. The first sample 

fraction collected from 13% Buffer B elution during AEC purification (a) was digested 

with 3C protease (final concentration of 1mg/ml) in the presence of 1mM β-

mercaptoethanol for about 14-16 hours to remove the polyhistidine-tag, and then 

applied to an empty PD-10 column with filter and washed with buffer A prior to elution 

with 1M imidazole (in Buffer A). Fractions from both washing and elution were 

collected and analyzed by SDS-PAGE, the result of which is shown in Figure 7. The 

mass of βAS without polyhistidine-tag is around 43kDa, but since βAS was not present 

in most AEC elution fractions, there was no evidence that the clear band obtained for 

the IMAC elution fraction at 45kDa was the protein of interest. 

In the next purification experiment for this mutant, a linear gradient elution in protocol 

(b) was carried out to see the exact concentration of Buffer B when the target protein is 

eluted. Two minor peaks at around 10% and 35% Buffer B as well as a high peak during 

100% Buffer B wash were obtained as displayed in Appendix 2. No evident band at 

45kDa was obtained after SDS-PAGE analysis (data not shown). 

Since there was no evident band at the right size according to the SDS-PAGE result 

from the first two purification protocols (a) and (b), 1mM of β-mercaptoethanol was 

added in every loading buffer as well as the lysis buffer during protocol (c) in order to 

prevent potential aggregation of this protein. The elution chromatograms and SDS-

PAGE results from which are shown in Appendix 3 and Figure 8, which proved the 

absence of βAS and the presence of a strong band of another protein at 25kDa in AEC.  

 
Figure 8. SDS-PAGE result of the IMAC and AEC purification experiment (c) for mutant 

T299C. 1: Marker, 2: IMAC 60mM imidazole wash, 3: IMAC 500mM imidazole wash, 4: 

AEC linear gradient 20% Buffer B elution, 5: AEC 35% Buffer B elution, 6: AEC 70% Buffer 

B elution, 7: AEC 100% Buffer B elution. 
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Wild-type βAS 

Wild-type βAS was purified by CEC once as comparison. The purification 

chromatogram and SDS-PAGE results were shown in Appendix 4 and 5. During the 

linear gradient elution by 0-100% Buffer C, a big peak appeared at c.a. 35% Buffer C. 

Another peak was observed when the elution buffer was subsequently changed to 

Buffer C. Based on the SDS-PAGE result, the wild-type βAS was expressed and by 

using CEC we got rid of most of the protein at 25kDa. 

C233A 

Mutant C233A was purified by two different IEC protocols. First, a step gradient elution 

using Buffer B was carried out and three evident protein peaks were obtained during 

process (d) (Appendix 6). The SDS-PAGE result for C233A is shown in Figure 9, which 

clearly shows a band at the right size (45kDa) that indicates C233A was successfully 

expressed.  

 

 

Figure 9. SDS-PAGE result for C233A purification with IMAC and AEC protocol (d). 1: 

marker, 2: IMAC 60mM wash, 3: IMAC 500mM wash, 4: AEC 13% Buffer B elution, 5: AEC 

35% Buffer B elution, 6: AEC 100% Buffer B elution. 

The second C233A purification experiment utilized both AEC and CEC. During these 

two steps no gradient elution was used. The sample was first eluted with 100% Buffer 

C and Buffer B in AEC, and then the AEC fraction from Buffer C elution was eluted 

with 100% Buffer D and Buffer B in CEC purification. Evident peaks obtained from 

every elution were shown in Figure 10. Based on the SDS-PAGE result (Figure 11), 

after both purification steps C233A was successfully purified. 
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Figure 10. AEC (A) and CEC (B) chromatograms for purification protocol (e) and mutant 

C233A expressed in E.coli Rosetta (DE3)\plysSARE. Buffer A served as loading buffer in AEC 

purification. At a volume of 34.66ml Buffer B elution was performed. For CEC purification, 

the sample was loaded with Buffer C and eluted with Buffer D and Buffer B (100% B). 

 
Figure 11. SDS-PAGE result of IMAC and IEC purification (e) for mutant C233A. 1: marker, 

2: IMAC 60mM imidazole wash, 3: IMAC 500mM imidazole wash, 4: AEC Buffer C elution, 

5: AEC Buffer B elution, 6: CEC Buffer D elution, 7: CEC Buffer B elution. 
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3.3 Structural analysis: light Scattering 

C233A 

βAS formed as different oligomeric states were separated by the gel filtration column 

based on different molecular sizes. Higher oligomers of C233A would be eluted earlier 
[8]. The oligomeric state of βAS was deduced by comparing the molecular mass of 

substance corresponds to each peak with the mass of monomer (45000g/mol).  

According to the data from the first experiment of C233A, the same ratio of monomer 

(molar mass=9.730×104g/mol) and dimer (molar mass=4.440×104g/mol) was observed 

in the presence of substrate.  

The result from the second experiment (shown in Figure 12) indicated that C233A 

nearly formed tetramers (molecular mass of oligomers corresponds to peak 1: 

1.767×105g/mol, and peak 2: 1.508×105g/mol) without substrate. 

 
Figure 12. Light scattering curves observed from ASTRA for C233A in Buffer A. LS: light 

scattering (red), UV: UV280nm (green), dRI: refractive index (blue). 

The light scattering results of wild-type βAS (reproduced by the copyright owner © 

Doreen Dobritzsch and Dirk Maurer) are also shown in Figure 13. The peak 3, 4 and 5 

corresponds to βAS tetramers, dimers and monomers, respectively. 

 

Figure 13. Light scattering curves recorded by ASTRA for wild-type βAS in Buffer A. LS: 

light scattering (red), UV: UV280nm (green), dRI: refractive index (blue). 
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3.4 Functional analysis: kinetic measurement 

The result of the kinetic measurement for mutant T299C was negative, which is to be 

expected. The result of the SDS-PAGE from three different purification protocols 

indicated that no βAS was obtained. The kinetic test of C233A also shows that the 

enzyme was inactive. Also this is to be expected as C233 is the active site.  

4. Discussion 

4.1 Cell growth and protein expression 

The results from SDS-PAGE and activity assay indicated that there was no βAS mutant 

T299C expressed by Rosetta (DE3)\pLysSRARE. Compared to mutant C233A that was 

expressed and purified successfully, many more cells were obtained for mutant T299C 

in every process tried in this project. The relative less cells obtained from the C233A 

that could be expressed might show the high pressure for E.coli to express eukaryotic 

enzyme [9]. On the contrary, E.coli encoding gene for the C233A were not harvested at 

a relatively high level, which might be caused by the reduced pressure without 

expressing the human protein.  

Cells carrying two kind of plasmids, pLysSRARE and pOPINF [10], were grown in 

culture media containing two antibiotics, which indicates the existence of expression 

vector in E.coli. Nevertheless, a random mutation in the upstream sequence before the 

human genes that combines with T7 RNA polymerase[11] (EC: 2.7.7.6 ) and initiate 

transcription of inserted gene could make it not possible for E.coli to transcribe and 

hence not to express the human βAS. This hypothesis has to be confirmed by examining 

the sequence before βAS gene on the plasmid pOPINF.  

4.2 Enzyme stability 

To figure out the reason of enzyme loss (T299C), 1mM of β-mercaptoethanol was 

supplemented in the lysis buffer and buffers used in purification protocol (c). If the 

protein was expressed and formed unstable higher oligomers than tetramers, the 

addition of reducing reagent β-mercaptoethanol could break the disulfide bond we 

intend to form by the T299C mutation and hence avoid aggregation or hydrolyzation of 

unstable enzyme. However, three different purification reveal that the mutant T299C 

enzyme was not lost during purification but not expressed.  

4.3 Purification protocol 

As for mutant C233A, a weak single band was obtained from the last elution of AEC 

purification protocol (d). Most βAS were eluted together with other proteins, which 

indicated βAS was not strongly bound to anion exchanger, or the low amount of βAS 

did lead to a lot of nonspecific binding of other proteins to the column, that eluted with 

the βAS mutant. Therefore a CEC purification at lower pH was carried out and a 

relatively strong band was observed in an elution peak at 45kDa.  

A CEC gradient purification was also performed for wild-type βAS to see if it could 

lead to a better purification result, as the wild-type was not successfully purified 
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previously. Since there was no mutant T299C successfully expressed according to all 

purification results, no comparison could be made. 

Purification protocols can be developed and designed by changing ion-exchange group, 

pH, salt concentration and gradient steepness [12]. In most AEC purification processes 

using Buffer A and B in this project, proteins were separated by increasing salt 

concentration; when C233A was purified with process (e), the first an AEC process was 

carried out by adjusting pH in the elution buffer, which could give a clue to optimize 

the purification conditions.  

4.4 Structural and functional analysis 

Since T299C was not expressed, only the quaternary structure and function of C233A 

was characterized. For the structure analysis, the result from the first light scattering 

experiment was not reliable since the sample was not pure βAS, and the peak might 

corresponding to other proteins with similar molecular weight. Since the mutation was 

not targeting the interface between dimeric units, the structure of C233A should be the 

same as wild-type βAS, which existed primarily as tetramers in absence of allosteric 

effectors [4]. Pure βAS sample was tested in the second experiment, and the structure of 

pure mutant C233A was observed as mostly tetramers and a small portion of dimers. In 

addition, the peaks obtained in the experiment were not smooth, which was probably 

caused by the air bubbles stuck in the gel filtration column. 

According to the activity assay C233A is not active. This is because the active site 

nucleophilic cysteine 233 was mutated into alanine. 

5. Conclusion 

In this project, only mutant C233A was successfully expressed, purified and 

preliminary characterized by activity assay and static light scattering. Another mutant, 

T299C, was not expressed due to reasons yet to be identified. Based on the purification 

results, when the concentration of βAS was extremely low, CEC could be a better 

purification protocol than AEC since it can reduce unspecific binding of other proteins 

to the column or βAS. The low concentration of pure βAS also requires optimizing the 

purification procedure to obtain more pure enzyme to repeat functional and structural 

analysis. In the absence of substrate, the inactive mutant C233A formed tetramers as 

the wild-type βAS does. Therefore, C233 should be the essential catalytic active site in 

the active wild-type human βAS. This result can give a clue to further analysis of the 

mechanism of oligomerization-dependent allosteric regulation of human βAS. 
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6. Appendix 

Appendix 1. Preparation of 10% SDS-PAGE gels (for proteins with Mw between 3-100kDa). 

SDS: Sodium dodecyl sulfate; APS: ammonium persulfate; TEMED: 

tetramethylethylenediamine. 

Gel (10% SDS) Separation Gel (1x) Stacking Gel (1x) 

Milli-Q 2ml 1.5ml 

1.5M Tris-HCl, pH8.8 1.25ml - 

0.5M Tris-HCl, pH6.8 - 0.625ml 

10% (w/v) SDS 50μl 25μl 

Acrylamide (30% w/v) 1.67ml 0.33ml 

10% (w/v) APS 25μl 12.5μl 

TEMED 5μl 2.5μl 

Total volume 5ml 2.5ml 

 

 

Appendix 2. AEC chromatogram for purification protocol (b) and mutant T299C. A linear 

gradient elution was carried out using 30-100% Buffer B, while Buffer A (0%B) served as 

loading buffer.  

 

Appendix 3. AEC chromatogram for purification protocol (c) and human βAS mutant T299C 

expressed in E.coli Rosetta (DE3)\plysSARE. A linear gradient elution was carried out using 

20% followed by a stepwise gradient elution at 35%, 70% and 100%Buffer B, while Buffer A 

(0%B) served as loading buffer. All buffers used was supplemented with 1mM β-

mercaptoethanol.  
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Appendix 4. CEC chromatogram of the purification protocol for wild-type human βAS 

expressed in E.coli Rosetta (DE3)\plysSARE. Buffer C (0%B) served as loading buffer and 

Buffer D as elution buffer using a linear gradient of 0-100%. At the indicated elution volume 

(31.04ml), a Buffer B elution was performed.  

 

Appendix 5. SDS-PAGE result of IMAC and CEC purification for wild-type human βAS. The 

size of human βAS subunit is around 45kDa. 1: IMAC 60mM imidazole wash, 2: IMAC 

500mM imidazole wash, 3: CEC Buffer C elution, 4: CEC linear gradient elution by 100% 

Buffer D, 5: CEC Buffer B elution, 6: marker. 

 

Appendix 6. AEC diagram of purification protocol (d) for human βAS mutant C233A 

expressed in E.coli Rosetta (DE3)\plysSARE. A stepwise gradient elution was carried out with 

5%, 13%, 35% and 100%Buffer B, while Buffer A (0%B) served as loading buffer.  
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