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Abstract 

Alkaline phosphatases (APs) are enzymes that work as very efficient catalysts with broad 

substrate specificity. They are primarily phosphomonesterases and play a fundamental role 

in many types of biological processes such as basic metabolism and gene expression. APs 

have ability to perform different activities than its native activity which is called 

promiscuity and previous experiments have shown that changes in the enzyme can affect 

the promiscuity. 

 In this project the aim was to look at how the T112A-R113G and D12W mutation on the 

cold-active Vibrio alkaline phosphatase affects its sulfatase promiscuous activity. The 

D12W variant was studied to see how its kinetic efficiency, with and without NaCl, and 

heat stability compared with the wild-type (wt). Results indicated that the D12W VAP 

variant has higher heat stability but lower kinetic values than its wt, which indicates that 

the variant is less flexible. They also indicated that NaCl affects enzyme catalytic 

efficiency. Its sulfatase promiscuous activity was practically non-existent and its native 

activity was very low as well. The T112A-R113G variant had lower phosphatase activity 

and higher sulfatase activity than its wt, which indicates that concentration of salt in the 

solution does promote sulfatase activity.   

Útdráttur 

Alkalískir fosfatasar (AP) eru ensím sem eru mjög góðir hvatar og breiðvirkir. Þeir eru 

aðallega fosfómónóesterasar og gegna grundvallarhlutverki í mörgum tegundum 

líffræðilegra ferla eins og undirstöðu efnaskipta og genatjáningu. AP geta hvatað önnur 

efnahvörf til viðbótar við upprunalega efnahvarfið. Það er kallað fjölvirkni og fyrri 

rannsóknir hafa sýnt að breytingar á ensími getur haft áhrif á fjölvirkni þess. 

Í þessu verkefni var skoðað hvernig T112A-R113G og D12W stökkbreytingar á kuldavirka 

Vibrio alkalíska fosfatasa (VAP) höfðu áhrif á fjölvirkni hans. Gerðar voru tilraunir á D12W 

afbrigðinu til að sjá hvernig hvötunargeta, með og án NaCl, og hitastöðugleiki þess væri 

miða við villigerð (wt). Niðurstöður benda til þess að D12W VAP afbrigðið hafi meiri 

hitastöðugleika en minni hvötunargetu en wt sem gefur til kynna að afbrigðið sé minna 

sveigjanlegt. Þær benda einnig til þess að NaCl hafi áhrif á hvötunarvirkni ensímsins. 

Súlfatasa fjölvirkni þess var næstum engin og aðalvirkni þess var einnig mjög lág. T112A-

R113G afbrigðið hafði lægri fosfatasa virkni en hærri súlfatasa virkni en wt, sem gefur til 

kynna að salt styrkur í lausninni hafi áhrif til aukningar á súlfatasa virkni.   
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1 Introduction 

1.1 Alkaline phosphatase 

Enzymes are proteins that are, essential for living organisms and work as very efficient 

catalysts. Chemical reactions with enzymes follow the same chain of reactions. First the 

substrate binds to free enzyme, then water molecules are expunged which pays for the 

entropic cost of ligand binding to the other subunit. Then catalysis takes place and water 

molecules come back into the subunit (intermediate-bound- enzyme) and hydrolysis begins 

(product-bound-enzyme). In the end the product is released [1]. 

Phosphatases can either have features that allow specific interactions between selected 

partners or be non-specific to both substrate specificity and role. Alkaline phosphatases 

(referenced as AP) are enzymes that are mostly members of the non-specific kind [2]. They 

are, more specifically, primarily phosphomonesterases. They can be located in all types of 

organisms and play fundamental role in many types of biological processes, for example 

basic metabolism, gene expression, cell signalling, and energy transduction [3, 4]. As 

enzymes, they provide a rate enhancement to phosphoryl transfer reactions that are usually 

otherwise very slow. They do that by catalysing reactions involving substrates with poor 

leaving groups that have better catalytic proficiency than substrates that have good leaving 

groups [4]. APs are normally stable enzymes and are active as dimers. However, it can in 

some types be active in a monomeric form although such enzymes are quite rare [5]. APs 

have a broad substrate specificity and are structurally very well conserved near the active 

site. The nucleophilic amino acid residue Ser102 and the substrate binding residue Arg166 

(E. coli AP numbering) are conserved in all APs [3].  

APs form a large α-β-α sandwich, where the β-sheets are screened by α-helixes. They 

normally have a crown domain at the dimer interface that is built up of two monomer strands 

that vary in size depending on species. Three metal ions bind to three different metal binding 

sites (M1-M3), and the most common metal ion combinations is a mixture of two Zn2+ and 

one Mg2+ (see figure 1.3.1). The more uncommon mixture is Co2+ with Mg2+ [5]. 

APs are members of the alkaline phosphatase superfamily which includes arylsulfatase (AS), 

phosphonate monoester hydrolase (PMH) and nucleotide pyrophosphatase (NPP). The 

family members are globular α/β proteins with eight mixed β sheets in the centre and 

sandwiched between two layers of α helixes. The active sites of the strands are between loops 

from sheet 1 and sheet 6 as seen on figure 1.1.1. The structure varies between members by 

implantation of large insertions, or even whole domains like the AP does with its additional 

C-terminal α/β domain [6].   
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Figure 1.1.1: The structural elements in the AP superfamily. The family members have α/β/α layers around 

eight β sheet strands in the order 43516728. The active site, which is the metal binding site, is positioned 

between loops coming from strands 1 and 6 [6].  

APs catalyse hydrolysis of phosphorylesters to inorganic phosphate and alcohol, or when in 

presence of alcohol, they catalyse transphosphorylation of phosphomonesters to 

phosphoesters. APs can also hydrolyse phosphorylanhydrates (i.e. ATP or pyrophosphate). 

The reaction proceeds in two steps, first by making a covalent phosphoserine intermediate 

(releasing of the alcohol) and then by a nucleophilic water or alcohol that attacks the 

intermediate to release inorganic phosphate, or to make a phosphoesters [5]. In the transition 

state the Zn2+ metal ions form strong interactions with oxygen molecules [4]. The location 

of charged or polar amino acids in the AP structure is important since they affect the oxygen 

atoms in the catalysis of phosphate monoester hydrolysis [7]. APs that function well in 

extreme heat or unusual cold are called thermophilic (>50 °C) and psychrophilic (<25 °C) 

APs, respectively [8].  

 

1.2 Psychrophilic enzymes 

In Arctic and Antarctic marine waters, temperature does not go over 5°C when sea depth is 

more than 1000 m. In such low temperature, there is little molecular motion and the kinetic 

energy is very low. Psychrophilic organisms can live under such conditions, where other 

organisms cannot. To survive in these extreme conditions, they have to produce enzymes 

that can perform their catalyses in those circumstances [9]. These cold-adapted enzymes 

have more flexibility and mobility to be fully functional and can be recognized by the 

enzymes wider and more rugged free energy funnel for ground stability than their mesophilic 

enzyme counterparts. Because of that, it is thought likely that the characteristics of 

psychrophilic enzymes are a large number of conformers that are separated by low energy 

barriers [10]. The enzymes' temperature optima are above the cold temperature they live in, 

so they can also function well at temperatures that are similar to their mesophilic 
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counterparts. For that reason, they retain much of their catalytic activity at temperatures 

around 0 °C [5]. Therefore, enzymes produced by psychrophilic organisms offer 

advantageous applications and energy savings in industrial processes as an example [9]. 

Enzymes showing cold-adaptive activity, including the alkaline phosphatases, have been 

shown to have increased catalytic efficiency (kcat/KM) at low temperatures and lower Ea 

accompanying more thermolability [5, 2]. That is assumed to be because of enhanced peptide 

chain flexibility due to fewer noncovalent stabilizing interactions. More flexibility in 

structure reduces energy cost of conformational changes that are required to interact with the 

substrate. Therefore, higher specific activity can be explained by lower activation energy 

which makes the accommodation of the substrate easier for low and moderate temperatures. 

The mechanism for the increased placticity of psychrophilic enzymes include the reduction 

of charged residues such as the amino acids Arg, Glu and Lys at exposed sites in alpha 

helixes (or coils). The side-chain H-bonds and salt bridges of psychrophilic enzymes are also 

fewer than those of the mesophiles/thermophiles [9]. 

 

1.3 Vibrio alkaline phosphatase 

The Vibrio alkaline phosphatase (referenced as VAP) is a psychrophilic phosphatase that has 

the longest polypeptide chain of known APs due to a large insert loop (Figure 1.3.1).  It was 

originally isolated from a Vibrio splendidus bacterium strain from the North Atlantic Ocean. 

It is dependent on having magnesium in its buffers for full activity, most likely because of 

the interaction between the metal and enzyme. It has more flexibility than other APs and that 

motional freedom is closely linked with binding of substrates and the release of products. 

VAP is a dimer with extra inserts compared to other known APs such as ECAP (E. coli 

alkaline phosphatase), SAP (shrimp AP) and PLAP (human placental isozyme). The insert 

adds to the “crown” area on top of the enzyme to make it even bigger which means its mass 

is larger (see Figure 1.3.1). VAP has the highest kcat known in this family, which indicates 

that motion is linked with mass. It also has a large insert sequence located over the second 

half of the dimeric form as noted above and it seems to work just as the N-terminal in the 

other APs in connecting the subunits, because VAP does not have the N-terminal helix that 

many other APs have. VAP has three binding sites  in each of its monomers, two for Zn2+ 

and one for Mg2+ as well as several binding sites for sulphate and ethylene glycol that can 

be observed in the crystal structure but are probably not of functional significance. It also 

has, like other APs, water molecules in the positions that are conserved in the active sites 

that would be empty otherwise [2]. One other thing that sets VAP apart from its family is 

that it has the only known inactive dimer intermediate from its native dimer without use of 

mutagenesis, ligands or competitive inhibition [11]. NaCl concentrations from 0 to 300 mM 

strongly enhance activity of VAP and, therefore, the experiments performed in this project 

were performed with and without NaCl [2]. 
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Figure 1.3.1: 3D structure of Vibrio alkaline phosphatase. The vibrio alkaline phosphatase is here shown 

with its two monomers that are colour coded for identification, blue for monomer A and red for monomer B. 

The two zinc ions in each monomer are coloured yellow while the magnesium ion is coloured green. The 

“crown” domain is located on top of the figure and C-ends on the bottom. The figure was drawn in Swiss-Pdb 

Viewer with the PBD code: 3e2d. 

 

1.4 Enzyme promiscuity 

Enzymes are sorted into superfamilies to make it easier for scientists to research them and 

their activities. Superfamilies can be classified based solely on structure and sequence, which 

is the usual way, but they can also be classified based on common mechanistic features called 

catalytic superfamilies. The third way to classify superfamilies is by their functional 

promiscuity [6]. 

Promiscuity is the enzyme’s ability to perform different activities than their native activity. 

It is believed to come from ancient cells (cells from the past) which had a lot smaller gene 

pool and, therefore, less variety of enzymes [12]. Promiscuous activity happens within the 

same active site as the native activity and relies on its major feature while other important 

parts in the catalytic process differ. The reason for the possibility of promiscuous activity to 

take place in the active site is because the active site is near the surface of the protein and it 

is spacious [13, 14]. Promiscuous activity is not as efficient as the primary activity although 

rate enhancement remains great and for that reason the promiscuous activity is often 

expressed by site-directed mutagenesis and analysed by its kinetics (kcat and Km) [13].  
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 Enzyme promiscuity can be sorted into several types, such as substrate promiscuity and 

catalytic promiscuity. Substrate promiscuity is the ability of the enzyme to break or make 

the same types of bonds in different substrates but catalytic promiscuity is its ability to break 

different bonds in the same active site [6]. The difference is shown in figure 1.4.1. 

 

 

Figure 1.4.1: Substrate promiscuity versus catalytic promiscuity. Substrate promiscuity is the ability of the 

enzyme to break or make the same types on bonds in different substrates. Catalytic promiscuity is by breaking 

different bonds in the same active sites [6].    

 Promiscuous activity is not a rare exception in enzymes. On the contrary it is widely spread 

and likely to be a reason for a new enzyme in the superfamily to be evolved. That is because 

the probability off a gene getting unfavourable mutations and becoming inactive is very high 

and, therefore, it is very unlikely that entirely new function will exist from one or a few 

mutations and there comes catalytic promiscuity in as a start for new evolution. And if that 

happens then crosswise promiscuity could take place. Crosswise promiscuity is when the 

promiscuous activity of one family member is the native activity in another member [6].   
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The AP superfamily is an example of a crosswise promiscuity family. They have common 

structural features as well as efficient promiscuous catalysis of the reactions made by other 

members in the family. The superfamily includes alkaline phosphatase (AP), nucleotide 

pyrophosphate (NPP), phosphonate monoester hydrolase (PMH), and arylsulfatase (AS).  

The family members have one, two, or three metal ions, which are coordinated to the active 

site. The active site acts as a nucleophile for splitting (cleave) the substrate. The superfamily 

uses different nucleophiles, AP uses serine, while NPP uses threonine and PMH and AS use 

hydrated form of formylglycine (made by oxidation of serine or cysteine) [6]. 

1.5 Arylsulfatase promiscuity 

As written in section 1.4 the AP and arylsulfatase (AS) are in the same crosswise superfamily 

though they do catalyse different reactions. The main difference between the substrates is 

their charge, AS has one negative charge while AP has two at alkaline pH like figure 1.5.1 

shows as well as the reactions catalysed by AP and AS [12]. 

 

Figure 1.5.1: Phosphomonoester hydrolysis and sulfate monoester hydrolysis. The phosphomonoester 

hydrolysis is the native activity of AP and has two negative charges. Sulfate monoester hydrolysis is the native 

activity of AS and has one negative charge [12]. 

 ECAP (E. coli AP), the AP that other APs are generally compared to, has crosswise 

promiscuity with PAS (P. aeruginosa arylsulfatase). That means the ECAP has low 

arylsulfatase promiscuity and PAS has low phosphatase promiscuity [6, 13]. 

The sulfatase promiscuous activity of VAP gives different sulfatase activity results than the 

ECAP sulfatase activity. It is less active than the ECAP during the first 24 hours in the assay, 

but after 24 hours it gradually becomes more active than ECAP. It is thought to be because 

the VAP has too loose its phosphatase activity in the beginning, and this only happens in 

salt-free buffer. Therefore, as the NaCl strength gets higher it affects the sulfatase activity 

negatively. And, 24 hours after the assay starts the phosphatase activity is less and the 

sulfatase activity can rise [15].  
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1.6 The aim of the project 

The aim of this project is to carry on with earlier research made by Arnór Ingi Sigurðsson 

on D12W mutated VAP [16]. D12W mutation means that aspartic acid (Asp) at position 12 

in VAP is changed to tryptophan (Trp). That means that in the active site, where D12 is 

located in VAP, there will be less charge because ASP is acidic while TRP is aromatic. 

Where this happens can be seen in Figure 1.6.1. Computer calculations by our collaborator 

Dr. Sandeep Chakraborty suggested that this variant was potentially active as a beta-

lactamase, and might also have other promiscuous activities because of different ligation to 

two of the metal ions in the active site. Also, the other replacements made here (T112A - 

R113G) was found by calculations to make the electric potential distribution in parts of the 

active site of VAP become more similar to that observed in E. coli AP. Both new residues 

should increase the space in part of the active site. Furthermore, putting glycine in place of 

arginine will remove a positive charge as well as give the main chain more freedom to move. 

 

Figure 1.6.1: Vibrio alkaline phosphatase zoomed in to ASP12. The vibrio alkaline phosphatase is here 

shown close up where the ASP12 (D12) is coloured pink and is connected to two ions and close to the third in 

monomer A. The zink ions are coloured yellow while the magnesium is coloured green. The figure was drawn 

in Swiss-Pdb Viewer with the PBD code: 3e2d. 

The mutation D12W alters a ligand to one of the zinc ions and the magnesium ion in the 

active site which makes it likely that the change will have effect on the enzyme.  

In previous experiments, this mutation was shown to lead to high phosphatase activity, that 

was comparable to the original wild-type VAP. However, the sulfatase activity had not been 

tested. For that reason, it was deemed interesting to examine it better [16]. It is possible that 

the VAP promiscuous activity was affected by this mutation and, thus, the promiscuity of 

the D12W was looked at and also its heat stability.  
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In addition to continue with the D12W experiment, we decided to carry on with earlier 

research from former student Sigrídur Edda Freysteinsdóttir made on T112A-R113G variant 

from VAP by looking at its promiscuous sulfatase activity [17]. The change happened in a 

loop close to the metal active site as shown in figure 1.6.2.  

 

Figure 1.6.2: Vibrio alkaline phosphatase close up to THR112 and ARG113. The vibrio alkaline 

phosphatase is here shown up close where sequence numbers 112 and 113 are. They are threonine (Thr) in 

number 112 and arginine (Arg) in 113. THR112 is coloured orange and ARG113 is coloured purple. They are 

close to the magnesium ion in monomer A. The magnesium ion is coloured green while the two zinc ions are 

coloured yellow. The figure was drawn in Swiss-Pdb Viewer with the PDB code: 3e2d.  

The mutation is in a loop close to the ions in monomer A, which is where the active site is. 

The T112A mutation changes the hydrophilic threonine to the smaller alanine. However, the 

R113G mutation changes the basic R113 to the small aliphatic amino acid, glycine. 
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2 Materials and Methods 

2.1 Materials 

Ethidium bromide solution was purchased from Amersham Biosciences (Uppsala, Sweden). 

BactoTM Yeast Extract was obtained from Becton, Dickinson and Company (Sparks, BNA). 

Triton X-100 (iso-octylphenoxypolyethoxyethanol containing approximately 10 moles of 

ethylene oxide) was purchased from BDH Chemicals Ltd (Poole, England). Bis-Tris and 

Tryptone Plus were acquired from Fluka Analytical (Buchs, Switzerland) and MgSO4 was 

acquired from Fluka Chemika (Buchs, Switzerland). SeaKemR LE Agarose was purchased 

from Cambrex Bio Science Rockland, Inc. (Rockland, BNA). 99.8% ethanol was purchased 

from Cetus ehf. (Reykjavík, Iceland). GeneRulerTM 1kb DNA ladder and agarose loading 

buffer were obtained from Fermentas. Anhydrotetracycline, d-desthiobiotin, Strep-tag R 

regeneration buffer (10 x buffer R with HABA), Streptavidin SepharoseTM and Strep-Tactin 

R resin were acquired from IBA GmbH (Göttingen, Germany). 4x NuPAGETM LDS sample 

buffer and XCell SureLockTM were obtained from Invitrogen (Calsbad, USA). Magnesium 

chloride-hexahydrate (MgCl2*6 H2O) was acquired from Merck (Darmstadt, Germany). 

Ampicillin sodium salt, CAPS (3-[cyclohexylamino]-1-propanesulfonic acid), Coomassie 

Brilliant-Blue, dialysis bags (cellulose), diethanolamine, deoxyribonuclease I (DNAase), 

DNA electrophoresis chamber, E. coli alkaline phosphatase, glucose, LB Broth tablets, 

ethylene glycol puriss. p.a, lysozyme from chichen egg white, methanol, MOPS   (3-[N-

Morpholino] propanesulfonic acid), 4-nitrophenyl phosphate bis-(cyclohexylammonium) 

salt, sodium chloride and sodium hydroxide were purchased from Sigma-Aldrich Co (St. 

Louis, BNA or Steinheim, Germany). Agar-Agar Polvo Ph. Eur. was obtained from Roig 

Parma, S.A.,(Barcelona). QuikChange R kit was acquired from Strategene. The primers were 

acquired from TAG Copenhagen A/S, (Denmark). The NucleoSpin R Plasmid kit was 

acquired from Magherey-Nagel GmcH & Co. (Germany). PageRulerTM prestained protein 

ladder, glycogen, 4-20 % precise Tris-glycine gels (10 x 10 cm, 12 wells) and 10 x Tris-

glycine SDS buffer were acquired from Thermo Scientific (Rockford, USA). 

2.2 Protein expression 

2.2.1 Transformation of LMG194 cells 

Competent LMG194 E. coli cells were transformed with the mutated plasmids D12W or 

T112A-R113G. The mutated plasmid was fused with an eight amino acid long Strep-tag 

(The mutated plasmids was done previously by Arnór Ingi Sigurðsson and Sigrídur Edda 

Freysteinsdóttir, both former students) [16, 17]. The transformation was done three times for 

DF12W (D12W1, D12W2 and D12W3) and once for T112A-R113G (prepared by Bjarni 

Ásgeirsson, the advisor). Generally, 1µL of the plasmid was mixed over flame with 150 µL 

of the competent LMG194 cells. Then, the solution was kept in ice for 10-15 minutes. The 

solution was then heated for 1 minute at 42°C and after that put on ice for 2 minutes. Next, 

950 µL of sterilised LB (Luria-Bertani) - medium was added to the solution over flame and 

then the solution was incubated at 37 °C with moderate shaking for 1 hour. The solution was 

then centrifuged at 5700 rpm for 30 seconds to form cell pellet. Most of the supernatant was 

removed and the cell pellet was dissolved by pipetting up and down in the supernatant 

leftovers. After that, 200 µL off the solution were put on LB-ampicillin agar plate (over fire 

to avoid contamination) with sterile glass rod and put at 37°C temperature overnight.  
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2.2.2 Cultivation of LMG194 cells 

A preliminary cell culture was made by taking one colony from the LB-ampicillin agar plate 

(see section 2.2.1) and add to 20 mL of sterilised LB medium with 25 µL of Amp (Ampicillin 

1000x). The solution was then incubated at 37 °C overnight. 

The day after, 200 µL of Amp (0.1 mg/mL) and 2 mL of the preliminary cell culture were 

added into 200 mL of sterile LB-medium (9 Ehrlenmeyer flasks). Then it was incubated at 

room temperature and with 200 rpm shaking for 6 hours until the OD600 (optical density) 

reached 0.252, when 20 µL/200 mL of anhydrotetracyclin (AHTC) activator was added. 

After activation, the cell culture was incubated at room temperature and 190 rpm until the 

O.D.600 was 3.615 and then the solution was used immediately or stored at 4°C incubation 

overnight.   

  

2.3 Protein purification 

2.3.1 Protein extraction 

The cell culture (see section 2.2.2) was centrifuged at 15000 x g for 10 minutes at 4 °C. Then 

the supernatant was discarded and the cells were redissolved in 100 mL of TMC buffer (20 

mM Tris, 10 mM MgCl2, pH 8.0). Next, to lyse the cells, 0.6 mL of 10% Triton X-100 

detergent and 0.5 mg of lysozyme were added to the solution. The solution was put in a 

freezer overnight. The next day the solution was allowed to thaw at room temperature. When 

it was half thawed, then 25.0 µL of DNase (1 mg/mL of deoxy ribonuclease I from bovine 

pancreas) was added to it and kept at 4 °C for 1-3 hours. Cell debris was removed at 11100 

x g in a Sorvall centrifuge for 15 minutes. The supernatant of the extract was measured in 

volume as well as protein concentration and activity in triplicate. 1mL of the solution was 

transferred to a sterile Eppendorf tube for SDS-PAGE protein electrophoresis and frozen 

with N2 and then stored at -20 °C. Then the precipitate was dissolved 50/50 with 8 M urea 

and TMC. Then it was frozen with N2 and stored at -20 °C for SDS-PAGE.  

2.3.2 Purification of Vibrio alkaline phosphatase variant D12W 

All purifications were performed at 4°C and at every step in the run measured in volume, 

concentration and activation in triplicate. D12W was purified through a Strep-tactin® 

Sepharose® column. The column has streptavidin attached to the Sepharose support. 

Streptavidin has high affinity for the Strep-Tag that is linked to the D12W. To get the D12W 

off the column, d-desthiobiotin was used since it competes with the Strep-tag to bind to the 

streptavidin. 

Before loading the column with the supernatant, it was loaded with HABA (2-[4’-hydroxy-

benzeneazo] benzoic acid) to make sure no desthiobiotin was bound to the streptavidin 

molecule and the solution became orange in colour. Next, the column was equilibrated with 

TMC buffer to get rid of bound HABA. When no HABA was left, the solution on the column 

became clear. Then the supernatant (see section 2.3.1) was loaded on the column and was 

bound to the column because of Strep-Tag. Next the column was washed with TMC + 0.15 

NaCl buffer to remove all other cell proteins than D12W. While washing the flow-through 
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was collected in 1mL portions in Eppendorf tubes, and the absorbance at 280 nm was 

measured in every other tube at 25 °C. When the absorbance became insignificant the elution 

buffer (TMC buffer + 15% ethylene glycol + 2.5 mM d-desthiobiotin) was loaded onto the 

column.  

The Eppendorf tubes were then pooled into bigger portions according to activity 

measurements at 405 nm. This resulted in two fractions of D12W, one with high activity and 

the other with low activity. The T112A-R113G variant was purified by the advisor using the 

same methodology (data shown in appendix). 

2.3.3 SDS-PAGE protein electrophoresis 

SDS protein electrophoresis was performed to check the purity of the samples that had their 

activity measured (see section 2.3.2) worked out. Novex® 4-20% pre-casted Tris-Glycine 

Mini Protein Gels were used for the electrophoresis. The gels were loaded into an XCell 

SureLockTM Mini-Cell. Then 200 ml of 1 x Tris-glycine buffer (0.025 M Tris, 0.195 M 

glycine and 0.1 % SDS) were added to the cathode and the anode chambers. 

Generally, 15 μL of 4 x LDS sample buffer (NuPAGE®) were added to 45 μL of each 

sample. The protein ladder was made by mixing 20 μL of Thermo Scientic PageRuler 

Prestained protein ladder, 10 µL of the NuPage® sample buffer and 20 µL of deionized 

water. The samples were left at room temperature overnight. The next day, 20 μL of the 

sample and the ladder solution were loaded to the wells for D112W1 protein, however, that 

was too much so 15 µL were loaded to the wells for D112W2 and D112W3. Voltage of 140 

V was applied until the lowest protein bands reached the bottom of the gel. The SDS protein 

electrophoresis was performed at room temperature. The gel was then washed with 30% 

ethanol solution (2% phosphoric acid, 30% ethanol) for 15 minutes, with weak shake, then 

it was washed twice with deionized water for 15 minutes and finally stained by leaving it in 

Coomassie-Brilliant-Blue R-250 dye overnight and destained the next day by washing it in 

a 30% methanol solution. 

 

2.4 Protein concentration 

The protein concentration was measured using Bradford protein assay by following Zaman 

and Verwilghen directions [18]. It was performed by mixing 250 µL of purified enzyme 

solution and 2.75 mL of Coomassie-Brilliant-Blue R-250 in a glass test tube. A blank was 

also made and then deionized water was mixed with the Coomassie-Brilliant-Blue instead 

of the enzyme solution, with the Coomassie-Brilliant-Blue R-250. After about 10 minutes, 

the absorbance was measured at 620 nm. This was done in triplicate for each solution. Then 

the protein concentration was calculated from a standard curve (y=0.0066x where y is 

absorbance at 620 nm and x is protein amount in µg) which had previously been prepared.  

2.5 Activity  

2.5.1 Alkaline phosphatase assay 

Activity measurements were done by mixing 10 µL of purified enzyme solution and 990 µL 

of a substrate solution (1 M diethanolamine buffer containing 5 mM p-nitrophenyl phosphate 
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(pNPP), 1 mM MgCl2 and pH 9.8 at 25 °C). After mixing the solutions together by using a 

latex glove over the top of the cuvette and inverting it, the absorbance was measured at 405 

nm for 30 seconds. Then the activity (U/mL) was calculated by using the absorbance results 

and Beer’s law (extinction coefficient = 18.5 L mmol-1 cm-1). 

2.5.2 Sulfatase assay 

The sulfatase assay for VAP variants, E. coli AP and wild-type VAP with deionized water 

as a blank was determined by mixing it 1:1 (1 mL total) with 50 mM Mops buffer containing 

5 mM p-nitrophenyl sulfate (pNPS) and 200 mM NaCl. It was also measured without 200 

mM NaCl for D12W2 VAP and wild-type VAP. The activity (U/mL) was measured after 5-

8 days at 405 nm. It was calculated by using Beer’s law (extinction coefficient = 16.2 L 

mmol-1 cm-1 at pH 8.0). After measuring the sulfatase activity, phosphatase activity was 

measured on the samples with the same method as in section 2.5.1. 

 

2.6 Kinetics 

The kinetic constants were determined for D12W experiments 1-3 by using pNPP, both with 

and without the presence of NaCl. The activity was measured in triplicate with 12 different 

concentrations of pNPP prepared in 24 different glasses put in two rows, with and without 

NaCl. A serial dilution of pNPP was performed by adding 4 mL of the 0.1 M CAPS buffer 

(containing 0.2 M CAPS and 2 mM MgCl2) in all of the glasses, 4 mL of 0.1 M NaCl was 

put in 12 of the glasses and 4 mL of deionized H2O in the other 12. Then, 3 mL of the buffer 

and 1 mL of pNPP was added to the first glass in both with and without NaCl sections. Then 

4 mL were taken out of the first glass of both rows and put into the next and pipetted up and 

down to mix. This procedure was repeated for all 12 glasses in the rows. After the serial 

dilution the glasses where incubated in a 10 °C water bath until they reached 10 °C.  

950 µL of the substrate solution and 50 µL of the enzyme solution (was kept on ice) were 

mixed in a plastic cuvette and the absorbance was measured at 405 nm for 30 seconds and 

the cuvettes kept with the solution overnight with parafilm on top. The activity was 

calculated from the measured absorbance by using Beer’s law (extinction coefficient =18.5 

L mmol-1 cm-1 at pH 9.8. 

The day after, the absorbance at 405 nm was measured for the cuvette solution from the day 

before, now fully hydrolysed, in order to calculate the concentration of the substrate in each 

sample. The spectrometer was zero based first with 0.1 M CAPS. It was calculated according 

to Beer’s law (extinction coefficient = 18.5 mmol-1 cm-1). The concentration of the protein 

sample was measured at 280 nm and calculated according to Beer’s law (with calculated 

extinction coefficient for VAP = 61310 M-1cm-1).  

The data analysis application, Kaleidagraph, was used to calculate the kinetic constant Km 

and Vmax with non-linear fit to the Michaelis-Menten equation: (m1*m0/ (m2+m0); 

m1=10;m2=0.1;). The kcat values were then calculated from the Vmax values, according to 

the following equation.  

   

𝑘𝑐𝑎𝑡 =
𝑉𝑚𝑎𝑥 (

𝑚𝑀
𝑚𝑖𝑛)

[𝐸] ∗ 60
𝑠𝑒𝑘
𝑚𝑖𝑛
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In the equation, [E] is the concentration the enzyme in the mixture.  

 

2.7 Temperature stability 

2.7.1 Heat stability (T50%) 

T50% is the temperature needed to reduce the enzyme’s initial activity by half in 30 minutes. 

The T50% was determined for D12W1 and D12W3 but not the D12W2 sample because there 

was not enough time to do it. The T50% value was measured by incubating 50 µL of the 

enzyme in a 450 µL of diluted TMC buffer (1/10) at 5 different temperatures (24.7 °C- 33 

°C) and measure its activity after different times. For example, at 24.7 °C, the activity was 

taken in the beginning, then again after 2 minutes and 4 minutes etc. for about 20-30 minutes. 

The TMC buffer was pre-heated at the chosen temperature for10 minutes alone before the 

enzyme was added. The time was measured when the enzyme was added to the TMC buffer 

and recorded as accurately as possible.  

The ratio of the initial activity (F0) and the remaining activity (F) was calculated. The rate 

constant (k) of the heat inactivation was obtained by plotting the natural logarithm of F/F0 

as a function of the time for each temperature (F=F0*e-kt). Then, it was possible to calculate 

the T50% value by using the Arrhenius equation. 

2.7.2 Effect of heat on global structural stability (CD) 

Circular dichroism (CD) spectroscopy can be used to detect the global heat stability of a 

protein structure as a Tm value (temperature were half of the protein is denatured). The 

mutated D12W1 enzyme and its wild-type were prepared for the circular dichroism (CD) 

spectroscopy by first removing everything that can affect the CD measurement by 

exchanging the buffer in the protein sample. That was done two ways with both the wild-

type VAP and D12W1 VAP. First, it was done by using dialysis bag the day before the 

experiment was done and, second, by using spin columns that are put in a centrifuge (Amicon 

Ultra 2 mL centrifugal filters. Ultracel – 30K). Those have filter funnels in the bottom that 

allows anything that is smaller than 30K through.  

In the first experiment (when dialysis bag was used) about 400 µL of enzyme solution was 

sealed into the dialysis bag, which was then placed in 400 mL of 25 mM MOPS that has 1 

mM MgSO4 and left at 4°C with mild stirring overnight.  

In the second experiment, when the centrifugal filters were used, 4 mL of the wild-type (2 

mL at a time) or 2 mL of D12W1 was put into the spin columns and then put into the 

centrifuge at 4000 rpm for 20 minutes. Then a buffer (25 mM MOPS with 1 mM MgSO4.) 

was added in the D12W1 spin column but 2 mL of the wild-type into the wild-type spin 

column. That was put into the centrifuge just like before, and then buffer was put into both 
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columns and put into the centrifuge at 4000 rpm. Lastly, the solutions were pipetted out of 

the spin column into Eppendorf glass. 

After preparation of the samples, they were put into a quartz cuvette and into the CD 

spectrometer and the temperature increased from 20 °C to 80°C at the rate of 1 °C/min. 

While the temperature increased the absorbance was measured at 222 nm. The data subjected 

to calculation to determine Tm by using the sigmoid curve fit equation in Kaleidagraph (m7 

+ (((m1-m2) + (m3-m4))*m0^m5)/((m6^m5) + (m0^m5)); m1=5.8e11; m2=-5.8e11; 

m3=22.19; m4=-20; m5=6.7; m6=59.37; m7=-48) 

 

2.8 Preparation of variant T112A-R113G 

2.8.1 Mutagenesis 

Site directed mutagenesis were performed with a pASK3 (StrepTag) plasmid as well as the 

pET11a plasmid containing the wild-type VAP gene, by changing A269 to G269, Both of 

them contained Strep-tag at the C-terminus. Also, a second set of primers was used where 

T112 was mutated to A112 and R113 changed to G113, 2 nucleotides (5’-TR-3’ → 5’-AG-

3’) were changed. The gene is linked with eight amino acid long Strep-tag through two amino 

acid long linker and primers used were: AP#78LEFT(T112/R113G)-forward, 

AP#78RIGHT(T112A/R113G)-reverse, AP#79LEFT(G269A)-forward and 

AP#79RIGHT(G269A)-reverse. The primers were synthesised by TAG Copenhagen A/S 

(Denmark). 

Mutagenesis were preformed according to the QuikChange® Site-Directed Mutagenesis Kit 

from Stratagene. The amounts of mixed substrates can be seen in table 2.8.1. The primer 

solutions were diluted, like the manufacturers instruction said, 1 µL primer solution to 19 

µL sterile H2O.  
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Table 2.8.1: Proportion and volume of solutions used for the site directed mutagenesis. Buffer and Pfu 

DNA polymerase were obtained from Fermentas and dNTPs were obtained from Amersham Biosciences. 

Primers were synthesised by TAG Copenhagen A/S. 

Reagent Proportion Volume (µL) 

10 x Pfu buffer 1/10 2 

dNTPs 1/5 4 

Forward primer 1/10 2 

Reverse primer 1/10 2 

Pfu DNA 

polymerase 1/40 0.5 

Sterile water 11/40 5.5 

wt plasmid 1/5 4 

 

After the mixing of substrates as seen in table 2.8.2, the PCR was preformed (GeneAmp® 

PCR system 2700, Applied Biosystems) and the program can be seen in table 2.8.2 

Table 2.8.2: PCR program used to amplify mutated plasmids. Steps 2-4 were repeated 25 times during the 

program. 

Step Temperature (°C) Time (min) 

1 95 0.5 

2 95 0.5 

3 52 1 

4 68 7 

5 72 7 

6 4                   ∞ 

 

After PCR finished the DpnI restriction enzyme was added to the solution to digest plasmids 

that were without mutation. Then the solution was incubated at 37 °C for 2-3 hours.  

2.8.2 Transformation of E. coli DH5α cells 

The TOP10 E. coli cells were transformed by using the mutated plasmid. To do that, 4 µL 

of mutated plasmids were mixed with 50 µL of TOP10 E. coli cells. Then, the solution was 

kept on ice for 15 minutes. Next, was the solution heated at 42 °C for 90 seconds and placed 

on ice for 2 minutes. 950 µL of sterilised SOC (4 LB-Broth tablets from Sigma-Aldrich, 196 

mL and 4 mL of 1 M glucose) medium were added to the solution over flame, to avoid 

contamination. The solution was then incubated for 1 hour at 37 °C on moderate shaking. 

After the hour, the solution was centrifuged at 12000 x g for 30 seconds and formed a cell 

pellet. Then most of the supernatant was removed and the leftover mixed with the precipitate, 

and spread on LB-ampicillin agar plate using sterile glass rod. The plates were incubated at 

37 °C overnight. 

The day after, a colony was added to 6 mL of Lamp medium and incubated overnight at 

37°C with moderate shaking. The transformation was carried according to information in 

Induction of Beta-Lactamase activity in Vibrio alkaline phosphatase [16].   
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2.8.3 Plasmid purification 

Plasmid purification was done by following instructions from the Thermos Scientific 

GeneJET Plasmid Miniprep Kit.  

 

2.8.4 DNA electrophoresis 

In order to make sure the plasmid purification was a success, a sample of the plasmid (see 

2.8.3) was run on a 0.6% agarose gel. The gels were made as described in Induction of beta-

Lactamase activity in Vibrio alkaline phosphatase [16]. 

Briefly, 0.3 g of agarose was first dissolved into 50 mL of 1 x TAE (Tris-acetate-EDTA) 

buffer. Then it was boiled by heating in microwave in order to dissolve it completely. The 

mixture was cooled down and 5 µL of ethidium bromide were added to the solution and 

mixed. Then it was poured into electrophoresis casting tray to solidify. When the gel was 

ready, 1 x TAE buffer was poured over the gel and into both chambers of the tray. 5 µL of 

ethidium bromide (1 mg/mL) were added to the lower chamber (anode) before samples were 

loaded. The active colouring agent in the ethidium bromide dyed the plasmid when it came 

in contact with them. Before loading the plasmid samples into the gel, 3 µL of each sample 

were mixed with 2.5 µL of agarose loading buffer. 3 µL of ladder (GeneRuler™, 1 kb DNA 

ladder) were added to 2.5 µL of buffer and mixed. Then the samples and DNA ladder were 

loaded on the gel and the gel run at 75 V. They were visualised with UV light and appeared 

as orange bands.  

2.8.5 DNA sequencing 

The DNA sequencing of the VAP mutant was done by Sanger sequencing (Beckman Coulter 

Genomics, UK). The samples were sequenced from the N-terminus and one sample from the 

C-terminus. It was done with two types of forward and backward primers (see section 2.8.1) 

to make sure to get the correct results. After the sequencing was done the results were 

compared with the wild-type sequence by using BLAST (Basic Local Alignment Search 

Tool) on the NCBI website (https://www.ncbi.nlm.nih.gov/).  
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3 Results  

 

3.1 Protein expression 

After transforming LMG194 cells with a previously prepared D12W plasmid by use of 

incubation, colonies appeared on the LB-ampicillin plates that can be seen on Figure 3.1.1 

[16]. Since they could survive the ampicillin, it is likely that the colonies carried the mutated 

plasmid. This is the basis for all 3 attempts that were done on expressing the D12W VAP 

variant (D12W1, D12W2 and D12W3). In the case presented here, one colony was selected 

and grown in LB culture medium (2 L) with ampicillin at 18-20°C. The O.D. (optical 

density) was 0.252 before induction of VAP the expression was performed, although it 

would have been better at 0.5-0.7 as recommended. The O.D. measured 24 hours after 

stimulation was 3.615. 

 

Figure 3.1.1: LMG194 E. coli cells containing the D12W VAP plasmid streaked over LB-ampicillin agar 

plates.  
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3.2 Purification tables 

3.2.1 Purification of D12W experiments  

The purification process for D12W1 VAP is summarised in figure 3.2.1 and table 3.2.1. 

 

Figure 3.2.1: Purification of D12W1 VAP variant by affinity chromatography. The purification of the 

D12W1 VAP variant was done with Strep-tactin® resin at 4 °C with the flow rate 1 mL/min. Samples were 

collected in 1 mL portions and absorbance at 405 nm can be seen on the figure. 1: The column was washed 

with 20 mM Tris, 10 mM MgCl2 (TMC) + 0.15 M NaCl. 2: The bound enzyme was eluted of the column with 

elution buffer (TMC buffer + 15% ethylene glycol + 2.5 mM desthiobiotin).  

During the elution the collection, tubes were split in two groups, one containing collection 

tubes with high activity (5.25 mL) and the other with less activity (10.7 mL) as shown in 

table 3.2.1. The highest specific activity was 52.7 U/mg. Activity in the clarified cell culture 

supernatant must have been underestimated since the yield was well over 100%. 
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Table 3.2.1: Protein purification table for the D12W1 VAP variant. The purification of D12W1 variant was 

done with a Strep-tactin® Sepharose® column. Activity was measured at 405 nm where enzyme was added to 

1 M diethanolamine buffer containing 5 mM p-nitrophenyl phosphate (pNPP), 1mM MgCl2 and pH 9.8 at 25 

°C. The protein concentration was measured using Bradford protein assay and was calculated from standard 

curve with y=0.008x at 620 nm.  

 

The purity of the D12W1 samples taken between changes in the Strep-tactin® Sepharose® 

column eluant as well as in the cell-culture supernatant before purification was determined 

with SDS-PAGE protein electrophoresis (see section 2.3.3). The gel can be seen on figure 

3.2.2. 

Sample 
Volume 
(mL) 

Activity 
(U/mL) 

Protein 
(mg/mL) 

Specific activity 
(U/mg) 

Protein 
(mg) 

Activity 
(U) 

Yield 
(%) 

 
Purification factor 
(X) 

Supernatant 74 0.0640 2.37 0.0270 176 4.74 100 1 

Flow through 88 0.114 2.08 0.055 10.0 10.0 212 2.0 

NaCl wash 57 0.143 0.525 0.27 29.9 8.15 172 10 

Strong elute 5.25 26.4 0.501 52.7 2.63 139 2929 1951 

Weak elute 10.7 8.61 0.497 17.3 5.31 92.2 1946 640 
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Figure 3.2.2: SDS electrophoresis of D12W1 samples at different times during the purification of the 

variant. A NuPage (R) 4-20% pre-casted Tris-Glycine Mini Protein gel was used for the electrophoresis. A 

Tris-glycine running buffer (0.025 M Tris, 0.195 M glycine and 0.1% SDS) was poured into the anode and 

cathode chambers. Samples were prepared by mixing 15 µL of NuPage (R) LDS Sample Buffer (4X) and 45 

µL of sample solution. About 20 µL of sample were loaded into the wells of the gel with a syringe and the gel 

was run at 140 V. The gel was washed with 30% ethanol solution (2% phosphoric acid, 30% ethanol), twice 

with deionized H2O. It was stained with Coomassie-Brilliant-Blue R-250 dye and destained by washing in a 

30% methanol solution. 1: Is the ladder. 2: Is Supernatant, 3: Is the precipitate, 4: Is the Flow through, 5: Is 

the NaCl wash, 6: Is the strong elute, 7: Is the weak elute.  

The SDS gel should show that the pooled samples became purer with each purification step. 

The first three wells after the ladder, wells 2-4, (supernatant, precipitate and flow through) 

contain many bands which indicates various cell proteins were present in the solution. 

Unfortunately, the picture of the wells is not good enough to show the VAP band that came 

for the strong elute (well 6) and weak elute (well 7). Though there was one band for each 

(around 55 kDa) which indicates that the purification was a success.  
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3.2.2 Purification of D12W experiment 2 

The purification process for D12W2 VAP is summarised in figure 3.2.3 and table 3.2.2. 
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Figure 3.2.3: Purification of D12W2 VAP variant by affinity chromatography. The purification of the 

D12W2 VAP variant was done with Strep-tactin® resin at 4 °C with the flow rate 1 mL/min. Samples were 

collected in 1 mL portions and absorbance at 405 nm can be seen on the figure. 1: The column was washed 

with TMC + 0.15 M NaCl. 2: The bound enzyme was eluted of the column with elution buffer (TMC buffer + 

15% ethylene glycol + 2.5 mM desthiobiotin). 

During the elution the collection tubes were divided in two groups, one containing collection 

tubes with high activity (collecting tubes 5 – 10, 8.0 mL) and the other with less activity 

(collecting tubes (11-19, 15.0 mL). As can be seen in table 3.2.2, the highest specific activity 

obtained was 5.5 U/mg with approximately 15% yield. 
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Table 3.2.2: Protein purification table for the D12W2 VAP variant. The purification of D12W2 variant on 

a Strep-tactin® Sepharose® column. Activity was measured at 405 nm where enzyme was added to 1 M 

diethanolamine buffer containing 5 mM p-nitrophenyl phosphate (pNPP), 1mM MgCl2 and pH 9.8 at 25 °C. 

The protein concentration was measured using Bradford protein assay and was calculated from standard curve 

with y=0.008x at 620 nm.  

 

The purity of the D12W2 samples collected under different elution conditions from the Strep-

tactin® Sepharose® column as well as the precipitate before purification was determined 

with SDS-PAGE protein electrophoresis (see section 2.3.3). The gel can be seen on figure 

3.2.4. 

 

Sample 
Volume 
(mL) 

Activity 
(U/mL) 

Protein 
(mg/mL) 

Specific activity 
(U/mg) 

Protein 
(mg) 

Activity 
(U) 

Yield 
(%) 

Purification factor 
(X) 

Supernatant 125 0.047 0.823 0.057 103 5.88 100 1 

Flow through 106 0.070 0.760 0.092 80.5 7.42 126 1.6 

NaCl wash 232 0.038 0.016 2.46 3.59 8.82 150 43.0 

Strong elute 8 0.114 0.021 5.50 0.166 0.912 15.5 96.3 

Weak elute 15 0.010 0.021 0.458 0.318 0.146 2.48 8.01 
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Figure 3.2.4: SDS electrophoresis of D12W2 samples at different times during the purification of the 

variant. A Nover (R) 4-20% pre-casted Tris-Glycine Mini-Protein gel was used for the electrophoresis. A Tris-

glycine running buffer (0.025 M Tris, 0.195 M glycine and 0.1% SDS) was poured into the anode and cathode 

chamber. Samples were prepared by mixing 15 µL of NuPage (R) LDS Sample Buffer (4X) and 45 µL of sample 

solution. About 15 µL of sample were loaded into the wells of the gel with a syringe and the gel was run at 140 

V. The gel was washed with 30% ethanol solution (2% phosphoric acid, 30% ethanol), twice with deionized 

H2O. It was stained with Coomassie-Brilliant-Blue R-250 dye and destained by washing in a 30% methanol 

solution. 1: Is the ladder. 2: Is Supernatant, 3: Is the precipitate, 4: Is the Flow through, 5: Is the NaCl wash, 

6: Is the strong elute, 7: Is the weak elute. 

The results for the SDS electrophoresis of the D12W2 are the same as for the D12W1. 
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3.2.3 Purification of D12W experiment 3 

The purification process for D12W3 VAP is summarised in table 3.2.3. 

 

Table 3.2.3: Protein purification table for the D12W3 VAP variant. The purification of D12W3 variant done 

with a Strep-tactin® Sepharose® column. Activity was measured at 405 nm where enzyme was added to 1 M 

diethanolamine buffer containing 5 mM p-nitrophenyl phosphate (pNPP), 1mM MgCl2 and pH 9.8 at 25 °C. 

The protein concentration was measured using Bradford protein assay and was calculated from standard curve 

with y=0.008x at 620 nm.  

 

The purity of the D12W2 samples taken between changes in the Strep-tactin® Sepharose® 

column as well as the precipitate before purification was determined with SDS-PAGE 

protein electrophoresis (see section 2.3.3). The gel can be seen on figure 3.2.5. 

 

Sample 
Volume 
(mL) 

Activity 
(U/mL) 

Protein 
(mg/mL) 

Specific activity 
(U/mg) 

Protein 
(mg) 

Activity 
(U) 

Yield 
(%) 

Purification factor 
(x) 

Supernatant 121 0.002 1.50 0.001 181.5 0.270 100 1 

Flow through 135 0.044 1.330 0.033 179.6 5.940 2200 33 

NaCl Wash 10 0 0.003 0 0.03 0 0 0 

Eluate 7.5 0.006 0.130 0.046 0.975 0.045 16.7 46 
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Figure 3.2.5: SDS electrophoresis of D12W3 samples at different times during the purification of the 

variant. A NuPage® 4-20% pre-casted Tris-Glycine Mini Protein gel was used for the electrophoresis. A Tris-

glycine running buffer (0.025 M Tris, 0.195 M glycine and 0.1% SDS) was poured into the anode and cathode 

chamber. Samples were prepared by mixing 15 µL of NuPage (R) LDS Sample Buffer (4X) and 45 µL of sample 

solution. About 15 µL of sample were loaded into the wells of the gel with a syringe and the gel was run at 140 

V. The gel was washed with 30% ethanol solution (2% phosphoric acid, 30% ethanol), twice with deionized 

H2O. It was stained with Coomassie-Brilliant-Blue R-250 dye and destained by washing in a 30% methanol 

solution. 1: Is the ladder.2-5: purification other students did 6: Is Supernatant, 7: Is the Precipitate, 8: Is the 

Flow through, 9: Is the NaCl wash, 10: Is the strong elute, 11: Is the weak elute. 12-15: purification other 

students did 

The SDS gel shows how the samples became purer with each purification step. Wells 6-8 

(Supernatant, Precipitate and Flow through) contain bands that show various cell proteins 

that either did not bind to the Strep-tactin® Sepharose® column (Precipitate) or did not bind 

to it. A clear single band can be seen in wells 9 (NaCl wash), 10 (Strong elute) and 11 (Weak 

elute) around 60 kDa which indicates that the purification was a success.  
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3.3 Kinetic properties 

The kinetic constants Km and kcat were determined for the VAP mutant D12W in 3 

experiments by using pNPP as a substrate with and without NaCl (see section 2.6). Km is the 

concentration of the substrate at ½ Vmax (maximum rate), that means when the reaction rate 

is half of the maximum rate. Therefore, at Vmax the substrate concentration is much higher 

than Km, and the enzyme is saturated.  The kcat value is often called the turnover number 

because it represents the number of substrate molecules each saturated enzyme can convert 

to product per unit of time. The kcat/Km is used when the enzyme is not saturated to compare 

the catalytic efficiency of different enzymes. Table 3.3.1 shows the Km, kcat and kcat/Km 

results with and without NaCl. To see tables and graphs on the three experiments see 

Appendix.  

Table 3.3.1: Kinetic constants and the kcat/Km ratio of D12W VAP variant. The kinetic constants were 

measured at 10 ¨C with different concentrations of pNPP in 0.1 M CAPS buffer, 1mM MgCl2 and then with or 

without 100 mM of NaCl (n=3). 

 

NaCl Km (µM) kcat (s-1) kcat/Km (mM-1s-1) 

0 mM 24.1 ± 11.8 13.3 ± 4.6 597 ± 202 

100 mM 45.5 ± 2.2 16.7 ± 3.6 366 ± 73 

3.4 Temperature stability 

3.4.1 Heat stability (T50%) 

The rate constants for thermal inactivation (T50%) was found by plotting the time of 

incubation of the enzyme on the x axis and natural logarithm (ln) of the activity on y axis. It 

was done for five different temperatures from 24.7 °C up to 33 °C. By multiplying the linear 

slopes from the graphs with -1 the rate constants were found (k). 1000 was divided by the 

temperature (K) for each graph and the temperature and the ln of rate constant used to draw 

an Arrhenius graph. By using the Arrhenius equation, it was possible to calculate T50%. Then, 

the activation energy was calculated by using m= -Ea/R. The thermal activity and the 

activation energies (Ea) are shown in table 3.4.1 and the Arrhenius graphs are shown in 

appendix (figures A.9 and A.10).  
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Table 3.4.1: T50% and Ea values for the D12W VAP. The enzyme was incubated at different temperatures in 

a 20 mM Tris, 10 mM MgCl2, pH 8 buffer. The activity was measured after different incubation times. The 

T50% values and the activation energy for thermal inactivation are shown in the table as well as the mean. 

 

 

 

 

 

D12W VAP has the T50% value of 28.1 ± 0.6 °C which is little higher than for a wild-type 

VAP at 23.3 ± 0.8 °C, and the activation energy at 76 ± 22.6 kJ/mol was lower than the wild-

type VAP at 126 ± 13 kJ/mol [19]. However, it has similar T50% and Ea as VAP mutant 

T112A/R113E/W374K which has the T50% as 28.7 ± 0.4 °C and Ea as 84 ± 25 kJ/mol. The 

wild-type and T112A/R113E/W274K mutant were measured in previous experiments by 

Tinna Pálmadóttir [19]. 

3.4.2 Tm (CD) 

The global structural heat stability of the mutated D12W enzyme and the wild-type was 

supposed to be measured by circular dichroism (CD) spectroscopy (see section 2.7.2). 

However, the D12W enzyme was not concentrated enough, so no results came from it.  

The results for the wild-type showed that the Tm for the wild-type was determined as 48.7 

°C. This is 5 °C lower than the wild type value that was previously measured (done by Arnór 

Ingi Sigurðsson [16]) which were 53.3 ± 0.3°C. The results from the sigmoid curve fit graph 

can be seen in graph 3.4.1. 

Sample T50% (°C) Ea (kJ/mol) 

1 27.7 60 

2 28.5 92 

Mean 28.1 ± 0.57 76 ± 22.6 
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Figure 3.4.1: Heat stability of the global structure of wild-type VAP. Here is shown the normalized 

denaturation curve for wt VAP. The enzyme was dialysed in 25 mM MOPS buffer that contained 1 mM MgSO4. 

The temperature increased from 20 °C to 80 °C at a rate of 1 °C/min and the absorbance was measured at 222 

nm while the temperature increased.   

3.5 Site-directed mutagenesis 

3.5.1 Transformation of E. coli DH5α cells 

Since the D12W variant was not as active as had been anticipated from previous results [16], 

it was decided to redo an earlier variant that was previously not fully characterized in terms 

of sulfatase activity [17], namely T112A-R113G. We also made a second attempt at 

producing the A269G variant with the aim of testing its phosphatase and sulfatase activity. 

Site-directed mutagenesis was performed as described in section 2.8.2. After transformation 

into DH5a cells (TOP10) and incubation overnight, white colonies appeared on the LB-

ampicillin plate which indicates that the transformation was a success. 
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3.5.2 Plasmid purification 

The plasmids for T112A-R113G (see section 2.8.1) were purified (see section 2.8.3) and 

DNA electrophoresis was performed on them to confirm purity of the samples. The mutated 

plasmids were purified from the DH5α cell cultures and three samples were taken and loaded 

in the wells of the electrophoresis agarose gel which showed that all samples contained 

purified plasmids, with a slight contamination as seen in the top of figure 3.5.1.  

 

Figure 3.5.1: DNA electrophoresis of purified plasmid from E.coli DH5α cell cultures. Well 1 contains the 

ladder GeneRuler™ 1 kb DNA ladder. Well 2: contains sample T112A-R113G (1). Well 3 and 5: contains 

sample T112A-R113G (2). Well 3: contains T112A-R113G (3).   

3.5.3 DNA sequencing 

The results from the sequencing of the T112A-R113G can be seen in table 3.5.1 and show 

that only mutation of T112A-R113G was obtained with comparison with wild-type VAP. 

The site-directed mutagenesis of A269G failed for an unknown reason. 

Table 3.5.1: Summary of the mutation and its primers. Primers were synthesised by TAG Copenhagen A/S 

and the sequencing performed by Genewiz, London. 

 

 

 

Genotype Sequence 

Wt 5‘-AGKATGLVSDTRLTHATPASFAAHQPHRSLENQI-3‘ 

T112A-R113G 5‘-AGKATGLVSDAGLTHATPASFAAHQPHRSLENQI-3‘ 
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3.6 Promiscuous activity 

Due to time restraint, the cost of substrate, and the variable quality of the isolated protein, it 

was not deemed feasible do the beta-lactamase assay on the D12W variant. However, the 

sulfatase assay was done instead to see if there was any promiscuous activity. The sulfatase 

activity of the three D12W experiments and the wild-type was measured with 10 mM p-

nitrophenyl sulfate in 0.1 M MOPS, containing 200 mM NaCl. The sulfatase activity was 

also determined for VAP variant T112A-R113G and E. coli AP with or without NaCl to see 

if there was any difference in activity. There was minimal sulfatase activity with D12W2. 

However, the sulfatase activity for wild-typeVAP-st2 was measureable and more when no 

NaCl was in the solution than when in its presence (see appendix for more information). The 

phosphatase activity was also measured at 405 nm and can be seen in table 3.6.1.  

Figure 3.6.1 shows a second comparison of sulfatase activity for the T112A-R113G variant 

with wild-type VAP and E. coli AP using p-nitrophenyl sulfate as substrate. As expected, E. 

coli AP was active from the start of the experiment, whereas VAP displayed a lag of two 

days. This was linked with a fall in phosphatase activity using p-nitrophenyl phosphate as 

substrate (Figure 3.6.2).  

 

Table 3.6.1: Sulfatase activity measured with and without NaCl. The sulfatase activity was measured at 

405nm with MOPS, pNPS and then with and without 200 mM NaCl. It was measured for D12W2, D12W3, wild-

type, T112A-R113G and E. coli AP after 5-8 days. But not all enzymes were measured in each experiment. 

Only D12W2 and wild-type were in both with and without NaCl. Phosphatase activity was also determined 

using a standard assay at the end of the incubation period as a measure of enzyme quantity. After measuring 

the sulfatase activity the phosphatase activity was measured at 405 nm with 5 mM pNPP in a 1.0 M 

diethanolamine buffer that contained 1.0 mM MgCl2.   

 Sulfatase Sulfatase Phosphatase ± (n=3) 

 with NaCl (U/mL) without NaCl (U/mL) (U/mL)  

D12W2 0.0053 ± 0.0067 0 0.114  

D12W3 0 NA 0.006  

wt VAP-st2 0.0027 ± 0.0046 24 ± 29 187.3 17.1 

E. coli AP NA 1577 ± 150.6 2.0 0.1 

T112A-R113G NA 78 ± 17.6 76.0 3.9 
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Figure 3.6.1: Sulfatase activity compared. The sulfatase activity was measured at 405nm with 100 mM 

MOPS, pNPS and then with and without 500 mM NaCl at pH 8. The sulfatase activity was compared between 

ECAP, VAP and T112A-R113G variant with and without NaCl. Incubation and the assay were performed at 

25°C. This figure was made by Bjarni Ásgeirsson, the advisor.   

If we look at figure 3.6.1. We can see that the sulfatase activity is much higher when there 

is no NaCl in the solution. ECAP is the only enzyme that shows activity with NaCl in its 

solution. The VAP activity acts differently than the other activities. When it shows it peaks 

and then goes down while in the others the activity continues to rise. 

 

It can be seen that the phosphatase activity (i.e. stability with time) was higher when 500 

mM NaCl was in the solution as figure 3.6.2 shows. The change was much greater in wild-

type VAP compared with the T112A-R113G variant. No NaCl effect was seen with E. coli 

AP.  
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Figure 3.6.2: Phosphatase activity compared. The phosphatase activity was measured at 405 nm with 5 mM 

pNPP in a 1.0 M diethanolamine buffer that contained 1.0 mM MgCl2. The change in phosphatase activity was 

compared between ECAP, VAP and the T112A-R113 variant with and without 500 mM NaCl at pH 8 in 100 

mM MOPS. Incubation and the assay were preformed at 25°C This figure was made by Bjarni Ásgeirsson, the 

advisor.   
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4 Discussion  

The aim of this project was to see if two different types of VAP mutations, D12W and 

T112A-R113G, had promiscuous activity with and without NaCl. The aim was also to 

determine the heat stability on D12W, which in previous project was found to be very active 

[16]. Measurements that were done on the D12W were kinetics, heat stability (T50%), 

phosphatase activity, sulfatase activity, and we tried to do global heat stability which did not 

work. 

4.1 Purification of D12W 

The three experiments on D12W gave very different results with regards to specific activity. 

The D12W1 experiment gave very strange results with yield of 2929% which should not be 

over 100%. The specific activity was 53.7 U/mg and the cause might be that the Strep-

tactin® Sepharose® column was reused and could have had some enzymes left from 

previous experiments. D12W2 had 5.5 U/mg with 15.5% yield. The D12W3 had only 0.046 

U/mg with 16.7% yield it was, however, the only experiment that had the weak eluate and 

the strong eluate combined. The higher the specific activity was, the higher the purification 

factor was. The highest purification factor was 1951 in D12W1 and the lowest was 46 in 

D12W3. When the D12W variants were purified it gave clear bands between 55 and 60 kDa 

in all experiments. Previous results gave specific activity of 6265 U/mg and purification 

factor of 373 [16]. When comparing D12W with those results we can see that the specific 

activity is much lower in this experiment.  

4.2 Preparation of variant T112A-R113G 

The transformation of E coli DH5 alpha cells for the T112A-R113G was a success in the 

second attempt. In the first attempt, there was no growth on the LB-ampicillin agar plate. It 

is likely that the PCR did not work. The plasmid purification went well, all the wells had 

bands shown at about 11.000 base pairs (bp) with only slight contamination. After that the 

DNA sequencing proved that the mutation of T112A-R113G was successful, though it was 

not possible to BLAST one of the four sequences done. SDS-PAGE gel confirmed that, it 

had single bands at around 60 kDa. The variants specific activity in the strong elute was 

1706 U/mg while the specific activity from previous experiment, that Sigríður Edda 

Freysteinsdóttir executed, had specific activity at 1085 U/mg [17]. So, the purification gave 

more specific activity than previously.  

4.3 Kinetics 

The kinetic measurements were performed with and without 100 mM NaCl for the three 

D12W variants as phosphatases (see section 2.6). The mean of Km from the experiments 

with NaCl was 45.5 ± 2.2 µM while without NaCl was 24.1 ± 11.8 µM. The mean of kcat 

with NaCl was 16.7 ± 3.6 s-1 and without NaCl was 13.3 ± 4.6 s-1. The mean of kcat/Km with 

NaCl was 366 ± 73 mM-1s-1 and without NaCl it was 597 ± 202 mM-1s-1 which indicates that 

if NaCl is present the catalytic efficiency is decreased. 

When these results are compared to wild-type VAP results that had 500 mM NaCl, with 

kcat/Km value of 1060 ± 140 mM-1s-1, we can see that the D12W variant has a considerably 
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lower catalytic efficiency than the wild-type (wt) VAP. The D12W variant also had lower 

Km than the wt (132 ± 36 µM) which indicates that changing aspartic acid (D) for tryptophan 

(W) at position 12 in VAP makes the enzyme affinity for its substrate higher. It also has 

lower kcat value than its wt (140 ± 10 s-1) which indicates that the rate of reaction after binding 

the substrate is lower in the mutant than in its wt [15].  

4.4 Heat stability and global structural stability 

The figures for heat stability of the D12W VAP variant went for some reason in different 

direction than is normal, since it had a positive slope it indicates that it would be more stable 

at higher temperatures which it is not. It is unknown why these results happened. The results 

showed that the heat stability of D12W VAP variant was slightly higher than its wild-type 

(wt) T50% value of 28.1 ± 0.57 °C vs. T50% at room temperature [20].  That indicates that the 

active site of the D12W VAP variant is more stable than the wt. It shows similar properties 

as the T112A/R113E/W274K variant that was researched in previous studies. The similarity 

shows that it had higher T50% and lower Ea, at 76 ± 22.6 kJ/mol, than its wild-type just like 

the other variant, and was within the standard error margin for that variant [19].   

A measure of the global structural stability of D12W was attempted, but there was not 

enough protein concentration for it to be obtained. Two attempts were made and neither 

worked. However, the wild type did give one Tm result of 48.7 °C and that is within 5 °C 

from previous results, made by Arnór Ingi Sigurðsson, which gave Tm value of 53.3 ± 0.3 

°C [16]. It must be noted that the circular dichroism instrument was not fully functional due 

to noice and reduced sensitivity. 

4.5 Promiscuous activity 

As stated in section 1.5, the ionic strength of the solution can affect the enzymes promiscuous 

activity, such as when NaCl concentration is higher the activity is lower [15]. The results 

obtained in this experiment showed the same results for ECAP, wt VAP and T112A-R113G 

but the D12W results showed the opposite occuring in a very little amount and it is, therefore, 

highly unlikely that D12W has sulfatase activity.  

For the other VAP variant T112A-R113G, wt VAP and ECAP, the NaCl concentration 

affected the sulfatase activity negatively and in the mutations there was a minor activity 

which was unnoticeable in figure 3.6.1. The ECAP sulfatase showed generally the most 

sulfatase activity, except at 3 days after the assay began, then for some strange reason the 

VAP sulfatase was higher. The VAP sulfatase activity did act differently than the others, it 

started in day 3 quite potent and then it dropped on day 5, the others, ECAP and T112A-

R113G VAP variant increased in activity as time passed. So the VAP mutation T112A-

R113G had more similar sulfatase activity to ECAP rather than the wt VAP. 

As seen in figure 3.6.2, phosphatase activity increased when the enzyme was in the presence 

of NaCl. The measured activity was very similar whether the NaCl for the ECAP enzyme 

was included or excluded. For the VAP enzymes it varied considerably. The wt VAP had 

the biggest difference between solutions with and without NaCl regarding phosphatase 

activity. In the T112A-R113G variant, the activity dropped when the days passed and had 

the least activity when NaCl was in the solution. The activity for the other enzymes did not 

alter much after the first day of the assay.   
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As seen in table 3.6.1 (section 3.6), the phosphatase activity was highest in the wt VAP at 

187.3 U/mL, the VAP T112A-R113R variant was the second highest with 76.0 U/mL and 

the ECAP had the phosphatase activity value 2.0 U/mL. The sulfatase activity was the exact 

opposite, with ECAP having the most activity at 1577.5 U/mL and the wt VAP had the 

sulfatase activity value of 24.5 U/mL was the least active of the once that were active. These 

results indicate that there was too much salt concentration in the VAP enzymes for its 

sulfatase promiscuity to be as active as ECAP (see section 1.5) and could, therefore, be a lot 

higher when the phosphatase activity lowers. For that reason, it would be a good idea for 

following projects to perform an experiment where salt concentration is lowered on the AP 

variants by using filtration in spin-columns (Amicon YM30). 

 

4.6 Conclusions 

The results from this study indicate that different variables have an effect on enzyme 

behaviour and its heat stability. The D12W VAP variant displayed a higher T50% than its 

wild-type counterpart which indicates that it is more stable than the wild-type and, therefore, 

less flexible. It has lower kinetic values (Km, kcat, and kcat/Km) than the wild-type which 

indicates that changing aspartic acid (D) for tryptophan (W) in position 12 in VAP makes 

the enzyme affinity for its substrate higher and its rate of reaction after binding the substrate 

lower than seen in the wild-type. The variant did not have any noticeable sulfatase activity 

and had low phosphatase activity as well.  

The T112A-R113G VAP variant had lower phosphatase activity and higher sulfatase activity 

compared with the wild-type but the ECAP had even lower phosphatase activity and, 

therefore, higher sulfatase activity.   

NaCl concentration does have an effect on the enzymes catalytic efficiencies as well as their 

activity. If there is NaCl in the solution of the AP enzymes, the enzymes catalytic efficiency 

and its sulfatase activity goes down while its phosphatase activity goes up [15]. It would 

therefore be interesting in following projects to see how the activity would be if the salt 

concentration is lowered on the AP variants by using filtration in spin-columns (Amicon 

YM30). 
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Appendix A 

Purification data for the VAP mutant T112A-R113G 

Purification of the VAP mutant T112A-R113G on Strep-tactin ® affinity column was 

done by Bjarni, the advisor, and here are the results from that. Section 3.2 gives 

information on how the purification was done. However, when the flow through went 

through it was collected in 1.5 mL instead of the 1 mL. Table A.1 and figure A.1 show 

results from the purification. 

 

Figure A.1: Purification of T112A-R113G VAP variant by affinity chromatography. The purification of 

the T112A-R113G variant was done with Strep-tactin ® resin at 4°C with the flow rate 1mL/min. Samples were 

collected in 1.5 mL portions and absorbance at 405 nm can be seen on the figure. 1: The column was washed 

with 20 mM Tris 10 mM MgCl2 (TMC) + 0.15 M NaCl. 2: The bound enzyme was eluted of the column with 

elution buffer (TMC buffer + 15% ethylene glycol + 2.5 mM desthiobiotin). 

 

Table A.1: Protein purification table for the T112A-R113G VAP variant. The purification of T112A-

R113G variant done with a Strep-tactin® Sepharose® column. Activity was measured at 405 nm where enzyme 

was added to 1 M diethanolamine buffer containing 5 mM p-nitrophenyl phosphate (pNPP), 1 mM MgCl2 and 
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pH 9.8 at 25 1C. The protein concentration was measured using Bradford protein assay and was calculated 

from standard curve with y=0.008x at 620 nm. 

Sample 
Volume 
(mL) 

Activity 
(U/mL) 

Protein 
(mg/mL) 

Specific 
activity 
(U/mg) 

Activity 
(U) 

Protein 
(mg) 

Yield  
(%) 

Purification 
factor  
(x) 

Supernatant 211 18.7 0.588 31.8 3945.7 124.1 100.0 1.0 

Flow through 221 1.673 0.547 3.1 369.7 120.9 9.4 0.1 

Wash 121 0.012 0.018 0.7 1.5 2.2 0.0 0.0 

Wash with 500 
mM NaCl 85 0.19 0.081 2.3 16.2 6.9 0.4 0.1 

Strong elute 
(fractions 15-25) 10.8 141.6 0.083 1706.0 1529.3 0.9 38.8 53.6 

Weak elute 
(fractions 26-52)  26 48 0.053 905.7 1248.0 1.4 31.6 28.5 

 

The purity of the mutant was determined with SDS-PAGE protein electrophoresis (see 

section 2.3.3). It was determined on samples in fractions 15, 19, 21, 23, 25, 27, 29, 31, 

33 and 35. The gel can be seen on figure A.2. 
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Figure A.2: SDS electrophoresis of T112A-R113G samples after purification of the variant. A NuPage ® 

4-20% pre-casted Tris-Glycine Mini Protein gel was used for the electrophoresis. A Tris-glycine running buffer 

(0.025 M Tris, 0.195 M glycine and 0.1% SDS) was poured into the anode and cathode chambers. Samples 

were prepared by mixing 15 µL of NuPage® LDS Sample Buffer (4X) and 45 µL of sample solution. About 20 

µL of sample were loaded into the wells of the gel with a syringe and the gel was run at 140 V. The gel was 

washed with 30% ethanol solution (2% phosphoric acid, 30% ethanol), twice with deionized H2O. It was 

stained with Coomassie-Brilliant-Blue R-250 dye and destained by washing in a 30% methanol solution. 1: Is 

the ladder. 2: Is sample from fraction 15. 3: Is sample from fraction 19. 4: Is sample from fraction 21. 5: Is 

sample from fraction 23. 6: Is sample from fraction 25. 7: Is sample from fraction 27. 8: Is sample from fraction 

29. 9: Is sample from fraction 29. 10: Is sample from fraction 31. 11: Is sample from fraction 33. 12: Is sample 

from fraction 35.  

Figure A.2 shows bands at around 60 kDa for all sample groups, it means that the purification 

was a success. Samples from wells 3 to 5 were darker and, therefore, pooled together with 

two wells from each side (fractions 15-25) and the rest was pooled together (fractions 26-

52).  
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Kinetics data  

Three different experiments were performed for the D12W VAP variant in two different 

types of buffers, both had different concentrations of pNPP in 0.1 M CAPS buffer and 1 

mM MgCl2 but they varied with having NaCl. One had 100 mM NaCl while the other 

one had none. The mean and SEM were calculated for each experiment and put into table 

3.3.1 (see section 3.3). 

Table A.2:  Kinetic constants and the kcat/Km ratio of D12W VAP variant. The kinetic constants were 

measured at 10 °C with different concentrations of pNPP in 0.1 M CAPS buffer containing 1mM MgCl2. The 

constant was measured three times and the mean and SEM were calculated. 

 Sample Km (µL) kcat (s-1) kcat/Km (M-1s-1) 

D12W1 13.5 8.3 613.6 

D12W2 22 17.4 791.6 

D12W3 36.9 14.3 388.3 

Mean 24.1 13.3 597.8 

SEM 11.8 4.6 202.1 

 

Table A.3: Kinetic constants and the kcat/Km ratio of D12W VAP variant with 100 mM NaCl. The kinetic 

constants were measured at 10 °C with different concentrations of pNPP in 0.1 M CAPS buffer containing 

1mM MgCl2 and 100 mM NaCl. The constant was measured three times and the mean and SEM were calculated 

 Sample Km (µL) kcat kcat/Km (M-1s-1) 

D12W1 43.6 12.8 293.3 

D12W2 48 17.6 366.2 

D12W3 45 19.8 440.2 

Mean 45.5 16.7 366.6 

SEM 2.2 3.6 73.5 
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Figure A.3: Non-linear fit to the Michaelis-Menten equation, D12W1. The experiment was performed at 10 

°C. pNPP in a 0.1 M CAPS buffer containing 1.0 mM MgCl2. Km: 13.5 µM, kcat: 8.3 s-1, kcat/Km: 613.6 M-1 s-1, 

Vmax: 0.54 mM/min. R:0.96635.  
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Figure A.4: Non-linear fit to the Michaelis-Menten equation, D12W1. The experiment was performed at 10 

°C. pNPP in a 0.1 M CAPS buffer containing 1.0 mM MgCl2 and 100 mM NaCl. Km: 43.6 µM, kcat: 12.8  s-1, 

kcat/Km: 293.3 M-1s-1, Vmax: 0.83 mM/min. R:0.94698. 



44 

0

0,5

1

1,5

2

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14

A
c
ti
v
it
y
 (

U
/m

L
)

Concentration (mM)
 

Figure A.5: Non-linear fit to the Michaelis-Menten equation, D12W2. The experiment was performed at 10 

°C. pNPP in a 0.1 M CAPS buffer containing 1.0 mM MgCl2. Km: 22.0 µM, kcat: 17.4 s-1, kcat/Km: 791.6 M-1s-

1, Vmax: 1.87 mM/min. R:0.99539. 
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Figure A.6: Non-linear fit to the Michaelis-Menten equation, D12W2. The experiment was performed at 10 

°C. pNPP in a 0.1 M CAPS buffer containing 1.0 mM MgCl2 and NaCl. Km: 48.1 µM, kcat: 17.6 s-1, kcat/Km: 

366.2 M-1s-1, Vmax: 1.89 mM/min. R: 0.96043. 
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Figure A.7: Non-linear fit to the Michaelis-Menten equation, D12W3. The experiment was performed at 10 

°C. pNPP in a 0.1 M CAPS buffer containing 1.0 mM MgCl2. Km: 36.9 µM, kcat: 14.3 s-1, kcat/Km: 388.3 M-1s-

1, Vmax: 1.40 mM/min. R:0.98112. 
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Figure A.8: Non-linear fit to the Michaelis-Menten equation, D12W3. The experiment was performed at 10 

°C. pNPP in a 0.1 M CAPS buffer containing 1.0 mM MgCl2. Km: 45.0 µM, kcat: 19.8 s-1, kcat/Km: 440.2  M-1s-

1, Vmax: 1.94 mM/min. R:0.9833. 
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Heat stability data 

The T50% experiment was made on D12W1 and D12W3. It was performed with a TMC 

buffer at different temperatures and the logarithm off the results were graphed against 

time. Then the natural logarithm of the slope (K) was graphed against 1000/time for all 

the temperatures. The graphs, A.9 and A.10, here below show the results from the 

experiment. 
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Figure A.9: An Arrhenius graph for the heat inactivation of D12W1 VAP in TMC buffer. This experiment 

was performed at five different temperatures: 24.7 °C, 26.7 °C, 28.7 °C, 30.8 °C and 32.8 °C. Trend line: 

y=7.1694x – 31.69. R2=0.9117. T50% = 300.9 K/27.7 °C. 
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Figure A.10: An Arrhenius graph for the heat inactivation of D12W3 VAP in TMC buffer. This 

experiment was performed at five different temperatures: 25 °C, 27 °C, 29 °C, 31 °C and 33 °C. However, the 

33 °C was so inaccurate it was not used in this graph. Trend line: y=11.002x – 44.33. R2=0.8736. T50% = 301.7 

K/28.5 °C. 

 

Promiscuous activity data 

The sulfatase assay was performed with MOPS, p-nitrophenylsulfate and then either with or 

without NaCl. It was done in triplicate for both with and without NaCl.  

Table A.4: The sulfatase activity was measured with MOPS, pNPs and 100 mM NaCl. It was measured 

for D12W2, D12W3 and wild-type. It was measured at 405 nm after 5 days in the MOPS solution. Then the 

mean and SEM was calculated. 

 

 

 

 

 

measurment D12W2 (U/mL) D12W3  (U/mL) wt + st2 (U/mL) 

1 0.002 0 0.008 

2 0.0008 0 0 

3 0.013 0 0 

Mean 0.0053 0 0.0026 

SEM 0.0068 0 0.0046 
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Table A.5: The sulfatase activity was measured with MOPS and pNPS. It was measured for D12W2, wild-

type, Ecap and T112A-R113G.  It was measured at 405 nm after 8 days in the MOPS solution. Then the mean 

and SEM was calculated 

Measurment D12W2 (U/mL) wt + st2 (U/mL) 
ECAP 
(U/mL) T112A-R113G (U/mL) 

1 0 45 1684 58 

2 0 4 1471 85 

3 0 NA NA 91 

mean 0 24 1577 78 

SEM 0 29 150 17.6 

 

DNA sequencing data 

The mutated VAP gene T112A-R113G was sequenced by Sanger DNA sequencing 

(Beckman Coulter Genomics, UK). It was compared with the wild-type by using BLAST to 

verify that the mutations were in the gene. The mutated amino acids are shown in read in the 

first translation but otherwise shown with white background. 

AP#78LEFT(T112A/R113G)- forward translation 

NFV*L*EGDIHMKPIVTAVVTSTLSFNVLSAEIKNVILMIGDGMGPQQVGLLETYA

NQAPNSIYKGNKTAIYQLAQEGVIGSSLTHPEDAIVVDSACSATMLATGIYSSSEVI

GIDSQGNHVETVLEKAKKAGKATGLVSDAGLTHATPASFAAHQPHRSLENQIASD

MLATGADVMLSGGLRHWIPKSTNDKGETYKQLEKLTQGDVYLKSKRKDDRNLL

TEAEKDGYQLAFNRNMLDDAKGDKLLGLFAYSGMDDGIAYSNKKKSGERTQPSL

KEMTQKALNILSKDEDGFFLMVEGGQIDWAGHSNDAGTMLHELLKFDEAIQTVY

EWAKDREDTIVIVTADHETGSFGFSYSSNDLPKPQKRSGEAFADRDYAPNFNFGAF

DILDGLYNRKQSYYGMISEFQNWINRCNTLKNWLKSS-EQ*VPY 

Query  6    MKPIVTAVVTSTLSFNVLSAEIKNVILMIGDGMGPQQVGLLETYANQAPNSIYKGNKTAI  

65 

            MKPIVTAVVTSTLSFNVLSAEIKNVILMIGDGMGPQQVGLLETYANQAPNSIYKGNKTAI 

Sbjct  1    MKPIVTAVVTSTLSFNVLSAEIKNVILMIGDGMGPQQVGLLETYANQAPNSIYKGNKTAI  

60 

Query  66   YQLAQEGVIGSSLTHPEDAIVVDSACSATMLATGIYSSSEVIGIDSQGNHVETVLEKAKK  

125 

            YQLAQEGVIGSSLTHPEDAIVVDSACSATMLATGIYSSSEVIGIDSQGNHVETVLEKAKK 

Sbjct  61   YQLAQEGVIGSSLTHPEDAIVVDSACSATMLATGIYSSSEVIGIDSQGNHVETVLEKAKK  

120 

Query  126  AGKATGLVSDAGLTHATPASFAAHQPHRSLENQIASDMLATGADVMLSGGLRHWIPKSTN  

185 

            AGKATGLVSD  LTHATPASFAAHQPHRSLENQIASDMLATGADVMLSGGLRHWIPKSTN 

Sbjct  121  AGKATGLVSDTRLTHATPASFAAHQPHRSLENQIASDMLATGADVMLSGGLRHWIPKSTN  

180 

Query  186  DKGETYKQLEKLTQGDVYLKSKRKDDRNLLTEAEKDGYQLAFNRNMLDDAKGDKLLGLFA  

245 

            DKGETYKQLEKLTQGDVYLKSKRKDDRNLLTEAEKDGYQLAFNRNMLDDAKGDKLLGLFA 

Sbjct  181  DKGETYKQLEKLTQGDVYLKSKRKDDRNLLTEAEKDGYQLAFNRNMLDDAKGDKLLGLFA  

240 

Query  246  YSGMDDGIAYSNKKKSGERTQPSLKEMTQKALNILSKDEDGFFLMVEGGQIDWAGHSNDA  

305 

            YSGMDDGIAYSNKKKSGERTQPSLKEMTQKALNILSKDEDGFFLMVEGGQIDWAGHSNDA 
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Sbjct  241  YSGMDDGIAYSNKKKSGERTQPSLKEMTQKALNILSKDEDGFFLMVEGGQIDWAGHSNDA  

300 

Query  306  GTMLHELLKFDEAIQTVYEWAKDREDTIVIVTADHETGSFGFSYSSNDLPKPQKRSGEAF  

365 

            GTMLHELLKFDEAIQTVYEWAKDREDTIVIVTADHETGSFGFSYSSNDLPKPQKRSGEAF 

Sbjct  301  GTMLHELLKFDEAIQTVYEWAKDREDTIVIVTADHETGSFGFSYSSNDLPKPQKRSGEAF  

360 

Query  366  ADRDYAPNFNFGAFDILDGLYNRKQSYYGMISEFQ  400 

            ADRDYAPNFNFGAFDILDGLYN+KQSYYGMISEFQ 

Sbjct  361  ADRDYAPNFNFGAFDILDGLYNQKQSYYGMISEFQ  395 

 

AP#78RIGHT(T112A/R113G)-backward/reverse translation 

-G-

SALFTCCLMYSPSSEWCMIFETGNIFSAGPQANTFTGV*VCVPVPQTMF*PVACSR

ASKLPRSLYGKKASKSLIAGTSSADKYLC*ASRYGFGLLANTFFACSAVIGNSLFLL

TISASFSGVCSDLSNF*NSLIMP**LCFWLYKPSRMSNAPKLKLGA*SRSAKASPERF

CGFGRSLEE*LKPKEPVSWSAVTITIVSSRSFAHSYTVWIASSNLSSSCSMVPASLLC

PAQSIWPPSTIRKKPSSSLDRMLSAFCVISFRLG*VRSPLFFLLL*AMPSSMPE*ANRP

SSLSPLASSSMLRLNASW*PSFSASVSRLRSSLRFDLR*TSP*VSFSSCL*VSPLSLVD

LGIQ*RSPPKSITSAARC*HVQMQFGFSKER*RLVERPKKPGVPWI*AW--KLSPV-

FAWLFFAFS---S-HGLP-GIR-RIT 

N/A- could not get BLAST to give results even after using reverse-complement to change 

the backward/reverse translation to forward. 

AP#79LEFT(G269A)-forward translation 

*NNFV*L*EGDIHMKPIVTAVVTSTLSFNVLSAEIKNVILMIGDGMGPQQVGLLETY

ANQAPNSIYKGNKTAIYQLAQEGVIGSSLTHPEDAIVVDSACSATMLATGIYSSSEV

IGIDSQGNHVETVLEKAKKAGKATGLVSDAGLTHATPASFAAHQPHRSLENQIAS

DMLATGADVMLSGGLRHWIPKSTNDKGETYKQLEKLTQGDVYLKSKRKDDRNL

LTEAEKDGYQLAFNRNMLDDAKGDKLLGLFAYSGMDDGIAYSNKKKSGERTQPS

LKEMTQKALNILSKDEDGFFLMVEGGQIDWAGHSNDAGTMLHELLKFDEAIQTV

YEWAKDREDTIVIVTADHETGSFGFSYSSNDLPKPQKRSGEAFADRDYAPNFNFG

RIRHFLKGLYNPKAKLLRAGSAKFQKFG*IPSKTLK-WGEN—Q 
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AP#79RIGHT(G269A)-backward translation 

NFV*L*EGDIHMKPIVTAVVTSTLSFNVLSAEIKNVILMIGDGMGPQQVGLLETYA

NQAPNSIYKGNKTAIYQLAQEGVIGSSLTHPEDAIVVDSACSATMLATGIYSSSEVI

GIDSQGNHVETVLEKAKKAGKATGLVSDAGLTHATPASFAAHQPHRSLENQIASD

MLATGADVMLSGGLRHWIPKSTNDKGETYKQLEKLTQGDVYLKSKRKDDRNLL

TEAEKDGYQLAFNRNMLDDAKGDKLLGLFAYSGMDDGIAYSNKKKSGERTQPSL

KEMTQKALNILSKDEDGFFLMVEGGQIDWAGHSNDAGTMLHELLKFDEAIQTVY

EWAKDREDTIVIVTADHETGSFGFSYSSNDLPKPQKRSGEAFADRDYAPNFNFGAF

DILEGLYNPKAKLLRAG--NFQNWDKSLQNLEKLG-K-P--T-- 
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