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Abstract: 
Protein phosphatase 5 (PP5) is a serine/threonine phosphatase (PSP) that participates in the cellular 

response to stress, particularly DNA damage. While participation in this pathway is unique to PP5, 

the structure of the enzyme is very similar to other members of the PSP family. The similarity 

between these phosphatases makes designing specific inhibitors for any one member of the PSP 

family exceedingly difficult. It is with this end goal in mind that I have chosen to express and 

characterize the catalytic domain of PP5 (PP5c) in order to examine the protein for differences that 

would allow for drug design. This characterization focused on activity and stability through the of 

pNPP assays and differential scanning fluorimetry, respectively.. These assays were done with 

protein phosphatase 1 (PP1) as a comparison and it was found that PP5c is most stable under 

different buffer conditions and has a lower activity level than PP1. 
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Introduction: 
The serine/threonine phosphatase (PSP) family is comprised of 7 proteins that all share a highly 

conserved catalytic domain2. Despite this high level of conservation, these phosphatases also 

exhibit a great deal of substrate specificity that allow them to participate in a multitude of 

biological processes. This specificity is achieved through interactions made with regulatory 

proteins that are able to interact with PSP proteins as well as their substrates1. It is believed that 

these interactions are facilitated through short binding motifs that are unique to each member of 

the PSP family. As these proteins are so commonly found in biological pathways associated with 

disease, being able to control the activity of PSPs may prove to be a viable treatment for such 

ailments. For medications to be developed, targeting to a specific protein is necessary. To this end, 

it is important to characterize the proteins in this family as a point of comparison for specificity 

when designing inhibitors for other members of the PSP family. Here, I have chosen to characterize 

Protein Phosphatase 5 (PP5). PP5 is involved in the cellular response to stress, specifically DNA 

damage1. It is unique among the other PSPs in that it has an N-terminal regulatory tricopeptide 

repeat (TPR) domain. There is also a short C-terminal domain that works in conjunction with the 

TPR domain to regulate the activity of PP51. The catalytic domain is comprised of residues 169-

478 while the C-terminal regulatory domain makes up the last 21 residues (Figure 1). PP5c was 

used to characterize the protein and 

this construct contains both the 

catalytic domain and the C-terminal 

domain. Characterization was done 

through the use of pNPP assays and 

Differential Scanning Fluorimetry 

(DSF) in order to examine the activity 

level and stability of PP5c. Through 

the course of experimentation, the 

expression and purification process, 

activity levels, and optimal buffer 

conditions were all compared in order 

to find differences between PP5c and 

PP1. It is possible that the differences 

Figure 1. PDB 1WAO depicting full length 
PP5. The domain map below denotes the 
residues that comprise each domain and the 
color of the domain in the Pymol figure. 
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discovered can be exploited in order to design specific inhibitors for these, and other, members of 

the PSP family. 

 

Results: 

Expression and Purification of PP5c 

Expression of PP5c was carried out using standard 

methods and produced 24.8 g of cell pellet for 6 L 

of cell culture. Purification was performed using 

Ni+2-NTA beads in order bind the poly-his-tag on 

the N-terminal end of the PP5c construct. The 

beads were washed with a low concentration of 

imidazole in order to elute off any proteins 

exhibiting non-specific binding to the beads. The 

protein was then eluted off using a higher 

concentration of imidazole (Figure 2). A protease 

from the Tobacco Etch Virus (TEV) was used in 

order to cleave the poly-his-tag by 

cutting at the ENLYFQS sequence 

between the glutamine and serine 

residues5. The protein was dialyzed to 

remove imidazole and cleaved at the 

same time. TEV cleavage was shown to 

be successful in cleaving off the poly-

his-tag as the resulting gel showed a 

small decrease in the molecular weight 

of the protein when compared with a 

sample taken before TEV was added 

(Figure 2). Size Exclusion 

Chromatography (SEC) was used in 

order to purify PP5c. This method 

utilizes a polymer which contains pores 
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Figure 2. SDS-PAGE gel obtained during the 
purification process of  PP5c. Fractions 
collected from gravity his-trap purification. 
This gel demonstrates that PP5c was eluted 
with imidazole and was cleaved by TEV 
protease. 
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Figure 3. SDS-PAGE gel obtained during the purification 
process of PP5c. Fractions collected from SEC. Fraction 
C22 was the peak on the chromatogram. Fractions C5-C45 
were pooled. PP5c is a 37 kDa monomer. 
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that smaller molecules can get trapped in. This allows for a separation by size, with smaller 

molecules eluting later than the larger molecules which do not fit in the pores. The SEC 

chromatogram showed a clean peak, indicating that the protein was eluted off completely. The 

location of this peak was also consistent with the molecular weight of monomeric PP5c. A Sodium 

Dodecyl Sulfate – Polyacrylamide Gel Electrophoresis experiment(SDS-PAGE) was used in order 

to examine the molecular weight of PP5c and check the purity of the sample collected. This 

technique works by denaturing the protein and allowing the SDS, a detergent, to cover the protein, 

creating an even charge. This even charge allows for the protein to move along an electrical 

gradient through a gel based on molecular weight alone, therefore allowing for separation of 

multiple proteins in solution to characterize purity. The SDS-PAGE gel ran with fractions taken 

from the SEC confirmed the purity of the protein as the bands were clean and showed as 37 kDa, 

the molecular weight of PP5c (Figure 3). The total yield of PP5c was 23.3 mg leading to an average 

yield of 3.9 mg/L of cell culture.  

 

Stability of PP5c 

Differential Scanning Fluorimetry (DSF) was used in multiple experiments in order to determine 

the stability of PP5c under different conditions. This method works through first creating a solution 

of protein with Sypro orange dye, which is a fluorescent hydrophobic molecule that has it’s 

fluorescence quenched in hydrophilic environments. Heat is then applied in small increments in 

order to denature the protein. As the protein unfolds, hydrophobic residues are exposed which 

allows the Sypro orange to fluoresce and be measured in a real time polymerase chain reaction 

instrument6. The effects of freezing and storage in glycerol on stability and the stability in various 

buffer conditions were the focus of the DSF experiments. Each condition had 4 replicates when 

examining the effect of freezing and glycerol on PP5c. This was done in order to ensure 

consistency and allow the outliers to be thrown out, if there were any present. When used to 

examine the effect of freezing at -80°C, it was shown that there was no significant change in the 

melting point of PP5c (Figure 4). This result was shown in samples that were stored in SEC buffer, 

as well as those stored in 50% glycerol. The melt peak shows that in each of the experiments the 

graph has roughly the same shape, with the peaks occurring just before 70°C in each case. It was 

also shown that the addition of glycerol had no effect on the melting point of PP5c when it was 
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fresh from purification (Figure 5). This melt peak graph shows a similar pattern to the previous 

graph. Again all the graphs have the same shape and reach their negative peak shy of 70°C. 

 

Purification was performed using buffers optimized for PP1 due the similarities in the pI values of 

PP1 and PP5c, which are 5.04 and 5.49 respectively. In order to test the assumption that this would 

also be the best buffer conditions for PP5c, DSF was used in conjunction with the MD1-96 Rubric 

Buffer Screen in order to test various pH and salt concentrations for their effect on the stability of 

PP5c. The pH values that gave the highest melting point was 6.0 with a melting point of 72.4°C 

(Figure 6). When looking at salt concentrations, it appears that the amount of salt has very little 

effect on stability over the range of concentrations tested (Figure 7). A 2°C melting point range 

was observed, though there was no consistent rise or fall in melting temperature as the salt 

concentration increased from 50 mM to 1000 mM. 

 

 

  

Figure 4. Melt peaks of PP5c obtained 
from DSF. Comparison of  fresh (green) 
and frozen (purple) PP5c when stored in 
50% glycerol. 

Figure 5. Melt peaks of PP5c obtained 
from DSF. Comparison of stability of 
fresh PP5c with glycerol (red) and 
without it (blue). 
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Color Red Yellow Orange Cyan Blue Pink 

[Salt] 
mM 

50 125 250 500 750 1000 

Color Red Yellow Orange Cyan Blue Pink Purple Brown Black Gray Peach 

pH 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 

Figure 6. Melt curve and peak of Fresh PP5c to show the 
effect of differing buffer pH on structural stability. 
 

Figure 7. Melt curve and peak of PP5c to show the effect 
of differing buffer salt concentration on structural stability. 
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Activity and Binding Ability of PP5c 

PP5c activity was measured through the 

use of pNPP assays. These assays work 

by providing para-nitrophenol 

phosphate (pNPP) as a substrate for a 

phosphatase. The product of the de-

phosphorylation is para-nitrophenol, 

which has a yellow coloration. This can 

be measure spectroscopically and used 

to calculate its concentration. Knowing 

the concentration of the pNPP added, 

the data can be fit to the Michaelis-

Menten Equation and a maximum 

velocity and Michaelis constant can be 

calculated. All experiments that were 

performed used PP5c and PP1 in 

parallel as a method of comparing their 

activity. The values reported for each of 

the following assay results are the 

average plus or minus the standard 

deviation with an n=3. PP1 consistently 

presented with higher activity than 

PP5c. PP5c had a Vmax of 0.23 ± 0.02 

µM (Figure 8) while PP1 had a Vmax of 

0.28 ± 0.02 µM (Figure 9). When 

comparing the Km values that arose 

from these assays, PP5c had a higher 

Km value at 2522 ± 211 µM (Figure 8) 

and PP1 had a Km value of 2039 ± 50 

µM (Figure 9). 
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Figure 8. pNPP Assay. Summary of PP5c pNPP 
assay. Assay 1 gave a Vmax of  0.25 µM/s and a Km 
of 2762 µM. Assay 2 gave a Vmax of 0.20 µM/s and 
a Km of 2441 µM. Assay 3 gave a Vmax of 0.22 µM/s 
and a Km of 2363 µM. 
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Figure 9. pNPP Assay. Summary of PP1 pNPP 
assays. Assay 1 gave a Vmax of  0.30 µM/s and a 
Km of 2070 µM. Assay 2 gave a Vmax of 0.27 
µM/s and a Km of 1980 µM. Assay 3 gave a Vmax 
of 0.26 µM/s and a Km of 2066 µM. 
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Discussion: 

Though it shares many structural similarities to PP1, PP5c has proven to be a much easier enzyme 

to work with, as the experiments described above demonstrate. While previous literature seemed 

to suggest that a solubility tag was necessary in order to adequately express and purify PP5c, my 

results show that such tags were not necessary1,3,4. The protein was purified at a sufficiently high 

yield when grown through standard methods. This is markedly different from PP1 which must be 

expressed at a much lower temperature, grown with a chaperone, and have a refolding step. In 

addition, the purification of PP5c was much easier than PP1 and appeared to have a lower affinity 

for the Ni-NTA bead, as it washed off the column easily. 

 

pNPP assays showed that PP5c was less active than PP1, with the Vmax being lower by about 0.05 

µM in each assay. These assays also showed that PP5c requires more substrate to be present in 

order to reach half of the Vmax value when compared to PP1, as it had consistently higher Km 

values. The importance of these comparative values comes in the utilization of PP5c as an enzyme 

to test the specificity of PP1 inhibitors. Knowing that PP5c is less active allows for a better 

determination of the effect, if any, such an inhibitor has on PP5c. The difference in the ability to 

bind substrate shows there are potential differences in the substrate binding pocket that are unique 

to PP5c that can be explored and exploited in the design of novel, specific inhibitors for members 

of the PSP family. 

 

The results of the DSF show that the storage conditions for PP5c have no effect on the stability, as 

neither freezing or addition of glycerol to create a 50% solution had a significant effect on the 

stability of the enzyme. It was also shown that PP5c is more stable at a pH of 6.0 and that salt 

concentration has very little effect on stability. This pH is drastically different from the pH 8.0 

buffer that was used during SEC, dialysis, and as the enzyme buffer during the pNPP assays. 

Despite the buffer conditions used not being optimized to PP5c, the protein was still able to be 

purified with ease. The difference shown in the melting temperature between pH 6.0 and 8.0 is a 

drastic 6ºC fall-off, with pH 8.0 melting at 66.4ºC. This difference in stability may be able to 

account for the lower activity seen in the pNPP assays. 
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Methods: 

Protein Expression and Purification 

The gene for PP5c was cloned into the RP1B vector with a poly-his tag and transformed into E. 

coli BL21 (DE3) cells for expression. The culture was grown at 37°C until an OD600 of ~0.8 was 

reached. The cultures were allowed to cool prior to being induced with IPTG at 18°C. Expression 

continued for 18 hours, at which point the cultures were spun down for 10 minutes at 5000 xg in 

order to pellet the cells. Pellets were removed and stored in -80°C. Cell pellets were re-suspended 

in lysis buffer (25 mM Tris, 0.7 M NaCl, 5 mM Imidazole, 1mM MnCl2, 0.1% Triton X-100, pH 

8.0 at room temperature), 10 mL per gram of pellet, along with 2 tablets of EDTA free protease 

inhibitor. Cells were lysed using an Avestin cell cracker and then the lysate was spun down at 

40,000 xg for 45 minutes. Gravity His-trap purification was performed at room temperature. Eluted 

protein was then dialyzed to remove imidazole. Protein sample was concentrated and then purified 

using SEC. The purified protein product was then stored in -80°C in a 50% glycerol solution. 

 

pNPP Activity Assay 

A working stock solution of protein was made at a concentration of 0.25 µM using SEC buffer (20 

mM Tris, 500 mM NaCl, 0.5 mM TCEP, 1 mM MnCl2, pH 8.0) to dilute. pNPP stocks were 

prepared using pNPP assay buffer (150 mM Bis-tris, pH 6.0, 150 mM NaCl) with pNPP at the 

following concentrations: 26.6 mM, 13.3 mM, 6.66 mM, 3.33 mM, 1.66 mM, and 0.83 mM 

through serial dilution. A 96 well plate was used with the top row serving as a blank, containing 

only the pNPP solution (60 µL) and SEC buffer (40 µL). Three replicates were used for each 

concentration of pNPP and these wells contained 60 µL of pNPP solution and 40 µL of the working 

enzyme stock. The reaction was incubated at 30°C for thirty minutes prior to be stopped through 

the addition of 100 µL of K2SO4. Optical absorbance at 405 nm was then used to determine the 

concentration of para-nitrophenol present so that an average rate could be calculated. Results were 

analyzing using SigmaPlot 13.1. 

 

Differential Scanning Fluorimetry 

A 500 µL protein solution containing 498 µL of 10 µM PP5c and 2 µL of Sypro orange dye was 

created. 2.5 µL of this protein solution was added to each well of a 96-well PCR tray followed by 

22.5 µL of buffer from the MD1-96 Rubric Buffer screen. When testing the effect of glycerol and 
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freezing on stability, the same ratio of protein solution to buffer was added to each tube in a PCR 

strip with the buffer being SEC buffer (20 mM Tris, 500 mM NaCl, 0.5 mM TCEP, 1 mM MnCl2, 

pH 8.0). The samples were then loaded into a BioRad CFX-96 RT-PCR machine. The system was 

set to equilibrate at 4.0ºC for 5 minutes prior to beginning the melt cycle, with 80ºC as the 

maximum temperature. 
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