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Under these conditions, the positively charged pMKK4 binds to the negatively charged 

CM-52 cation exchange resin, while the negatively charged JNK is eluted in the void 

volume. The resin is equilibrated first with 150mM HEPES, pH 7.3, then with Cation 

Exchange Buffer. The mixture is then rocked with the resin at 4°C for 30 min, and the 

void volume is collected by gravity. The resin is finally washed with three column 

volumes of Cation Exchange Buffer. Successful separation of pJNK1α2 and pMKK4 is 

shown in Figure 6. Quantification of pJNK proteins is performed using the Bradford 

protein assay because ATP present in the mixture absorbs strongly at 260 nm, affecting 

quantification of protein by UV absorbance at 280 nm. Currently, we have a 1 ml aliquot 

of 1 µM pJNK1α2.  

 

 

So far, we have obtained purified solutions of: GSTpi, JNK1α2, JNK2α2, and pJNK1α2. 

 

Figure 6: Separation of pJNK1α2 from pMKK4 by cation exchange chromatography. 
Visualized by immunoblot using (A) anti-pJNK antibody, and (B) anti-pMKK4 antibody. 
Control is the protein mixture prior to cation exchange. Void corresponds to the void 
volume. W1, W2, W3 correspond to Wash 1, Wash 2, Wash 3.  
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4. Preliminary BSI data: For BSI experiments, serial dilutions of the proteins are 

prepared beginning with the stock solution, and 6 2x dilutions are prepared down from 

that (i.e., if stock concentration is 10 mM: 10, 5, 2.5, 1.75 mM, etc will be prepared). 2 

µL are injected for each data point gathered, and all points are done in repeats of 3, thus 6 

µL total of sample is analyzed.	
  

	
  

Prior to protein-protein interaction studies, control curves of the proteins will be 

constructed. These curves are constructed by BSI studies of a protein alone in solution. 

To date, we have obtained BSI data for GSTpi and JNK1α2 alone in solution (Figure 7 

and Figure 8). However, the data is only preliminary as the proteins are in different 

buffers. Regardless, a linear relationship between concentration and BSI signal is 

observed for each, which is indicative of a homo-disperse species. 
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Figure 7: BSI data for GSTpi. GSTpi was diluted in dH2O. Each data point is 
the average of 3 measurements, with standard error bars shown. Data points 
have been minimized to better show error bars.  
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Figure 8: BSI data for JNK2α2. JNK2α2 was diluted in Kinase Storage Buffer 
(20mM Tris, 150mM NaCl, 10% glycerol, 1mM DTT, pH 7.6). Each data 
point is the average of 3 measurements, with standard error bars shown.  
	
  



 

17 

FUTURE STEPS 

1. Using ATF2 to quantify JNK activation: The level of activity of the purified pJNKs 

will be determined by using ATF2 as a substrate. The experiment will be conducted 

similarly to the activation of JNKs by pMKK4, by taking aliquots at time points 

throughout the activation and subsequent analysis via western blotting with an anti-

pATF2 antibody. Upon completing this stage, we will have obtained and characterized all 

necessary proteins to study using BSI.  

 

2. Expression and purification of GSTpi Haplotype C: In the immediate future, we will 

also express and purify the haplotype of GSTpi, GSTpi-105V-114V using similar 

methods described above for GSTpi.  

 

3. Determination of binding affinities using BSI: Once all proteins are expressed and 

purified, we will conduct all BSI combinations shown in Figure 9. In total, 21 runs will 

be performed to acquire the desired KD values: Proteins will first be run individually as 

controls, and then mixed with a constant concentration of another protein to observe the 

binding curve. For example, using BSI to gather data for GSTpi from 5μM to 75μM, 

then running this same concentration range again but each sample also has 10μM JNK 

protein. In order to obtain reliable KD values, all proteins must be in the same buffer to 

prevent misleading signals from arising due to different solutes across different buffers. 

Thus, to keep conditions constant, all proteins will be dialyzed into Kinase Storage 

Buffer for the study. 
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The KD values for each pair will then be determined using the resulting binding curves. 

The inverse experiment (varying [JNKs] while keeping [GSTpi] constant) will also be 

performed to compare KD values. Should issues arise within this portion of the study, the 

His-tag will be cleaved off GSTpi and see whether it changes the data. Treating the BSI 

channels with various functional groups (e.g., silano) could also be used to avoid possible 

protein aggregation on the glass surface. In addition to using the proteins described in this 

proposal, we can also attempt to express rat His-JNK that is contained in a plasmid with 

MEKKC/MKK4 already present. Expression of this JNK protein will produce already 

activated JNK, thus eliminating the bench-top activation step.  

 

4. Using AUC to confirm oligomeric states of proteins: Analytical ultracentrifugation 

will be used to determine the oligomeric states of proteins at various concentrations. 

Although the data output from BSI should indicate a change in oligomeric state, as would 



 

19 

seen by a sharp change in the data, analytical ultracentrifugation will be used to show 

specifically which oligomeric state is present in solution. It also ensures optimal 

performance for BSI assays, as we want to prevent BSI from picking up self-binding 

events. By determining which concentrations of the proteins result in monomeric or 

dimeric states, we can establish a working concentration range where the protein will 

remain in only one oligomeric form.  

 

5. BSI studies with ATF2 as a JNK substrate: Once the initial BSI study is complete 

with the aforementioned proteins, studies will be done to examine the effects of ATF2. 

As reported, ATF2 should promote a greater binding affinity between inactive JNK and 

GSTpi.12 Such interactions can be quantified by BSI to determine the accuracy of the 

report. ATF2 has already been purchased from BPS Bioscience for use with our BSI 

studies. 
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OBSTACLES 

All research encounters issues along the way, slowing up the collection of data. 

Some due to human error, while some due to faulty equipment, reagents, etc. Throughout 

the course of this project, a few obstacles were encountered. 

 

1. Faulty anti-pJNK antibody: The first anti-pJNK antibody (Cell Signaling) we used did 

not recognize pJNKs. At first, the lack of pJNK bands led to the belief that our sample 

(testing activation of JNK by pMKK4) simply did not contain pJNK. Upon conducting 

control experiments with our pMKK4, we confirmed that MKK4 was indeed active. Dr. 

Lowe-Krentz then provided us with a different anti-pJNK antibody (Santa Cruz), which 

did reveal pJNK by immunoblot. The subsequent experiments (and the ones presented) 

were thus conducted the same antibody.  

 

2. CM-52 cation-exchange resin: The cation-exchange resin (kind gift from Dr. Lowe-

Krentz) we used to purify pJNK from pMKK4 has also caused issues. The first time 

using the resin, pJNK1α2 and pMKK4 were successfully separated. However, the next 

use of the resin to separate pJNK1α2 from pMKK4 resulted in no collection of protein as 

determined by immunoblot. It led us to believe that the resin was not functioning 

properly after storage. We are currently repeating these experiments with a new batch of 

resin.  

 

3. Difficulties with BSI: Finally, it has been difficult to obtain BSI data because the use 

of the apparatus is limited by the availability of the Flowers’ lab, as the apparatus is 
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under their supervision. Consequently, we must schedule appointments with them to run 

BSI studies, and the lab members need to have an entire day free to accommodate our 

samples. As expected, their free time is limited due to priority given to their own 

experiments. 
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IMPACT 

 Obtaining precise binding affinities for these various protein interactions will 

provide crucial quantitative information regarding the behaviors of the GSTpi-JNK 

system. Understanding these behaviors can expedite the process to discovering novel 

ways to manipulate this pathway for therapeutic purposes, given that this pathway 

involves apoptosis and thus can be linked to cancer. Additionally, success of this goal 

will help further solidify the validity and usefulness of BSI, a technique that has yet to be 

popularized despite possessing many benefits.  
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