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INTRODUCTION   

The central dogma dictates that DNA, which contains the genetic material, is replicated 

in the nucleus. DNA then goes through a process known as transcription in the nucleus and is 

converted to mRNA. mRNA is further transported out of the nucleus into the cytoplasm to be 

converted to protein through a process known as translation. The central dogma is not a new 

concept among scientific researchers and academic scholars; however, the full extent of the 

whole process is still the subject of many research projects. If one of these steps goes awry, then 

many errors can occur that may bear detrimental effects on the developmental process of 

organisms. We focus our attention on the post-translational process in which proteins go through 

many modifications to fold into their native and proper forms. In the cellular environment, 

proteins are regularly at risk of misfolding and aggregation that can lead to improper functions 

and cell toxicity. Molecular chaperones help proteins fold properly into their native forms to 

prevent proteins misfolding and aggregation. Cellular stresses such as extreme heat, extreme 

cold, UV light, tissue remodeling, and wound healing can facilitate protein misfolding and 

aggregation (Hasegawa et al., 2018). Under these circumstances, cells can facilitate degradation 

through the ubiquitin-proteasome system and autophagy-lysosome pathway or refolding of 

misfolded proteins using molecular chaperones. Furthermore, under stressful conditions, heat 

shock proteins (HSP) are produced by cells. HSP families are named according to their 

molecular weight in kilodaltons (kD) (Hasegawa et al., 2018). Some proteins that belong to the 

HSP family include HSP40, HSP60, HSP70, HSP90, and small HSPs (sHSPs) (Brandvold et al., 

2015). In this experiment, we focus our attention to the DNAJ/HSP40 cochaperone family in the 

hope of identifying the interactors of HSP40 before it transfers its substrate proteins to HSP70. 

Additionally, we co-expressed different HSP40 proteins: DNAJA1, DNAJB1, DNAJB2a M, 
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DNAJB2a H, DNAJB4, DNAJb6b, DNAJB8 with polyQ74 (which aggregates extensively) in 

HEK293T cell line to determine which HSP40 proteins do not inhibit polyQ proteins 

aggregation. The identification of these misfolded interactors can help find different ways to 

ameliorate these misfolded interactors to reduce cell toxicity.  

BACKGROUND ON DNAJ/HSP40 COCHAPERONE FAMILY  

DNAJ proteins are divided into three groups: DNAJA, DNAJB, and DNAJC. DNAJ 

proteins compose of four functional domains: an evolutionarily conserved J domain of 70 amino 

acid residues, a glycine/phenylalanine-rich domain (G/F-rich domain), a zinc finger domain that 

composes of CXXCXGXG motifs, and a cysteine-rich region. DNAJA and DNAJB proteins 

have to J domain located at the N-terminus, followed by the G/F-rich domain. DNAJC proteins 

usually do not have the G/F domain and the cysteine-rich region, and the J domain can be located 

at any position in the entire sequence (Hasegawa et al., 2018). HSP40 proteins bind to HSP70 

through the J domain to transfer substrate proteins to HSP70 for proper folding. The C terminus 

of the J-domain family has chaperone activity (Brandvold et al., 2015). Moreover, some of the J 

proteins have been shown to prevent aggregation by driving the substrate proteins towards 

degradative pathways. DNAJB6 and DNAJB8 have been shown to be powerful inhibitors of 

aggregation. These DNAJs bind substrate proteins and prevent aggregation through the serine-

rich stretch of the C terminus known as the SSF-SST region. How substrate proteins are bounded 

to DNAJB6 and DNAJB8 remains largely unknown (Kampinga et al., 2010). Additionally, 

DNAJ/HSP40 molecular chaperones have been shown to be involved in the pathogenesis of 

Parkinson’s disease. Mutations of DNAJC13, DNAJC6, DNAJC12, and DNAJC5 genes can lead 

to the manifestation of different stages of Parkinson’s disease. Therefore, the study on 

DNAJ/HSP40 molecular chaperoning functions in dopaminergic transmission and Parkinson’s 
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disease-related neuropathological changes is important to provide insight about protein and 

cellular homeostasis in neurodegenerative conditions. This will further provide the knowledge 

necessary to create new methods and modify existing strategies to combat debilitating 

neurodegenerative diseases (Hasegawa et al., 2018).  

METHOD 

1) DNAJB8 Cloning From pc DNA5/FRT/TO V5 DNAJB8 

I decided to choose DNAJB8 as the focus of my research project. It belongs to the 

DNAJ/HSP40 cochaperone family, specifically DNAJB protein.  

DNAJB8 was initially attempted to be isolated from SHSY5Y cDNA using chemical 

transformation and electroporation; however, it was not successful. pc DNA5/FRT/TO V5 

DNAJB8 was ordered. DNAJB8 was successfully cloned out using PCR amplification and 

chemical transformation.   

2) DNAJB8 Insertion Into pFLAG-CMV-2 Vector 

DNAJB8 was inserted into pFLAG-CMV-2 vector, a plasmid from E.coli, using EcoRV-

HF and Hind III restriction enzymes. pFLAG contains the FLAG epitope tag for plasmid 

identification and for the M2 beads binding. CMV is the promoter region for RNA Polymerase to 

bind for RNA transcription. The samples were sent for gene sequencing and ran through gel 

electrophoresis to ensure that DNAJB8 was correctly and successfully inserted into pFLAG-

CMV-2 vector.  

3) DNAJB8 Mutation  

The J domain of DNAJB8 was mutated from the wild-type HDP (His-Pro-Asp) to the 

mutated type QPD (Gln-Pro-Asp) to prevent the transferring of substrate protein from HSP40 to 

HSP70. The purpose of this mutation is to identify the misfolded interactors with HSP40.  
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4) Cell Culture  

DNAJB8 HPD and DNAJB8 QPD were transfected into human embryonic kidney 

(HEK293T) cell line. When the cells were approximately 80% confluence, they were harvested 

and cross-linked using Dithiobis (succinimidyl propionate) (DSP). Then the cells were lysed. 

The lysate solution went through a preclear process using Sepharose 4B beads to remove any 

non-specific protein binding. The lysate solution was then precipitated with anti-flag M2 beads, 

which were magnetic beads, to pull down the DNAJB8 sample along with its misfolded 

interactors. The lysate solution was then reduced with Dithiothreitol (DTT), a redox reagent that 

reduced disulfide bonds that linked the antibody’s heavy chain and light chain together. A 

portion of the sample was used to run western blot to compare the input and clear solution. Since 

the purpose of the Sepharose 4B beads was to remove any non-specific protein binding, we 

expected the input solution to appear as a darker band than the clear solution. The other portion 

of the sample was used to run silver stain to ensure that DNAJB8 was being pulled down as 

expected.  

5) Co-expression of Different HSP40 Proteins with PolyQ74 in HEK293T Cell Line 

HEK293T cells were co-expression with different HSP40 proteins: DNAJA1, DNAJB1, 

DNAJB2a M, DNAJB2a H, DNAJB4, DNAJb6b, DNAJB8 and polyQ74. HEK293T cells were 

at passage 28 and a 1:6 split. HEK293T cells were transfected with polyQ23 and polyQ74 as 

positive control. After the cells were approximately 80% confluence, they were visualized under 

a microscope with a 10X magnification objective. The pictures of the cell plates were taken 2 

days after transfection using a camera attached to a computer. The pictures were visualized on a 

computer. Each cell well’s images were taken under bright field to visualize the cell confluency 

and blue light to visualize cell aggregation, which showed up as bright dots (puncta) on the 
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image. The bright field and blue light images were merged to overlap each other to visualize and 

estimate the portion of cells that were aggregated.  

6) Slot Blot 

After the images were taken, the cells were harvested to be run on a slot blot. The slot 

blot is a molecular method that can be used to detect proteins. It is a simplification of the western 

blot method and therefore, a faster process; however, this technique cannot identify specific 

proteins since the proteins are not separated through gel electrophoresis as in western blot. Since 

I was only interested in detecting the amount of total proteins in all samples, running a western 

blot was unnecessary and a slot blot saved more time. The slot blot was emerged in Ponceau 

stain to detect protein bands. It was expected that the amount of total proteins in all samples to be 

the same resulting in similar bands thickness and color shade on the slot blot membrane. After 

the desirable result is reached, then we will probe the samples with antibody to determine the 

solubility of polyQ74. It was expected that if an HSP40 protein could prevent aggregation, then 

the high level of chaperone expression would result as a larger and thicker band on the 

membrane. In contrast, if an HSP 40 protein could not prevent aggregation, then the low level of 

chaperone expression would result as a faint and small band on the membrane.  

RESULTS  

1) Western Blot  

 The result from the western blot is indicated in Figure 1 and Figure 2. The input and clear 

solutions of 12 samples were loaded onto 1.5mm, 12% gel. For each sample, the input solution 

was loaded first, and the clear solution was loaded second. Figure 1 shows the result of the first 8 

samples. Lanes 1,2, 5, and 6 contain cells that were transfected with GFP for positive control, 

which show bands at 27kD and lanes 3, 4, 7, and 8 contain cells that were transfected with 
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DNAJB8 QPD, which show bands at 29kD. Beta-actin showed up in all 8 lanes as a loading 

control with the molecular weight of 42kD. Figure 2 shows the result of the last 4 samples. Lanes 

1 and 2 contain cells that were transfected with GFP for positive control, which show bands at 

27kD. Lanes 3 and 4 contain cells that were transfected with DNAJB8 QPD, which show bands 

at 29kD. Beta-actin showed up in all 4 lanes as a loading control with the molecular weight of 

42kD. In both Figure 1 and Figure 2, the bands’ thickness and color for the input and clear 

solution of the GFP samples are similar to each other. For the DNAJB8 samples, the bands of the 

input solution appear darker and thicker than the bands of the clear solution. This shows that 

DNAJB8 QPD and its interactors have been pulled down from the solution. The beta-actin bands 

show up more prominently in the lanes containing GPF samples than DNAJB8 QPD samples.  

2) Silver Stain 

 The result from the silver stain is indicated in Figure 3. Lanes 1, 3, and 5 contain cells 

that were transfected with GFP for positive control. The pull-down of DNAJB8 at 29 kD is 

shown in lanes 2,4, and 6. The faint lines in lanes 2, 4, and 6 show the misfolded interactors that 

are pulled down along with DNAJB8; however, those misfolded interactors cannot be identified 

using silver stain but rather through Mass Spectrometry. The heavy chain of antibody at 50 kD 

and the light chain of antibody at 25 kD are shown across all 6 lanes.  

3) Co-expression of Different HSP40 Proteins with PolyQ74 in HEK293T Cell Line 

Figure 4 shows the visual explanation that the introduction of polyQ74 (which aggregates 

extensively) will draw HSP40 cochaperone proteins away from binding with other misfolded 

proteins in the cell and bind to misfolded polyQ74. Figure 5 demonstrates that HEK293T cells 

that were transfected with polyQ74 showed significantly more puncta formation than HEK293T 

cells that were transfected with polyQ23. The results from the co-expression of different HSP40 
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proteins with polyQ74 in HEK293T cell line are shown in Figure 6 through Figure 12. For each 

figure, A shows the image of the wild type and B shows the image of the mutated type. It was 

showed that DNAJB8 QPD inhibited puncta entirely. Human DNAJB2a QPD and DNAJB6 

QPD inhibited puncta nearly entirely. Murine DNAJB2a QPD inhibited puncta a little. DNAJB1 

QPD, DNAJA1 QPD, and DNAJB4 QPD did not inhibit puncta formation at all. From these 

results, it seems that DNAJB1 QPD, DNAJA1 QPD, and DNAJB4 QPD are reasonable 

candidates for further experimentation since they met the objective of not preventing 

aggregation.  

4) Slot Blot 

Figure 13 shows the visual expectation from probing the samples with antibody after it is 

confirmed by the slot blot that the amount of total proteins in all samples are the same. If an 

HSP40 protein is not able to prevent aggregation in the presence of polyQ74, then the lysate of 

that protein will show up as a faint line on the membrane due to a low level of chaperone 

expression. If an HSP40 protein is able to prevent aggregation in the presence of polyQ74, then 

the lysate of that protein will show up as a dark and thick line on the membrane due to a high 

level of chaperone expression. Due to the results from the co-expression of different HSP40 

proteins with polyQ74 in HEK293T cell line as shown in Figure 6 through Figure 12, it was 

expected that DNAJB8 QPD would show a thick band, human DNAJB2a QPD and DNAJB6 

QPD would show slightly less thick bands, murine DNAJB2a QPD would show an average size 

band, and DNAJB1 QPD, DNAJA1 QPD, and DNAJB4 QPD would show faint bands on the 

membrane. The result of the slot blot is shown in Figure 14 as a duplicate. The slot blot did not 

give desirable results as expected since the bands of most of the sample did not look the same 

indicating that the total amount of proteins of some samples did not successful attach to the slot 
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blot membrane. Therefore, a slot blot did not seem to help with determining and confirming the 

amount of total proteins in all samples. For each set, DNAJB1 QPD was loaded twice with the 

second sample underwent heat denaturation. This is because DNAJB1 QPD has been shown to 

not be able to prevent aggregation (Gillis et al., 2013). This experiment can be repeated using 

western blot for better visualization. Figure B shows the different HSP40 proteins loading order 

for both the wild type (HPD) and mutated type (QPD). 

FIGURES 

  

 

Figure 1. The figure shows the western blot result of the input and clear solution of GFP and 

DNAJB8 QPD. Lanes 1,2, 5, and 6 contain cells that were transfected with GFP for positive 

control, which showed up at 27kD. Lanes 3, 4, 7, and 8 contain cells that were transfected with 

DNAJB8 QPD, which showed up at 29kD. Beta-actin showed up in all 8 lanes as a loading 

control with the molecular weight of 42kD. Due to molecular weights, beta-actin (42kD) is 

above DNAJB8 (29kD), which is slightly above GFP (27kD).   

1 2 3 4 5 6 7 8 
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Figure 2. The figure shows the western blot result of the input and clear solution of GFP and 

DNAJB8 QPD. Lanes 1 and 2 contain cells that were transfected with GFP for positive control, 

which showed up at 27kD. Lanes 3 and 4 contain cells that were transfected with DNAJB8 QPD, 

which showed up at 29kD. Beta-actin showed up in all 4 lanes as a loading control with the 

molecular weight of 42kD. Due to molecular weights, beta-actin (42kD) is above DNAJB8 

(29kD), which is slightly above GFP (27kD).   

 

 

1 2 3 4 
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Figure 3. The figure shows the silver stain result of transfection of HEK293T cells with 

DNAJB8 QPD. Green fluorescent protein (GFP) serves as a positive control as shown in lanes 1, 

3, and 5. The pull-down of DNAJB8 at 29 kD is shown in lanes 2,4, and 6. The faint lines in 

lanes 2, 4, and 6 show the misfolded interactors that are pulled down along with DNAJB8; 

however, those misfolded interactors cannot be identified using silver stain but rather through 

Mass Spectrometry. The heavy chain of antibody at 50 kD and the light chain of antibody at 25 

kD are shown across all 6 lanes. The separation of the antibody’s heavy chain and light chain is 

due to Dithiothreitol (DTT), a redox reagent that reduces disulfide bonds that link the antibody’s 

heavy chain and light chain together.  

1 2 3 4 5 6 
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Figure 4. The diagram shows the co-expression of different HSP40 proteins with polyglutamine 

74 (polyQ74). In a natural cellular environment, chaperone proteins (C) binds to misfolded 

proteins (MF) to help them refold into the properly folded state (F). The co-expression of 

polyQ74 with different HSP40 proteins draws chaperone proteins away from binding with other 

misfolded proteins in the cell and bind to misfolded polyQ74.  

 A                                                                             B      

       

Figure 5. Figure A shows the expression polyQ23 in HEK293T cells for positive control. Figure 

B shows the expression of polyQ74 in HEK293T cells for positive control.  
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A                                                                            B 

       

Figure 6. Figure A shows the co-expression of DNAJA1 HPD with polyQ74 in HEK293T. 

Figure B shows the co-expression of DNAJA1 QPD with polyQ74 in HEK293T.  

A                                                                              B 

         

Figure 7. Figure A shows the co-expression of DNAJB1 HPD with polyQ74 in HEK293T. 

Figure B shows the co-expression of DNAJB1 QPD with polyQ74 in HEK293T.  
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A                                                                                 B 

         

Figure 8. Figure A shows the co-expression of DNAJB2a HPD in mouse with polyQ74 in 

HEK293T. Figure B shows the co-expression of DNAJB2a QPD in mouse with polyQ74 in 

HEK293T.  

A                                                                              B 

          

Figure 9. Figure A shows the co-expression of DNAJB2a HPD in human with polyQ74 in 

HEK293T. Figure B shows the co-expression of DNAJB2a QPD in human with polyQ74 in 

HEK293T.  
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A                                                                                B 

        

Figure 10. Figure A shows the co-expression of DNAJB4 HPD with polyQ74 in HEK293T. 

Figure B shows the co-expression of DNAJB4 QPD with polyQ74 in HEK293T.  

A                                                                                B 

      

Figure 11. Figure A shows the co-expression of DNAJB6b HPD with polyQ74 in HEK293T. 

Figure B shows the co-expression of DNAJB6b QPD with polyQ74 in HEK293T.  
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A                                                                              B  

         

Figure 12. Figure A shows the co-expression of DNAJB8 HPD with polyQ74 in HEK293T. 

Figure B shows the co-expression of DNAJB8 QPD with polyQ74 in HEK293T.  

A                                                             B 

 

Figure 13. The image shows the co-expression of an HSP40 protein with polyQ74 in GFP cell. 

If an HSP40 protein is not able to prevent aggregation in the presence of polyQ74, then 

aggregation will persist in the cytoplasm of the cell. Upon cell lysis and centrifuge, the 

aggregation will show up in the pellet as green and the lysate will be mostly clear. When the 

lysate is transferred onto a membrane for slot blot experimentation, faint lines will appear due to 

a low level of chaperone expression. If an HSP40 protein is able to prevent aggregation in the 
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presence of polyQ74, then aggregation will be broken up and diffuse throughout the cytoplasm 

of the cell. Upon cell lysis and centrifuge, the diffused aggregation will show up in the lysate as 

green and the pellet will be mostly clear. When the lysate is transferred onto a membrane for slot 

blot experimentation, robust dark lines will appear due to a high level of chaperone expression.  

A                                                                           B 

    

Figure 14. Figure A provides the slot blot result after different HSP40 proteins: DNAJA1, 

DNAJB1, DNAJB2a M, DNAJB2a H, DNAJB4, DNAJb6b, DNAJB8 were co-express with 

polyQ74 in HEK293T cell line. The experiment was done as a duplicate with the top 4 rows 

constitute the first set and the bottom 4 rows constitute the second set. Figure B shows the 

different HSP40 proteins loading order for both the wild type (HPD) and mutated type (QPD). 

The firs two lanes of each set were loaded with polyQ23 and polyQ74 as a positive control. 

DNAJB1 QPD was loaded twice with the second sample underwent heat denaturation.  
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