
3. Desired GST-Dbp5 is eluted 
from solution through the 

addition of glutathione

• SDS-PAGEà gel electrophoresis 
is run to visualize the induction 
and lysis of Dbp5 and to see if the 
chromatography and tag cleavage 
was successful

• Bradford & ATPase Assaysà
Bradford Assays developed to 
determine amount of purified 
protein obtained and Dbp5 
ATPase activity is tested
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Introduction
mRNA export is an essential process for all eukaryotic life. Once mRNA is 

transcribed from DNA, it must exit the nucleus through the nuclear pore complex 
(NPC)—a selective doorway embedded in the nuclear envelope. Mature 
transcripts bind to a protein known as Mex67 in order to exit through the NPC. 
Once in the cytoplasm, the mRNA-Mex67 complex comes into contact with a 
protein known as Dbp5 (Figure 1). Once Dbp5 is bound to ATP, it can then induce 
mRNA to release Mex67. Then, Dbp5 ATPase activity occurs to ultimately release 
Dbp5 from RNA (Figure 2). Additionally, Gle1 and Nup42 are key proteins that 
enhance Dbp5 ATPase activity along with a molecule, IP6 (Figure 3)1. Efficient 
Dbp5 ATPase activity is an essential step for the directionality of mRNA export 
and ultimately, gene expression. 
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Results, continued
• Bacterial Transformationà the process of inserting a plasmid into a strain of E.coli 

- pBA 188 contains the gene that encodes for the GST-Dbp5 protein
- BL21 strain of E.coli is proficient in protein expression

• Induction & Lysisà protein production in the E.coli is induced with IPTG and cells 
are lysed open

• Affinity Chromatography, Tag Cleavage, & Dialysisà process by which GST-
Dbp5 is purified and isolated and the GST tag is cleaved from Dbp5
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Discussion and Future Directions

Figure 1. mRNA export 
overview specifically showing 

the Dbp5, Gle1/IP6, and Nup42 
interaction in the cytoplasm.

Figure 2. ATP stimulates the binding of mRNA 
to Dbp5. Through the ATPase activity of Dbp5, 
the mRNA is released and Dbp5 is recycled. 

Figure 31. ATPase activity is the highest when 
Dbp5, Gle1, & IP6 interact, displaying that Dbp5 

does not work alone. 

Bacteria transformation of pBA 188 + BL21 strain of E.coli plated on selective media

1. Lysate added to a column with a 
glutathione resin that binds the GST of 

Dbp5
2. Solution is washed of 

unwanted cellular material

4. GST tag cleaved by 
Factor Xa

Results

Figure 4. Results 
from the test lysis 
indicate that the 
lysis of the BL21 
E.coli cells was 
successful, and 

protein was 
produced, as 

indicated by the 
post-induced and 

lysis product 
lanes. 
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Figure 7. Results from the large-scale 
induction of GST-Dbp5 in BL21 E.coli 

are inconclusive. It is unknown whether 
the induction of GST-Dbp5 was 

successful due to no clear bands of 
GST-Dbp5 in the post-induced lane.

Figure 5. The results 
from the small-scale 

protein purification (prior 
to dialysis and tag 

cleavage) indicate GST-
Dbp5 is present and 
slightly purified. The 

clear band in lanes 1-7 
is located at 80 kDa, 

which further confirms 
that it is GST-Dbp5. 

There is still evidence of 
other proteins in lanes 

1-7 indicating that GST-
Dbp5 is not fully isolated 

and purified. 

The export of mRNA out of the nucleus is a crucial step for the central dogma 
of eukaryotic life. The export of mRNA transcripts is aided by Mex67, which allows 
export through the nuclear pore complex doorways in the nuclear envelope. Once 
out of the nucleus, a protein known as Dbp5, bound to ATP, Gle1, and Nup42 aids 
in the directionality of mRNA export by helping remove Mex67 from the mRNA 
strand. In order to release Dbp5 from mRNA to eventually lead the mRNA strand to 
translation, Dbp5 hydrolyzes ATP so that it unbinds the mRNA. In my project, I am 
focusing on the purification of Dbp5 in order to develop ATPase assays 
accompanied by purified Gle1 and Nup42. This will help in better understanding the 
effects of Nup42 and Gle1 on Dbp5’s ATPase activity and will allow for future study 
on Dbp5’s ATPase activity. In order to isolate and purify Dbp5, E.coli cells were 
transformed with a GST-Dbp5 plasmid that were induced with IPTG to enhance 
production of GST-Dbp5. GST-Dbp5 was then isolated and purified through affinity 
chromatography. The result of this procedure was small amounts of isolated Dbp5 
with a lack of purity. Small-scale ATPase assays were developed to produce 
preliminary data for Dbp5. A large-scale protein purification of GST-Dbp5 was 
started and should be followed up with for future experiments. 

The goal of isolating and purifying GST-Dbp5 to perform ATPase Assays was 
not fully achieved. The small-scale protein purification produced trace amounts of 
GST-Dbp5 that lacked total isolation and purity, as seen in Figure 6. After tag 
cleavage and dialysis, the amount of Dbp5 was significantly reduced, which made it 
hard to develop ATPase assays. Prior to the small-scale protein purification, the 
induction of GST-Dbp5 with IPTG was not consistent and fully successful. A 
potential reasoning for this could be that the IPTG being used was not fresh, 
making it insufficient. In addition, the E.coli cells were not fully lysed when 
performing the test induction, which produced inconclusive results for the test 
induction of GST-Dbp5. The large-scale protein purification was started, but the 
cells were not fully lysed opened. SDS-PAGE was run on the pre-induced and 
post-induced products from the large-scale induction of GST-Dbp5 and the results 
were inconclusive, as seen in Figure 5. The next steps in developing this 
biochemical system for purifying GST-Dbp5 and creating ATPase assays would be 
to carry out the full procedure for the large-scale protein purification of GST-Dbp5. 
The results from the small-scale ATPase assay with just Dbp5 were inconclusive 
due to a very small amount of Dbp5 being obtained from purification. In addition, 
Gle1 and Nup42 were not available for use in the assay.  Being able to understand 
Dbp5’s role in mRNA export and understand the specific effects of Gle1/IP6 and 
Nup42 on Dbp5’s ATPase activity is a crucial step to better understanding all 
aspects of mRNA export. 
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Figure 6. The results from the tag cleavage 
of GST- Dbp5 indicate that the GST tag was 
successfully cleaved. A distinct band around 

54 kDa is shown, which indicates the 
presence of Dbp5. This band stays present 

post dialysis, as well. 
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Figure 8. The 
amount of Dbp5 
obtained after 

purification 
produced by the 
Bradford assay. 0
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ATPase Activity Figure 9. Data 
suggests a 

slightly higher 
reaction rate 
when Dbp5 is 

present. There is 
also an additional 

increase in 
reaction rate 

when both IP6
and Dbp5 are 

present. 

In order to understand and study Dbp5 ATPase activity, isolation and 
purification of Dbp5, Gle1, and Nup42 is a necessary step to developing an in 
vitro Dbp5 ATPase system. The goal of this project is to establish robust 
purification of recombinant Dbp5 to allow ATPase assays to be conducted. Once 
ATPase assays are set up, a crucial question can be answered. What’s the 
effect of Gle1 and Nup42 on Dbp5 ATPase activity?
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