
Trevor Cotter 

Synthesizing BACE1 Proteins to Investigate the Pathogenesis of Alzheimer’s Disease  

 

 The purpose of my project was to help design recombinant plasmids that would be used 

to create BACE1 proteins, which are involved in the pathogenesis of Alzheimer’s Disease (AD).  

BACE1 cleaves the amyloid precursor protein (APP) which is found in the cell membrane.  Then 

γ-secretase cuts the resulting peptide, forming amyloid-β (Aβ) peptides.  These Aβ peptides 

aggregate in the brain and cause plaques that lead to AD. 

 BACE1 naturally occurs in 5 isoforms: BACE1A, BACE1B, BACE1C, BACE1D, and 

BACE1 455.  BACE1A includes all 9 of the BACE1 exons, while the rest of the isoforms are 

missing various parts of these exons.  We used the BACE1A gene construct within a cloning 

vector (pSec) and polymerase chain reactions (PCR) to create the rest of these isoforms.  Before 

I came to the lab, Dr. Johnson’s team had added a tail to the ends of the BACE1 gene that 

contained up to three regions to assist in purification of the BACE1 proteins.  The first is a 

thrombin site, which is simply a site that the protein thrombin will cleave, enabling us to remove 

the tail after purification.  The next is a V5 antibody recognition tag, which enables the protein to 

be identified by a specific antibody that is used in the protein expression process.  The last region 

of the tag is a 6XHis group.  This simply adds six histidines to the end of the protein to make it 

easily bind to Ni
2+

 affinity resin, which is used in the purification process.  Before this project, 

the Johnson lab discovered that C-terminal tag is cleaved within the V5 recognition site by 

BACE1, removing the 6XHis group and making the protein very difficult to purify.  In this 

project, I helped modify and remove parts of the BACE1 tail to assist in the protein purification. 

 To do this, we used recombinant BACE1 plasmids that had already been inserted in a 

Drosophila expression vector (pSec), immediately following a Drosophila actin promoter.  This 
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basically tells the cell to synthesize the protein encoded after it, which is now our BACE1 

protein. Our first objective was to successfully make BACE1A DNA with tails of Thrombin (T), 

V5 (V), and 6XHis (H) in different combinations.  These were to be made in both glycosylated 

and deglycosylated forms.   

 To do this, we needed to create mutations within the pSec vector to change the four 

BsmBI sites so that BsmBI would no longer recognize them. This allowed BsmBI to assist in the 

later ligation processes.  We first used Quickchange #1 primers to run PCR that would mutate 

the first site and leave the DNA in plasmid form.  Then we transformed the resulting vectors into 

E. coli cells.  These cells grew and were lysed to harvest the plasmids within them.   We then 

performed diagnostic EcoRI/EcoRV or KpnI digests with control pSec vectors to determine 

whether the E. coli cells had indeed taken on our modified pSec BACE1 vectors and not another 

random plasmid.  We validated these enzyme digests on an electrophoresis gel.  If the samples 

were correct, we would proceed with the second BsmBI mutation.  We did this for a total of 4 

mutations. 

 Once we had the mutated pSec BACE1A vectors, we could use PCR with various 

primers to create all 5 isoforms of BACE1 in both glycosylated and deglycosylated forms with 

various tails.  We performed these PCR reactions, and then digested them with two enzymes.  

The first was DpnI, which simply destroyed methylated DNA template created by the E. coli 

cells, so we were left with only strands of DNA that had been produced during the PCR.  Then 

we digested them with BsmBI.  The PCR primers had been engineered to contain a site that 

BsmBI would cut, which created “sticky ends” in the DNA strands, making ligation much easier.  

We ligated the strands with T4 Ligase, and then transformed them into E. coli cells and grew 

them.  Then we repeated the process of isolating the plasmids, performing EcoRI/EcoRV and 
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KpnI digests, and running electrophoresis gels.  If we thought our samples were correct at this 

point, we sent them in for sequencing to determine if they were exactly what we thought they 

were. 

 We were able to successfully create pSec BACE1A in glycosylated and deglycosylated 

forms with TVH and H tails.  In glycosylated form, we synthesized the A and 455 isoforms with 

the TVH and H tails. We made deglycosylated pSec BACE1 in all isoforms with the TVH tail, 

and in A, B, D, and 455 isoforms with the H tail.  Now this recombinant DNA can be expressed 

as the modified BACE1 proteins.  These proteins will be studied to enhance our understanding of 

the pathogenesis of Alzheimer’s Disease 

  


