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GENERATION OF DNA CONSTRUCTS AND CELL LINES OVER-EXPRESSING 
THE SUBUNITS OF THE GAMMA SECRETASE COMPLEX IN ALZHEIMER’S 

DISEASE

Jeremy Frieling

New College of Florida, 2009

ABSTRACT

Alzheimer’s disease is a neurodegenerative, irreversible disease whose cause is 

believed to be amyloid beta plaques and neurofibrillary tau tangles.  Amyloid beta is a 40 

or 42 amino acid peptide produced by cleavage of a larger protein, amyloid precursor 

protein (APP).  Two enzymes called beta secretase and gamma secretase are responsible 

for the production of amyloid beta.  A third enzyme, alpha secretase, may cleave before 

beta secretase and does so within the amyloid beta region and thus precludes its 

production.  Much of the research aimed at finding a cure for Alzheimer’s disease 

focuses on reducing amyloid beta levels through blockage of beta secretase or gamma 

secretase. 

Unlike alpha and beta secretase, gamma secretase is a complex consisting of four 

subunits and eight isoforms of those subunits: Presenilins (PS1/PS2), Aph1 

(APh1AL/APh1AS/APh1B), nicastrin, and Presenilin enhancer (PEN-2).  Because of the 

subunits, gamma secretase is viewed as a target for inhibition or modulation.  The work 

presented here isolated the genes for these subunits in order to generate constructs that 

were transfected into SH-SY5Y cells.  Each subunit was inserted into a different 

mammalian expression vector so that in the future, different combinations of subunits can 
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be made with the option of blocking the expression of certain subunits.  As a whole, the 

cell lines will be used for drug testing as well as studying the interactions between 

subunits.
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ABBREVIATIONS

Aβ Amyloid beta
Aph1 (AL, AS, B) Anterior Pharynx Defective 1
APP Amyloid Precursor Protein
BACE Β-secretase
BCA Bicinchoninic acid (type of protein assay)
BLAST Basic Local Alignment Search Tool
Bsd Blasticidin
cDNA Complementary DNA
CHO Chinese Hamster Ovary
CTF C-terminus fragment
DI Deionized

DAPT (3,5- Difluorophenylacetyl)- L-alanyl- L-2-
phenylglycine t-butyl ester

DMEM Dulbecco's modified Eagle's medium
EDTA Ethylenediaminetetraacetic acid
G418 Geneticin
GC Rich PCR primers high in guanine and cytosine content
GSP Gene Specific Primers
HEK Human Embryonic Kidney
LB Luria-Bertani (broth and agar)
NCBI National Center for Biotechnology Information
Nic Nicastrin
NTF N-terminus fragment
PBS Phosphate Buffered Saline
PCR Polymerase Chain Reaction
PEN-2 Presenilin enhancer 2
PS1 Presenilin 1
PS2 Presenilin 2
SDS Sodium dodecyl sulfate
SOC Super Optimal broth with catabolite repression 
TBE Tris/Borate/EDTA
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1. Introduction

Alzheimer’s disease is a neurological disorder that currently affects 10% of 

people over age 65 and 50% of people over age 85 in the United States’ population 

(Zhang and Xu, 2007).  It is a progressive disease that ultimately leads to death, making it 

the sixth leading cause of death in the United States.  The Alzheimer’s Association says 

that every 70 seconds someone develops Alzheimer’s disease, amounting to a total of 5.3 

million people in the United States.  Though it was characterized in 1906, the majority of 

what is known has been discovered in the last 15 years and therefore, no cure is currently 

known (Alzheimer’s Association).  Across the world, the number of people living beyond 

age 65 is continuing an upward trend that began in the second half of the 20th century, 

however, this increase in years is often not fulfilling due to dementia such as Alzheimer’s 

disease (Oeppen and Vaupel, 2002; Reisberg, 1983).  As the global population of senior 

citizens increases, the devastating effects of Alzheimer’s disease will only become more 

apparent to the unaffected population, emphasizing the importance of research.  A recent 

Associated Press article in the Bradenton Herald (Neergard, 2009) indicates that the 

number of people living with dementia is 35 million globally and by 2050 could reach 

115 million people if national governments and the World Health Organization do not 

take action.

One must note that dementia and Alzheimer’s disease are not synonymous. 

Dementia refers to a multitude of conditions that result in cognitive deterioration with 

Alzheimer’s disease being the most frequent type of dementia reported.  Figure 1.1 shows 

the relative frequencies of common dementia types.  It is quite common for an individual 

who is experiencing memory problems to be misdiagnosed with Alzheimer’s disease 
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instead of other types of dementia.  Also, memory problems may be caused by a dietary 

problem or stress and emotional issues which can be treated more easily than dementia 

diseases like Alzheimer’s.  The best approach for diagnosing dementia is for the patient 

to see a neurologist and to have a brain scan, such as an MRI, taken.  A neurologist is 

better able to prescribe correct medication for the individual than a general primary care 

physician.  

Figure 1.1: Reported frequencies of common forms of dementia (adapted from Corey-Bloom, 
2009)

The first Alzheimer’s disease patient was identified by Alois Alzheimer in 1906. 

The patient, Auguste D., was a 51 year old woman who had increasing problems with 

memory, suspicions against her husband, and difficulty speaking as well as 

comprehending language.  Following her death, Dr. Alzheimer performed an autopsy and 

noted dramatic shrinkage of the cortex, the part of the brain responsible for memory, 

thinking, judgment, and speech.  The changes in brain morphology of a typical 

Alzheimer’s disease patient are illustrated in Figure 1.2.  Closer observation revealed 

fatty deposits in small blood vessels, dead and dying brain cells, and strange deposits in 

and around cells (Alzheimer’s Association).
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Figure 1.2: The brain on the left is an unaffected, healthy brain showing normal physiology.  On 
the  right  is  the  brain  of  a  typical  Alzheimer’s  disease  patient  with  enlarged  ventricles  and 
shrunken cerebral cortex and hippocampus (Wikipedia).

Alzheimer’s disease is a progressive disease that impacts the patient’s family 

more than any other disease (Zarit, 1985).  Medical professionals categorize the 

progression of Alzheimer’s into three phases. The first, called the forgetfulness phase, 

begins as family members notice an individual forgetting names or where they placed 

objects.  The patient may begin to feel irritable, embarrassed, and ashamed because of 

this forgetfulness.  The forgetfulness phase is usually followed by the confusional phase. 

In addition to the symptoms above, the individual begins to have trouble recalling events 

and personal history along with a “flattening” of their emotions.  Finally, the dementia 

phase is reached when patient can no longer survive independently and cannot remember 

information such as the year, current president’s name, and their current location 

(Reisberg, 1983).
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There are actually two forms of Alzheimer’s disease: sporadic and heritable. 

More than 90% of Alzheimer’s disease patients are diagnosed with the sporadic, late 

onset type but others are due to familial Alzheimer’s disease (FAD), a heritable type 

characterized by onset in the fourth to sixth decade, significantly earlier than the sporadic 

cases (Zhang and Xu, 2007).  FAD is believed to be a result of mutations in genes 

encoding crucial proteins involved in Alzheimer’s disease that will be discussed below. 

Both types are commonly associated with the presence of amyloid plaques and tau 

protein tangles.  While the single greatest risk factor for Alzheimer’s is age, more specific 

factors have been identified.  A widely accepted major risk factor for sporadic AD is 

Apoliprotein E (ApoE), a 34kDa protein normally involved in the transport of certain 

lipid species (Mehta et al., 2007).  Individuals who possess one ε4 allele for ApoE are at 

a 2 to 3 fold higher risk for developing Alzheimer’s disease.  If two ε4 alleles are present, 

the risk increases 12-fold (Bertram et al., 2007).  On the contrary, if the ε2 allele is 

possessed, the risk is decreased (Farrer, 1997).  Another factor for individuals is if they 

are resistant to insulin or have diabetes, which correlates to an increased deposition of 

amyloid beta (Carrillo et al., 2009).  Exposure to lead also increases the risk for 

Alzheimer’s disease through chaperone deficiencies resulting in altered protein 

conformations (White et al., 2007).  Other risk factors include traumatic head injury, 

depression, excessive alcohol consumption, and smoking, whereas participation in social 

activities, exercise, and a healthy diet can lower the risk for Alzheimer’s disease (Qiu et 

al., 2009).  Based on these data, one can infer that Alzheimer’s disease can be brought 

about by individual activities, genetics, or a combination of both. 

4



The cause of Alzheimer’s disease is currently best explained through the 

“amyloid cascade hypothesis” which suggests that a short peptide known as amyloid beta 

(Aβ) is the initiator of a pathological cascade leading to the deposition of amyloid 

plaques, neurofibrillary tau tangle formation, neuronal dysfunction, inflammatory 

responses, and dementia in the patient (Hardy, 1997).  The two most common 

Alzheimer’s disease manifestations, tau tangles and amyloid plaques, are illustrated in 

Figures 1.3 and 1.4.  

Figure 1.3:  Amyloid plaques in the cerebral cortex of an Alzheimer’s disease patient 
(Wikipedia)
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Figure 1.4:    An illustration showing both amyloid plaques and neurofibrillary (tau) tangles as 
they appear within the affected neurons. (http://www.thealzheimerssolution.com/wp-
content/uploads/2008/06/plaques_tanglesborder-300x227.jpg)

The neurofibrillary tangles are made of a protein called tau which naturally serves 

to stabilize microtubules but also aggregates in the soma of neurons (Hardy, 2002). 

Recent evidence has also shown that interactions occur between amyloid beta and tau, 

and that amyloid beta deposits may be dependent on tau since reducing tau levels 

prevented behavioral deficits as observed in mice (reviewed in Gotz et al., 2008).  While 

tau tangles are a viable research outlet, significant emphasis has been placed on 

determining the origin and role of amyloid plaques (for a review on tau tangles, see Buẻe 

et al., 2000).  Amyloid plaques are made up of aggregations of small peptides known as 

amyloid beta, of which there are two major types that vary in the total length of amino 

acids.  The most common form is 40 amino acids long (Aβ40) whereas the longer 42 

amino acid variety (Aβ42) is more prone to forming aggregations leading to the amyloid 

plaques (Gotz et al., 2008).  When combined, amyloid beta and tau tangles are 

responsible for the pathological changes seen in Alzheimer’s disease patient’s brains. 

Zarit (1985) uses the analogy where the brain cells are a tree: 
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“If you think of a normal cell (1) as a tree, then the tangles are like a disease from 

within and the plaques are like a pest outside.  What happens to the cell is very 

much like what happens to a tree being defoliated (3), (4).  It swells and becomes 

gnarled; then it shrivels (5) to a stump (6).”   (See accompanying Figure 1.5 

below)

Figure 1.5:  Stages of neurodegeneration as described by Zarit (1985).  Note the extracellular 
circles as these represent Aβ plaques and the squiggles in the cell body which are tau tangles.

There are many forms of amyloid beta besides Aβ40 and Aβ42 resulting from alternative 

cleavage sites along with additional sequential cleavages that vary by three amino acids 

(Steiner et al., 2008).  However, all forms of amyloid beta are a product of sequential 

cleavages of a much larger protein named amyloid precursor protein (APP).
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Inflammatory pathways are activated in Alzheimer’s disease.  In vitro studies 

indicate that upon addition of Aβ, there is a high concentration of proinflammatory 

cytokines including tumor necrosis factor alpha (TNF-α) and interleukin-1-beta (IL-1β) 

surrounding the plaques.  These cytokines have been shown to promote neurotoxicity.  It 

is known that an important interaction between CD40 and its ligand, CD40L, induces 

microglial activation which leads to secretion of TNF-α (Tan et al., 2002).  CD40 is a 

member of the tumor necrosis factor (TNF) superfamily of trans-membrane receptors 

(Ait-Ghezala et al., 2007).  CD40 itself is upregulated by inflammation so that there is 

almost a constant cycle in which Alzheimer’s disease progresses.  Interrupting the CD40/

CD40L interaction reduces AD-like pathology (Tan et al., 2002).  This inflammatory 

response is one reason that individuals who take NSAIDs are likely at a lower risk for full 

development of Alzheimer’s disease (Beher et al., 2002).  

CD40 has been shown to mediate trans-membrane signal transduction that results 

in the activation of intracellular kinases and transcription factors such as NF-κB.  CD40 

activation upregulates NF-κB regulated transcription in the peripheral nervous system, 

but it is unclear if this is the case in the central nervous system.  However, NF-κB may 

play a role in the transcription of APP.  It is believed that CD40 acts through the NF-κB 

pathway, and it has been shown that NF-κB inhibitors including celastrol and 

kamebakaurin are able to reduce the base levels of Aβ40 and Aβ42, a possible means of 

treating Alzheimer’s disease (Ait-Ghezala et al., 2007).  

APP has three different known isoforms called APP695, APP751, and APP770. 

Of these, APP695 is the predominant form found in the brain (Wilquet and DeStrooper, 

2004).  APP is synthesized in the endoplasmic reticulum and transported through the 
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Golgi apparatus to the trans-Golgi network before final cleavages (Greenfield et al., 

1999).  Depending on the order of cleavages, it is at this point that the amyloid beta 

peptide is believed to be cleaved and released from APP (Wolfe, 2008).  In addition to its 

role in Alzheimer’s disease, APP has potential biological functions that are not fully 

understood including transmembrane transductions, cell adhesion, calcium metabolism, 

neurite outgrowth and synaptogenesis, and neuronal protein trafficking (Zheng and Koo, 

2006).  A more specific possibility is that APP binds with kinesin, linking the transport 

vesicle to the kinesin motor complex (Annaert and DeStrooper, 2002).  After processing, 

APP releases its intracellular domain (AICD) which has been shown to mediate nuclear 

signaling (Goodger et al., 2009).  The gene encoding APP is located on chromosome 21, 

helping to explain the cognitive decline observed in trisomy 21 (Down’s syndrome).  It is 

also worth noting that Down’s syndrome patients often exhibit immature amyloid beta 

deposits as early as the second decade (Goate, 1991 phide Levy-Lehad et al., 1995; 

Selkoe 2005).  Elevated amyloid beta levels are seen in Down’s syndrome children as 

young as two years of age (Steiner et al., 2008).  The youngest patient identified with 

FAD was 24.  At this age, he showed changes in mood and progressive memory loss with 

worsening symptoms up until his death at age 28.  Post-mortem examination showed that 

the patient possessed a P117L PS1 mutation.  It was also noted that the family had a high 

incidence of FAD (Wisniewski et al., 1998).

In general, transmembrane proteins like APP are cleaved via a pathway called 

regulated intramembrane proteolysis.  The first step is to remove large pieces of the 

proteins’ ectodomains followed by a more specific cleavage, both by sheddases.  This 

produces a stub which is subsequently cleaved in the transmembrane domain by 
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intramembrane cleaving proteases (ICLiPs).  At this point, the intracellular domain is 

freed (reviewed by Steiner et al., 2008).  When applied to APP, there are two accepted 

pathways for the cleavage: amyloidogenic and non-amyloidogenic. Figure 1.6 outlines 

the differences between each type.  As the names suggest, the first pathway results in the 

production of the amyloid beta peptide whereas the latter features a cleavage site within 

the amyloid beta sequence, precluding its production.  Both pathways are regulated by 

some combination of two of the three enzymatic cleavage sites known as alpha, beta, and 

gamma secretase (Zhang and Xu, 2007).  In the non-amyloidogenic pathway, alpha 

secretase is the first to cleave APP and does so within the amyloid beta peptide sequence 

yielding the soluble fragment sAPPα along with non-soluble α-CTF fragment (Sisodia, 

1992).  The soluble fragment is believed to protect neurons from cytotoxicities 

(Furukawa et al.,1996 phide Bandyopadhyay et al., 2007).  Meanwhile, the α-CTF is 

cleaved by gamma secretase releasing a hydrophobic P3 fragment and amyloid precursor 

protein intracellular domain (AICD).  P3 may contribute to amyloidogenesis but this is 

only hypothesized (Wilquet and DeStrooper, 2004).  AICD is similar to sAPPα in that it 

is believed to have its own physiological functions such as initiation of programmed cell 

death (Muller et al., 2008).
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Figure 1.6:   In the amyloidogenic pathway, beta secretase cleaves APP first resulting in sAPPβ 
and CTFβ. Gamma secretase cleavage of CTFβ follows producing amyloid beta and CTFγ 
(AICD). However, the non-amyloidogenic pathway starts with alpha secretase cleaving APP in 
the amyloid beta sequence to produce sAPPα and CTFα.  Gamma secretase cleaves CTFα 
releasing the fragment P3 along with CTFγ (AICD).  Adapted from Bandyopadhyay et al., 2007.

If APP is not cleaved by the alpha secretase, APP is re-internalized in preparation 

for cleavage by beta secretase, thereby initiating the amyloidogenic pathway (Caporaso et 

al., 1994).  Unlike gamma secretase, which is composed of multiple proteins, beta 

secretase is a single protein with protease activity.  There are two forms of beta secretase, 

BACE1 and BACE2.  BACE1 is the primary beta secretase involved with Aβ generation 

(Cai et al., 2001).  Experiments with beta secretase knockout mice showed a reduction of 

Aβ40/42 levels but a significant number of these mice died in the first few weeks after 

birth, indicating a lethal side effect associated with eliminating beta secretase activity 

(Dominguez et al., 2005).  Alternatively, overexpression of beta secretase increased the 

cleavage of APP and consequently increased Aβ40/42 production (Vassar et al., 1999). 

Like alpha secretase, this cleavage produces two fragments, this time called sAPPβ and 
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β-CTF.  Beta secretase cleavage is also followed by gamma secretase which cleaves the 

β-CTF into amyloid beta peptide and AICD (Zhang and Xu, 2007).  Both the 

amyloidogenic and non-amyloidogenic pathways are summarized in Figure 1.6.  The 

important thing to note is that gamma secretase always cleaves, regardless of the first 

cleavage site; therefore it is seen as a viable target for inhibition or more recently 

modulation, as other vital proteins rely on gamma secretase for processing.  These 

substrates often rely on gamma secretase for release of their intracellular domains which 

in turn affects the pathogenesis of Alzheimer’s disease as well as several types of cancer 

(Magold et al., 2009).  

Figure 1.7:  The entire gamma secretase complex including the catalytic core. Adapted from 
Steiner et al., 2008

A well known example of one of these vital proteins is Notch.  It has its 

transmembrane domain cleaved by gamma secretase producing the biologically active 

form of Notch (Shroeter et al., 1998).  A lack of active Notch can result in a lethal 

phenotype as it plays a crucial role in cell differentiation as well as regulates normal T 

cell development (Eagar et al., 2004).  Notch continues to play a role from childhood 
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development throughout adulthood in moderating cell fate decisions (Spasic and Annaert, 

2008).  Processing of Notch by gamma secretase is needed for hepatoblast differentiation, 

epidermis and hair follicle differentiation, alveolar differentiation in mammary glands, 

maintenance of skin appendages, and intestinal stem cell specification (reviewed by 

Magold et al., 2009).  Therefore, although inhibiting gamma secretase would be the 

easiest manner to lower amyloid beta production, specific care must be taken to avoid 

lethal consequences.

Amyloid beta is produced solely through APP processing and is present in all 

people, however as mentioned above, primarily two different versions of 40 and 42 

amino acid lengths exist (Aβ40 and Aβ42) with the additional amino acids being present 

at the carboxyl terminus (Selkoe, 2001; DeStrooper, 2003).  A decrease in overall Aβ 

levels reduced the viability of neuronal cells but non-neuronal cell viability was 

unaffected (Plant et al., 2003).  Aβ40 is far more common than Aβ42, which is more 

prone to aggregation (Burdick et al., 1992).  Therefore, more Aβ42 is produced when 

“loss of function” mutations that reduce the ability to trim the carboxyl terminus exist 

(DeStrooper, 2007).  Also, when APP is retained in the endoplasmic reticulum, 

production of Aβ40 is disabled.  In an experiment by Hartmann (1997), Aβ40 was found 

only in a late Golgi compartment, whereas Aβ42 was in both early and late organelles of 

the secretory pathway.  A study performed with Down’s syndrome patients with 

Alzheimer’s disease showed that the increased production of Aβ42 with age was due to a 

decrease in alpha secretase activity accompanied by an increase in beta secretase activity. 

Based on CTF-β levels, they noted that younger individuals may be able to more 
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efficiently clear CTF-β or clear Aβ.  Amyloid beta is also hydrophobic, contributing to its 

aggregative properties (Haass, 2004).  

Gamma secretase is an aspartyl protease that uses its intramembranous catalytic 

site to cleave type 1 membrane proteins, like APP and Notch, in their hydrophobic 

domains (Annaert and DeStrooper, 2002).  It is responsible for the final cleavage of APP 

releasing either P3 or the amyloid beta peptide.  The gamma secretase complex consists 

of four integral membrane proteins called Presenilin (PS), Presenilin enhancer (PEN-2), 

Anterior Pharynx Defective 1 (Aph1), and nicastrin (DeStrooper et al., 1998).  These four 

proteins are required for sufficient gamma secretase activity (Wolfe, 2008).  The 

importance of having all subunits assembled was determined by reconstituting gamma 

secretase activity based on combinations of the subunits in Saccharomyces cerevisiae, 

which lacks endogenous gamma secretase activity.  The four proteins mentioned above 

were the minimum to obtain gamma secretase activity (Greenfield et al., 1999).  There is 

also a protein called CD147 that may be a potential regulatory subunit, however, to date, 

only a few studies have been published on the association of CD147 with gamma 

secretase and therefore its role as a subunit has not been confirmed (Nahalkova et al., 

2009).  Studies have shown that when only three components are overexpressed, there is 

not increased APP processing whereas overexpression of PS, PEN-2, Aph1, and nicastrin 

combined increased gamma secretase activity (Edbauer et al., 2002).  Similarly, lowering 

the level of nicastrin, Aph1, or PEN-2, resulted in decreased secretion of Aβ40 and Aβ42 

(Francis et al., 2002).  With regards to CD40/CD40L interactions, Volmar and colleagues 

(2009) noted an increase in AB production in SH-SY5Y/C99 (C99 is the fragment 

produced from beta secretase cleavage, also called CTF-β) cells when CD40L was 
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overexpressed along with CTF-β (refer to Figure 1.6).  This suggests that gamma 

secretase may be affected by CD40L stimulation because in these cells, beta secretase 

was not a factor due to overexpression of CTF-β.  The same study established that 

gamma secretase acts as a negative regulator of alpha secretase after witnessing an 

increase in sAPPα when inhibiting gamma secretase with the gamma secretase inhibitor, 

(3,5- Difluorophenylacetyl)- L-alanyl- L-2-phenylglycine t-butyl ester (DAPT) (Volmar 

et al., 2009).

Figure 1.8:   The four components of the gamma secretase complex and their approximate 
topologies.  The arrow indicates the site of an endoproteolytic cleavage on PS1 between 
transmembrane domains 6 and 7.  The red dots represent the catalytic aspartate residues within 
PS1.  Adapted from Wolfe, 2008

Gamma secretase assembly is a multi-step process that remains a controversial 

topic as of this writing.  The first step is likely the formation of a nicastrin-Aph1 

subcomplex, which is stable even without PS1 and PEN-2 (Shirotani et al., 2004; Spasic 

and Annaert, 2008).  Eventually, PS1 binds with the nicastrin-Aph1 subcomplex and is 

later joined by PEN-2 which initiates endoproteolysis of PS1 (Figure 1.8) (LaVoie et al., 

2003).  An alternative suggestion involves PEN-2 and whole PS1 binding initially, 
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resulting in endoproteolysis of PS1, and then this sub-complex binds to the already 

existing Aph1/nicastrin subcomplex (Wolfe, 2008).  These two processes are shown in 

Figure 1.9.

Figure 1.9:  Suggested routes of gamma secretase complex assembly (Adapted from Wolfe, 
2008)

The heart of gamma secretase is believed to be centered around the subunit 

Presenilin.  There are two forms of Presenilin called PS1 and PS2 (Luo et al., 2003).  The 

gamma secretase complexes feature either PS1 or PS2.  The genes encoding PS1 and PS2 

are located on chromosomes 14 and 1 respectively and their products are known to cleave 

over 30 type-I transmembrane proteins when either is incorporated into gamma secretase 

(Thinakaran et al., 1996; Spasic and Annaert, 2008).  This property was originally 

discovered using genetic screens of Caenorhabditis elegans (Francis et al., 2002).  The 

active site of presenilin consists of Asp257 and Asp385 which when mutated, eliminates 

gamma secretase activity.  For example, changing aspartic acid to alanine prevents 

endoproteolysis of the presenilin molecule as evidenced by substantial decreases in 

amyloid beta production, meaning that the core of gamma secretase consists of a 
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presenilin dimer where one provides substrate binding site and the other provides 

catalysis (Wolfe et al., 1999; Cervantes et al., 2004).  However, the full catalytic 

mechanism is yet to be understood.  An interesting observation was that signal peptide 

peptidases (SPP and SPP-like proteases) are structural homologues to PS1 and are 

inhibited by many of the same compounds that inhibit gamma secretase.  This suggests 

that similar catalytic sites may exist between the two (Futai et al., 2009).  In addition to 

this role, mutations in PS1 and/or PS2 contribute to FAD (Levy-Lehad et al., 1995). 

There are many different PS1 mutations, the majority of which are mis-sense mutations, 

linked to FAD and certain mutations react differently to inhibitors (Selkoe, 2001). 

Reasons why remain uncertain, although it has been suggested that the locations of 

binding sites are in close proximity and are easily disturbed by mutation induced 

conformational changes in PS1 (Czirr et al., 2007).  Based on the knowledge of these 

mutations, it has been suggested that presenilins have the ability to modulate the 

transmembrane proteolysis carried out by the complete gamma secretase complex 

(Wolfe, 2008).  By knocking out PS1, a reduction of amyloid beta production is seen and 

knocking out both PS1 and PS2 completely halts amyloid beta production (DeStrooper et 

al., 1998; Zhang et al., 2000).  Unfortunately, the phenotype of these knockout mice is 

often lethal but mice with only PS2 knockout remain healthy, suggesting that PS1 has a 

greater significance with regards to Notch signaling.  PS2 is naturally less expressed than 

PS1 (Herreman et al., 1999).  However, in the presence of a single PS1 allele, which 

provides partial function, Notch activity was retained while drastically decreasing gamma 

secretase activity toward amyloid beta in vivo (Grabher et al., 2006).  Interestingly, a 

mutation called 437C in TMD9 of PS1 actually blocks amyloid beta production without 
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affecting Notch processing (Tolia et al., 2008).  For these reasons, the presenilin subunit 

is often targeted for inhibition when designing gamma secretase inhibitors (DeStrooper et 

al., 1998).  

The full length presenilin protein is degraded rapidly with the half life of the 

holoprotein being less than one hour.  To address this situation, an endoproteolysis step 

occurs where unidentified “presenilinases” process the full length molecule into a 27kDa 

NTF and a 17kDa CTF heterodimer.  Upon formation of this heterodimer, the presenilin 

molecule becomes biologically active and the half life increases to about 24 hours 

(Thinakaran et al., 1996; Thinakaran, 1997; Wolfe, 2008).  The production of the NTF 

and CTF PS1 fragments are determined by phosphorylation and caspase cleavage, the 

knowledge of which will potentially aid in the design of inhibitors.  The protein ubiquilin 

also plays a role in PS endoproteolysis as determined through RNA interference 

experiments and overexpression of ubiquilin.  Overexpression of ubiquilin reduced the 

levels of PS1 NTF and CTF as well as Aph1 and nicastrin.  Small interfering RNA 

(siRNA) knockdown of ubiquilin resulted in the opposite, increased accumulation of PS1 

NTF and CTF (Massey et al., 2005).  In addition to the increased stability, Xia (2008) has 

hypothesized that full length PS1 would block the various substrates from reaching the 

gamma secretase docking site.  The presenilinases are a relatively recent drug target. 

Pharmacological inhibition of presenilinases and gamma secretase with the several of the 

same inhibitors suggests that they are both aspartyl proteases (Xia, 2008).  Proteasome 

inhibitors also possess the ability to inhibit PS endoproteolysis (Massey et al., 2005).  In 

general, presenilinase inhibitors have not been studied in depth for therapeutic purposes. 

Many potent gamma secretase inhibitors fail to block presenilinase activity while other 
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mild gamma secretase inhibitors successfully inhibit presenilinase, complicating the 

study of their relationships (Xia, 2008).  Another example of presenilin involvement with 

cellular trafficking is with the CD147 protein, a possible regulatory subunit of gamma 

secretase.  Nahalkova and colleagues (2009) witnessed an accumulation of CD147 

intracellularly along with lower exposure on the plasma membrane when PS2 was absent. 

Since CD147 is believed to interact with gamma secretase on the plasma membrane, 

lower exposure might affect gamma secretase activity.  Aside from their catalytic 

importance, presenilins are also known to play crucial roles with the maturation and 

trafficking of another subunit of the gamma secretase complex, nicastrin.  

The second member of the gamma secretase complex to be discovered was 

nicastrin (Yu et al., 2000).  This large type I membrane protein contributes to nearly 45% 

of the total molecular mass of the gamma secretase complex (Herreman et al., 2003). 

Whereas presenilin subunit provides activity, nicastrin appears to play a vital role in 

recruiting the APP and Notch proteins as a receptor (Luo et al., 2003).  Nicastrin uses its 

ectodomain to bind the N-termini of membrane bound substrates.  A simple diagram is 

given in Figure 1.10.  Also, the extracellular domain of nicastrin (DAP) is essential for 

substrate recognition and when deleted, prevents gamma secretase activity.  Therefore, it 

appears that nicastrin acts like a gate-keeper (Shah et al., 2005).  The 130 kDa molecule 

also serves to stabilize the presenilin NTFs and CTFs created through endoproteolysis by 

binding to them (DeStrooper, 2003).  Presenilin prefers to bind to more mature nicastrin 

but is not limited to it.  However, a more recent study by Futai and colleagues (2009) 

showed that nicastrin may not be necessary for PS1 endoproteolysis and protease activity 

depending on the actual PS1 mutation.  Specifically, the F411Y/S438P mutation in 
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TMD9 resulted in activity even when nicastrin was knocked out.  The Aph1 and PEN-2 

subunits were still required for activity.  Still, the F411Y/S438P mutation was the only 

one of seventeen included in the study to produce these results, meaning that this type of 

gamma secretase will only be present in few individuals (Futai et al., 2009).  The 

assembly occurs in the endoplasmic reticulum and generally does use mature nicastrin as 

immature nicastrin degrades quickly.  By looking at the maturation using combined 

methods including endoglycosidase H sensitivity and pulse-chase experiments, 

Herremean and colleagues (2003) found that nicastrin maturation seems to depend on the 

presence of PS1 and occurs by glycosylation, a post-translational modification, but again 

is not necessary for functionality of gamma secretase (Herreman et al., 2003).  Following 

binding with the presenilin heterodimers, nicastrin acts as a scaffold and provides a 

means of moving the entire presenilin complex to the cell surface.  When PS1 CTF and 

NTF levels from the lysates of cells treated with siRNA duplex Nct-1045 to down-

regulate nicastrin were analyzed , a reduction in the assembly of presenilin complexes 

was seen, suggesting that nicastrin is a limiting factor in presenilin complex assembly 

(Edbauer et al., 2002).

Figure 1.10:    Nicastrin is the recruiter and recognition subunit of the gamma secretase complex. 
An simplified explanation of this activity is shown above.  Adapted from Shah et al., 2005.
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Another gamma secretase subunit identified in C. elegans was Aph-1 which has 

two homologues: Aph-1α and Aph1β (Francis et al., 2002).  Aph-1 is about 30 kDa and 

functions as a scaffolding protein (Goutte et al., 2002; Takasugi et al., 2003).  A loss of 

Aph-1 function results in a lack of the active PS and consequently gamma secretase 

activity, however, it is unclear whether or not Aph-1 regulates gamma secretase activity 

after PS maturation (Francis et al., 2002).  This regulation is independent of its role in 

promoting PS endoproteolysis (Cooper et al., 2009).  Aph-1 also interacts with nicastrin 

to contribute to formation of a stable intermediate complex (Kimberly et al., 2003). 

LaVoie and colleagues (2003) note that mature nicastrin binds to Aph-1 prior to entrance 

of PS1 in gamma secretase assembly.  This may occur to stabilize nicastrin while 

glycosylation proceeds in the endoplasmic reticulum and these two remain attached 

throughout gamma secretase assembly.  Alternatively, this Aph1-nicastrin complex may 

occur in the Golgi apparatus following maturation of nicastrin.  Mutations in Aph-1 in C. 

elegans impaired the Notch signaling pathway (Luo et al., 2003).

While not much is known about the endoproteolysis of presenilin, a separate 

component of gamma secretase helps provide the stimulus.  PEN-2, which stands for 

presenilin enhancer, is a small, hairpin like protein of 12 kDa discovered in C. elegans 

that facilitates the endoproteolysis of presenilins (Francis et al., 2002; DeStrooper, 2003; 

Luo et al., 2003).  Ultimately, PEN-2 provides the means for formation of the active 

gamma secretase complex by interacting with the NTF region of presenilin (Fraering et 

al., 2004).  Evidence of this is shown by over-expressing PEN-2 or co-expressing with 

Aph-1 which lead to an increase in PS1 NTF.  This also identifies cooperation with 

Aph-1 (Luo et al., 2003).  Likewise, eliminating PEN-2 prevented endoproteolysis of PS1 
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(Xia, 2008).  The formation of active gamma secretase is believed to occur by PEN-2 

using its hairpin topology to attach to gamma secretase, but the mechanism is not fully 

understood (Spasic and Annaert, 2008).  The interaction is proposed to occur around the 

time that glycosylation of nicastrin is completed (LaVoie et al., 2003).

Gamma secretase is considered a key inhibition target but due to its importance in 

other life dependent processes, the side effects must be analyzed carefully.  Gamma 

secretase cleaves not only APP but also Notch and over 40 other important 

transmembrane proteins thereby releasing their intracellular domains and initiating 

activity (Haass and DeStrooper, 1999; Xia, 2008).  An important gamma secretase 

inhibitor is DAPT which is a dipeptidic compound with the capability to reduce brain 

amyloid beta levels with a single dose (Dovey et al., 2001).  However, DAPT requires 

high single oral doses to observe a lowering of amyloid beta in APP transgenic mice 

(Wolfe, 2008).  Helical peptides function well as gamma secretase inhibitors by 

mimicking the APP transmembrane domain (Das et al., 2003).  Although trials in mice 

for the gamma secretase inhibitor Dexamethasone appeared safe to the overall health of 

the mice, human trials elucidated a problem with Notch interferences causing severe 

gastrointestinal problems in the participants (Staal and Langerak, 2008).  Most gamma 

secretase inhibitors act on both Notch and APP with equal potency.  An exception to this 

is Gleevec®, a drug approved for treating chronic myeloid leukemia that also inhibits 

gamma secretase (Yang, 2008).  The pharmaceutical company Eli Lilly has even reached 

phase III trials on their gamma secretase inhibitor compound LY450139 (Siemers et al., 

2006).  Other gamma secretase inhibitors and modulators have proven safe towards 

Notch and other substrates, but also have lesser effect on actual function and cognition 
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for Alzheimer’s disease patients (Neugroschl et al., 2009).  However, because of the 

generally life threatening complications, a shift has been made from inhibiting gamma 

secretase to modulating gamma secretase.  Even more radically, some have begun to 

consider beta secretase as a prime target for inhibition instead (Czirr et al., 2007).  As of 

this writing, there is at least one beta secretase inhibitor in phase 1 clinical trials 

(Neugroschl et al., 2009).  

Modulation is a process where only parts of the gamma secretase complex are 

inhibited or altered in some manner that still affects amyloid beta production but Notch 

retains activity.  One method of thought is to modulate different receptor pathways, such 

as GMCSF and NF-κB (Ait-Ghezala et al., 2007; Volmar et al., 2008).  Volmar and 

colleagues (2008) note that reducing GMCSF to basal levels is more appropriate 

treatment than completely eliminating GMCSF signaling.  NF-κB inhibitors such as 

celastrol and kamebakaurin were shown to reduce Aβ40 and 42 base levels in cell culture 

using HEK CD40+/APPsw+ cells (Ait-Ghezala et al., 2007).  An alternative approach is 

to use drugs such as non-steroidal anti-inflammatory drugs (NSAIDs) and 

cyclooxygenase (COX) inhibitors.  Many NSAIDs including ibuprofen, indomethacin, 

and sulindac sulfide have been shown to reduce Aβ42 without interfering with Notch or 

APP.  This reduction is achieved by shifting production toward Aβ38 or by converting 

existing Aβ42 into shorter amyloid beta species (Beher et al., 2002).  In mice, ibuprofen 

decreased Aβ42 by 39% while leaving Aβ40 levels unchanged, however long term use of 

NSAIDs have shown severe gastrointestinal and renal toxicity  (Weggen et al., 2001). 

COX inhibitors are believed to reduce inflammation in the brain enabling plaques to flow 
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out freely (Wolfe, 2008).  Therefore, COX inhibitors do not change amyloid beta 

production levels.

The general roles of each gamma secretase subunit have only recently begun to be 

understood, and even less is known about how these interact when co-expressed.  While 

the overall identity of the subunits has been known for quite some time now, their 

relationships are an ongoing inquiry.  Researchers at the Roskamp Institute were in need 

of an effective manner to test potential inhibitors and modulators on the subunits.  To 

address this need, a total of eight different isoforms of the four proteins that constitute the 

gamma secretase complex (Aph1AS, Aph1AL, PS1, PS2, PEN-2, and nicastrin) in 

addition to the gamma secretase substrate, APP, were isolated genetically from the 

cDNAs and ligated to a specific mammalian expression vector.  Each construct was then 

transfected into a neuronal cell line (SH-SY5Y) which was tested for correct expression 

and will eventually be evaluated with a known gamma secretase inhibitor, DAPT.   In the 

future, the researchers at Roskamp Institute will experiment with various combinations of 

the subunits to understand the roles and interactions that take place.
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2.  Methods

2.1 DNA Origin

SH-SY5Y human neuroblastoma cells (ATCC# CRL2266TM) were grown in 

flasks at 37ºC and 5% carbon dioxide.  Once confluent, they were washed with Gibco® 

Phosphate-buffered saline (PBS) pH 7.2 without Phenol Red and trypsinized using 

Gibco® TrypLETM Express to detach the cells.  The detached cells were collected in 15mL 

tubes and centrifuged for 5 minutes in a conventional bench top centrifuge with a fixed 

speed of 3400rpm. The resulting cell pellet was resuspended in 4mL lysis buffer RLT 

supplemented with 1µL/mL of β-mercaptoethanol and used for subsequent RNA 

purification via the RNeasy Midi kit according to the protocol provided in the kit 

(appendix I).  The quality of the RNA obtained was tested using standard electrophoretic 

and spectrophotometric methods.  To remove genomic DNA from the RNA, a reaction of 

RQ1 DNAse 10X reaction buffer, DNAse, and 10µg RNA was incubated at room 

temperature for 15 minutes.  The reaction was stopped by adding 25mM EDTA and 

incubating at 65ºC for 10 minutes.  cDNA was synthesized using a mixture containing 

5µL of the DNA-free RNA, 1µL of SuperScript® II Reverse Transcriptase, 4µL of the 5X 

buffer, 40U of RNase OutTM, 10mM DTT, 5mM MgCl2, 1.25ng/µL random hexamer, and 

0.5mM dNTPs in a total volume of 20µL. This cDNA product was then used in gene 

specific polymerase chain reaction (PCR) to isolate the specific gene cDNA. 

2.2 Gene Specific Primer Design

To isolate the sequence containing the desired gene, forward and reverse PCR 

primers  were designed using a gene sequence available  from the National  Center  for 
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Biotechnology  Information  (NCBI)  website  so  that  this  particular  fragment  could  be 

amplified.  The primers were designed to contain between nineteen and twenty-one base 

pairs  and  have  a  GC  content  around  fifty  percent  to  reduce  time  needed  for  PCR 

optimization.   The specific  primers  for this  project  also included an overhang of the 

sequence corresponding to  a recognition  site for a restriction  enzyme.   The sequence 

obtained from NCBI was entered into a program provided by New England BioLabs 

(NEB Cutter) that checks for restriction enzyme sites within the desired gene fragment. 

The provided list included “zero cutters,” or enzymes that do not cut within the gene, 

along with enzymes that cut once and/or twice.  Only enzymes that were zero cutters 

could be used in the primer  design to maintain gene integrity.   Once the design was 

complete,  Operon  manufactured  the  primer  stocks.   A  working  primer  solution  was 

prepared by adding 10µL of primer stock to 190µL of PCR grade water.  The final primer 

designs are outlined in Table 2.1.
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Gene Primer Enzyme 
Site Sequence

PS2
Forward KpnI 5’-GGTACCCTATGCTCACATTCATGGCCT-3’

Reverse EcoRV 5’-GATATCCCTCAGATGTAGAGCTGATG-3’

Nic
Forward NotI 5’-GCGGCCGCTCAGCAGAGAGGCAAGATGG-3’

Reverse KpnI 5’-GGTACCCTCAGTATGACACAGCTCCTG-3’

APP
Forward EcoRV 5’-GATATCACTCGCACAGCAGCGCACT-3’

Reverse NotI 5’GCGGCCGCACTTCAGAGGCTGCTGTGG-3’

PS1
Forward KpnI 5’-GGTACCTCCAATGACAGAGTTACCTGC-3’

Reverse EcoRV 5’-GATATCATCCATGGGATTCTAACCGCA-3’

PEN-2
Forward HindIII 5’-AAGCTAGCTATGAACCTGGAGCGAGT-3’

Reverse SalI 5’-GTCGACAGTATGTCAGAAGTTGTCAGG-3’

Aph1A

Forward KpnI 5’-GGTACCTTCCCACCTGACCAGCCATGG-3’

Reverse L XbaI 5’-TCTAGACTGGAGATGGAGAAATACAGG-3’

Reverse S XbaI 5’-TCTAGACGATCAGTCCAGGTAGTCAGT-3’

Aph1B
Forward HindIII 5’-AACGTTTTCCGCGGTGGCCATGACT-3’

Reverse NotI 5’-GCGGCCGCGAAGTGCTGGTTCCCTGAG-3’
Table 2.1: This table summarizes the data considered when designing PCR primers for each gene 
of interest including sequence and corresponding restriction enzyme.

The temperature used for annealing the primers to the template was calculated 

using the formula “2AT + 4GC,” meaning the number of adenines, thymines, guanines, 

and cytosines within the primer sequence were counted and plugged in.  For some genes, 

this temperature was adjusted slightly by trial and error to optimize amplification (see 

appendix 6.1 for details).
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2.3 Gene Specific PCR

Using gene specific primers, the region of interest in the cDNA was amplified in a 

PCR.  APP, PS1, PS2, Aph1AL, Aph1AS, and PEN-2 PCRs were performed using 

reagents provided in the BioRad iTaqTM DNA Polymerase kit.  The mix for a single 

reaction is shown in Table 2.2; these conditions were altered (usually the content of 

magnesium chloride) as needed to optimize the amplified fragment.  

Reagent Volume Final Concentration
10X Buffer 2.5µL 1X

   MgCl2 (50mM)         0.75µL 1.5mM
Forward Primer    0.5µL 10µM
Reverse Primer     0.5µL 10µM

dNTP 0.5µL 200µM
iTaqTM Polymerase (5U/µL)      0.15µL 0.75 unit

cDNA  0.5µL ~0.15µg
                  PCR grade water    Up to 25µL

              Table 2.2: Setup for a single PCR reaction

Nicastrin  and  Aph1B  PCRs  used  AccuprimeTM GC-Rich  DNA  Polymerase  kit  by 

Invitrogen due to the high GC content of their respective primers.  Similar to the BioRad 

kit  PCRs,  conditions  (Table  2.3)  were  altered  as  necessary  to  optimize  output.   The 

cycling conditions (Table 2.4) also varied as needed for optimization.   

Reagent Volume Final Concentration
5X Buffer A 5µL 1X

Forward Primer    0.5µL 10µM
Reverse Primer     0.5µL 10µM

AccuPrime GC-Rich DNA Polymerase (2U/µL) 0.5µL 1 unit
cDNA  0.5µL ~0.15µg

                  PCR grade water    up to 25µL

Table 2.3 Setup for a single GC-rich PCR reaction
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Step Temperature Time
Polymerase Activation and 

Denaturation 95º 5 minutes

Denaturation 95º 30 seconds
Annealing Xº 1 minute
Extension 72º 1.5 minutes

 30 cycles

Final Extension 72º 10 minutes
Terminal Hold 4º ∞

Table 2.4: Base cycling conditions used for PCR

2.4 Agarose Gel Electrophoresis

After cycling in a BioRad MyCylerTM, a 5µL aliquot of the product was loaded in 

a 1.5% agarose electrophoresis gel along with 5µL of a marker depending on the size of 

the  product.   The  gel  was  prepared  and  run  using  standard  protocol  (appendix  6.2). 

Generally, HyperladderTM I provided by Bioline or a 0.1-12kb marker by Novagen were 

used.  These size markers provided bands of known size used to determine if the correct 

size fragment was amplified.  

2.5 TA Cloning

The remaining PCR product was used for cloning into the TA Cloning vector 

pCR®4-TOPO®.  The TA Cloning reaction is an efficient, five minute, one step procedure 

used to ligate a PCR insert with a vector.  The vector has a thymine overhang that acts as 

a sticky end toward the fresh PCR product’s deoxyadenosine (A) overhang added by 

iTaqTM polymerase at the three prime end.  If the product was not frozen immediately, the 

deoxyadenosine (A) degraded, making the TA Cloning less successful.  Therefore, if the 

product was not fresh, a new poly-A tail was added by mixing 10µL of the DNA, 6µL of 

water, 1µL of dATP (10mM), 2µL of 10X PCR buffer, 1µL of iTaqTM polymerase 
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(5U/µL) for a total volume of 20µL and incubating at 72ºC for 10 minutes followed by 

placing on ice.  The TA reaction itself was mixed by adding 1µL of a 1:10 salt dilution 

included in the kit, 1µL of the pCR®4-TOPO® vector, and 4µL of the PCR product 

together and leaving at room temperature for 30 minutes.  Following incubation, 3µL of 

the TA Cloning reaction was electroporated into 30 µL of One Shot® TOP10 

electrocompTM E. coli from Invitrogen.  These E. coli possess a genotype similar to the 

DH10BTM strain [F- mcrA Δ (mrr-hsdRMS-mcrBC) Φ80lacZΔM15 ΔlacX74recA1 

araD139 Δ(ara-leu) 7697galU galK rspL (StrR) endA1 nupG λ-].  Following 

electroporation, the bacteria were resuspended with 500µL of Super Optimal broth with 

catabolite repression (SOC) medium and incubated at 37ºC shaking for 1 hour.  It was 

then spread onto low salt LB agar plates (protocol in appendix 5.4) containing 50µg/mL 

ampicillin.

2.6 M13 PCR Screening and DNA Preparation

Transformants were screened by M13 PCR.  The PCR followed the same protocol 

shown above but rather than amplifying the gene sequence with gene specific primers, a 

set of primers called M13 Forward and M13 Reverse with sites included in the pCR®4-

TOPO® vector were used.  Each well contained 25µL of the PCR mix.  Colonies were 

selected by heating the end of a 10µL pipette tip to melt it closed and after cooling, 

touching the end to a colony.  The tip was streaked on a fresh plate to provide replicates 

and dropped into corresponding well for ~5 minutes.  After 5 minutes, the tip was 

removed and the entire reaction placed in the PCR cycler.  The PCR product was run on a 

1.5% agarose gel to screen for positive transformants.
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Figure 2.1: Once transformants have grown, they are picked up with a pipette tip, smeared on a 
fresh plate, and the tip placed into tubes containing PCR mix.  Based on the PCR results, positive 
transformants are grown overnight in LB broth.

 

The positive transformants were selected from the replicate plate with a 10µL 

pipette tip and grown overnight in 7mL of LB broth containing ampicillin shaking at 

37ºC.  The suspended bacteria were centrifuged for 10 minutes at 4000rpm and 4ºC to 

collect the bacteria in a pellet.  The DNA was extracted from the pellets using the 

Wizard® Plus SV Minipreps DNA Purification System by Promega using standard 

protocol.  A 1µL aliquot of the DNA prep was run in a 1% agarose gel along with a 

special marker called Lambda HindIII which allows both the size to be determined and 

concentration estimated.
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2.7 Sequencing 

After TA Cloning of the cDNA fragment and mini-prepping (appendix 5.5), the 

positive DNA was sequenced to assure that the proper gene sequence was amplified.  For 

each sample to be sequenced, a total of 8 mini-reactions were performed (Table 2.5).

Reaction Forward Reaction Reverse
DNA 3µL (~1.25µg) DNA 3µL (~1.25µg)

M13 Sequence 
Forward Primer 1.5µL (4µM) M13 Sequence 

Reverse Primer 1.5µL (4µM)

Water 8.5µL Water 8.5µL

Table 2.5: Sequencing reaction for one sample

The forward and reverse reactions were divided into four wells each, 3µL into 

each well, for a total of 8 wells per DNA sample. Then, per manufacturer (Amersham 

Biosciences) instructions, 3µL of adenine, guanine, cytosine, or thymine stop termination 

reagent was added to each of these.  This reaction was placed in a thermal cycler as noted 

in Table 2.6.  While the reaction ran, the sequencing gel was prepared using a standard 

protocol detailed in appendix 5.3.

Temperature Length of Time
95ºC 30 seconds
55ºC 30 seconds
72ºC 1 minute

25x

4ºC ∞

Table 2.6: Cycling conditions for sequencing reaction

Upon completion of cycling, the reaction was ended by adding 6µL of formamide 

dye to each well and freezing until the gel was fully polymerized.  The reaction was 

denatured at 99ºC for 10 minutes before loading the entire volume from each reaction 

32



into the wells of the gel.  The electric current passed through the gel causing the labeled 

fragments to migrate toward the negative pole.  The sequencer relayed the results to a 

computer for further analysis by the user.  Figure 2.2 shows this process. 

The results were processed using a computer program called ALFwin Sequence 

Analyzer and the acquired sequence was exported into a text file.  The sequence was then 

copied into BLAST (Basic Local Alignment Search Tool; 

http://blast.ncbi.nlm.nih.gov/Blast.cgi), an online tool provided by NCBI that compares 

the provided sequence to a library of sequences with known origin, to determine the 

origin of the sample DNA.  The DNA samples with sequences that matched the desired 

gene were saved for future use while the others were discarded to prevent possible errors.

Figure 2.2: Detection principle for DNA sequencing.  Varying lengths of products are produced 
and each passes through the sequencer’s laser beam, allowing a complete sequence to be built by 
the computer. (Adapted from AlfExpress Protocol)

2.8 Fresh GSP PCR and TA Cloning

In preparation for building the constructs, the positively sequenced DNA was 

used in another PCR employing the gene specific primers.  This PCR was for TA 

Cloning, so it was imperative that it was immediately removed from the PCR cycler and 
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frozen.  A 5µL aliquot was run on a 1.5% agarose gel to be sure that the PCR worked and 

was free of contaminants.  The TA Cloning reaction used 4µL of the PCR reaction and 

followed same protocol as described in section 2.5.  The clones were screened with M13 

primers via PCR and the positive clones were grown in 7mL Luria broth with 50µg/mL 

ampicillin.  Again these bacteria were centrifuged and the DNA extracted using the 

Wizard® Plus SV Minipreps DNA Purification System by Promega.

2.9 Digestions

At this stage, the insert was in the pCR®4-TOPO® vector due to the TA cloning 

but still included the restriction enzyme sites as a result of the previous amplification with 

the gene specific primers.  Therefore it was only a matter of digesting with the 

appropriate enzymes to remove the fragment of interest from the pCR®4-TOPO® vector. 

The restriction enzymes were purchased from New England Biolabs.  More detailed 

information regarding enzymatic digestions can be found in appendix 6.6.  A 1µL aliquot 

of the digested vectors was electrophoresed in a 1% agarose gel to check that complete 

digestion occurred.  

The remaining digested product was further processed in one of two ways (Figure 

2.3).  The first method precipitated the digestion by adding 75µL of isopropanol and 

centrifuging at 14,000rpm for 30 minutes at 4ºC.  The supernatant was poured off and the 

precipitate washed with 300µL of 70% ethanol by vortexing.  This solution was 

centrifuged again following the same conditions but for only 10 minutes.  Following 

centrifugation, the ethanol wash was poured off and the pellet was allowed to dry.  With 

all traces of ethanol removed, the pellet was resuspended with PCR grade water in a 

thermocycler set to 37ºC.  Alternatively, the entire reaction was loaded into a 1% agarose 
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gel with a wide sample comb and run at 70V.  After migrating, the band of interest was 

physically cut with a razor blade from the gel on a UV table and the DNA extracted from 

the gel pieces using the QIAquick® Gel Extraction Kit by Qiagen.  Briefly, the gel slice 

was dissolved at 50ºC in a buffer, then centrifuged through a spin column.  The column 

was washed twice with ethanol and the DNA eluted with nuclease free water.  

Figure 2.3: Two methods available to prepare product resulting from first digestion for a second 
digestion

A second digestion was then performed following the same procedures detailed in 

appendix 5.6 on each singly digested product.  The digested product was again either 

precipitated or run and cut from a 1% agarose gel.  After both digestions were complete 

and purified, the resulting elution contained the DNA insert needed for ligation to the 

mammalian expression vector.

35



2.10 Mammalian Expression Vector Preparation

The future goal of expressing each component of gamma secretase in a cell line 

was to be able to select each component independent of one another when in a 

combination (for example express both Aph1AL and PEN-2 but with ability to select one 

independently).  This was made possible by mammalian expression vectors that have 

resistance to certain antibiotics.  Therefore, it was important to select vectors with 

different selection antibiotics for each subunit.  The vectors for each component are 

summarized in Table 2.8.

Once the proper vector was selected for each gene, they were purchased from 

Invitrogen and electroporated into One Shot® TOP10 electrocompTM E. coli.  The 

transformants were screened by a PCR using primer sites determined by studying the 

vector map included in the protocol for each vector.
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Figure 2.4:  A vector map is provided with purchase of mammalian expression vectors and 
includes vital information about the vector.  The sequence is also given including PCR primer 
sites that can be selected for screening transformants as well as all restriction enzyme sites. 
Adapted from Invitrogen.

37



Positive transformants were grown in 7mL Luria broth.  A bacterial cell pellet 

was obtained by centrifuging at 4000rpm for 10 minutes at 4ºC.  The vector DNA was 

prepared using the Wizard® Plus SV Minipreps DNA Purification System by Promega 

and a 1µL aliquot of the prep was run in a 1% agarose gel to check its size and quality. 

Once the size and quality was checked, the samples were digested using the same 

restriction enzyme sites that were included in the gene specific primer for the gene that 

was to be inserted in the vector.  A second digestion on each singly digested vector was 

then performed, opening up the plasmid for receiving the gene inserts.

2.11 Ligations

Before mixing the ligation reaction, the digested insert and vector were run on a 

1% gel next to each other to estimate the concentration as well as a final check of the size 

and quality.  A 1:3 ratio of vector to insert was used for the ligations.  The kit was 

provided by Promega and used T4 DNA Ligase as the enzyme.  The reaction had an 

overall volume of 10µL.  A generic example for a single reaction is shown in Table 2.7. 

The volumes of Insert DNA, Vector DNA, and water varied depending on the 

concentrations estimated from the agarose gel.  However, the remaining reagents were 

unaltered.

Ingredient Volume
Insert DNA  2µL

Vector DNA  1µL
10X Ligase Buffer   1µL

T4 DNA Ligase  0.5µL
Water   5.5µL
Total = 10µL

Table 2.7: Reaction for ligating insert DNA with a vector
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Promega gives several recommendations for incubating but for most of the reactions, the 

mix was left at 4ºC overnight.  Some reactions were incubated at 16ºC for 4 to 18 hours. 

After the incubation, 3µL was removed from the tube and electroporated using a BioRad 

MicroPulser and BioRad 0.1cm cuvette with 30µL of electrocompetent E. coli.  The 

electroporated bacteria were resuspended with 500µL of SOC media and allowed to 

shake at 37ºC for 1 hour before spreading on low salt LB agar plates coated with the 

antibiotic recommended by the manufacturer for each particular vector (see appendix 6.4 

and Table 2.9).  Individual colonies were selected and tested by gene specific PCR.

Once positive colonies were identified, they were grown from the replicate LB 

agar plate and the DNA prepped using the Wizard® Plus SV Minipreps DNA Purification 

System by Promega.  If there was any concern about the validity of the screening, the 

preps were verified via gene specific PCR.

2.12 Transfection

The ligated products were transfected into SH-SY5Y cells chemically using 

LipofectamineTM 2000.  Before transfecting, a confluent 75cm² flask of SH-SY5Y cells 

was passed into two six well plates whose wells had 10cm².  SH-SY5Y cells were grown 

in DMEM/F12 supplemented with fetal bovine serum (FBS), GlutaMAXTM, and 

Pen/Strep.  Ideally, transfection is done when the cells are 50-80% confluent, therefore 

the plate was ready one day following first passage.  The LipofectamineTM 2000 protocol 

suggests using 4µg of DNA in 250µL of serum free media.  To determine accurately the 

volume necessary for 4µg of each ligation product, the DNA was measured at 260nm and 
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280nm spectrophotometrically.  This also allowed a determination of the purity.  An 

electrophoresis gel was also run with a 1µL aliquot of each construct as a second check.

Knowing the concentration, the correct volumes were calculated (see appendix 

6.7) and pipetted into a 1.5mL centrifuge tube.  Then serum free media was added to the 

tube for a total volume of 250µL.  In a second tube, 240µL of serum free media plus 

10µL of the LipofectamineTM 2000 reagent were combined.  These tubes were incubated 

at room temperature individually for 5 minutes the combined into one tube, mixed gently, 

and incubated on the Nutator for 20 minutes.  The final step was adding the 500µL mix to 

2mL of DMEM/F12 in each well of the six well plate dropwise and returning the plate to 

37ºC and 5% carbon dioxide. 

To determine what concentration of selective agent/antibiotic to add to the media, 

a 24-well plate of non-transfected SH-SY5Y cells was subjected to a range of 

concentrations of selective agent as suggested by the manufacturer.  For example, 

Invitrogen suggests a range of 50-1000µg/mL of Zeocin for its pBudCE4.1 vector, 

therefore, the 24-well plate was arranged with three wells each for 0, 50, 100, 150, 300, 

600, 800, and 1000µg/mL.  The plate was maintained for 10 days to observe the lowest 

effective concentration.  For the Zeocin treatment, this concentration was 600µg/mL. 

The determined concentration was mixed in the media for the transfected cell lines to 

select for cells that express the construct as each vector contained a sequence for 

resistance to a corresponding agent.

 The day following transfection, medium was replaced with fresh medium but no 

selecting agent was included until each well was passed into its own 75cm² flask.  Once 

the well was passed into its own flask and the cells had grown mostly confluent, media 
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containing selective agent (Table 2.8) was added and the majority of the cells were killed 

but a few clusters remained in each.  

CONSTRUCT SELECTING REAGENT AMOUNT

PS2/pTracer-EF/Bsd A Blasticidin 5µg/mL

PS1/pTracer-EF/Bsd C Blasticidin 5µg/mL

PEN-2/pBud CE4.1 Zeocin 200µg/mL*

Aph1/pcDNA3.1/Hygro(+) Hygromycin B 100µg/mL

APP/pcDNA3.1/myc-His A Geneticin (G418) 500µg/mL

Table 2.8: Initial concentrations of selection agent for each vector in cell culture
*this concentration was changed to 600µg/mL after determining the minimum concentration 
required to affect non-transfected SH-SY5Y cells

Some cell lines grew confluent evenly (Figure 3.16) and were able to be passed 

into new flasks while others formed isolated colonies dispersed throughout the flasks like 

mounds of cells (Figure 3.15).  These mounds form as the surrounding clusters are killed 

by the selective media and continue to divide, resulting in upward growth.   For cells 

displaying this characteristic, small disks soaked in TrypLETM Express were set on top of 

the colony for 30 seconds, removed, and placed in a well of a fresh 24-well plate in 

500µL of medium with the selective agent.  Once these wells were confluent, each was 

passed into a well of a 6-well plate and allowed to grow to confluency and then passed 

into a flask.  This procedure increased the likelihood of obtaining a strong cell line with 

high levels of protein expression.

2.13 Validating the models

Once established cell lines were available, they were tested to ensure the proper 

protein was being produced.  To do this, each type was put into a six well plate and 
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allowed to grow until confluent.  When the well reached confluency, the medium was 

vacuumed out, cells washed with 1mL of PBS, and 150µL of ice cold cell lysis buffer 

was added.  Since SH-SY5Y cells do not produce a high level of protein, the low volume 

was necessary to maintain an acceptable concentration.  Hence, once the cell lysate was 

collected, each tube was submerged in liquid nitrogen in place of traditional sonication to 

prevent loss of sample volume.  The cell lysates were then centrifuged for 5 minutes at 

maximum speed to remove cell debris.  The resulting supernatant was removed via 

pipetting and placed into a fresh tube.  The tubes were stored at -80ºC until run in a 

Western blot.

When at least one protein sample per cell line was made, the cell lysates were run 

in a BioRad CriterionTM  Precast Gel (4-20% HCl), either 12 or 18 well.  First, however, a 

bicinchoninic acid assay (BCA), which provides the approximate volumes needed for 

each sample to be run in the Western blot, was performed using each of the collected cell 

lysates.  For each sample, 60µg of protein was loaded in the gel along with a marker with 

bands of known size.  The Western blot analysis detects one protein by separating the 

proteins by size using SDS-polyacrylamide gel electrophoresis.  Following 

electrophoresis, the protein bands were transferred to a nitrocellulose membrane by 

electrophoresis overnight at 4ºC.  The finished membrane was blocked for one hour in 

5% blocking milk and then put in primary antibody specific for the gamma secretase 

subunit for 1.5 hours followed by three 10 minute washes with deionized water.  The 

secondary antibody was added for 1 hour, and the membrane washed three more times. 

The membrane was developed using a transluminecent solution called SuperSignal® West 

Femto and a BioRad ChemiDocTMXRS camera to capture images digitally.  

42



2.14 More Sequencing

Due to unexpected results obtained through the westerns, the ligated products 

were used in a TA Cloning reaction so that further sequencing could be done. 
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3. Results

3.1 Summary

PEN-2, PS1, Aph1AL, Aph1AS, APP were expressed stably in cell lines.  At one 

point, PS2 was transfected, however, a few days after addition of selection antibiotic, the 

cells suddenly all died.  The ligation for Aph1B did not work indicating a possible 

problem with the digestions.  Currently, the sequence for Aph1B is being verified 

through examination of the primer design.  Nicastrin primers were GC rich and therefore 

the PCR conditions are still being optimized to obtain a satisfactory product.

3.2 Specific Stages

3.2a Gene Specific PCR

Gene specific PCR (see section 2.3) was attempted on all desired gamma 

secretase components (PEN-2, PS1, PS2, Aph1AL, Aph1AS, and Aph1B) as well as gene 

for the gamma secretase substrate APP.  The nicastrin fragment used GC rich primers and 

therefore the gene specific PCR for this fragment had not been optimized as of this 

writing.  However, the agarose gel (see section 2.4) provided in Figure 3.1 showed clear, 

intense bands of correct size from the cDNA for Aph1AL, Aph1AS, Aph1B, PEN-2, 

APP, PS1, and PS2 (PS2 not shown due to being completed prior to others) gene specific 

PCRs indicating an acceptable PCR product for subsequent use.  The expected sizes for 

the open reading frame were as follows: APP = 2312bp, Aph1A = 798bp, Aph1B = 

774bp, PS1 = 1403bp, PS2 = 1346bp, Nic = 2129bp, and PEN-2 = 305bp.
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Figure 3.1: Agarose gel containing an aliquot of the gene specific PCRs using cDNA.  From left 
to right: Aph1AL, Aph1AS, PEN-2, APP, Aph1B, and PS1.  PS2 was completed prior to the date 
of this gel and therefore is not pictured.  Control ladder has sizes of 10000, 8000, 6000, 5000, 
4000, 3000, 2500, 2000, 1500, 1000, 800, 600, 400, 200 base pairs (bp). 

3.2b TA Cloning, M13 Screening, Sequencing

The TA cloning reaction (section 2.5) yielded hundreds of small, white colonies 

on the LB Agar plates.  The products of an M13 screening PCR (section 2.6) for TA 

Clones of Aph1AS and PS1 are shown in Figure 3.2.  Sequencing (section 2.7) the 

positive clones (Figure 3.3) allowed our sequence to be compared to a library of known 

gene sequences in BLAST (Figure 3.4).  With the exception of nicastrin (due to problems 

with the gene specific PCR), clones of all of the genes of interest were successfully 

sequenced and had at least one matching clone of each subunit saved for future work.
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Figure 3.2:  M13 Screening PCR of Aph1AS (1-7), PS1 (8-17), and negative control (18). 
Positive clones are seen as the intense bands and are labeled with a “+”.  Control ladder has sizes 
of 10000, 8000, 6000, 5000, 4000, 3000, 2500, 2000, 1500, 1000, 800, 600, 400, 200 base pairs 
(bp). 

Figure 3.3: The on screen display while sequencing PS1.

3.2c Enzymatic Digestion of Product (Insert)

The clones with correct sequences were digested with proper enzymes depending 

on the specific enzyme sequence added to the primer sequence for each specific gene (see 
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Table 2.1) and already present in the vector to be used (section 2.2 and 2.9). The digested 

product was run on a 1% agarose gel as shown in Figure 3.4.  The lower bands 

corresponding to the gene of interest were cut from the gel and purified.  Once 

precipitated or purified from the gel, only the shortened DNA piece was left with proper 

end overhangs needed for ligation.  Again, except for nicastrin, all of the other genes of 

interest were digested successfully as determined by the agarose gel electrophoresis.  

However, there were some problems when trying to complete the second 

digestion of Aph1B.  It seemed as if the second digestion was not working properly as 

there was not a noticeable size difference between the first digestion using Hind III and 

second digestion which was with Not I.  This explains the difficulties experienced later 

when trying to ligate the Aph1B insert to its mammalian expression vector.

Figure 3.4:  Aph1AL KpnI/XbaI and PS1 KpnI/XbaI digestions in 1% agarose gel.  The lower 
band was cut and the purified DNA ligated to each respective mammalian expression vector. 
Control ladder has sizes of 10000, 8000, 6000, 5000, 4000, 3000, 2500, 2000, 1500, 1000, 800, 
600, 400, 200 base pairs (bp). 
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3.2d Preparation and Enzymatic Digestion of Vectors

The mammalian expression vectors were prepared in a similar fashion (section 

2.10) to the genes.  The agarose gel in Figure 3.5 depicts a 1µL aliquot of each 

mammalian expression vector following preparation by DNA miniprep.  The DNA 

obtained through the miniprep was then digested by restriction enzymes and the resulting 

product run on an agarose gel (Figures 3.6 and 3.7).

Figure 3.5:  Following electroporation, plating, and screening, the various mammalian expression 
vectors were prepared via DNA miniprep and an aliquot was run in a one percent agarose gel to 
check for purity.  The control ladder on the left has sizes of 23000, 9400, 6550, 4360, 2322, 2027, 
564, and 125 base pairs (not all visible).  Control ladder on the right has sizes of 10000, 8000, 
6000, 5000, 4000, 3000, 2500, 2000, 1500, 1000, 800, 600, 400, 200 base pairs (bp). The high 
intensity band about mid-way in the marker is 1000bp.
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Figure 3.6:  An aliquot of each restriction enzyme digestion was run in a 1% agarose gel.  Notice 
that in lanes 1 and 2, the digestions did not work (indicated by bands equal in size to the non-
digested sample).  There is also only partial digestion in lane 8.  These samples were digested 
with the same enzyme a second time to ensure complete digestion of all DNA.  Control ladder 
has sizes of 10000, 8000, 6000, 5000, 4000, 3000, 2500, 2000, 1500, 1000, 800, 600, 400, 200 
base pairs (bp). 
  

3.2e Ligations and Screening

The ligations were performed as described in section 2.2.  The Aph1B ligation did 

not ligate which was later discovered to be due to incomplete digestion.  Each ligation 

was electroporated and multiple colonies tested by PCR before growing the positive 

colonies for use in transfection (Figures 3.8, 3.9, and 3.10).  If there was any doubt in the 

results of the screening PCR, the miniprep product was used in a GSP PCR (Figure 3.11).
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Figure 3.7:  A 1µL aliquot of the insert and vector after purification of the digested products 
prior to ligation are shown for APP and PS1.  Control ladder has sizes of 10000, 8000, 6000, 
5000, 4000, 3000, 2500, 2000, 1500, 1000, 800, 600, 400, 200 base pairs (bp). 
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Figure 3.8:  APP/pcDNA3.1MycHisA Screening (Order: 1 through 9 = test clones, 9= Positive 
control, 10= blank).  Control ladder has sizes of 10000, 8000, 6000, 5000, 4000, 3000, 2500, 
2000, 1500, 1000, 800, 600, 400, 200 base pairs (bp). The high intensity band about mid-way in 
the marker is 1000bp.

Figure 3.9:  PEN-2/pBudCE4.1 Ligation Screening (Order: 1-19 are the test clones with #10, 14, 
and 16 being the bright bands corresponding to a positive screen).  Control ladder has sizes of 
10000, 8000, 6000, 5000, 4000, 3000, 2500, 2000, 1500, 1000, 800, 600, 400, 200 base pairs 
(bp). 
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Figure 3.10:  PS1-A and PS1-B PCR Screen (Order: Top = PS1-A, Bottom= PS1-B) Extremely 
bright bands are positive controls while the less intense but same size bands are the positive test 
clones.  Despite some uncertainty, several corresponding to the low intensity bands were chosen 
and grown in LB, and the preps were used in a GSP PCR to ensure they were truly positive 
(Figure 3.11).  Control ladder has sizes of 10000, 8000, 6000, 5000, 4000, 3000, 2500, 2000, 
1500, 1000, 800, 600, 400, 200 base pairs (bp). 

1000

1000

52



  

Figure 3.11:  PS1 PCR with PS1-A/pTracerEF and PS1-B/pTracerEF minipreps to double check 
that these are definitely positive clones (Order: 1-4 = PS1A 4, 12, 15, 16;  5-6 = PS1B 3, 9;  7 = 
Positive control;  8 = blank).  Control ladder has sizes of 10000, 8000, 6000, 5000, 4000, 3000, 
2500, 2000, 1500, 1000, 800, 600, 400, 200 base pairs (bp).

3.2f Cell Transfection

The DNA samples were evaluated spectrophotometrically at 260nm and 280 nm 

to determine the concentration as well as purity.  Samples with acceptable concentration 

and with a 260/280 value greater than 1.6 but less than 2.0 were selected for transfection. 

The majority of the samples had very similar 260/280 ratios, therefore selection was 

determined primarily by the concentrations.  These data are shown in Table 3.1.
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SAMPLE NAME A260 ng/µL A280 A260/ A280

PEN-2/pBud #14 0.041 102.5 0.023 1.8

PEN-2/pBud #16 0.05 125 0.029 1.7

APP/pcDNA3.1 Myc His A #3 0.081 202.5 0.046 1.8

PS2/pTracer #1 0.121 302.5 0.068 1.8

PS2/pTracer #5 0.142 355 0.08 1.8

Aph1AS/pcDNA3.1 Hygro+ #1 0.133 332.5 0.074 1.8

Aph1AL/pcDNA3.1 Hygro+ #1 0.101 252.5 0.056 1.8

PS1A 4/pTracerEF A 0.083 207.5 0.049 1.7

PS1B 9/pTracerEF A 0.119 297.5 0.071 1.7
Table 3.1:  Diluted (1:50) spectrophotometric data from constructs used for transfection.  For a 
complete list of all constructs analyzed, see appendix 6.7.

An electrophoresis gel was also run with a 1µL aliquot of each construct as a second 

option of checking quality, however since the DNA is circular, an accurate size cannot be 

obtained from this gel.  This is shown in Figure 3.12 for PEN-2/pBudCE4.1 products.
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Figure 3.12:  A 1µL aliquot of PEN-2/pBudCE4.1 constructs prepared for transfection.  The first 
marker has sizes of 23000, 9400, 6550, 4360, 2322, 2027, 564, and 125 base pairs (not all 
visible).  The ladder just to the left has sizes of 10000, 8000, 6000, 5000, 4000, 3000, 2500, 2000, 
1500, 1000, 800, 600, 400, 200 base pairs (bp). The high intensity band about mid-way in the 
second marker is 1000bp. 

Transfection was performed following the methods described in section 2.12. 

The cells were allowed to grow until confluency following transfection at which point the 

selecting antibiotic was added.  The different cell types reacted differently to this 

addition.  Some cell lines like APP and Aph1AS experienced minimal cell death while 

others including PS2 and PEN-2 were nearly all killed.  In this situation, cell death was 

due to some of the cells not being transfected and thus lacking the antibiotic resistance 

gene provided by the mammalian expression vector.  Often times, the cells would start to 

form isolated clusters of healthy cells as shown in Figure 3.13.  When these were allowed 

to grow over a period of 3-4 days, a mound of cells appeared (Figure 3.14).  Again, the 
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clusters were due to non-transfected cell death with a few single positive cells 

continuously dividing.  The resulting clusters are called colonies and can be used to 

propagate the positive cell.  Finally, after detaching the cells and adding them to a new 

flask, evenly distributed growth like that shown in Figure 3.15 was obtained.  

The PS2 did not recover whereas PEN-2 slowly divided and with careful 

maintenance grew over a period of three months.  In the meantime, the other cells 

became stably established.  At the end of the thesis work, Aph1AS, Aph1AL, PEN-2, 

PS1, and APP along with each corresponding vector (for comparative purposes) were 

successfully expressed in the SH-SY5Y cell line.  Multiple successful transfections 

occurred for PS1 and PEN-2, as these cell lines originally were struggling but later 

recovered.  This resulted in multiple cell line names such as PS1A4-pTracer EF Bsd, 

PS1B9-pTracer EF Bsd, PEN-2-pBudCE4.1 (2), and PEN-2-pBudCE4.1 (#16).  
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Figure 3.13:  A small cluster of cells at 100X in SHSY5Y/Aph1AS-pcDNA3.1 Hygro(+) 
following addition of media with selective agent.

Figure 3.14:  A “mound” of cells forms in SHSY5Y/APP-pcDNA3.1 MycHis A at 20X  (Homer 
Simpson)
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Figure 3.15:  Evenly distributed cell growth seen at 100X in SH-SY5Y/pTracer EF LacZ.  This 
flask was evenly confluent and ready for passing.

3.2g Validating the Models

The cell lines were allowed to grow for several weeks before passing into six well plates 

and collecting the protein for running in a Western.  Protein was collected for Aph1AL-

pcDNA3.1 Hygro(+), Aph1AS-pcDNA3.1 Hygro(+), APP-pcDNA3.1 MycHis A, 

PS1A4-pTracerEF Bsd, PS1B-pTracer EF Bsd, and PEN-2-pBudCE4.1 (#16).  BCA 

provided the needed volume of sample to load equaling 60µg. (see Appendix 6.8 for 

these data)

After the first series of gels analyzed, it was apparent that the cells were not over-

expressing the genes at the anticipated level.  We hypothesized that perhaps the dose of 

antibiotic was too low, allowing weaker cells to survive and thus mask the effect.  To 

address this, the next time the cells were passed, a 1:20 dilution was made of the cells 
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using media with the increased dose.  These were allowed to grow until confluent at 

which point they were passed again with a further increased dosage of appropriate 

antibiotic.  A backup flask was maintained throughout these experiments using media 

with the original antibiotic amount.

CELL 
TYPE ANTIBIOTIC ORIGINAL

CONCENTRATION

FIRST DOSE 
INCREASE

SECOND DOSE 
INCREASE

APP G418 500µg/mL 600µg/mL 800µg/mL
PS1 Blasticidin 5µg/mL 8µg/mL 12µg/mL

PEN-2 Zeocin 200µg/mL 600µg/mL 600µg/mL
Aph1A HygromycinB 100µg/mL 150µg/mL 200µg/mL

Table 3.2: Changes in antibiotic dose for cell culture media after analyzing protein levels

3.2h Western Blots

Multiple sets of westerns were run.  This was done to check progression of 

protein expression as the selection process continued.  The volumes of lysate loaded as 

well as the resulting images for the final set are shown below with the specific antibody 

on the left and beta actin on the right.  By comparing the intensity of the band for the 

constructs to the non-transfected control (endogenous gamma secretase activity only) in 

the blots stained with the subunit specific primary antibodies, the strength of 

overexpression can be determined.  Beta actin is a “generic” primary antibody in that it 

was used to check that even amounts of protein were loaded in each well.  All western 

blots run over the course of the project are presented in the appendix.
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SAMPLE CONCENTRATION 
(Μg/µL)

VOLUME 
FOR 60µg

SHSY5Y/APP 6-29-09 7.33 8.18
SHSY5Y/pcDNA3.1 myc his A 6-29-09 7.03 8.53
SHSY5Y/Aph1AL 6-29-09 6.84 8.77
SHSY5Y/Aph1AS 6-29-09 7.38 8.13
SHSY5Y/pcDNA3.1Hygro+ 6-29-09 6.60 9.09
SHSY5Y/Ps1A4 6-29-09 7.13 8.41
SHSY5Y/Ps1B9 6-29-09 6.63 9.06
SHSY5Y/pTracerEF 7.96 7.54
SHSY5Y/PEN-2#2 6-29-09 3.50 17.13
SHSY5Y/PEN-2 (from dish) 6-29-09 8.17 7.35

Table 3.3: BCA Results for July 1, 2009 Westerns

                          
Antibody: anti-APP CTF                                     Antibody: anti-Beta Actin

Lane # Construct
1 APP-pcDNA3.1 Myc His A
2 pcDNA3.1 MycHis A
3 Non-Transfected

Figure 3.16: APP Western with anti-APP CTF and anti-Beta Actin

CTFγ 
(~6kDA)

Full Length 
APP

1     2     3

1    2    3
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Antibody: anti-Aph-1aL/C Terminal                         Antibody: anti-Beta Actin

Lane # Construct
1 Aph1AL-pcDNA3.1 Hygro+
2 Aph1AS-pcDNA3.1 Hygro+
3 pcDNA3.1 Hygro+
4 Non-Transfected

Figure 3.17: Aph1A Western with anti-Aph1-aL/C Terminal and anti-Beta Actin

Antibody: anti-PS1 NTF              
                  

Lane # Construct
1 PS1A4-pTracerEF Bsd
2 PS1B9-pTracerEF Bsd
3 PS1#1-pTracerEF Bsd
4 PS1#2-pTracerEF Bsd
5 pTracerEF Bsd
6 Non-Transfected

Figure 3.18: PS1 Western with anti-PS1 NTF

Dimer

PS1 NTF

Monomer
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Antibody: anti-PEN-2 NTF                               Antibody: anti-Beta Actin

Lane # Construct
1 PEN2 #2-pBudCE4.1
2 PEN2-pBudCE4.1 (from dish)

Figure 3.19: PEN-2 Western with anti-PEN-2 NTF and anti-Beta Actin

PEN-2

  1   2    
   1     2    
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4. Discussion

At this point, it appears that we are the first to have overexpressed these subunits 

into the SH-SY5Y neuronal cell line, however, there is a likelihood that other groups 

have similar cell lines, and this information will only be released when significant data 

are gathered and published, which is the case with most cell lines at the Roskamp 

Institute.  What is unique to the current project is that each gene has been ligated into 

separate and unique expression vectors allowing for combinations of the subunits to be 

created and selected for using each expression vector’s unique selection antibiotic.

According to Magold and colleagues (2009), SH-SY5Y cells are commonly used for 

studying gamma secretase.  SH-SY5Y exhibits endogenous gamma secretase activity, but 

it is desirable to overexpress these enzymes which in turn amplifies the APP processing 

and allows us to see the products more easily than when expressed at endogenous levels.  

Usually, cell lines are created on an as-needed basis and therefore, are included in 

the literature but are not the primary topic of the article.  However, with regards to the 

genes transfected in this project, all have been transfected into one type of cell or another 

before for various investigations.  All four gamma secretase subunits have been 

expressed in an S-1 cell line which was derived from CHO cells (Magold et al., 2009). 

There are CHO and HEK cell lines that overexpress APP (Murphy et al., 2003; Yongjun 

et al., 2003).  PS1 has been overexpressed in CHO cells (Kimberly et al., 2003) and N2a 

neuroblastoma cells.  PS2 has also been overexpressed in N2a neuroblastoma cells 

(Thinakaran et al., 1997).  Aph1 has been overexpressed in CHO and HEK 293 cells 

(Kimberly et al., 2003; Yongjun et al., 2003).  PEN-2 has been transfected into CHO cells 

and it is believed that nicastrin may even be endogenous to CHO and SH-SY5Y 
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(Kimberly et al., 2003; Guiqiong et al., 2007).  Nicastrin was also overexpressed in CHO 

APP cells (Murphy et al., 2003).  The above information is illustrated in Table 4.1. 

When Kimberly and colleagues (2003) included Aph1, PS1, PEN-2, and nicastrin in the 

CHO cell line, gamma secretase activity was reconstituted.  

SUBUNIT NAME CELL LINE THAT 
OVEREXPRESSES REFERENCE

APP CHO, HEK 293 Murphy et al., 2003; 
Yongjun et al., 2003

Aph1 CHO, HEK 293 Kimberly et al., 2003; 
Yongjun et al., 2003

Nicastrin CHO APP Murphy et al., 2003
PEN-2 CHO Kimberly et al., 2003

PS1 CHO, N2a Kimberly et al., 2003; 
Thinakaran et al., 1997

PS2 N2a Thinakaran et al., 1997
Table 4.1: Summary of cell lines over-expressing gamma secretase subunits that have been 
published.

The creation of the constructs for the current project required several tries for 

each, however, the transfection appeared to work seamlessly.  The Western blots revealed 

underwhelming protein expression requiring that a few follow up tests be done.  There is 

suspicion that the lack of expression is caused by a problem with the constructs; 

therefore, the entire construct used in transfection for each gene was sequenced.  The 

results of the sequencing for APP suggested that the vectors were “empty,” meaning that 

the entire vector was present and did not contain the desired insert such as APP, PEN-2, 

PS1, etc.  However, this information was conflicting with PCR tests which showed 

successful amplification of the insert as evidenced by the bands of correct size. 

Therefore, we hypothesized that the DNA constructs used for transfection may contain a 

mix of empty vectors and successful ligation product allowing the PCR to work but at the 

64



same time yielding the empty vector characteristics when sequenced.  Consequently, the 

cells may have contained a mix of empty vector DNA and successfully ligated construct 

DNA resulting in the weak expression observed in the Western blots.  Because the vector 

was intact, the resistance gene to the specific antibiotics was retained; therefore, when the 

antibiotic doses were increased, additional cell death was not observed.

 Rather than sequencing all of the constructs, the constructs were checked by re-

digesting using the same enzymes, effectively removing the insert from the vector 

leaving two linear pieces of DNA of different size.  By running these on a gel, we were 

able to see (1) if the digestion even worked, and (2) if the bands corresponded to the size 

of the vector and of the insert.  Once this task is complete, the constructs with correct 

sized bands will be sent out for sequencing.  As of this writing, correctly sized bands 

were seen after the double digestion for Aph1AL, Aph1AS, APP, and PS1.  The only 

construct that failed to digest properly was PEN-2 which lacked the expected two bands 

when electrophoresed.  If the sequencing results come back with positive matches, new 

transfections will be performed on SH-SY5Y cells likely using electroporation rather 

than the chemical method of Lipofectamine that was previously used.  This will require 

longer initial setup as a protocol must be worked out for the SH-SY5Y cell line, but aside 

from designing a protocol, electroporation is faster, less costly, and has higher 

transfection efficiency.

Aph1B and nicastrin remain at the isolation via gene specific PCR stage.  Once a 

satisfactory PCR product is obtained, TA cloning, screening, digestion will be attempted 

again.  Although the Aph1B PCR did work, it will be better to start with fresh product to 

be certain that we are working with the proper fragment.  Fresh GC-rich PCR reagents as 
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well as various options for the polymerase have been purchased to continue this PCR 

work.

As for the future of the gamma secretase complex, further research is necessary. 

Clearly, the information about the assembly and interactions among the gamma secretase 

subunits remains controversial, however with the completion of the cell models, more 

information can be learned in addition to use for drug testing.  While the discovery of 

potent gamma secretase inhibitors was an exciting and crucial achievement in 

Alzheimer’s research, clinical trials in mice and humans have shown devastating side 

effects due to interactions with Notch and substrates other than APP, the protein that is 

processed into Aβ peptides that accumulate in the brain.  By no means does this mean 

that gamma secretase cannot be targeted pharmacologically.  Currently, the precise 

location of the gamma secretase active site is unknown (Li et al., 2009).  It has been 

suggested by Tolia and colleagues (2008) that the TMD9 of PS1 may be involved with 

substrate binding as it is located near the catalytic pore.  Knowing that a comparison 

between the multiple substrates cleaved by gamma secretase has been performed, one 

would believe that a consensus motif has been determined, however this is not true.  It is 

known that multiple substrates possess type 1 transmembrane helices, ectodomains that 

are short due to activity by sheddases, and the ability of the TMD helical configuration 

near cleavage sites to be destabilized by particular residues (Li et al., 2009).  Narayanan 

and colleagues (2007) suggest that rather than trying to crystallize the entire gamma 

secretase molecule to determine the structure, we should focus on the individual subunits 

first.  Valuable information about the subunits could aid in gamma secretase inhibitor 

design as it was recently shown that Aph1 contributes directly to gamma secretase 
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activity by altering the conformation of PS1 (Serneels et al., 2009).  This finding 

emphasizes the importance of the current gamma secretase project as these interactions 

were a primary reason for creating the models.  The same publication also showed that 

Aph1B knockout mice significantly reduced Aβ burden without affecting Notch.  Li and 

colleagues (2009) summarize it best, saying that “a high resolution structure would be 

invaluable in understanding the biology of the gamma secretase complex and in 

facilitating inhibitor design.”

Figure 4.1: Proposed 3D outer surface of gamma secretase (A) and cleaved through the middle 
(B).  The solid red line in A is one hypothesized location for alpha helical substrate binding while 
the dashed red line indicates areas accessible to water.  Adapted from Li et al., 2009.

In the meantime, there has been recent limited success when targeting gamma 

secretase blindly.  The pharmaceutical company Eli Lilly has reached phase 3 trials on 

their gamma secretase inhibitor compound LY450139 (Siemers et al., 2006).  Other 

gamma secretase inhibitors and modulators have proven safe with regards to Notch and 

other substrates, but also have lesser effect on actual function and cognition for 
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Alzheimer’s disease patients.  There is at least one BACE inhibitor in phase 1 trials as 

well (Neugroschl et al., 2009).  Several other potential Alzheimer’s disease treating drugs 

presently in clinical trials are listed in Figure 4.2.  There are also disease modifiers such 

as memantine and donepezil available by prescription that have shown the ability to 

stabilize a patient or a least slow the progression.  The aforementioned drugs act by 

inhibiting NMDA glutamate receptors and as an acetylcholinesterase inhibitor 

respectively.

Figure 4.2: There are several Alzheimer’s disease treatments currently in clinical trials (adapted 
from Neugroschl et al., 2009).

There is an interesting relationship between cholesterol levels and Alzheimer’s 

worth noting as it may provide therapeutic targets.  It is well documented that increased 

cholesterol results in higher brain Aβ levels (Kuo et al., 1998).  Cholesterol is 

metabolized and processed into oxysterols which then act as transcription factors for 
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proteins including ApoE.  Interestingly, in addition to ApoE being an established risk 

factor for Alzheimer’s disease, it appears to transport cholesterol in the brain, 

contributing to the formation of lipid rafts.  Presently, the mechanism by which ApoE 

increases the occurrence and progression of Alzheimer’s disease is unpublished (Kim et 

al., 2009).  However, beta and gamma secretase, the two enzymatic complexes involved 

with amyloidogenic APP processing, reside in cholesterol-rich membranes whereas alpha 

secretase is in phospholipids-rich domains of the plasma membrane (Wolozin, 2004). 

Even though high levels of BACE have been found in lipid rafts, implying that APP 

processing could occur within lipid rafts (Cheng et al, 2007), many believe that the idea 

of lipid rafts itself lacks convincing studies, and therefore it is a hot topic for some in the 

scientific community.  Despite the controversy about lipid rafts and lipid rafts in 

Alzheimer’s, the findings of Kuo and colleagues (1998) suggest that keeping one’s 

cholesterol levels at a healthy level could lower the risk for Aβ plaques.  

Hope remains for these alternative treatments, and they may hold some value in 

addition to the molecular mechanistic approaches.  There have been immunotherapy 

experiments applied to Alzheimer’s disease patients where researchers try to clear Aβ 

from the CNS by introducing an antigen to which antibodies are produced.  The resulting 

antibodies bind with Aβ.  Using aggregated amyloid peptide (AN1792), trials reached 

phase 2 but were ended due to 6% of patients contracting meningoencephalitis which is a 

combined infection of the brain and meninges.  Better results were obtained using passive 

immunity and a pool of antibodies which reached phase 3 trials and a total of 6 out of 8 

patients showing improved cognitive scores (Neugroschl et al., 2009).  As was alluded to 

earlier, diet may affect the onset and progression of Alzheimer’s disease.  A major 
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polyphenolic compound found in green tea has shown ability to improve memory 

function in mice and upregulate alpha secretase activity while showing reduced beta and 

gamma secretase activity.  Consequently, Aβ levels were reduced (Lee et al., 2009).

As one can see, gamma secretase is only one tiny piece of a much larger disease 

that affects not only the patient but the caretaker and family as well.  Although there is 

some evidence that risk can be lowered by altering diet and through other natural 

remedies, the act of inhibiting further production of Aβ and perhaps even clearing 

existing plaques remains a primary focus of Alzheimer’s disease research.  Every day, the 

need for an Alzheimer’s disease treatment increases as over 1200 more mothers, fathers, 

grandmothers, grandfathers, brothers, sisters, and in the case of FAD, children, are 

diagnosed with Alzheimer’s disease making it the most common form of dementia 

(Alzheimer’s Association).  This rapid growth is largely due to an aging global 

population and increased life expectancies and results in significant health care expenses. 

If people are able to live longer lives, we must work to make the extra years enjoyable for 

the patient and their families.
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5. Appendix

5.1 Annealing Temperatures for GSP PCRs

GENE SPECIFIC 
PRIMER

ANNEALING 
TEMPERATURE USED 

(ºC)
APP 60

Aph1AL 62
Aph1AS 62
Aph1B 60
PEN-2 62

PS1 58
PS2 60

Nicastrin TBD
   Table 5.1: Temperature and primer type

5.2 Agarose Electrophoresis

5.2a Setting up and pouring agarose electrophoresis gel

An agarose gel for electrophoresis was prepared by dissolving agarose 

(either 1.0%, 1.5%, or 2.0% of the total gel volume depending on application) in 

hot 0.5X Tris-Borate-EDTA (TBE) obtained by diluting Accugene 10X TBE.  A 

volume of 2 to 3µL of a fluorescent dye called ethidium bromide was added to the 

liquid in order to observe the DNA after running.  The apparatus allowed the hot 

gel mix to be poured directly into the bed after installing a comb which provides 

the wells.  Once solid, the gel was submerged in the main reservoir of the 

apparatus which contained a running buffer of 0.5X Tris-Borate-EDTA
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5.2b Running the electrophoresis gel

Each sample was measured out and the correct volume of 6X loading dye 

added to the sample.  The loading dye helped add weight to the sample allowing it 

to sink into the wells and also can be traced through the gel as electrophoresis 

proceeds.  Electrophoresis is made possible due to an electrical current of 85V 

being passed through the buffer.  Once the DNA had migrated 90-95%, which 

equates to the gel loading dye front nearing the end of the gel, it was removed and 

imaged using a BioRad Fluor-STM MultiImager.  

5.3 Setting up and pouring DNA Sequencing gel

An acrylamide gel was prepared by adding 21.6g urea, 7.2mL 10X TBE, 

and 7.2mL Long Ranger Gel Solution together and bringing the total volume up 

to 60mL with DI water.  This mixture was filtered in a 0.45 micron syringe filter. 

To the filtered solution, 400µL of 10% Ammonium Persulfate Solution (APS) 

was added along with 40µL N,N,N',N'-Di-(dimethylamino)ethane (TEMED) to 

induce polymerization.  This final solution was drawn up by a second 50mL 

syringe and gently pumped in between the two glass plates of the sequencing 

cassette (laying horizontally on the bench) until running out through the comb at 

the top.  The gel was allowed to polymerize for 1 hour before hanging vertically 

in the sequencer.  The reservoirs at the top and bottom of the cassette were filled 

with 1X Tris-Borate-EDTA (TBE) buffer created by diluting Accugene 10X TBE 

in order for electrophoresis to occur.  The sequencer used was an Amersham 
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Pharmacia Biotech ALFexpress®II sequencer, different sequencers may use 

alternative styles of gels.

5.4 Recipe for LB Agar plates

LB Agar plates were prepared by combining tryptone, yeast extract, NaCl, 

and agar together, adding water, and autoclaving.  The individual amounts depend 

on the desired total volume; the amounts for 1L are shown in Table 6.1.  After 

cooling to 55ºC, an antibiotic was added and the liquid poured into Petri dishes to 

solidify.

INGREDIENT AMOUNT

Tryptone 10.0g

Yeast Extract 5.0g

NaCl 10.0g

Agar 15.0g

DI water up to 1L
         Table 5.2: Recipe for 1L of LB Agar

5.5 Miniprep protocol

The miniprep was done according to the manufacturer recommendation. 

Briefly, the cells were resuspended, lysed, and precipitated. This was followed by 

binding the DNA to a spin column.  The column was washed with ethanol twice 

and the DNA eluted with 80µL water and then a second elution with 50µL.  

73



5.6 Enzymatic Digestions

Each reaction consisted of 15µL of buffer (the composition is variable, 

and depends on the enzyme to be used), 1.5µL BSA, 3µL enzyme, X µL of DNA 

(depending on the concentration), and water up to a total volume of 150µL.  The 

reaction was incubated overnight at the temperature given in each restriction 

enzyme’s protocol, but was generally 37ºC as these enzymes were extracted from 

microbes.

5.7 Spectrophotometric data for all constructs.  

CONSTRUCT NAME 260nm µg/ml ng/µL 280nm 260nm/280nm
PEN-2/pBud #10 0.039 97.5 97.5 0.023 1.7
PEN-2/pBud #14 0.041 102.5 102.5 0.023 1.8
PEN-2/pBud #16 0.05 125 125 0.029 1.7

APP/pcDNA3.1 Myc His A #3 0.081 202.5 202.5 0.046 1.8
APP/pcDNA3.1 Myc His A #4 0.065 162.5 162.5 0.037 1.8
APP/pcDNA3.1 Myc His A #8 0.089 222.5 222.5 0.052 1.7

PS1A 4/pTracer A 0.083 207.5 0.049 0.049 1.7
PS1A 12/pTracer A 0.035 87.5 0.024 0.024 1.5
PS1A 15/pTracer A 0.028 70 0.015 0.015 1.9
PS1A 16/pTracer A 0.076 190 0.043 0.043 1.8
PS1B 3/pTracer A 0.079 197.5 0.042 0.042 1.9
PS1B 9/pTracer A 0.119 297.5 0.071 0.071 1.7

PS2.1/pTracerA Feb.25 0.051 127.5 127.5 0.031 1.6
PS2/pTracerA 3-19-08 0.036 90 90 0.022 1.6

PS2/pTracer #1 0.121 302.5 302.5 0.068 1.8
PS2/pTracer #5 0.142 355 355 0.08 1.8

Aph1AS/pcDNA3.1 Hygro+ #1 0.133 332.5 332.5 0.074 1.8
Aph1AS/pcDNA3.1 Hygro+ #2 0.005 12.5 12.5 0.004 1.3
Aph1AS/pcDNA3.1 Hygro+ #3 0.108 270 270 0.061 1.8
Aph1AL/pcDNA3.1 Hygro+ #1 0.101 252.5 252.5 0.056 1.8
Aph1AL/pcDNA3.1 Hygro+ #2 0.1 250 250 0.058 1.7
Aph1AL/pcDNA3.1 Hygro+ #3 0.077 192.5 192.5 0.045 1.7
Aph1AL/pcDNA3.1 Hygro+ #4 0.035 87.5 87.5 0.021 1.7
Aph1AL/pcDNA3.1 Hygro+ #5 0.098 245 245 0.054 1.8

Table 5.3: Bold samples were used for transfection while others were saved for future use
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5.8 BCA Protein Assay results for all protein collections 

SAMPLE Concentration 
(µg/µL) 60µg 70µg

SHSY5Y/Aph1AS-pcDNA3.1 Hygro(+) (3-23-09) 7.36 8.15 9.50
SHSY5Y/Aph1AL-pcDNA3.1 Hygro(+) (3-23-09) 4.98 12.06 14.07

SHSY5Y/pcDNA3.1 Hygro(+) (3-23-09) 6.16 9.75 11.37
SHSY5Y/APP-pcDNA3.1 MycHisA (3-23-09) 6.17 9.72 11.34

SHSY5Y/pcDNA3.1 MycHisA (3-23-09) 7.93 7.57 8.83
SHSY5Y/Aph1AL 4-13-09 2.77 21.65 25.25
SHSY5Y/Aph1AS 4-13-09 3.90 15.40 17.96

SHSY5Y/APP 4-13-09 2.70 22.21 25.91
SHSY5Y/PS1A4 4-13-09 2.12 28.36 33.09
SHSY5Y/PS1B9 4-13-09 3.17 18.92 22.08

SHSY5Y/pTracer EF Bsd 4-13-09 3.84 15.63 18.24
SHSY5Y/pcDNA3.1 Hygro+ 4-13-09 2.85 21.02 24.53

SHSY5Y/pcDNA3.1 MycHis A 4-13-09 4.11 14.61 17.04
SHSY5Y Non Transfected 4-13-09 3.23 18.58 21.68

SHSY5Y/Aph1AS 4-27-09 1 4.39 13.67 15.95
SHSY5Y/Aph1AS 4-27-09 2 4.73 12.69 14.80
SHSY5Y/Aph1AL 4-27-09 1 5.08 11.81 13.78
SHSY5Y/Aph1AL 4-27-09 2 4.95 12.12 14.14

SHSY5Y/PS1 4-27-09 1 4.49 13.35 15.57
SHSY5Y/PS1 4-27-09 2 3.56 16.87 19.68

SHSY5Y/PEN-2(16) 4-27-09 1 3.10 19.35 22.58
SHSY5Y/PEN-2(16) 4-27-09 2 3.15 19.07 22.24

SHSY5Y/Aph1AL (5-7-09) 4.67 12.85 14.99
SHSY5Y/Aph1AS (5-7-09) 4.10 14.64 17.08

SHSY5Y/APP (5-7-09) 5.35 11.22 13.09
SHSY5Y/PEN-2 (5-7-09) 2.74 21.90 25.55
SHSY5Y/PS1A (5-7-09) 4.41 13.60 15.87
SHSY5Y/PS1B (5-7-09) 3.86 15.54 18.13
SHSY5Y/APP 6-29-09 7.33 8.18 9.54

SHSY5Y/pcDNA3.1 myc his A 6-29-09 7.03 8.53 9.95
SHSY5Y/Aph1AL 6-29-09 6.84 8.77 10.23
SHSY5Y/Aph1AS 6-29-09 7.38 8.13 9.49

SHSY5Y/pcDNA3.1Hygro+ 6-29-09 6.60 9.09 10.61
SHSY5Y/Ps1A4 6-29-09 7.13 8.41 9.82
SHSY5Y/Ps1B9 6-29-09 6.63 9.06 10.56

SHSY5Y/pTracerEF 7.96 7.54 8.79
SHSY5Y/PEN-2#2 6-29-09 3.50 17.13 19.98

SHSY5Y/PEN-2 (from dish) 6-29-09 8.17 7.35 8.57
Table 5.4: Concentrations of protein collected for Westerns and calculated volumes in microliters 
to load same amount of protein in each well.
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5.9 Developed Westerns 

Figure 5.1: Westerns from March 23, 2009

(a) Multiple samples with anti-APP CTF             (b) APP with anti-Beta Actin

                              

Lane # Construct
1 Aph1AS-pcDNA3.1 Hygro+
2 Aph1AL-pcDNA3.1 Hygro+
3 pcDNA3.1 Hygro+
4 APP-pcDNA3.1 MycHisA
5 pcDNA3.1 MycHisA

Since the membrane was incubated with anti-APP CTF, only the APP 
samples should be well labeled. However, the APP vector (pcDNA3.1 MycHisA) 
is displaying a signal, indicating a possible error when loading the gel. 

Full Length 
APP

CTFγ 
(not visible)

 1     2     3    4     5 

 1    2    3   4   5 
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Figure 5.2: Westerns from April 30, 2009

(a) anti-APP CTF

  
     

Lane # Construct
1 APP-pcDNA3.1 MycHisA
2 pcDNA3.1 MycHisA
3 Non-Transfected

(b) Aph1 with anti-Aph-1aL/C terminal

Lane # Construct
1 Aph1AL-pcDNA3.1 Hygro+
2 Aph1AL-pcDNA3.1 Hygro+
3 Aph1AS-pcDNA3.1 Hygro+
4 Aph1AS-pcDNA3.1 Hygro+
5 pcDNA3.1 Hygro+
6 Non-Transfected

Full Length 
APP

CTFγ 
(not visible)

Dimer

Monomer

 1     2     3

 1      2     3      4     5     6
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(c) PS1 with anti-PS1 Loop

Lane # Construct
1 PS1A4-pTracer EF Bsd
2 PS1B9-pTracer EF Bsd
3 PS1#1-pTracer EF Bsd
4 PS1#2-pTracer EF Bsd
5 pTracer EF Bsd
6 Non-Transfected

(d) PEN-2 with anti-PEN-2

Lane # Construct
1 PEN2#1-pBudCE4.1
2 PEN2#2-pBudCE4.1
3 Non-Transfected

Full Length PS1

CTF

PEN-2

 1      2     3     4     5     6

   1     2     3      
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