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METHOD 
Cell Culture, Differentiation, PMA treatment: 
  The SH-SY5Y neuroblastoma cell line was utilized due to their ability to be differentiated into a neuronal 
phenotype (Ross et al., 1983). In each cell culture flask, cells were grown in approximately 15 milliliters of media, 
which consists of 10% fetal bovine serum (FBS), penicillin-streptomycin (pen-strep), and Glutamax. The cells grew in 
a 75 cm2 flask incubated at 37C in a 5% CO2 atmosphere. Media changes occurred roughly twice a week. In order to 
initiate differentiation, media was replaced with media containing 10 μM retinoic acid (RA) for four weeks once cells 
were 80-100% confluent. When differentiated, cells appeared like neurons with thin string-like structures that appear 
from a central body  (Figure 1), representing the development of dendrites and axons. Once cells were differentiated, 
the phorbol ester (10 microliters of 10μM phorbol 12-myristate 13-acetate [PMA] or phorbol 12,13-Dibutyrate [PDBu]) 
were added for a 24 hour treatment under incubation in a 37°C environment. Co-localization of APP and TOM has 
been shown to occur in SH-SY5Ycells at longer time periods than with shorter treatment times. (da Cruz 2009) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Immunocytochemistry and Confocal Microscopy: 
  For  immunocytochemistry, confluent and differentiated SH-SY5Y were first grown on glass cover slips. 
Approximately 500 microliters of cells and media were taken from the flask and then placed into a sterile microwell 
plate containing a glass coverslip, and incubated for 24 hours. The cover slip was gently rinsed with phosphate buffer 
solution (PBS). Cells were then fixed with 100 microliters of 2% paraformaldehyde (PFA) in a room temperature and 
humidified chamber for 30 minutes. Cover slips were rinsed once again with PBS to remove any excess media or 
unattached cells. Cells were then permeabilized with 0.1% Triton X-100, a detergent that partially disrupts cell 
membranes. APP antibody (1:200; clone 3E9) specifically targeted the N terminus of APP because this portion 
remains intact after post translational cleavage by the variety of secretases. TOMM antibodies included anti-TOM20 
and anti-TOM40 (1:200 dilutions). After washing cover slips again with PBS, incubation under a humidified setting 
occurred for 120 minutes at 37°C, Alexa Fluor 488 and anti-rabbit Alexa Fluor 594, secondary antibodies, were 
added at a dilution of 1:500 and incubated for 60 minutes.PMA treated cells were scanned under fluorescent confocal 
microscopy and the distribution of APP and TOMM signals were compared to vehicle (DMSO)-treated controls.  
 
 
 
 
Mitochondrial Fractionation and Western Blots: 
  After resuspending the cells that were grown in cell culture flasks, cells were chilled and pelleted. For the first 
wash, PBS was used and, in the second wash, HM buffer(0.25 M sucrose, 1 mM EDTA, 10 mM Tris-HCl, pH 7.4) was 
used. In the final solution of cells, which is in HM buffer, protease inhibitor is added., The cells were disrupted using a 
Dounce homogenizer. The disrupted cells were added to a constructed sucrose gradient in ultracentrifuge tubes 
(Figure 2). Mitochondria precipitate between the 1.2 M and 1.4 M layers in the sucrose gradient. A control tube is 
created, but instead of cells, HM buffer was present. The cells and gradient were centrifuged for 2 hours at 110,000 x 
g (38,664 rpm) at 4°C under vacuum settings. After centrifugation, the fractionated specimens were stored at -80°C 
until western blot experiments. The samples were loaded on a 10-20% 1.5mm SDS-PAGE Tris-glycine gel and run at 
150 volts for 2 hours. After this was complete, the protein samples were transferred to a PVDF membrane, fully 
submerged in CAPS transfer buffer with 10% methanol, and run at 150 mAmps for 2 hours. Antibodies were used as 
described in the legend for Figure 3. The fluorescent bands on the gel were visualized via fluorescence.  

INTRODUCTION 
 Alzheimer’s disease (AD) is a progressive form of 
neurodegeneration that has been identified as the primary 
cause of cognitive decline in elderly individuals. AD has 
been linked to abnormal mechanisms involving the 
cleavage of the amyloid precursor protein (APP) in 
neurons. APP contains a specific targeting signal that is 
recognized by the translocase complex of the outer 
mitochondrial  membrane (TOM complex) 
(Anandatheerthavarada et al. 2003).  Initially, the signal is 
recognized at the outer membrane by receptor proteins, 
identified as TOM70, TOM20, and TOM22.  
  APP trafficking can be affected by a variety of 
factors, one being protein kinase C. Protein kinase C (PKC) 
is an enzyme that phosphorylates other proteins to 
manipulate their function. PKC can be activated by a 
variety of signals, such as increasing levels of 
diacylglycerol (DAG) or calcium ions intracellularly. PKC 
activation can be modulated by other exogenous molecules 
and proteins. In particular, PKC can be upregulated when it 
undergoes a post-translational modification called 
myristoylation. In myristoylation, a myristoyl group is 
covalently attached to the alpha-amino group of an N-
terminus of a newly translated protein via an amide bond. 
The compound that completes the myristolyation is phorbol 
12-myristate 13- acetate (PMA), a compound that is added 
exogenously in this protocol. PMA can myristoylize protein 
kinases (here, PKCε and PKCα), ultimately affecting the 
trafficking of APP to various cellular compartments and 
potentially modifying APP directly via phosphorylation.  
  Our primary goal was to induce increased 
mitochondria-directed trafficking of APP, using PKC, that, 
when myristoylated and activated, was hypothesized to 
induce alterations in APP’s normal secretory trafficking and 
overall expression.   
 Chronic PMA treatment of a standard neuroblastoma 
(SH-SY5Y) cell line was hypothesized to induce alterations 
in APP expression and trafficking such that the holoprotein 
would localize to the mitochondria, in such a way that we 
will be able to visualize this change with fluorescent 
immunocytochemistry and confocal microscopy. This high-
risk, high-reward approach to testing our hypothesis 
ultimately did not succeed and we subsequently began 
additional assessments to test each step in the induction of 
the trafficking changes: the activation of PKC, expression of 
APP, and isolation of a relatively pure mitochondrial fraction 
to probe for differing levels of APP. The ultimate goal was to 
induce APP-mitochondrial interactions in order to assess 
the consequences on mitochondrial function and viability. 

CONCLUSIONS 
 The immunocytochemistry experiments were inconclusive in showing that myristolization of 
PKC affected the downstream co-localization of APP and TOMM. The immunocytochemistry 
experiments demonstrated consistent labeling but did not show any indication of a co-localizing 
signal, even at higher concentrations of primary antibody; thus, the lack of co-localization is not due 
to problems with antibodies and their dilutions. Subsequently, we began to step backward through 
the hypothesized mechanisms. Our attempts to establish a reliable gradient fractionation protocol in 
order to evaluate APP in the mitochondrial fraction were not successful during my tenure in the lab. 
Considerable trial and error ultimately yielded inconsistent and contaminated layers after 
ultracentrifugation. Mitochondrial pellets, when obtained, were often too small to proceed with further 
studies. The studies completed must be repeated with more reliable protocols to substantiate the 
results and solidify that there indeed is no induction of co-localization between TOMM and APP when 
APP trafficking and expression are modulated in this fashion.  

Figure 3: APP and TOMM in SH-SY5Y Cell Line  
SH-SY5Y cells were differentiated with retinoic acid, treated with phorbol ester or vehicle, fixed on coverslips and probed with 
antibodies against TOMM20/40 (far left, Alexa-Fluor 488, 1:200 green), APP N-terminus (center, red, Alexa-Fluor 594, 1:100), and 
the nucleus was stained with DAPI (blue). This image shows the typical result of treatment, which did not differ from vehicle 
control. TOMM20/40 labeled the outer mitochondrial membrane and revealed the syncytial morphology of an intact mitochondrial 
network throughout the cells. N-terminus-specific APP labeling demonstrated a widespread, punctate distribution of APP and its 
potential cleavage products throughout the cytosol. Despite the widespread labeling of both probes, there was no apparent co-
localization of Tom20 and APP seen in any confocal plane in the prepared samples, regardless of conditions.  

Figure 4: 
Sucrose gradient fractionation results. Samples from Layers 1-
4 (least to most dense) of a prepared sucrose gradient. Upper 
band represents calreticulin; lower band represents Tom20. 
Calreticulin is an ER-associated protein, while Tom20 is 
present only on the outer mitochondrial membrane; 
considerable presence of both in each fraction likely represents 
a failure of separation within the gradient. There is also little 
evidence of enrichment within any particular fraction. Β-COP, a 
Golgi-associated protein, was also probed in this experiment, 
with similar results. Visualization here was via reaction product 
of alkaline phosphatase-conjugated secondary antibodies. 

Figure 5: 
Early results of mitochondrial/cytosolic fractionation using antibody-linked 
paramagnetic microbeads to capture mitochondria (Miltenyi Biotec). 
Confirmation of separation was persistently confounded by the presence of a 
massive and consistent artifact in the cytosolic eluents that would deform the 
bands during SDS-PAGE (arrow; image contrast-enhanced for illustration). Not 
until much later was it determined that these artifacts were likely due to a 
substantial percentage of BSA added to the proprietary buffers provided in the 
mitochondrial isolation kit (the manufacturer would not confirm this); successful 
fractionation was later confirmed after substituting custom-made buffers during 
the isolation. 

Figure 1: SH-SY5Y Neuroblastoma Cell Line 
In panel A, undifferentiated SH-SY5Y cells are 
shown. Panel B shows the cells once 
differentiation occurs (Wang 2009). 
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Figure  2: Sucrose Gradient for 
Mitochondrial Gradient Fractionation  
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