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SPECIFIC AIMS 

 

 

                      Parkinson’s disease is a slow aggressive neurological disorder characterized  

 

by a loss of dopamine and formation of aggregates neuronal cytotoxic protein called alpha- 

 

synuclein. In order to prevent the alpha-synuclein aggregation Rothaug and colleagues  

 

have demonstrated the Lysosomal Integral Membrane Protein type-2(LIMP-2) can reduce  

 

the cytotoxicity of the alpha-synuclein. This proposal is to investigate the role of  

 

LIMP-2 in decreasing the cytotoxicity of the alpha-synuclein in the familial mutations  

 

of the alpha-synuclein in Parkinson’s disease cell models.  

 

Aim 1: Determine if plasmids that encode mutated and wild- type alpha-Synuclein  

 

with aggregation and non-aggregation phenotype are expressed. 

 

           This project will use the cell culture, human SH-SY5Y neuroblastoma cells, 

 

to study alpha-synuclein aggregation. The cell line SH-SY5Y will be transfected with  

 

plasmids that contain Tet-On in order to control the cytotoxicity of alpha-synuclein  

 

aggregation. We will use fluorescence microscopy to examine the protein expression. In  

 

order to determine the concentration of the alpha-synuclein we will use Enzyme-Linked  

 

Immunosorbent Assay (ELISA) technique.  

 

Aim2: Measure aggregation protein in familial mutations and wild-type  

 

of alpha-synuclein.  

 

             In this aim, Fluorescence Resonance Energy Transfer (FRET) will be used  

 

to define the aggregation of alpha-synuclein with each familial mutation and wild- type.  

 

Then the rate of aggregation in each cell line will be quantified relative to alpha-synuclein  

 

expression in the same cell line that will be found in aim 1 to determine which of the  
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familial mutations is more aggressive than others.   

 

 

 

Aim 3: Can lysosomal integral membrane protein type-2 (LIMP-2) expression  

 

promote clearance of alpha-synuclein aggregation?  

 

             In this aim, LIMP-2 will be expressed after the plasmids are transfected in  

 

selectable cell lines. We will use ELISA to determine the concentration of LIMP-2 

expression in each cell line. The effect of the expressed LIMP-2 plasmid on alpha-

synuclein aggregation will be determined by using the FRET method. To answer the 

question, we will compare the cell lines which are overexpressing LIMP-2 with the cell 

lines which are not.  
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                                       BACKGROUND AND SIGNIFICANCE 

 

                 Parkinson’s disease (PD) is a cumulative neurological disorder characterized by 

 loss of dopamine in nerve cells in the substantia nigra and the formation of neuronal  

protein aggregation such as alpha-synuclein, Lewy Bodies and Lewy Neurites. The result  

from a decrease in dopamine concentration in basal ganglia is the locomotion defects  

known as Parkinson’s symptoms. In 1817, James Parkinson was the first to describe the  

clinical features of Parkinson’s syndrome that was later afforded his name. At that time,  

Parkinson’s disease was known as paralysis agitans. In late 19th century, Charcot  

gave privilege to Parkinson by changing the name of paralysis agitans to what we today  

know as Parkinson’s disease.  In 1960, Ehringer and Hornykiewicz discovered that  

Parkinson’s patients have markedly decreased the concentrations of dopamine. Recently,  

contributing factors that lead to death of dopaminergic and non-dopaminergic cells in the  

brains of patients with Parkinson’s disease include genetic mutations, abnormal or  

unfolded proteins by the ubiquitin- proteasome and the autophagy- lysosomal systems,  

mitochondrial dysfunction inflammation, and increased oxidative stress (Jankovic,2008).  

Incidence of Parkinson’s disease is 1% of the population over the age of 60, and the 

 incidence increases to 5% of the population over the age of 85.  

 

                Incidence of Parkinson’s disease in the US from 1995 to 2005 reveal that age  

 

plays a significant role in PD. Approximately, 1.6% of the elderly population have been  

 

diagnosed with PD per 100,000 Medicare beneficiaries over the age of 65. It shows that  

 

when the age increased, the possibility to have PD will increase as well.  In addition, 

 



Program Director/Principal Investigator (Last, First):  Last Name, First Name 

_______________________________________________________________________________________________ 

 

 
_______________________________________________________________________________________________ 
 

 Page  8 Continuation Format Page 

 

 incidence is affected by sex and race among PD patients (Table 1) (Willis et al. 2010).  
 

As a result from losing dopamine, Parkinson’s patients are characterized by slow  

 

movement. 

 

Table 1: Sex and Race different Parkinson’s disease incidence and annual incidence 

per100,000 by ethnic group (Willis et al .2010).  
 

 

 

 



Program Director/Principal Investigator (Last, First):  Last Name, First Name 

_______________________________________________________________________________________________ 

 

 
_______________________________________________________________________________________________ 
 

 Page  9 Continuation Format Page 

 

                           After Alzheimer’s, Parkinson’s disease is the most common  

neurodegenerative disorder. Age is considered to be the primary risk factor for  

Parkinson’s disease. In addition, ethnicity is a risk factor for Parkinson’s disease. In  

fact, in the USA, highest incidence of population who have Parkinson’s disease is  

Hispanic people of ethnic origin, followed by non-Hispanic Whites, Asians, and Blacks.  

Environmental factors can also be a risk factor. The environmental factors that lead to  

increased risk include: pesticide exposure, prior head injury, rural living, β-blocker use,  

agricultural occupation, and well-water drinking. The environmental factors that lead to a  

decrease in risks are: smoking, coffee drinking, non-steroidal anti-inflammatory drug,  

calcium channel blocker, and alcohol consumption (Figure 1) (Kalia et al. 2015).  

 

  Figure 1: Environment risk factors for development of Parkinson’s diseases (Kalia et al. 

2015).                          

            Parkinson’s disease (PD) is a progressive neurological disorder characterized by a  

huge number of motor and non-motor features that can impact on function to a unstable   

degree. Clinical feature of PD can be classified into four group TRAP. Tremor at rest,  

Rigidity, Akinesia (also known as bradykinesia) Postural instability. Bradykinesia, which  
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means sluggish movement is a significant symptom for clinical feature of Parkinson’s  

disease. Secondly, rest tremor is easily to be recognized and commonly found in PD  

patients. Thirdly, rigidity locate in neck and shoulder. Finally, contain postural  

deformities (Jankovic, 2008).  

              Diagnosis of Parkinson’s disease occurs with the start of motor symptoms over  

time 0 years, however; it can be preceded by a premotor phase of 20 years or even more.  

This prodromal phase is characterized by specific non-motor symptoms. In early stage of  

the Parkinson’s disease diagnosis clinical feature includes bradykinesia, rigidity, and  

tremor. In late phase, it may lead to sleep behavior disorder, and psychosis (Kalia et al.  

2015) (Figure 2).  

 

 

Figure 2: Clinical symptoms and time course of Parkinson’s disease progression (Kalia, 

2015). 

                      Previous studies reported that Parkinson’s disease was thought to be a  

result of environmental factors; however, recently the researchers found that genetics  

can play a significant role with environmental factors forming complexity of Parkinson’s  

disease (Kalia et al. 2015). Researchers have focused on the concentration of dopamine  

and the direct stimulation of dopamine receptors as possible ways for treatment in  

Parkinson’s disease, PD does involve neurotransmitters other than dopamine.  
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                       The researchers have found that the aggregation of alpha-synuclein  

is strongly linked genetically and pathologically to Parkinson’s disease. Alpha-synuclein  

belongs to the protein family called synuclein which have beta and gamma (Figure 3).  

Both alpha and beta are found in nerve terminals in the brain while gamma is found  

basically in peripheral nerves system (Fink, 2006.). Even though the mechanism  

of the Parkinson’s disease pathogenesis is not clearly understood, the presence of alpha- 

synuclein aggregation plays a significant role in PD. The function of alpha-synuclein is  

unknown (Ulrih et al, 2008).  

 

 
 

Figure 3:  Sequence homology among the synuclein protein family. The synucleins all  

share a conserved N-terminal region, which contains 5– 6 repeats of the KTKEGV 

consensus sequence (Ulrih et al, 2008). 

          

    Alpha-synuclein is a 140 amino acid protein that is located in the synaptic vesicles in  

 

presynaptic nerve terminal and it has shown to interact with membrane on both in vivo  

 

and in vitro (Marques and Outeiro, 2012). Because the presence of a hydrophobic 12  

 

amino-acid sequence in the central part of the protein requires the oligomerization and  

 

fibrillization of alpha-Synuclein, deletion or disruption of this domain blocks the capacity  
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of alpha-synuclein to form amyloid fibrils (Figure 4) (Marques O and Outeiro, 2012).  

 

 

 
 

Figure 4: Schematic representation of the alpha-synuclein aggregation process. 

Monomeric forms of alpha-Syn associate to form dimers and oligomers that grow into 

protofibrils and, finally, form mature fibrillar structures (Marques and Outeiro, 2012). 

 

 

                Although the physiological function of alpha-synuclein is not fully understood,  

 

there is evidence suggesting that alpha-synuclein has a role in neurotransmitter release.  

 

Mice lacking the synaptic co-chaperone cysteine-string protein alpha (CSPa) present  

 

progressive neurodegeneration and impairment in synaptic function. Secretion of alpha- 

 

synuclein is not fully understood; however, there is evidence that shows that alpha- 

 

synuclein is secreted by non-classical ER/Golgi-independent protein export pathway  

 

(Figure 5). Alpha- synuclein can be secreted both in it is monomeric or aggregated forms  

 

by non-classical exocytic or endocytic pathways. In the first way, alpha-synuclein can be  

 

directly integrated into secretory vesicles and subsequently released by exocytosis. In the  

 

second way, alpha-synuclein can be translocated to early endosomes. From early  

 

endosomes, alpha-synuclein protein can either be released to the extracellular space  

 

through the recycling endosome or incorporated to intraluminal vesicles of multivesicular  

 

bodies (MBV). MVB cargo including alpha- synuclein can be directed to degradation by  

 

fusion with lysosomes or to secretion by fusion with the plasma membrane and release of  

 

exosome vesicles (Figure 5) (Marques and Outeiro, 2012). 
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Figure 5: Proposed mechanisms of alpha- synuclein secretion (Marques and Outeiro, 

2012). 

 

  

               Extracellular alpha-synuclein plays a critical role in neurotoxic and  

 

neuroinflammation. Alpha-synuclein emitted by a dying cell into extracellular space  

 

Extracellular alpha-synuclein stimulates nearby astrocytes and microglia, eliciting  

 

glial pro-inflammatory activity. Activation microglia produce pro-inflammatory  

 

elements: cytokines, reactive oxygen species, and, nitric oxide which is cytotoxic to  

 

neurons. Alpha-synuclein can be transferred between neurons, resulting alpha-synuclein  

 

aggregation process to spread and decrease the viability of the recipient neuron (Figure 6)  

 

(Marques and Outeiro, 2012). Previous study confirm that genetics has a significant role  

 

in formation of alpha-synuclein aggregation.  

 

Figure 6: The role of extracellular of alpha-synuclein (Marques O and Outeiro, 2012). 
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         Familial Parkinson’s disease is an autosomal dominant disorder caused by missense  

 

mutations and multiplications of the SNCA gene, encoding α-synuclein. Studies of  

 

families with history of Parkinson’s disease have included the identification of familial  

 

mutations (A30P, E46K, H50Q, G51D, A53T). Alpha-synuclein is a 140-amino-acid 

 

 protein containing three domains: The N-terminal amphipathic domain, the non- 

 

amyloidogenic, which includes a hydrophobic core, and the C-terminal acidic domain.  

 

Parkinson’s disease-related mutations (A30P, E46K, H50Q, G51D, A53T and A53E) are  

 

located at the amphipathic domain (Figure 7) (Devoto and Falzone , 2017). Preventing  

 

aggregation of alpha-synuclein is considered to be one possible way to  

 

increase the dopamine concentration in Parkinson’s disease.   

 

 
 

Figure 7: Alpha-synuclein structure (Devoto and Falzone , 2017). 

 

                                         

 

                            Previous researchers have tried to prevent alpha-synuclein aggregation.  

 

Recently, there is evidence LIMP-2 can affect the aggregation of alpha-synuclein by  

 

reducing the amount of alpha-synuclein (Rothaug et al.2014).  The LIMP-2 is the  

 

receptor for lysosomal transport of acid hydrolase β-glucocerebrosidase (GC). The gene 

encode LIMP-2 is SCARP2.  In LIMP-2–deficient mice increased levels of endogenous 
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α-synuclein lead to severe neurological deficits and premature death, reducing lysosomal 

GC activity. Lipid storage distribution, autophagic lysosomal function, and α-synuclein 

accumulation lead to neurotoxicity of dopaminergic neurons as well as apoptotic cell 

death and inflammation. In addition, overexpression of LIMP-2 enhances alpha-synuclein 

clearance and increases lysosomal activity of GC (Rothaug et al.2014). To investigate the 

role of LIMP-2 in the familial mutations of Parkinson’s disease, we propose to use 

cellular models for Parkinson’s disease.  

 

 

              Cellular model for Parkinson’s diseases is necessary to study therapeutic  

 

strategies, however; there is still challenge for cellular model. The challenges for cellular  

 

models is the limited information on what causes sporadic Parkinson’s disease and  

 

therefore, cannot reproduce the entire pathogenesis in a model. Second, because  

 

Parkinson’s disease pathology is slow or late, and the cell model has to, unlike  

 

Parkinson’s disease itself, develop pathology quickly and reliably. The neuroblastoma  

 

cell line SH-SY5Y is widely considering to be the most common cell line to study  

 

Parkinson’s disease. The advantages of using SH-SY5Y cell line are: the release of  

 

catecholamines, development of neuron-like properties, ease of maintain. Even although  

 

differentiation can be difficult, SH-SY5Y is an excellent model for studies with genetic  

 

and pharmacological interventions (Falkenburger et al.2016). Because SH-SY5Y  

 

cell line itself cannot produce aggregation of alpha-synuclein, it is necessary to  

 

transfect plasmids that can express the alpha-synuclein and monitor the expression  

 

and aggregation through advanced methods.  
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                                  In this proposal, the main focus is to evaluate if the LIMP-2  

 

overexpression affects the quantity of alpha-synuclein aggregation in familial mutations  

 

using Parkinson’s disease model.  
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                            PRELIMINARY REPORT / PROGRESS REPORT 

 

 

                 Previous work defines Parkinson’s disease as a cumulative neurological  

disorder characterized by damage of dopaminergic neurons of the substantia nigra and  

formation of neuronal protein called alpha-synuclein aggregates known as Lewy bodies.  

Previous work show a decrease in dopamine concentration in the basal ganglia that  

drives the locomotion defect which is known as Parkinson’s symptoms (Jankovic, 2008).   

Parkinson’s disease was thought to be a result of environmental factors; however, recently  

the researchers found that genetics can play a significant role with environmental factors 

 impacting the complexity of Parkinson’s disease. Researchers have found that the 

 aggregation of alpha-synuclein is strongly linked genetically and pathologically to  

Parkinson’s disease (Zhou, 2006). Parkinson’s disease is an autosomal dominant disorder  

caused by missense mutations and multiplications of the SNCA gene, which encodes α- 

synuclein. Studies of families with a history of Parkinson’s disease have included in the  

identification of familial mutations (A30P, E46K, H50Q, G51D, A53T) (Devoto, 2017).  

Previous researchers have tried to prevent alpha-synuclein aggregation. Rothaug and his  

 

colleagues demonstrate that in LIMP-2 deficient mice, increased levels of endogenous  

 

α-synuclein lead to severe neurological deficits and premature death, as a result from  

 

reduced lysosomal GC activity. This resulted in lipid storage distribution and autophagic  

 

lysosomal function and α-synuclein accumulation leading to neurotoxicity of  

 

dopaminergic neurons as well as apoptotic cell death and inflammation. In addition,  
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overexpression of LIMP-2 enhances alpha-synuclein clearance and increases lysosomal  

 

activity of GC. Prevention of aggregation of alpha-synuclein by overexpression of LIMP- 

 

2 may be a way to increase dopamine concentration and contribute to treating  

 

(Rothaug,2014).  

 

 

                             RESEARCH DESIGN / METHODS 

 

 

               Alpha-synuclein (AS) aggregation is widely considered to play a critical role in  

 

the progression of Parkinson’s disease. The hypothesis of this project is to estimate if  

 

LIMP-2 can prevent or slow alpha-synuclein aggregation in cases of familial mutations  

 

of the alpha-synuclein gene. Briefly, the first aim demonstrates of the overexpression  

 

(familial mutation and wild-type alpha-synuclein overexpressed in SH-SY5Y cell line). 

 

The second aim will evaluate kinetics of aggregation of the alpha-synuclein by FRET. 

 

In the third aim, overexpression of LIMP-2 will be evaluated on the prevent of alpha-

synuclein aggregation. We will design the plasmids that encode LIMP-2 expression and 

transfect them into cell lines. The final expected result of the research is that expressed 

LIMP-2 plasmid in cell lines will show lower concentration of the alpha-synuclein 

compared with cell line which does not express the LIMP-2.   

 

    

        Aim 1: Determine if plasmids that encode mutated and wild-type alpha- 

 

synuclein with aggregation and non-aggregation phenotypes are expressed. 

 

 

Cell culture: 

 

                      Cell culture provides model systems for studying the normal physiology  
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and biochemistry of cells like metabolic studies, aging, the effects of drugs and toxic  

 

compounds on the cells, and mutagenesis and carcinogenesis. This project will use the  

 

cell culture model human SH-SY5Y neuroblastoma cells (Manassas, VA). The cells will  

 

be maintained in Dulbecco’s Modification of Eagle’s Medium (DMEM) culture medium 

  

(Invitrogen) (Manassas, VA), supplemented with 10% FBS, 100 U/ml penicillin, and 

  

100 U/ml streptomycin at 37 C with 5% CO2. SH-SY5Y is selected for this project  

 

because it is of human origin, catecholaminergic, neuronal properties, and ease of  

 

maintenance (Figure 8).  

 

 

 
Figure 8: The morphology of the SH-SY5Y neuroblastoma cells under microscopy 

(ATCC)  
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Plasmids:  

 

                       Studies of families with a history of Parkinson’s disease have been  

 

identified of familial mutations (A30P, E46K, H50Q, G51D, A53T) (Devoto and  

 

Falzone, 2017). Plasmids will be purchased from Origene (Catalog # 30130)  

 

(Rockville, MA). By using custom request form for clone modification in  

 

www.origene.com website, the plasmids can be designed to have the gene encoding  

 

alpha-synuclein with different familial mutations (A30P, E46K, A53T, G51D, H50Q)  

 

and wild-type as a control. Other elements in plasmid will include, Cyan  

 

Fluorescent Protein CFP, Yellow Fluorescent Protein YFP, and selectable marker such as  

 

puromycin and neomycin. In addition, the plasmids also included Tet On, TA, and  

 

promoters. The end of this step will be total with 12 plasmids summarize in Table 2.  

 

Plasmids will be transfected into cell lines in the next step.  

 

http://www.origene.com/
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Figure 9: Structure example of plasmid (not the actually our plasmids) (addgene).   

 

 

 

Table 2: The elements of plasmids in each cell line 
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Determine the optimal selection antibiotic concentration: 

 

                         The first important step for stable cell line generation is to determine the  

 

favorable antibiotic concentration for selecting stable cell colonies. Kill curve is a dose- 

 

response experiment where the samples of challenged increasing doses cells are  

 

undergoing to rising amounts of antibiotic to determine the minimum antibiotic  

 

concentration necessary to kill all the cells over a period of time usually (3-5 days). Kill  

 

curve result depends on type of antibiotic and cell line. The antibiotics that will be  

 

evaluated for this experiment are puromycin, neomycin, and hygromycin B. Cells  
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expressing gene for antibiotic resistance from the plasmids will survive. By using 24well  

 

plate, the cells can be examined to determine the minimum concentration of antibiotic  

 

that require to killing the cells in two and three days (Figure 10).  

 

 

 
 

Figure 10: Plate puromycin will be used in different concentration in different cell 

volume to measure the minimum concentration of antibiotic that can kill the cell by 

examining the cells under microscope, usually take 3-5 days.  

 

 

 

 

Transfection: 

  

                          Factors that influence the efficiency of transfection are cell type, cell  

health and viability, confluency, media, and type of transfection. Cells are transfected  

with plasmid DNA (Figure 11) by using lipofectamine 2000 reagent, which contains  

liposome forming cationic lipids that complex with negatively charged nucleic acid 

molecule to give them opportunity to cross cell membrane. The main purpose of using this 

method is to increase the efficiency of plasmid DNA uptake by cells. After 48hr, antibiotics 
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are added to select for surviving cells. Cells that survive are expected to express the 

antibiotic gene (Cat. No.3585) (Corning, NY).  

 

Figure 11: The process of lipofectamine 2000 (Thermo Fisher). 

 

 

 

Tet-On Systems for Doxycycline-inducible plasmids Expression: 

 

                          The Tet-On system is a regulatory system that allows activation of gene  

 

expression by the addition of doxycycline. Main purpose of using this method is to  

 

increase the amount of the alpha-synuclein in a short time and control cytotoxicity of  

 

alpha-synuclein. The Tet-On system depends on a reverse tetracycline-controlled trans  

 

activator rtTA. rtTA is a fusion protein which contains the TetR repressor and the VP16  

 

transactivation domain; however, four amino acids change in the tetR DNA binding  

 

moiety alters rtTA's binding characteristic allowing it to recognize the tetO sequences in  

 

the target transgene in the existence of the doxycycline effector. As a result, the Tet- 

 

On system regulates target gene (alpha-synuclein) stimulated by rtTA only in the  
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presence of doxycycline. The plasmids in this project, contain the TetO and rtTA in the  

 

backbone on the plasmids. So, when adding the doxycycline, the gene will be expressed   

 

to determine the optimal concentration for doxycycline when the gene turns on can  

 

be detectable through fluorescence microscopy by monitoring the yellow and cyan  

 

colors.  

 

 

Single cell cloning:  

 

                  This method is widely used in cell culture. The main purpose of using this  

 

technique in this project is to control the plasmids transfected into the cell lines by  

 

using 96 well. Plates Single cell cloning gives a uniform population, and is a critical step,  

 

because there is no way to control for insertion site number of the plasmids in cells. In  

 

each cell line, we will be sure that the ratio of plasmid YFP and to CFP is 1:1. The cell  

 

cloning kit will be purchased through Corning, NY.  

 

 

Enzyme Linked-Immuno-Sorbent Assay ELISA: 

 

              Enzyme Linked-Immuno-Sorbent Assay (ELISA) is used to determine the  

 

quantity of protein. ELISA is fast, consistent, and easy to analyze. We will use the  

 

ELISA to determine the concentration of alpha-synuclein in each of the familial  

 

mutation and wild-type. The alpha-synuclein human ELISA kit (Catalog # KHB0061)  

 

will purchase through Thermo Fisher. The type of ELISA that will use in this project is a  

 

sandwich ELISA (Figure 11).  
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Figure 12: The principle of the sandwich ELISA (Thermo Fisher).  

 

 

 

 

Expected result: 

  
The cell lines transfected with plasmids express selectable markers. To confirm 

gene expression from the plasmids, we will use fluorescence microscopy to detect 

fluorescence markers. I would expect also, the total concentration of alpha-synuclein in 

cell lines based on ELISA results.  

 

 

Aim2: Measure aggregation protein in familial mutations and wild-type  

 

of alpha-synuclein 

 

Fluorescence Resonance Energy Transfer (FRET): 
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                   The development of fluorescence imaging technologies especially  

 

green fluorescent protein gives us opportunity to visualize molecular signals at  

 

subcellular levels in live cells. Earlier assays to detect and measure molecular signals  

 

usually required to killing cells, which impacts the information of the cells. With  

 

fluorescent protein and biosensor-based fluorescent protein (FPs), molecular signals at  

 

different subcellular location can be observed in live cells without damaging the cells. 

 

FRET is a quantum mechanics phenomenon where two fluorescent proteins, donor and  

 

acceptor, with the donor emission spectrum overlapping the excitation. The energy can  

 

transport when the donor and the acceptor are close to each other with proper  

 

close angles. Fluorescent proteins have been derivatized based on Enhanced  

 

Green Fluorescent Protein EGFP to include additional different colors including blue  

 

(BFP), cyan (CFP) and yellow (YFP). In this experiment, we chose cyan (CFP) and  

 

yellow (YFP) to measure the wavelength of aggregation in the plasmids and examine the  

 

result through biosensor for each familial mutation and wild-type and measure the time  

 

(Figure 12) (Lui et al.2010). 

   

 
Figure 13: Simple principle of FRET, the X, and Y in this figure means the same cell  

 

 

Expected result:    
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            The rate of aggregation will be different for each of the familial mutation relative 

to the wild type.  The A53T mutation should promotes rapid aggregation. Based on 

previous published results. In this project, the rate of aggregation for each mutation 

divided by total concentration of alpha-synuclein for each familial mutation will provide  

quantitation.  

 

 

Aim 3: Can Lysosomal integral membrane protein type-2 (LIMP-2) expression  

 

promote clearance of alpha-synuclein aggregation? 

 

                      Lysosomal integral membrane protein type-2 is a receptor for lysosomal  

 

transport of the acid hydrolase β-glucocerebrosidase (GC).  Expression of the LIMP-2  

 

leads to increase the activity of β-glucocerebrosidase (GC) and as a result, the activity of  

 

alpha-synuclein will decrease. In this aim, we are going to investigate the effect of LIMP- 

 

2 on each of the familial mutation compared with wild-type.  

 

 

Cell culture:  

 

                     Six cell lines developed in the first aim will be maintained in Dulbecco’s  

 

Modification of Eagle’s Medium (DMEM) culture medium (Invitrogen), supplemented  

 

with 10% FBS, 100 U/ml penicillin, and 100 U/ml streptomycin at 37 C with 5% CO2. 
 

 

Plasmids: 

 

                 The plasmids to be transfected will contain LIMP-2.  Plasmids can be  

 

designed to have the gene encoding LIMP-2 which is SCARB2 and counting the select  

 

marker for LIMP-2 which is hygromycin B. The plasmids also have Tet-On system  

 

which will increase plasmids expression. Cell lines without LIMP-2 plasmid transfected  
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will be considered the negative control. The plasmids for LIMP-2 will be purchased  

 

through Origene LIMPII(SCARB2) (NM_005506) Human Tagged ORF CloneCAT#:  

 

RC202162 (Rockville, MD) (Figure14).  

 

Figure13: Map of the LIMP-2 plasmid (not actual our plasmid) (Origene).   

 
                  

  

 

Enzyme Linked-Immuno-Sorbent Assay ELISA: 

 

            The main goal of using this technique is to determine the concentration of  

 

LIMP-2 in six cell lines which are approved in first aim. The ELISA kit will be  

 

purchased through Thermo Fisher (Catalog # 702770).  

 

 

Fluorescence Resonance Energy Transfer (FRET): 

 

           In this experiment, we will have two main groups of cell lines, one with plasmid  

 

expression of LIMP-2 and a second group without plasmid expression of LIMP-2 will be 

 

considered as a control. FRET biosensor detection will show how LIMP-2 impacts 
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alpha-synuclein aggregation relative to each familial mutation. Rapid aggregation form 

mutation A53T will have the biggest difference between the LIMP-2 and the negative 

control.  

 

 

 Expected result:  

 

         The result from cell lines which express LIMP-2 will decrease the FRET 

  

emission while the cell line that does not express the LIMP-2 will show a FRET emission  

 

increase. However, the decrease of emission may different among the different familial  

 

mutation. Mutation A53P may have the most effect from LIMP-2 plasmid expressed  

 

compared with the mutations and wild-type. Determining the role and effectiveness of the  

 

LIMP-2could be one of the promising strategies to reduce the amount of alpha-synuclein  

 

aggregation, and as a result be a potential method for treating Parkinson’s disease.   
 

 

 

 

 

 

 

 

 

 



Program Director/Principal Investigator (Last, First):  Last Name, First Name 

_______________________________________________________________________________________________ 

 

 
_______________________________________________________________________________________________ 
 

 Page  32 Continuation Format Page 

 

 

 

 

 

      

                                                                           

 

 



Program Director/Principal Investigator (Last, First):  Last Name, First Name 

_______________________________________________________________________________________________ 

 

 
_______________________________________________________________________________________________ 
 

 Page  33 Continuation Format Page 

 

REFERENCES 

 

 

 

Burré J. 2015. The Synaptic Function of α-Synuclein. Journal of Parkinson’s Disease. 

5(4):699–713. doi:10.3233/JPD-150642. 

 

Dansithong W, Paul S, Scoles DR, Pulst SM, Huynh DP. 2015. Generation of SNCA Cell 

Models Using Zinc Finger Nuclease (ZFN) Technology for Efficient High-Throughput 

Drug Screening. PLOS ONE. 10(8):e0136930. doi:10.1371/journal.pone.0136930. 

 

Devoto VMP, Falzone TL. 2017. Mitochondrial Dynamics in Parkinson’s Disease: A 

Role for α-Synuclein? In: Disease Models & Mechanisms. 

 

Fink AL. 2006. The Aggregation and Fibrillation of Alpha-Synuclein. 

doi:10.1021/ar050073t 

 

Flagmeier P, Meisl G, Vendruscolo M, Knowles TPJ, Dobson CM, Buell AK, 

Galvagnion C. 2016. Mutations Associated with Familial Parkinson’s Disease Alter the 

Initiation and Amplification Steps of α-Synuclein Aggregation. PNAS. 113(37):10328–

10333. doi:10.1073/pnas.1604645113. 

 

Falkenburger BH, Saridaki T, Dinter E. Cellular Models for Parkinson’s Disease. Journal 

of Neurochemistry. 139(S1):121–130. doi:10.1111/jnc.13618. 

 

Jankovic J. 2008. Parkinson’s Disease: Clinical Features and Diagnosis. Journal of 

Neurology, Neurosurgery and Psychiatry. 79(4):368–376. doi:10.1136/jnnp.2007.131045. 

 

Journal of The Royal Society Interface. [accessed 2018 Sep 16]. 

http://rsif.royalsocietypublishing.org/content/7/Suppl_3/S365.short 

 

Kalia LV, Kalia SK, McLean PJ, Lozano AM, Lang AE. 2013. α-Synuclein Oligomers 

and Clinical Implications for Parkinson Disease. Annals of Neurology. 73(2):155–169. 

doi:10.1002/ana.23746. 

 

Liu B, Kim T-J, Wang Y. 2010. Live Cell Imaging of Mechanotransduction. Journal of 

The Royal Society Interface. 7(Suppl 3):S365–S375. doi:10.1098/rsif.2010.0042.focus. 

 

Marques O, Outeiro TF. 2012. Alpha-Synuclein: From Secretion to Dysfunction and 

Death. Cell Death and Disease. 3(7):e350. doi:10.1038/cddis.2012.94. 

 

 

 

 

 

https://doi.org/10.3233/JPD-150642
https://doi.org/10.1371/journal.pone.0136930
https://doi.org/10.1021/ar050073t
https://doi.org/10.1073/pnas.1604645113
https://doi.org/10.1111/jnc.13618
https://doi.org/10.1136/jnnp.2007.131045
http://rsif.royalsocietypublishing.org/content/7/Suppl_3/S365.short
https://doi.org/10.1002/ana.23746
https://doi.org/10.1098/rsif.2010.0042.focus
https://doi.org/10.1038/cddis.2012.94


Program Director/Principal Investigator (Last, First):  Last Name, First Name 

_______________________________________________________________________________________________ 

 

 
_______________________________________________________________________________________________ 
 

 Page  34 Continuation Format Page 

 

 

Rothaug M, Zunke F, Mazzulli JR, Schweizer M, Altmeppen H, Lüllmann-Rauch R, 

Kallemeijn WW, Gaspar P, Aerts JM, Glatzel M, et al. 2014. LIMP-2 Expression is 

Critical for β-Glucocerebrosidase Activity and α-Synuclein Clearance. PNAS. 

111(43):15573–15578. doi:10.1073/pnas.1405700111. 

 

Stefanis L. 2012. α-Synuclein in Parkinson’s Disease. Cold Spring Harb Perspect Med. 

2(2). doi:10.1101/cshperspect.a009399.  

 

Ulusoy A, Di Monte DA. 2013. α-Synuclein Elevation in Human Neurodegenerative 

Diseases: Experimental, Pathogenetic, and Therapeutic Implications. Mol Neurobiol. 

47(2):484–494. doi:10.1007/s12035-012-8329-y. 

 

Ulrih NP, Barry CH, Fink AL. 2008. Impact of Tyr to Ala Mutations on α-Synuclein 

Fibrillation and Structural properties. Biochimica et Biophysica Acta (BBA) - Molecular 

Basis of Disease. 1782(10):581–585. doi:10.1016/j.bbadis.2008.07.004. 

 

Willis AW, Evanoff BA, Lian M, Criswell SR, Racette BA. 2010. Geographic and Ethnic 

Variation in Parkinson Disease: A Population-Based Study of US Medicare 

Beneficiaries. NED. 34(3):143–151. doi:10.1159/000275491. 

 

Xie W, Chung KKK. 2012. Alpha-Synuclein Impairs Normal Dynamics of Mitochondria 

in Cell and Animal Models of Parkinson’s disease. Journal of Neurochemistry. 

122(2):404–414. doi:10.1111/j.1471-4159.2012.07769.x. 

 

 

https://doi.org/10.1073/pnas.1405700111
https://doi.org/10.1101/cshperspect.a009399
https://doi.org/10.1007/s12035-012-8329-y
https://doi.org/10.1016/j.bbadis.2008.07.004
https://doi.org/10.1159/000275491
https://doi.org/10.1111/j.1471-4159.2012.07769.x

	COMPARISON OF ALPHA-SYNUCLEIN AGGREGATION KINETICS IN THE
	PRESENCE OF LIMP-2 OVEREXPRESSION IN PARKINSONS DISEASE MODEL.
	Figure 3:  Sequence homology among the synuclein protein family. The synucleins all
	share a conserved N-terminal region, which contains 5– 6 repeats of the KTKEGV consensus sequence (Ulrih et al, 2008).

