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Abnormal α-Synuclein (α-SYN) aggregates are the pathological hallmarks of Parkinson’s disease (PD), which may affect dopamine (DA) neuron function and DA metabolism. Monoamine oxidase A (MAOA) is an enzyme located on the outer mitochondrial membrane that catalyzes the oxidative deamination of DA. Both α-SYN and MAOA are associated with PD pathogenesis, suggesting possible crosstalk between these two molecules. In the present study, we aimed to investigate the potential impacts of α-SYN on MAOA function and further explore the underlying mechanisms. Our study showed that overexpression of α-SYN [both wild-type (WT) and A53T] increased MAOA function via upregulating its expression without impacting MAOA stability. Overexpression of α-SYNWT or α-SYNA53T enhanced the transcription activity of the MAOA promoter region containing the binding sites of cell division cycle associated 7 like (R1, a transcriptional repressor of MAOA) and trans-acting transcription factor 1 (Sp1, a transcription factor of MAOA). Interestingly, α-SYN selectively increased Sp1 expression, thereby enhancing the binding capacity of Sp1 with MAOA promoter to increase MAOA expression. Taken together, our findings demonstrate that α-SYN can upregulate MAOA expression via modulation of Sp1 and may shed light on future studies of α-SYN associated PD pathogenesis.
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INTRODUCTION

Parkinson’s disease (PD) is a neurodegenerative disease pathologically characterized by progressive loss of dopamine (DA) neurons in the striatum and substantia nigra (Lees et al., 2009). Genetic alterations, such as the reduction or mutation of genes, can cause familial forms of PD (Kalia and Lang, 2015). Among them, α-Synuclein (α-SYN) gene (SNCA) was the first gene linked to PD. α-SYN is the principal constituent of Lewy bodies, and variation at its locus is the major genetic risk factor for sporadic disease. Polymeropoulos et al. (1997) identified the G209A mutation of SNCA, resulting in a substitution of Ala at position 53 to Thr (A53T), in familial forms of PD. Until now, there are six missense mutations of α-SYN (A53T, A30P, A53E, E46K, G51D, and H50Q) associated with PD (Polymeropoulos et al., 1997; Kruger et al., 1998; Zarranz et al., 2004; Appel-Cresswell et al., 2013; Lesage et al., 2013; Proukakis et al., 2013). Mutations of α-SYN can form toxic protofibril or fibril (Giasson et al., 2002), affecting the functions of DA neurons and inducing neurodegeneration (Dev et al., 2003). Previous studies have shown that α-SYN affects the expressions of DA-related genes via Nurr1, a key factor involved in the development and functional maintenance of DA neurons (Saucedo-Cardenas et al., 1998; Jankovic et al., 2005; Jia et al., 2020a). Besides, α-SYN accumulation is also associated with tau spreading synaptic vesicles, autophagy, mitochondria, endoplasmic reticulum and Golgi complex, nucleus, cell-to-cell propagation, and neuroinflammation related functions (Wong and Krainc, 2017; Bassil et al., 2021). All these findings indicate the important functions of α-SYN in PD pathogenesis.

Monoamine oxidase (MAO), an enzyme for biogenic amines degradation, is located on the outer membrane of mitochondria (Green and Youdim, 1975). MAO has two isoforms (MAOA and MAOB), which locate on adjacent homologous genes of the X chromosome (Shih, 1991). While MAOA is a critical regulator of the metabolisms of serotonin (5-HT) and norepinephrine (NE), and MAOB prefers benzylamine and phenethylamine (Shih et al., 1999), both of them are involved in DA metabolism in most species (Westlund et al., 1988; Ugun-Klusek et al., 2019). Moreover, both MAOA and MAOB transcription levels and enzymatic activities are significantly increased in the induced pluripotent stem cells of dermal fibroblasts from PD patients with parkin mutations (Jiang et al., 2012). Besides, MAOA is also involved in apoptotic signaling and Shh-IL6-Rankl signaling pathways (Ou et al., 2006; Wu et al., 2017), indicating important roles of MAOA in DA neuron loss of PD. All these findings suggest the close association of MAO with PD pathogenesis.

Interestingly, the DA level was significantly reduced in the striatum tissue of mice with DA neurons specifically overexpressed human α-SYN-A53T (Chen et al., 2015), and the release of DA in the dorsal striatum of 1-month-old A53T mice is also reduced (Lin et al., 2012). Although α-SYN plays an important role in the DA-associated pathogenesis of PD, the molecular mechanism of α-SYN regulation on DA metabolism is still far from being clearly understood. One previous study reported that α-SYN can directly bind with MAOB and enhance MAOB enzyme activity (Kang et al., 2018). However, whether α-SYN modulates the expression and function of MAOA is still rarely investigated. In this study, we demonstrated that MAOA was up-regulated and activated in α-SYN overexpressed cells through increasing its transcription factor (Sp1) expression and the binding capacity of Sp1 with the MAOA promoter region. Our findings may shed light on future studies of α-SYN associated PD pathogenesis.



MATERIALS AND METHODS


Cell Lines and Culture

Mouse neuroblastoma N2a cells were maintained in Dulbecco’s modified Eagle’s medium (Gibco, Gaithersburg, MD, USA) containing 1% penicillin/streptomycin solution (Sigma–Aldrich, St. Louis, MO, USA) and 10% fetal bovine serum (Gibco). For the establishment of N2a cell lines stably expressing either wild-type (WT) α-SYN (N2a/α-SYNWT) or A53T mutant α-SYN (N2a/α-SYNA53T), N2a cells were transfected with p3XFLAG-CMV10, p3XFLAG-CMV10-human-SYNC, or p3XFLAG-CMV10-human-SYNC-A53T plasmids (kindly gift by Huaibin Cai professor) by lipofectamine 6000 (Beyotime, Shanghai, China) according to the manufacturer’s instructions. Forty-eight hours after transfection, the cells were screened by cell culture medium containing 600 μg/ml of G418 (Sigma–Aldrich) until no more cell death. Real-time PCR and Western blot were used to verify the α-SYN level in cells.



Reagents

The antibodies used in the present study were shown as follows: anti-α-SYN antibody (Santa Cruz Biotechnology, Dallas, TX, USA), anti-MAOA antibody (Abcam, Cambridge, MA, USA), anti-Sp1 (Abcam, Cambridge, MA, USA), anti-R1 (ABclonal Technology, Wuhan, China), anti-Histone antibody (Cell Signaling Technology), anti-GAPDH antibody (Cell Signaling Technology, Danvers, MA, USA), anti-MAOB, anti-COMT, anti-ADH5, anti-FLAG, Goat anti-mouse IgG H&L and Goat anti-rabbit IgG H&L (Proteintech Group Inc., Rosemont, IL, USA), Goat anti-mouse Alexa 594 (Abcam) and Goat anti-rabbit Alexa 488 (Cell Signaling Technology).



Western Blot

N2a/α-SYN and N2a control cells were resuspended in RIPA lysis buffer (Beyotime) containing a protease inhibitor (cocktail, Sigma–Aldrich), lysed on ice for 30 min, and centrifuged at 12,000× g for 15 min. The supernatant protein concentration was detected by a BCA Protein Assay kit (Beyotime). Samples with equal amounts of total proteins (30–50 μg) were subjected to 10 or 12.5% SDS-polyacrylamide gel electrophoresis and then transferred to 0.45 μm polyvinylidene difluoride membranes (Millipore, Burlington, MA, USA). After blocking with 5% skimmed milk for 1 h at room temperature, the membrane was incubated with the primary antibody at 4°C overnight. Then, the membrane was incubated with a secondary antibody, and the protein bands were detected with the enhanced chemiluminescence detection kit (Wanlei Biotechnology, Shenyang, China) and quantified using the FluorChem Q system (Protein Simple, San Jose, CA, USA) and normalized against reference protein values.



Real-Time PCR

Total RNA was extracted and used to synthesize cDNA according to the manufacturer’s instructions (TransGen Biotechnology, Beijing, China). The primers sequences and analysis methods used in the present study were described previously (Jia et al., 2020a, b).



Immunofluorescence

N2a/α-SYN and N2a control cells were fixed with 4% paraformaldehyde, punched by 0.2% Triton X-100 and blocked with 2% bovine serum albumin for 30 min, followed by incubation with the primary antibodies overnight at 4°C. After washing with PBS, the cells were incubated with fluorescent secondary antibodies at room temperature for 1 h. Antifade Mounting Medium with DAPI (Beyotime) was used for nuclei staining. The cells were then washed with PBS three times. Fluorescence images were visualized using an A1R MP multiphoton confocal microscope (Nikon, Tokyo, Japan).



Immunoenzymatic Measurement

The samples were rinsed with ice-cold PBS and sonicated in PBS containing a protease inhibitor cocktail (Sigma–Aldrich). The homogenates were centrifugated for 10 min at 5,000× g to get the supernatant. Equal amounts of total supernatant protein were used to detect MAOA enzyme activity and DA content, using a mouse MAOA ELISA kit and a DA ELISA kit respectively, according to the manufacturer’s instructions (Dalian Aimoke Biotechnology Company Limited, Dalian, China).



Luciferase Reporter Assay

N2a/α-SYN and N2a control cells were co-transfected with MAOA promoter fragment luciferase reporter plasmid (0.5 μg) and phRL-SV40 vector (0.05 μg) using lipofectamine 6000 (Beyotime) for 48 h according to our precious protocol (Jia et al., 2020b). Cells were sonicated in lysis buffer and then centrifuged for 10 min at 12,000× g to get the supernatant. The luciferase activities of the supernatant were detected with a dual-luciferase assay kit (Beyotime) in a microplate reader (BioTek Instruments, Inc., VT, USA) according to the manufacturer’s instructions. The value of firefly luciferase was normalized to Renilla luciferase.



Chromatin Immunoprecipitation

A ChIP assay kit (Beyotime) was used to detect the binding amount of Sp1 or R1 with the MAOA promoter. Briefly, cells were crosslinked with 1% formaldehyde, sonicated with PBS containing 1 mM phenylmethylsulfonyl fluoride, and centrifuged at 12,000× g for 5 min. Equal amounts of total proteins were added anti-IgG, anti-R1, and anti-Sp1 antibodies, respectively. On the second day, protein A/G beads were added to bind the antibody-target protein-DNA complex. The precipitated complexes were washed and eluted to obtain the enriched target protein-DNA complex. The obtained complexes were purified with a DNA purification kit (Beyotime) and then detected with Real-time PCR. The methods of analyzed values were described previously (Jia et al., 2020a, b).



Immunoprecipitation

We seeded α-SYN overexpressed and control cells in 10 cm plates. The next day, the samples were washed with PBS, lysed in IP lysis buffer (Beyotime) containing cocktail, and centrifuged at 12,000× g for 15 min. Anti-FLAG magnetic beads (MedChemExpress LLC, Monmouth Junction, NJ, USA) were added into equal amounts of total proteins to make antibody-FLAG-protein complex. The complex was washed with PBS and then eluted in 1× SDS loading buffer for Western blot.



Statistical Analysis

All experiments were performed in triplicate and repeated a minimum of three times. Data were expressed as mean ± SEM. Statistical significance for multiple comparisons was performed by one-way analysis of variance (ANOVA) using GraphPad Prism (version 8.0.2, GraphPad Inc., San Diego, CA, USA). The significance was considered at p < 0.05.




RESULTS


Overexpression of α-SYN Decreases DA Level and Increases MAOA Activity

To explore the mechanism underlying the impacts of α-SYN on DA metabolism, we first constructed α-SYNWT and α-SYNA53T stably overexpressed N2a cell lines and detected the level of DA in these cells with a DA ELISA kit. The results showed that overexpression of α-SYN (both WT and A53T) induced 26% and 32% DA reduction for WT and A53T respectively, compared with control groups (p < 0.01, Figure 1A). We then detected the expression levels of several key proteins associated with DA metabolism, including MAOA, MAOB, alcohol dehydrogenase (ADH), and catechol O-methyltransferase (COMT). Western blot analysis showed that, among these proteins, MAOA was most sensitive to overexpression of α-SYNWT and α-SYNA53T, as evidenced by 1.67 and 1.69 folds upregulation, respectively (p < 0.01, Figures 1B,C). Other proteins (MAOB, ADH, and COMT) were not significantly changed by both α-SYNWT and α-SYNA53T overexpression (Figures 1B,D–F). Therefore, MAOA was selected for further analysis. We determined the total MAOA activity of cell lysates from α-SYNWT and α-SYNA53T overexpressed cells using a mouse MAOA ELISA kit. Consistent with protein expressions, the results showed that overexpression of α-SYNWT and α-SYNA53T markedly increased MAOA enzyme activity to 1.66 and 1.64 folds of controls (p < 0.01, Figure 1G). All these data indicated that overexpression of α-SYNWT and α-SYNA53T increased MAOA expression and activity, further confirming the association of α-SYN and PD pathology.


[image: image]

FIGURE 1. Impacts of α-SYNWT and α-SYNA53T on dopamine (DA) content and DA metabolism-associated enzymes. The DA content was detected in α-Synuclein (α-SYN) [wild-type (WT), A53T] stably overexpressed and control (Vector) cells with a mouse DA Elisa kit (A). Western blot detected the protein level of DA metabolism-associated enzymes [Monoamine oxidase A (MAOA), Monoamine oxidase B (MAOB), catechol O-methyltransferase (COMT), and alcohol dehydrogenase (ADH)] (B–F). MAOA enzyme activity was detected in α-SYN overexpressed cells with a mouse MAOA Elisa kit (G). Data were expressed as mean ± SEM. **p < 0.01 vs. Vector transfected cells, *p < 0.05 vs. Vector transfected cells, ##p < 0.01 vs. α-SYN-WT transfected cells, n = 3.





α-SYN Neither Binds With MAOA nor Alters the Degradation of MAOA

We previously found that α-SYN is located in both the nucleus and cytoplasm (Jia et al., 2020a). MAOA is mainly expressed on the outer membrane of mitochondria (Green and Youdim, 1975). To explore the mechanism of α-SYN on MAOA expression, we used the immunofluorescence staining to detect the colocalization of α-SYN and MAOA. As expected, our results showed that MAOA expression was increased in α-SYNWT and α-SYNA53T overexpressed cells (Figure 2A). Moreover, α-SYN showed clear colocalizations with MAOA in the cytoplasm. Due to the α-SYNWT and α-SYNA53T fragments of plasmids fused with a 3XFLAG label protein, we used an anti-FLAG antibody to pull down the transfected α-SYN to detect the direct binding between α-SYN and MAOA in the above cells. Interestingly, while α-SYN and MAOA colocalized in the cytoplasm (Figure 2A), no direct binding was observed between α-SYN and MAOA (Figure 2B).
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FIGURE 2. Colocalization and interaction of α-SYN and MAOA. The intracellular protein level of MAOA was detected using immunofluorescent staining, α-SYN (red), MAOA (green), and nucleus (blue). Scale bare: 20 μm (A). The transfected α-SYN was pulled down with an anti-FLAG antibody, and the direct binding between α-SYN and MAOA was detected in the control cells (Vector), α-SYN-WT and α-SYN-A53T stable expression cells (B).



One possibility for the increased level of MAOA in N2a/α-SYN cells might be due to the inhibited MAOA degradation. To further confirm this possibility, we cultured α-SYNWT and α-SYNA53T overexpressed cells with a protein synthesis inhibitor puromycin (100 μM) for 0, 4, 8, 16, and 24 h. MAOA expression was determined by Western blot. The results showed that the half-life degradation of MAOA in N2a/α-SYN (WT and A53T) cells were not significantly different from that in the control cells (Figures 3A–F). These results indicated that α-SYN up-regulated MAOA expression not via inhibiting MAOA degradation.
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FIGURE 3. Effects of overexpression of α-SYNWT and α-SYNA53T on MAOA degradation. The protein level of MAOA was detected using Western blot in α-SYN (WT and A53T) stably overexpressed and control (Vector) cells cultured with puromycin (100 μM) for 0, 4, 8, 16, and 24 h (A–F). Data were expressed as mean ± SEM. **p < 0.01 vs. the same cells at 0 h point, n = 3.





α-SYN Affects the Protein Synthesis of MAOA via Sp1

After ruling out the possibility of direct effects of α-SYN on MAOA degradation, we detected the mRNA level of MAOA in α-SYNWT and α-SYNA53T overexpressed cells. Real-time PCR results showed that, together with significantly increased α-SYN mRNA level, MAOA level was up-regulated to 1.69 and 1.54-folds by α-SYN overexpression (p < 0.01, Figure 4A), indicating α-SYN altered the synthesis of MAOA from mRNA level. To further explore the mechanism, we subcloned the core fragment of the MAOA promoter into the pGL3-basic vector to obtain the MAOApromoter-luciferase plasmid, co-transfected with phRL-SV40 plasmids into α-SYNWT and α-SYNA53T overexpressed cells. The results of dual-luciferase reporter gene assay showed that both α-SYNWT and α-SYNA53T overexpression up-regulated the activity of MAOA-luciferase plasmid by 1.46 and 1.44 folds, respectively (p < 0.01, Figure 4B). We then used the JASPAR database to analyze the MAOA core promoter region of luciferase plasmid (Fornes et al., 2020). Bioinformatics analysis showed that the region contained the same binding sites of cell division cycle associated 7 like (R1, a transcriptional repressor of MAOA) and Sp1 (a transcription factor of MAOA; Figure 4C). α-SYN may affect the balance of R1 and Sp1 binding with MAOA promoter to impact MAOA expression. ChIP-Real-time PCR results showed that α-SYN did not significantly change the binding quantity of R1 with the MAOA promoter but increased that of Sp1 to 3.95 folds and 3.57 folds compared with controls, respectively (p < 0.01, Figure 4D).
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FIGURE 4. α-SYN affected the protein synthesis of MAOA. The mRNA level of MAOA (A) and the activity of MAOA promoter luciferase (B) were analyzed in control cells (Vector), α-SYNWT and α-SYNA53T stably overexpressed cells. The transcription factor diagram of bioinformatics analysis MAOA promoter luciferase plasmid (C). ChIP-Real-time PCR analyzed the binding quantity of R1 and Sp1 with the MAOA promoter region (D). Data were expressed as mean ± SEM. **p < 0.01 vs. Vector transfected cells, n = 3.



Then, we determined the total protein levels of Sp1 in α-SYNWT and α-SYNA53T overexpressed cells, the results showed that α-SYN increased Sp1 expression to 2.06 folds and 2.10 folds compared with controls (p < 0.05, Figures 5A,B). Consistently, immunofluorescence staining obtained the same results as Western blot, confirming the significant increase in Sp1 expression in the nucleus of α-SYN overexpressed cells (Figure 5C). We separated cytoplasm-nucleus proteins and detected the expression levels of Sp1. Western blot results indicated that α-SYN did not significantly change the cytoplasm protein level of Sp1 (Figures 5D,E), it selectively increased the nucleus protein level of Sp1 to 1.92 folds and 2.10 folds compared with controls (p < 0.05, Figures 5D,F). Altogether, our results demonstrate that α-SYN can increase MAOA protein synthesis via up-regulating Sp1 expression (Figure 6).
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FIGURE 5. α-SYN regulated the expression of Sp1. Western blot was used to detect the protein level of Sp1 in control cells (Vector), α-SYNWT and α-SYNA53T stably overexpressed cells (A,B). The intracellular protein level of Sp1 was confirmed using immunofluorescent staining, α-SYN (red), Sp1 (green), and nucleus (blue). Scale bare: 50 μm (C). Western blot detected the cytoplasm and nucleus protein level of Sp1 in control cells (Vector), α-SYNWT and α-SYNA53T stably overexpressed cells (D–F). Data were expressed as mean ± SEM. *p < 0.05 vs. Vector transfected cells, n = 3.
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FIGURE 6. The schematic illustration of mechanisms underlying α-SYN-induced MAOA increase. Overexpression of α-SYNWT and α-SYNA53T selectively up-regulated Sp1 expression and the binding quantity of Sp1 with MAOA promoter, thereby increasing MAOA expression and activity.






DISCUSSION

α-SYN, as the important components of Lewy bodies, is closely associated with DA neuron loss and DA level reduction in the PD brain (Spillantini et al., 1997). One previous study showed that substantia nigra injection of AAV1/2-α-SYNA53T reduced striatal DA and DOPAC levels and increased HVA levels (Ip et al., 2017). The dorsolateral striatum of α-SYNA53T mice demonstrates a lower DA level than those of WT controls (Lin et al., 2012). In this study, we also found that overexpression of α-SYN (both WT and A53T) reduced DA contents in vitro (Figure 1A). These findings suggested a close correlation between α-SYN and DA metabolism. However, the exact mechanisms for this pathological impact of α-SYN on DA biosynthesis or degradation are still far from being fully investigated.

As for the biosynthesis of DA, L-tyrosine is hydroxylated by tyrosine hydroxylase (TH) to generate L-DOPA and then decarboxylated by aromatic acid decarboxylase (AADC) to form DA (Daubner et al., 2011; Monzani et al., 2019). Our previous study showed that α-SYN down-regulated the expression levels of TH and AADC via suppressing Nurr1 gene expression (Jia et al., 2020a), indicating an impact of α-SYN on DA biosynthesis through Nurr1-related mechanisms. In this study, we further explored the potential impacts and molecular mechanism of α-SYN on DA degradation. A previous study found that α-SYN can directly bind to MAOB and increase its activity and expression (Kang et al., 2018). Consistently, our present data also revealed that overexpression of α-SYNA53T significantly up-regulated MAOB expression (Figures 1B,E). Except for MAOB, our results further suggested that α-SYN changed the expression levels of MAOA, COMT, and ADH (Figures 1B–D,F). Much more interestingly, among these proteins, MAOA was the only one that was significantly up-regulated by both α-SYNWT and α-SYNA53T overexpression, indicating an important role of MAOA in the α-SYN-regulated DA degradation.

To explore the mechanism of α-SYN on MAOA expression, we detected the co-localization of α-SYN and MAOA and the data revealed that there was no direct interaction between α-SYN and MAOA, which is consistent with previous findings (Kang et al., 2018). Our previous study and others showed that MAOA was degraded in vitro with the presence of a protein synthesis inhibitor (Jiang et al., 2006; Jia et al., 2020b). Kabayama et al. found that RING finger-type E3 ubiquitin ligase Rines/RNF180 increased the ubiquitination and degradation of MAOA (Kabayama et al., 2013). Moreover, the A30P mutation of α-SYN induced the activity of proteasome (Tanaka et al., 2001). α-SYN promotes the proteasome-dependent degradation of Nurr1 expression (Lin et al., 2012). These results raised the possibility that α-SYN up-regulated MAOA expression partially via changing the proteasome-dependent posttranscriptional levels. However, in our present study, both α-SYNWT and α-SYNA53T failed to induce a significant change in the half-life of MAOA protein (Figure 3). Our findings suggest possible transcription mechanisms underlying the impacts of α-SYN-increased MAOA level. In agreement with this hypothesis, our results showed that α-SYN increased MAOA mRNA level and the promoter activity (Figures 4A,B).

Previous studies reported that the human MAOA core promoter region has clusters of Sp1 binding sites, which can be competitively bound by R1 to repress MAOA expression (Zhu et al., 1994; Chen et al., 2005). The balance between Sp1 transcriptional activity and R1 repressor activity on the promoter regulates MAOA expression (Huang et al., 2012). Our bioinformatics analysis showed that the MAOA promoter-luciferase plasmid contained the binding site of Sp1 and R1. ChIP-Real-time PCR results indicated that α-SYN selectively increased the binding quality of Sp1 with MAOA promoter, without change that of R1. Rather intriguingly, the protein level of Sp1, especially the nuclear Sp1, was increased by α-SYN overexpression. Our study showed that both α-SYNWT and α-SYNA53T can increase the activity and expression of MAOA via Sp1, suggesting that the increase of MAOA by α-SYN is one of the important molecular determinants for abnormal metabolism of DA in PD.

MAOA, as a flavoenzyme, can catabolize other neurotransmitters, including NE and 5-HT (Shih et al., 1999). The dysregulated functions of MAOA in neural signal transmission may lead to depression, autism, or aggressive behavior phenotypes (Gu et al., 2017; Kolla and Bortolato, 2020), which may be involved as non-motor psychiatric manifestations of PD. Moreover, bypass of melatonin synthesis, MAOA converts 5-HT into 5-hydroxyindoleacetic acid (5-HIAA; Reiter, 1991), which may lead to a sleep disorder, another type of non-motor symptom of PD. These findings further predict the possible involvement of MAOA in non-motor symptoms of PD. Our results may provide a basis for studying the mechanism of α-SYN on the non-motor symptom of PD.

In summary, our present data reveal that α-SYN induces DA content via the effect on Sp1-mediated MAOA synthesis and activity, the finding of which is unknown for the α-SYN association with MAOA and its possible link to PD. Our study may shed new light on future studies to uncover the molecular mechanism of α-SYN on DA metabolism in PD pathogenesis and to facilitate the exploration of molecular targets for PD therapy.
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