
Methods to study the microbiome 

1. Microbiome sequencing 

this is the most common method used to analyze the composition of the gut microbiota. there 
are different types of microbiome sequencing techniques, each with specific advantages: 

a. 16S rRNA gene sequencing 

• What it measures: the 16S ribosomal RNA gene is a component of the 30S small subunit of 
prokaryotic ribosomes. it contains hypervariable regions that can be used to identify and 
classify bacteria present in a sample. 

• How it works: 
1. DNA is extracted from fecal, tissue, or other biological samples. 
2. the 16S rRNA gene is amplified using PCR (polymerase chain reaction) and then 

sequenced. 
3. sequences are compared to known bacterial databases to identify bacterial species or 

genera present in the sample. 
• Applications in PD: 16S sequencing can be used to compare gut microbiota composition 

between Parkinson’s patients and healthy controls, identifying bacterial species that are over- 
or underrepresented in disease. 

• Advantages: cost-effective, quick, and well-established for identifying bacterial diversity. 
• Limitations: it only identifies bacteria to the genus level (not species), and it doesn’t provide 

functional information about the microbiota (i.e., what the bacteria are doing). 

b. Shotgun metagenomic sequencing 

• What it measures: instead of targeting just the 16S rRNA gene, shotgun metagenomics 
sequences all the DNA in a sample, including bacterial, viral, and fungal DNA. 

• How it works: 
1. DNA from the entire microbiome is extracted from a sample. 
2. the total DNA is randomly fragmented and sequenced. 
3. bioinformatics tools are used to reconstruct genomes and identify microbial species, 

as well as functional genes. 
• Applications in PD: shotgun metagenomics allows researchers to explore not only the 

composition but also the functional potential of the gut microbiota. for example, it can identify 
genes involved in metabolite production (like short-chain fatty acids) or pathways linked to 
inflammation. 

• Advantages: provides more detailed information on microbial species and their functional 
capacities. 

• Limitations: more expensive and computationally complex compared to 16S sequencing. 

2. Metabolomics 

• What it measures: metabolomics assesses the metabolites produced by the microbiota (e.g., 
short-chain fatty acids, bile acids, and neurotransmitter precursors). these metabolites can 
have profound effects on host health and are critical to understanding the functional 
implications of the gut microbiota. 

• How it works: 
1. biological samples like feces, blood, or cerebrospinal fluid (CSF) are collected. 



2. analytical techniques such as mass spectrometry (MS) or nuclear magnetic resonance 
(NMR) spectroscopy are used to identify and quantify metabolites. 

• Applications in PD: metabolomic profiles can be compared between PD patients and healthy 
individuals. for example, reduced levels of butyrate (a short-chain fatty acid) have been linked 
to neuroinflammation, while higher levels of certain microbial toxins might exacerbate disease 
symptoms. 

• Advantages: provides functional insights by identifying the biochemical products of gut 
microbiota. 

• Limitations: requires complex instrumentation and interpretation. 

3. Immunohistochemistry (IHC) 

• What it measures: immunohistochemistry allows for the localization and visualization of 
specific proteins or molecules in tissues, often using antibodies to detect bacterial antigens, 
host proteins, or inflammatory markers in gut tissues. 

• How it works: 
1. tissue samples (e.g., gut or brain tissues) are fixed and sectioned. 
2. antibodies specific to the target (e.g., bacterial proteins, alpha-synuclein, or 

inflammatory markers) are applied to the tissue sections. 
3. secondary antibodies, conjugated to an enzyme or fluorophore, are used for 

detection. 
4. visualization occurs under a microscope, revealing where specific proteins or bacterial 

components are located in the tissue. 
• Applications in PD: IHC can be used to detect alpha-synuclein aggregation in both gut and 

brain tissues, helping to establish connections between gut pathology and neurodegeneration. 
it can also be used to identify inflammatory markers in gut tissues that may link to gut 
permeability or inflammation. 

• Advantages: provides spatial context for microbial effects, showing where proteins or 
inflammatory responses occur in tissues. 

• Limitations: labor-intensive and requires expertise in tissue handling and microscopy. 

4. Fluorescence in situ hybridization (FISH) 

• What it measures: FISH allows for the direct visualization of specific bacterial species in tissue 
samples by targeting their DNA or RNA with fluorescently labeled probes. 

• How it works: 
1. tissue sections or bacterial smears are treated with fluorescent probes that bind to 

species-specific sequences in the microbial genome (often targeting the 16S rRNA 
gene). 

2. the samples are visualized under a fluorescence microscope, showing the distribution 
of particular bacteria in the tissue. 

• Applications in PD: FISH can be used to study whether specific bacterial species are closely 
associated with damaged gut tissues, or even to track the migration of bacteria in various parts 
of the body. 

• Advantages: offers precise spatial localization of bacteria within host tissues. 
• Limitations: limited to detecting only the species or groups targeted by the probes, so it’s not 

a broad identification tool like sequencing. 

 

 



5. Functional assays 

functional assays help in understanding the activity of the gut microbiota, beyond just 
identifying which bacteria are present. 

a. Gut barrier function tests (e.g., FITC-dextran assay) 

• What it measures: these tests assess the integrity of the intestinal barrier. the FITC-dextran 
assay is commonly used to evaluate gut permeability ("leaky gut"). 

• How it works: 
1. mice are orally administered fluorescein isothiocyanate (FITC)-dextran, a fluorescently 

labeled compound that normally should not pass through the intestinal barrier. 
2. blood samples are collected after a few hours, and the fluorescence intensity is 

measured. 
3. higher levels of FITC-dextran in the blood indicate increased gut permeability. 

• Applications in PD: gut permeability may be linked to the initiation of neuroinflammation in 
PD, so this test helps in identifying gut barrier dysfunction in disease models. 

• Advantages: simple and effective for assessing gut permeability in vivo. 
• Limitations: doesn't explain the underlying mechanisms of increased permeability. 

b. Immune response assays (e.g., ELISA, cytokine profiling) 

• What it measures: the immune response to gut bacteria, which includes measuring pro-
inflammatory cytokines, immune cell activation, or anti-inflammatory markers. 

• How it works: 
1. blood, brain, or gut tissue samples are collected from experimental models or human 

subjects. 
2. ELISA (enzyme-linked immunosorbent assay) or multiplex assays are used to measure 

levels of specific cytokines (e.g., IL-6, TNF-alpha). 
3. flow cytometry can also be used to analyze immune cell populations in gut or brain 

tissues. 
• Applications in PD: these assays can reveal whether changes in gut microbiota are associated 

with increased systemic inflammation, which might exacerbate neuroinflammatory processes 
in Parkinson’s disease. 

• Advantages: quantitative and specific, providing detailed information about the immune 
response. 

• Limitations: only measures selected immune markers and doesn't provide direct information 
about microbial composition. 

6. Gnotobiotic (germ-free) animal models 

• What it measures: these models allow researchers to study the effects of introducing specific 
microbial communities or individual bacteria into germ-free (microbe-free) animals, which are 
otherwise kept in sterile conditions. 

• How it works: 
1. mice are raised in completely sterile environments, so they don’t have any bacteria in 

their gut. 
2. researchers can introduce specific bacteria or microbial consortia into the germ-free 

mice to observe the effects on gut physiology, behavior, and neuroinflammation. 



• Applications in PD: gnotobiotic models are crucial in establishing causal relationships between 
specific bacterial strains and PD-like symptoms (e.g., alpha-synuclein aggregation or motor 
dysfunction). 

• Advantages: offers a highly controlled system to study the direct impact of specific gut bacteria 
on health and disease. 

• Limitations: expensive and labor-intensive, and results from germ-free mice may not always 
directly translate to humans. 

 

Conclusion 

Each method has its own strengths and limitations, and many studies will combine several 
approaches to obtain a more comprehensive view of how the gut microbiota affects health 
and disease. in Parkinson’s disease research, combining microbiome sequencing with 
functional assays and immunohistochemistry is particularly powerful, as it allows researchers 
to not only identify changes in bacterial populations but also link these changes to 
neuroinflammation, gut barrier dysfunction, and disease progression. 
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