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Descriptions

This course explores the diversity, ecology, and methodologies of
environmental microbiology at an advanced level. Students will examine
microbial interactions with Earth’ s environments, growth dynamics,
and cutting-edge techniques for studying microorganisms. Each
thematic unit culminates in a student-led presentation of a topical

paper.

1. Understand the diversity and ecological roles of environmental

microorganisms.

g1 giE 2. Analyze microbial growth and adaptations across varied
Learning environments.
Objectives 3. Evaluate and apply advanced techniques for studying environmental
microbes.
4. Synthesize and present complex research findings effectively.
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Environmental Microbiology (Third edition)
ISBN: 978-0-12-394626-3
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Course Title: Advanced Environmental Microbiology

Level: Doctoral

Duration: 16 weeks

Overview: This course explores the diversity, ecology, and methodologies of environmental
microbiology at an advanced level. Students will examine microbial interactions with Earth’ s
environments, growth dynamics, and cutting-edge techniques for studying microorganisms.
Each thematic unit culminates in a student-led presentation of a topical paper.

Syllabus Outline

Theme 1. Foundations of Environmental Microbiology

Weeks 1-4

Objective: Establish the foundational principles of environmental microbiology, including
microbial diversity and key Earth environments.

e Week 1: Introduction to Environmental Microbiology
o Overview of environmental microbiology: scope and significance
o Historical perspectives and current challenges

o Microbial roles in ecosystems



e Week 2: Microorganisms Found in the Environment

o Taxonomy and diversity of environmental microbes (bacteria, archaea, fungi,
viruses)

o Ecological niches and adaptations
o Case studies of key environmental microorganisms
e Week 3: Earth Environments
o Microbial habitats: terrestrial, aquatic, and atmospheric systems
o Biogeochemical cycles and microbial contributions
o Interactions between microbes and abiotic factors
e Week 4: Student Topical Paper Presentations

o Students present research papers related to foundational concepts in
environmental microbiology

o Peerdiscussion and critique

Theme 2: Microbial Dynamics and Growth

Weeks 5-8

Objective: Investigate bacterial growth and microbial ecology across diverse environmental
contexts.

o Week 5: Bacterial Growth
o Growth kinetics and environmental influences
o Batch and continuous culture systems
o Quorum sensing and population dynamics
e Week 6: Aeromicrobiology
o Microbes in the atmosphere: dispersal, survival, and deposition
o Bioaerosols and their environmental impact
o Methods for studying airborne microorganisms
e Week 7: Aquatic Environments
o Microbial ecology of freshwater, marine, and brackish systems
o Nutrient cycling and microbial metabolism in water
o Biofilms and their ecological roles
e Week 8: Student Topical Paper Presentations

o Students present research papers on microbial growth or ecology in specific
environments

o Peerdiscussion and critique



Theme 3. Extreme Environments and Microbial Adaptations

Weeks 9-12
Objective: Explore microbial life in extreme conditions and the physiological adaptations that

enable survival.

Week 9: Extreme Environments

o Types of extreme environments (e.g., high temperature, salinity, pH, pressure)
o Extremophiles: diversity and adaptations
o Biotechnological applications of extremophiles

Week 10: Physiological Methods

o Techniques for studying microbial physiology in extreme conditions

o Metabolic pathways and stress responses

o Experimental design for physiological studies

Week 11: Environmental Sample Collection and Processing
o Sampling strategies for extreme environments
o Preservation and processing of environmental samples

o Challenges in studying low-biomass or inaccessible habitats

Week 12: Student Topical Paper Presentations
o Students present research papers on extremophiles or physiological adaptations

o Peerdiscussion and critique

Theme 4. Advanced Techniques in Environmental Microbiology

Weeks 13-16
Objective: Master advanced methodologies for studying environmental microorganisms.

e Week 13: Microscopic Techniques
o Advanced microscopy: fluorescence, electron, and confocal techniques
o Visualization of environmental microbes and their interactions
o Limitations and innovations in microscopic analysis
e Week 14: Cultural Methods
o Cultivation of environmental microbes: selective and enrichment techniques
o Challenges in culturing unculturable microorganisms
o High-throughput culturing approaches

e Week 15: Immunological Methods



o Antibody-based detection and identification of microbes
o Applications in environmental monitoring and pathogen detection
o Integration with other molecular techniques

o Week 16: Student Topical Paper Presentations

o Students present research papers on advanced techniques in environmental
microbiology

o Peerdiscussion and critique

Course Requirements

e Participation: Active engagement in discussions and critiques (20%)

o Weekly Readings: Critical analysis of assigned journal articles (20%)

e Topical Paper Presentations: Four presentations, one per theme (40%)

e Final Project: A comprehensive review paper or research proposal on an environmental

microbiology topic (20%)
Learning Outcomes

By the end of the course, students will:

1. Understand the diversity and ecological roles of environmental microorganisms.
2. Analyze microbial growth and adaptations across varied environments.

3. Evaluate and apply advanced techniques for studying environmental microbes.
4

. Synthesize and present complex research findings effectively.




