Welcome to Biochemistry, Semesters 1 & 2

This course is meticulously designed to align with state standards and targeted learning
objectives, ensuring comprehensive coverage of essential knowledge and skills required for
student success.

Course Description:

Biochemistry is an advanced high school course that explores the fascinating intersection between
biology and chemistry. This course delves into the molecular basis of life, examining the structure,
function, and interactions of key biological molecules such as proteins, carbohydrates, lipids, and nucleic
acids. Students will gain a deep understanding of the chemical principles that underpin biological
processes and learn how these molecules drive the functions of living organisms.

Through both laboratory experiments and theoretical studies, students will investigate crucial biochemical
processes including metabolism, enzyme kinetics, and cellular signaling. They will develop skills in
scientific inquiry, data analysis, and experimental techniques, allowing them to explore complex biological
phenomena from a molecular perspective.

Emphasis is placed on the application of chemical principles to biological systems, ensuring students gain
a comprehensive understanding of biochemistry’s role in cellular function and the broader field of life
sciences. This course prepares students for further studies in biochemistry, molecular biology, medicine,
and other related disciplines, fostering critical thinking and a deeper appreciation for the molecular
complexities of life.

Learning Outcomes
By the end of this course, students will be able to:
1. Understand the Structure and Function of Biological Molecules:
. Describe the structure and function of proteins, lipids, carbohydrates, and nucleic acids.
*  Analyze how the structure of a molecule determines its biological function.
. Investigate the role of enzymes in biochemical reactions and cellular processes.
2. Explore Biochemical Processes:
. Understand and explain metabolism, including glycolysis, the citric acid cycle, and
oxidative phosphorylation.
. Investigate the principles of enzyme kinetics and how enzymes facilitate biochemical

reactions.
»  Study the role of coenzymes and cofactors in biochemical processes.
3. Learn Cellular Signaling and Regulation:

. Understand cellular signaling pathways and their role in regulating biological functions.

. Explore the mechanisms of signal transduction, including receptors, second messengers,
and feedback loops.

. Analyze how disruptions in signaling pathways can lead to disease states.

4. Apply Chemical Principles to Biological Systems:
. Investigate the principles of thermodynamics and kinetics as they apply to biochemical
reactions.

. Study the role of pH, temperature, and ionic strength in biochemical processes.
. Apply the concepts of chemical equilibrium to metabolic pathways.

5. Conduct Laboratory Investigations:
. Perform experiments to study enzyme activity, protein structure, and molecular
interactions.

*  Analyze experimental data and draw conclusions based on scientific reasoning.
. Develop lab reports that communicate experimental results and their implications.



6. Integrate Knowledge and Prepare for Advanced Studies:
. Synthesize knowledge of chemistry and biology to understand the molecular mechanisms
of life.
*  Apply biochemistry concepts to real-world scenarios in medicine, molecular biology, and
biotechnology.
. Develop skills for future studies in biochemistry, pharmacology, genetics, and other life
sciences.
Syllabus
Semester 1

* Unit 1: Introduction to Biochemistry
»  Overview of biochemistry as a field.
. Basic chemical principles and their application in biology.
«  Structure and properties of water, acids, and bases in biological systems.

* Unit 2: Biological Macromolecules
. Structure and function of proteins, carbohydrates, lipids, and nucleic acids.
. Protein folding, function, and the role of enzymes.
. Introduction to nucleic acids and their role in genetic information.

* Unit 3: Enzyme Kinetics
. Understanding enzymes as catalysts in biochemical reactions.
. Factors affecting enzyme activity (temperature, pH, substrate concentration).
. Michaelis-Menten kinetics and enzyme inhibition.

* Unit 4: Metabolism and Energy Transfer
. Basic concepts in metabolism: anabolism and catabolism.
. The role of ATP and energy coupling in biological systems.
. Glycolysis, the citric acid cycle, and oxidative phosphorylation.

Semester 2

* Unit 5: Cellular Signaling
. Overview of cell signaling pathways and their importance in cellular regulation.
. G-protein  coupled receptors (GPCRs), receptor tyrosine kinases, and second
messengers.
»  Signal transduction mechanisms and cellular responses.

* Unit 6: Molecular Biology and Gene Expression
. Central dogma of molecular biology: DNA replication, transcription, and translation.
. Gene regulation in prokaryotes and eukaryotes.
. Biochemical techniques for studying DNA, RNA, and protein synthesis.

* Unit 7: Biochemistry of Disease
. Understanding how biochemical processes are disrupted in diseases.
. Metabolic disorders and enzyme deficiencies.
. Cancer biology and the role of biochemical signaling in cancer development.

* Unit 8: Biochemical Research and Applications
. Overview of current biochemistry research and its applications in biotechnology and
medicine.
*  Advances in biochemistry and molecular biology.
. Ethical issues and future directions in biochemical research.

Conclusion

Biochemistry provides an in-depth exploration of the molecular underpinnings of life, offering students a
comprehensive understanding of the chemical and biological principles that govern living organisms. This
course fosters critical thinking, scientific inquiry, and a deeper appreciation for the complexities of life at
the molecular level. With hands-on laboratory experience and a thorough theoretical foundation, students
will be prepared for advanced studies in biochemistry, medicine, molecular biology, and related fields.
Through this course, students will gain the tools to understand and solve real-world biological problems,
making them ready to contribute to scientific advancements in health, medicine, and biotechnology.



