Biological Chemistry 

Fall Semester, 2012

Mondays & Thursdays, 10:00 am –11:40 am

Zhiyuan Room 602
Course Description
This is an undergraduate biochemistry course to introduce the structure and the function of proteins, nucleic acids, carbohydrates, and lipids.  Enzymology and metabolism will also be discussed (4 credits).

Instructors:
Profs. Weihai Ying and Yongting Wang 

School of Biomedical Engineering and Med-X Research Institute
Office: Med-X Room211, Xu-Hui Campus
Campus Phone Number: 62933291 (Wang), 62933075 (Ying)
	Emails：weihai.sf@gmail.com, yongting.wang@gmail.com
Overseas Guest Lectures:

Guo-Min Li, Ph.D. <gmli@uky.edu>
Professor and James-Gardner Chair in Cancer Research
University of Kentucky College of Medicine

Bing Su, Ph.D. <bing.su@yale.edu>

Associate Professor

Yale University School of Medicine

Jimmy Zhou, Ph.D. <jimmy.zhou@yale.edu>
Marvin L. Sears Professor of Ophthalmology and Visual Science
Yale University School of Medicine

	

	
	


Textbook: Biochemistry, 7th Edition (2012), by J. M. Berg, J. L. Tymoczko, & L. Stryer.

Exams and final grades: 
	Two midterm exams: 25% each
	

	Final Exam: 50%
	


	#
	Date
	Lecture Schedule (Tentative)
	Instructor

	1
	Sep
	10
	Mon
	Introduction/Physical Chemistry and Thermodynamics review
	Wang

	2
	
	13
	Thu
	Transfer of Genetic Information 
	Wang

	3
	
	17
	Mon
	Amino Acids and Protein Structure
	Wang

	4
	
	20
	Thu
	Protein Synthesis
	Wang

	5
	
	24
	Mon
	Protein Folding and Dynamics
	Wang

	6
	
	27
	Thu
	Protein Purification, Analysis and Detection
	Wang

	7
	Oct
	4
	Thu
	Hemoglobin and Sickle Cell Anemia
	Wang

	8
	
	8
	Mon
	Enzymes: Basic Concepts, Kinetics and Regulation
	Wang

	
	
	11
	Thu
	First Exam  (Covers lectures 1-7)
	

	9
	
	15
	Mon
	Lipids and Membranes
	Zhou

	10
	
	18
	Thu
	Channels and Pumps I
	Zhou

	11
	
	22
	Mon
	Channels and Pumps II
	Zhou

	12
	
	25
	Thu
	Kinases and Signal-Transduction Pathways 
	Su

	13
	
	29
	Mon
	Metabolism: Basic Concepts and Design; Glycolysis (Part I)
	Ying

	
	Nov
	1
	Thu
	
	

	14
	
	5
	Mon
	Glycolysis (Part II)
	Ying

	15
	
	8
	Thu
	Citric Acid Cycle
	Ying

	16
	
	12
	Mon
	Electron Transport and Oxidative Phosphorylation (Part I)
	Ying

	17
	
	15
	Thu
	Electron Transport and Oxidative Phosphorylation (Part II)


	Ying

	18
	
	19
	Mon
	Photosynthesis, the Calvin Cycle and Pentose Phosphate Pathways
	Ying

	19
	
	22
	Thu
	Glycogen Metabolism
	Ying

	20
	
	26
	Mon
	Fatty Acid Metabolism
	Ying

	21
	
	29
	Thu
	Second Exam
	

	
	Dec
	3
	Mon
	Molecular motors
	

	22
	
	6
	Thu
	The Immune System
	Su

	23
	
	10
	Mon
	Nucleotide Biosynthesis and metabolism
	

	24
	
	13
	Thu
	Transcription
	

	25
	
	17
	Mon
	DNA Replication
	Li

	26
	
	20
	Thu
	DNA recombination and Repair
	Li

	27
	
	24
	Mon
	Catalytic RNA
	

	28
	
	27
	Thu
	Drug development
	H. Zhou

	29
	
	31
	Mon
	
	

	30
	Jan
	3
	Thu
	
	

	
	
	7
	Mon
	Final Exam (Comprehensive)
	


Lecture 1: Introduction/Physical Chemistry and Thermodynamics review 

What is Biochemistry?

Why study Biochemistry?

Course logistics

Chemical bonds

The laws of thermodynamics

Acid-base reactions and buffers

Lecture 2: Amino acides and Protein Structures
Amino acid structures and sidechain chemistry
The peptide bond

Secondary structure: helices, sheets, turns

Non-random coils

Secondary structure propensities of amino acids

Special topic: Prediction of protein structures.

Sequence define three-dimensional structure

Lecture 3: Protein Folding and Dynamics
Folding overview: the Levinthal paradox

Condensation and molten globules
Ramachandran plots and amino acid propensities

Motifs

Folding landscape
Protein folding diseases
Lecture 4: Protein Purification Analysis and Detection
Protein purification strategies

centrifugation and fractionation

Column chromatography and dialysis

Electrophoresis

Immunoblotting: Antibodies as tools

Peptide chemistry - sequencing and synthesis

Mass spectrometry

Protein structure determination by NMR and X-ray crystallography
Lecture 5: Hemoglobin and Sickle Cell Anemia
Myoglobin structure and oxygen binding

Hemoglobin subunits

Cooperative binding of oxygen

the Hill coefficient

Quarternary structure changes: allostery
Sickle cell 
Adaptations in Humans, Natural selection
Lecture 6: Enzymes: Basic Concepts and  Kinetics
General concepts in catalysis

Thermodynamic principles

Enzyme-substrate complex formation

Michaelis-Menten kinetics and analysis

Competitive inhibition

Non-competitive inhibition

Drug discovery.

Lecture 7: Catalysis, Kinases and Signal-Transduction Pathways

Lysozyme

Ribonuclease

Carboxypeptidase

Proteases

Catalysis by folded RNA
Phosphorylation and signal-transduction pathways
Lecture 8: Regulating Enzyme Activity
Protein level
Compartmentalization

Feedback regulation
Allosteric regulation
Activation by proteolitic cleavage

Endogenous Inhibitors

Lecture 9: Membranes: Channels and Pumps

Membrane Lipids

Lipid bilayers: permeability 

Sub-cellular organelles

Membrane proteins: ion channels, pores and transporters

Lecture 10: Carbohydrates
What are carbohydrates?

Monsaccharides

Oligosaccharides

Polysaccharides

Glycoproteins

--------------

Lecture 13: Principles of Metabolism
1) Major characteristics of metabolic pathways;

2) Overview of catabolism;

3) Four major categories of biochemical reactions;
4) Overview of glycolysis.
Lecture 14: Glycolysis (Part II)
1) Understanding of the details of glycolysis, including the structures of each intermediate, and the name of the enzyme catalyzing each step of glycolysis;

2) Hemolactic fermentation and alcoholic fermentation;
3) Major regulatory metabolisms of glycolysis.

Lecture 15: Citric Acid Cycle

1) Details of citric acid cycle, including chemical structures of each intermediate, and the enzymes catalyzing each step;

2) Regulatory mechanisms of TCA cycle;

3) Amphibolic nature of TCA cycle.
Lecture 16: Electron Transport and Oxidative Phosphorylation (Part I)
1) The malate-aspartate shuttle and the Glycerophosphate shuttle;

2) Electron transport: (1) Thermodynamics of electron transport; (2) Sequence of electron transport; (3) Components of electron transport chain

Lecture 17: Electron Transport and Oxidative Phosphorylation (Part II)

1) Oxidative Phosphotrylation: (1)  Proton gradient generation; (2) mechanisms of ATP synthesis; (3) uncoupling of oxidative phosphorylation

2) Control of ATP generation: (1) Control of oxidative phosphorylation; (2) coordinated control of ATP generation.

Lecture 18: Photosynthesis and the Calvin Cycle; Pentose Phosphate Pathways: 
1) Chloroplasts

2) Major concepts in light reactions

3) Calvin Cycle
4) Chemical reactions of PPP; regulation of PPP.
Lecture 19: Glycogen Metabolism and Other Pathways of Carbonhydrate Metabolism
1) Major enzymes in glycogen breakdown;

2) Major enzymes in glycogen synthesis;
3) Mechanisms of regulation of glycogen metabolism
4) Glyconeogenesis: Pathways; regulatory mechanisms;
Lecture 20: Fatty Acid Metabolism

1) Fatty acid oxidation: Major reactions and enzymes;

2) Ketone bodies: Major reactions and enzymes

3) Fatty acid biosynthesis: Major reactions and enzymes

Biochemistry Discussion:

	Sep
	18
	Tue
	DNA building blocks: keeping control of manufacture
	1

	Oct
	9
	Tue
	Amyloid Fibrils
	2

	
	23
	Tue
	Ordered and Dynamic Assembly of Single Spliceosomes
	3

	Nov
	6
	Tue
	Allosteric regulation 
	4

	
	20
	Tue
	Glycolysis in cancer (Christofk)
	5

	Dec
	4
	Tue
	NAD in energy metabolism and cell death (Alano)
	6

	
	18
	Tue
	Sirtuins in energy metabolism (Houtkooper)
	7
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