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Proteins are the most versatile macromolecules in living systems and serve crucial functions
in essentially all biological processes. Our aim is to teach the structure bases, method to
determine structures and the basic principles governing protein structure—function
relationship. With this course, students will have a fundamental understanding of the
structure and function of proteins, an atomic overview of our living system, as well as

knowledge and skills to solve problems in biological and medical research.
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Teaching Methods
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4. FEESEME TN, EEIRENIRRL LA TR, A RO 2 A 2 SHR BRI

The course teaching consists of theory learning part and experimental part. The teaching

combines traditional and innovative methods, including:

1. Apply computer games and programs to stimulate learning interest;

2. Creatively combine the well-designed experiments with theory for students to know why and

how different experimental approaches can be applied in understanding protein structure-—

function relationship;

3. Tightly link the research and medicine application to the teaching;

4. Effectively combine online and offline teaching by providing related online material for

student to expand their leaning scope

HENE

Course Contents

Section 1

From Sequence to Structure (6hrs)

1-1.1 Peptide Bond

1-1.2 Interactions that Stabilize Structures

1-1.3 Secondary Structures

Related Experiment: Proteins for structural study I: sequence alignment and
secondary structure analysis

1-2.1 Protein Motifs

1-2.2 Protein Domains

1-2.3 Tertiary structures

Related Experiment: Proteins for structural study Il: domain analysis and
structure prediction

1-3.1 Protein Family

1-3.2 Protein Folding and Stability

1-3.3 Quaternary Structure

Related Experiment: Proteins for structural study Ill: Protein databases and
structure comparison

Section 2

Structure Determination (10hrs)

3-1.1 Structure Determination Methods

3-1.2 X-Ray Crystallography: Basics of crystallography

3-1.3 Points of designing experiments for structural studies

Related Experiment: Proteins for structural study Ill: Protein databases and
structure comparison

3-2.1 X-Ray Crystallography: Space lattice

3-2.2 X-Ray Crystallography: Diffraction

3-2.3 Case study for good and bad diffractions
Related Experiment: Data processing with iMosflm

3-3.1 X-Ray Crystallography: Phase problem
3-3.2 X-Ray Crystallography: Model building
Related Experiment: Structure determination with Phenix and COOT




3-4.1 CryoEM: Introduction
3-4.2 CryoEM: Single Particle technique
Related Experiment: Model building with Chimera for cryoEM reconstruction

3-5.1 NMR

3-5.2 Other methods

3-5.3 Importance of resolution

3-5.4 Flexible region

3-5.5 Case study: Can we trust the conclusion in the literatures
Related Experiment: Structure quality check

Section 3

From Structure to Function (6hrs)

3-1.1 Molecular Recognition

3-1.2 Functional Sites

3-1.3 Active Sites

3-1.4 Location and Nature of Binding Sites
3-1.5 Case study: Predict the binding sites
Related Experiment: Structure analysis

3-2.1 Catalysis

3-2.2 Proximity and Ground-State Destabilization

3-2.3 Stabilization of Transition States and Exclusion of Water
3-2.4 Active-Site Geometry and Chemistry

3-2.5 Cofactors

3-2.6 Multi-Step Reactions

3-2.7 Multifunctional Enzymes

Related Experiment: Identification of functional sites

3-3.1 Membrane Protein Structure and Folding

3-3.2 Membrane Protein Prediction

3-3.3 Structure and Function of GPCR and lon Channel
3-3.4 Functional Properties of Structural Proteins
Related Experiment: Membrane protein analysis

Section 4

Control of protein function (8hrs)

4-1.1 Flexibility and Protein Function

4-1.2 Protein Interaction Domains

4-1.3 Regulation by Location

4-1.4 Control by pH and Redox Environment

4-1.5 Case study: Control the protein expression with different environment
Related Experiment: Interaction analysis |

4-2.1 Effector and Allostery

4-2.2 Competitive Binding and Cooperativity
4-2.3 Conformational Change

4-2.4 GTPase switches

Related Experiment: Interaction analysis Il

4-3.1 Co-translational Modification
4-3.2 Post-Translational Modification
4-3.3 Methylation and Epigenetics
4-3.4 Phosphorylation




4-3.5 Ubiquitination and SUMOylation
Related Experiment: Function prediction base on structure

4-4.1 Principle for protein design

4-4.2 Principle for drug design

4-4.3 Case study: Design the protein mutants and optimize the compound
structures

Related Experiment: Drug design

Week Content Experiment

From sequence to structure

1 Introduction, primary and secondary
structure

2 Protein motif, domains and tertiary Proteins for structural study I: sequence
structure alignment and secondary structure analysis

3 Protein folding and quaternary Proteins for structural study II: domain
structure analysis and structure prediction
Structure Determination

4 Introduction and basics of X-Ray Proteins for structural study Ill: Protein
Crystallography databases and structure comparison

5 Principle of X-Ray Crystallography Data processing with iMosflm

6 X-Ray Crystallography: structure Structure determination with Phenix and
determination COOoT

7 cryoEM: Single Particle technique Model building for cryoEM reconstruction

8 NMR and other methods Structure quality check
From structure to Function

9 Functional sites in protein structures  Structure analysis

10 Catalysis Identification of functional sites

11 Membrane and structural proteins Membrane protein analysis
Control of protein function

12 Environmental controls Interaction analysis |

13 Cooperativity and allostery Interaction analysis Il

14 Modification regulations Function prediction base on structure

15 Protein and drug design Drug design

16 Project presentation Experimental design

11. REER
Course Assessment

(@ %K Form of examination; (@). ¥R grading policy; @ Wi FIARIATFH, W EEW X 4 M2,

If the course is open to undergraduates, please indicate the difference. )

X% Form of examination: 43¥#IK grading policy
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SE4% /Experiments:  (30%)

WICHHT K dik 45/ Journal Club: (20%)

WA %R /Final Exam: (30%)

HARK 45 /Final Presentation (Presentation + Article) : (20%)

EMEHESERH
Textbook and Supplementary Readings

At Textbook
Protein Structure and Function, Gregory Petsko & Dagmar Ringe, 2008

%4 /Reference book

1. Proteins: Structure and Function, David Whitford, 2013
2. Principles of protein X-Ray crystallography, Jan Drenth ; with major contribution from
Jeroen Mesters, New York : Springer, c2007




