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COURSE SYLLABUS

TRIZANAG/ L FR XXXy B AT ¥
Course Code/Title XXX/Frontiers in biophysics
TR R bz
Compulsory/Elective Elective
TRIEZ 4 ) 3 223148 S0
Course Credit/Hours 3/48h
BRES g
Teaching Language Chinese and English
BRBUT SR QiR €S
Instructor(s) Kaige Yan Assistant professor
R 75 TH A A FHE TR =
Open to undergraduates NE'

0
or not

Cinmm AR AEFR, EHEPHX DN E. If the course is open to
ﬁﬁﬁﬁggzk undergraduates, please indicate the difference. )
Pre-requisites AR A Ak 2 A4 B A A 27

Prerequisites include a college level biochemistry and cell biology

HEEWR

Course Objectives

Comm AR AETFR, HIEPAX S NAE. If the course is open to undergraduates, please indicate the
difference. )

AR SR — T R AR R P B S AN T iR B T 2E Y22t FU 0 ER AR, B ps il
XA eI RE AN E oA, R SL TR R R E M EAR Y, P RS AR AR D BT ST RO AL, IR X
VIR T I Re SRR AR, T B2 A S B AR &R, I SERHIT AL

Frontiers in Biophysics is a course that introduces how to apply the laws and methods of physics to
biological research. The goal is to expand students' vision of biophysical research and deepen their
understanding of the functions of biological macromolecules and their regulation through quantitative
analysis of life processes and the development of simple biophysical models, thus helping students to
build a better knowledge system and solidify the foundation of scientific research.

HET B
Teaching Methods

Canm R AR TR, EEHX S HNE. If the course is open to undergraduates, please indicate the
difference. )

B YR . ARFERBEUTYHR .. RETE. 2E RGN, SRR A
XU HL ) AR

Lectures. The course adopts the teaching method of combining teacher's lecture, class discussion and
students' self-study, and strives to form a two-way interactive teaching mode between teachers and
students.

BEAR

Course Contents

CINT R ARHEFFR, BHEHX WA,  If the course is open to undergraduates, please indicate the
difference. )

Section 1 F1UE: AEVEEE N (5D
Lecture 1: Introduction of Biophysics (2 h)




Section 2 A HIESL. AV ESIAYE R (10 2D
The Facts of Life: Biological Facts and Physical Principles (10 h)

%29 BAARTRRREMIES (2 %)
Lecture 2: Polymer Languages with Different Alphabets (2 h)

a. WEM. %K
Amino acids, nucleic acids

b. EHERLHIIZEIX
Levels of protein structure
c. FTEIEEF
Molecular graphics programs

%39k AR E (2 D
Lecture 3: Model Building in Biology (2 h)

a. ANFERAEAR R

Different physical models

b. iEANARA

Cartoons and models

c. VATt

Biological estimates

54 gk HEPRHE RIS (2 20
Lecture 4: The Bacterial Standard Ruler and Cellular Structures (2 h)
a. #iroTEA
Taking the molecular census
b. - 2 m 24 i T ) 22 e
Cell-to-cell variability in the cellular census
c. JEIFEREEIEIT mRNA FIEE TR
Counting mRNA and proteins by dilution
%5 df: WIRRERZEXE (4525
Lecture 5: The Hierarchy of Temporal Scales (4 h)
a. AW R B IR R B R 2 R

Biological processes are characterized by a huge diversity of time
scales

b, AEYI R &

Measurements of biological time

c. AL HIRIBRAERT B

The cell cycle and the standard clock

Section 3 . BeE A0S (10 2B




Membranes, Energies and Forces (10 h)

Fevf: ALY, SMMERERE B (4%
Lecture 6: Membrane Chemistry, Structure and Information
Communication across Membranes (4 h)

a. JER AR
The chemistry and shape of lipids

b. JREALMR LIFRETFR

Membrane proteins shuttle mass across membranes

c. JREAFIR

Membranes and shape

B 79 EPERAENPAEEE (2 0D
Lecture 7: Equilibrium Models for Out of Equilibrium Systems (2 h)

a. AT PHEPIRES IE A BRI

Proteins and cells in “Equilibrium”

b. HHIRE "ML "L

Structures as free-energy “minimizers”

c. JEAIER KM
Entropy and hydrophobicity

d. AGHIAEK
AnOdeto AG

%8k AVReE (2 %8
Lecture 8: Biological Energy (2 h)

a. REETHAE
Energy consumption

b. FIRAER

Respiration

c. JGEIERMATPIIG AL
Photosynthesis and ATP synthesis

%9 ik AEMikRIEE) (2 228

Lecture 9: Movement of Organisms (2 h)

a. ZMEMIE3)
Bacterial motion

b. WLAZEZ

Muscular movement

Section 4

BRI L (12 1))
Techniques and Methods (12 h)

%10 Y DG ARRILR (4 FED
Lecture 10: Spectroscopy and Nuclear Magnetic Resonance (4 h)




hL 8 itk

Raman spectroscopy
K56

Emission spectroscopy
TR
Fluorescence spectroscopy
CDYGig

CD spectroscopy

VRS
NMR

11 P X SPERATHS ARG AL T A (4 2R
Lecture 11: X-Ray Diffraction and Cryo-Electron Microscopy (4 h)

a.

+ =
éIZIElEI

Crystallization

XS EATI Bt i g

X-ray diffraction data collection

WE A
Fitting and model refinement

AN XS B
SAXS

TEMA Rt R
Basics of TEM

FPLRRUR, B FIRE i 1) £

Single particle reconstruction and sample preparation
R FL 55 18T 2 A

Cryo-EM tomography

%129 TR (2 D
Lecture 12: Molecular Dynamics and Patch Clamping (2 h)

DTN

Molecular dynamics

i

Patch clamping

%13 9k BT IEMEE (2 2D

Lecture 13: Atomic Force Microscopy and Optical Tweezers (2 h)

a.

JEF 1 B
AFM

SN AT POL BB PO RE BRI
TIRF and FRET




Section 5

FEARMIrEMALE (10 Z0)
Protein Folding and Assemblies (10 h)

%14 ¥k AR SERFSH TN (4 FED
Lecture 14: Protein Folding Theory and Structure Prediction (4 h)

a. HEAEBUHIE KBS T

Protein folding spontaneously and structure prediction
b. RNA ZZR &5 K1 Tt

RNA secondary structure prediction
%159 EERFTETHISTHBERS (2 %5
Lecture 15: Chaperonin System in Protein Folding (2 h)

a. AT

Chaperones

b. & E 5 R
Protein degradation

%16 Vb TEMPEEALZMNEIRSEE AR (4 220

Lecture 16: Amyloid Filament and Intrinsically Unstructured Proteins (4 h)

a. TEMmFEEH
Amyloid

b. Tau ZEH

Tau

c. H-TAHDE
Liquid-liquid phase separation

Section 6

HPHREIR (4 50))
Presentation (4 h)

YRR 1 (2 221)
Presentation | (2 h)

YRR 11 (2 221)
Presentation Il (2 h)

11 REBH

Course Assessment

(%R Form of examination; Q). ¥MIK grading policy; (@) WM AR TFHL, WHEWIIX D HE.

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

@%E Non—test based assessment
@ﬁiﬂu‘@ﬁi grading policy: 10% H&) Participation
20% /Il Quiz
30% fEk Assignment
40% PREDHEFIE YR Discussion and Presentation

12. FMERFESHERR

Textbook and Supplementary Readings




ot (4B AE2E) | R. Phillips, J. Kondev A1 J. Theriot (Garland Sci., New York, 2013)
Textbook: Physical Biology of the Cell, R. Phillips, J. Kondev and J. Theriot (Garland Sci., New York, 2013)




