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DATA on the teachers conducting disciplines of the module:
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The course "Biophysics" introduces to the basic concepts and laws of biophysics, the applicability of the laws of physics to living systems, provides a fundamental, theoretical basis for all modern biological sciences. Biophysics relates to all levels of biological organization, from molecular processes to ecological phenomena. The subjects of Biophysics are the physical principles underlying all processes of living systems. This also includes environmental biophysics, which represents physical influences on physiological functions.

Prerequisites

Physics, Math, Chemistry, Cytology.

Course Information

Lecture Requirements:

There will be 2 exams over assigned textbook information and material covered in the class. See course calendar for exam dates. Each exam will consist of questions which may be multiple choice, matching, true & false, and essay. These questions will be of similar format to the regular exams. Seminars include a pop quiz6 problems and issues. There will be an optional comprehensive final exam, if you choose to take this exam; the lowest exam score will be dropped.

STUDENT LEARNING OUTCOMES:

Upon successful completion of the course the student will be able to:

Describe, analyze and apply the use of graphs, tables, charts and diagrams as related to lab exercises.

Define, distinguish and apply the principles of Physical principles underlying all processes of living systems.

Define, describe, and compare the influence of Physical Factors of the Environment to living systems.

Course structure

	week
	Topic
	hours
	Max points

	1
	Seminar. Subject of Biophysics
	1
	4

	2
	Seminar. History of Biophysics
	1
	4

	3
	Seminar. Thermal Molecular Movement, Order and Probability.
	1
	4

	4
	Seminar. Molecular and Ionic Interactions as the Basis for the Formation of Biological Structures
	1
	4

	5
	Seminar. Interfacial Phenomena and Membranes
	1
	4

	6
	Seminar. Energetics and Dynamics of Biological Systems
	1
	4

	7
	Seminar. Energetics and Dynamics of Biological Systems
	1

	4

	 Total Possible Points:
	24

	8
	Seminar. Membrane Transport and Membrane Potential
	2
	4

	9
	Seminar. Low-Frequency Electromagnetic Fields
	2
	4

	10
	Seminar. Radio- and Microwave Electromagnetic Fields
	2
	4

	11
	Seminar. Visible and Nonvisible Optical Radiation
	2
	4

	12
	Seminar. Visible Light: Photobiological Processes
	2
	4

	13
	Seminar. Ionizing Radiation
	2
	4

	14
	Seminar. Primary Processes of Radiation Chemistry
	2
	4

	15
	Seminar. Radiobiological Reactions
	2
	4

	Total Possible Points:
	100

	
	Final exam
	
	100


Two points (2) will be taken off the lab report is turned in after class discussions concerning the lab in question. An additional two points (2) will be taken off the lab score for each week late

Seminar 1. Subject of Biophysics

Exercises:

When much of the ATP is depleted in a cell, a considerable amount of cAMP is formed as a product of ATP degradation. This cAMP activates an enzyme phosphorylase that splits glycogen, releasing glucose that is rapidly metabolized, replenishing the ATP supply. Devise a model of this control loop and determine conditions under which the production of ATP is oscillatory.

Use the law of mass action and the quasi-steady-state assumption for the enzymatic reactions to derive a system of equations of the form for the Goldbeter–Lefever model of glycolytic oscillations. Verify

Seminar 2. History of Biophysics

What are the subjects of Biophysics? Give the definition of Biophysics.

Name and describe the divisions of Biophysics

Who were first Biophysicists? What they did in this field?

What are the most important scientific discoveries in biophysics in the Middle Ages?

Stochastic Resonance and Noise-Enhanced Processes

Seminar 3. Thermal Molecular Movement, Order and Probability.

Thermodynamic Probability and Entropy 

Information and Entropy

Thermodynamic variables

Energy of Activation, Theory of Absolute Reaction Rate

Gibbs Fundamental Equation . 

Entropy, Stability, and Stationary States

Thermodynamic Basis of Biochemical Reactions
Seminar 4
A thermodynamically based classification of the various kinds of stationary states.

Thermodynamic system, state quantities

First law of thermodynamics in Biology

Second law of thermodynamics in Biology

Possible types of stationary states and conditions of their stability.

 Explain a Thermodynamic equilibrium

 Prigogine principle. Give definitions. Which law of thermodynamics, which kind of thermodynamic system there are talking about?

Kinds of Thermal Molecular Movement

Seminar 4 Molecular and Ionic Interactions as the Basis for the Formation of Biological Structures
Diffusion. Write the Fick’s law, explain it.

Molecular and Ionic Interactions as the Basis for the Formation of Biological Structures

Describe the modeling methods of membrane do you know.

 Mechanisms of Ion movements across membranes. Classify them.

Seminar 5. Interfacial Phenomena and Membranes 
The Van’t Hoff Equation for Osmotic Pressure 

Osmotic Pressure in Cells and Biologically Relevant Fluids.

Electrochemical Equilibrium: The Nernst Equation.

The Donnan Equilibrium: Basic Properties.

The Donnan Equilibrium in Biological Systems
Seminar 6. Energetics and Dynamics of Biological Systems The Molecular Structure of Biological Membranes

Channels and Pumps: The Variety of Cellular Transport Mechanisms 

The Network of Cellular Transporters

Resting Membrane potential. Give an explanation of this process, from a biophysics point of view, the mechanism of occurrence of electric potential.

Action potential. Give an explanation of this process, from a biophysics point of view, the mechanism of occurrence of action potential. Propagation of the action potential

Seminar 7. Energetics and Dynamics of Biological Systems
What is dispersion of conductivity (admittance)? How it releates with

tissue's condition?

α-, β-, and γ- dispersions of the complex dielectric

constant of a biological tissue.

Electrical impedance tomography and reography.

Compare the biophysical characteristics of acupressure with normal

skin areas.

What theories explain the effect of acupuncture?

Seminar 8. Membrane Transport and Membrane Potential

Exercices:

Suppose the Na+ Nernst potential of a cell is 56 mV, its resting potential is −70 mV, and the extracellular Ca2+ concentration is 1 mM. At what intracellular Ca2+ concentration is the flux of a three-for-one Na+–Ca2+ exchanger zero? (Use that RT/F = 25.8 mV at 27◦ C.)

Modify the pump–leak model to include a Ca2+ current and the 3-for-1 Na+–Ca2+ exchanger. What effect does this modification have on the relationship between pumprate and membrane potential?

The Hodgkin–Huxley equations are for the squid axon at 6.3◦C. Using that the absolute temperature enters the equations through the Nernst equation, determine how changes in temperature affect the behavior of the equations. In particular, simulate the equations at 0◦C and 30◦C to determine whether the equations become more or less excitable with an increase in temperature.

Seminar 9. Low-Frequency Electromagnetic Fields
The Electric Structure of the Living Organism 

Extracellular Electric Fields and Currents 

Passive Electrical Properties of Tissue and Cell Suspensions 

Single Cells in External Electric Fields 

Manipulation of Cells by Electric Fields

Ion channels research methods, techniques

The patch clamp technique.

How does MacKinnon developed K-channel work?

Seminar 10. Radio- and Microwave Electromagnetic fields.

1. Spectrum of Electromagnetic fields. Name and describe parameters of electromagnetic waves. Describe a family of electromagnetic radiation; electromagnetic spectrum.

2. Low-frequency electromagnetic fields. 

3. The influence of magnetic fields on biological systems and human health, describe it in general.

4. Radiowave Electromagnetic fields. What kind of influence on biological systems and human health do you know?

5. Microwave Electromagnetic fields. What kind of influence on biological systems and human health do you know?

Seminar 11. Visible and Nonvisible Optical Radiation
Give a definition for laser. Name and describe mainly properties of lasers.

Name and classify biological effects of visible optical radiation.

Explain processes of Excitation and Energy Transfer, correspond to visible light.

Explain the principles of photoelectrocolorimetry.

Explain biological effects to biological tissues from low-intensity laser

Reading:

chapter 4 in     R.Glaser. Biophysics. // Berlin ; New York : Springer. -2001, 361 p.

Seminar 12. Visible Light: Photobiological Processes

1. Classification of biological processes

2. Functional and physiological reactions

3. Modification-destructive reaction

4. Jablonski diagram of molecular excitations

5. Which spectral regions of UV-radiation do you know? Briefly describe how each of them affects human health.

6. Beer–Lambert–Bouguer law in photoelectrocolorimetry and spectrophotometry. Write formula, explain.

Reading:

chapter 4 in   R.Glaser. Biophysics. // Berlin ; New York : Springer. -2001, 361 p.

Seminar 13. Ionizing Radiation

Give definition to ionizing radiation. Name and classify different kinds of ionizing radiation.

Describe primary processes of radiation chemistry.

The interaction of electromagnetic ionizing radiation with matter. Show schematic (draw figure) and describe, give the energy characteristics.

Seminar 14. Primary Processes of Radiation Chemistry

Main dosimetric quantities. Name, define, write the formula and units for each type of dosimetric quantities.

Name and describe the main sources of human exposure.

The relative biological effectiveness (RBE) of ionizing radiation. Define, give examples.

Write the most important reactions of water radiolysis.

Explain theories of direct effect and indirect effect of radiation.

Seminar 15. Radiobiological Reactions

Explain theories of direct effect and indirect effect of radiation.

Write and explain an oxygen effect in radiation biophysics.

Write and explain bystander effect in radiation biophysics.

Name and explain stochastic and non-stochastic effects of ionizing radiation.

Student Responsibilities

Cell phone use is not allowed during class (texting or talking). A student may be dropped with consistent violations or if it rings during exams. If texting is done during exams, it will be considered cheating, your test will be taken and a zero (that may not be made up by the optional final) will be recorded for the exam.

Students with disabilities who may need academic accommodations should discuss options with their professors during the first two weeks of class.

Any student thinking of dropping the course should consult the instructor prior to proceeding with this action, if at all possible.

Letter Grade Assignment

	Letter Grade
	Percentage
	Performance

	A
	95-100%
	Excellent Work

	A-
	90-94%
	Nearly Excellent Work

	B+
	85-89%
	Very Good Work

	B
	80-84%
	Good Work

	B-
	75-79%
	Mostly Good Work

	C+
	70-74%
	Above Average Work

	C
	65-69%
	Average Work

	C-
	60-64%
	Mostly Average Work

	D+
	55-59%
	Below Average Work

	D
	50-54%
	Poor Work

	F
	0-49%
	Failing Work


Textbook & Course Materials

Required Text

R.Glaser. Biophysics. // Berlin; New York: Springer. -2012, 361 p.

Gopal B. Saha. Physics and Radiobiology of  Nuclear Medicine. Fourth Edition //Springer, 2013
Tuleukhanov S.T., Inyushin N.M., Gumarova L.Zh.,Kulbayeva M.S.. Shvetcova E.V. Manual for laboratory classes in biological physics: methodical development / comp.: S.T. Tuleukhanov, N.M. Inyushin, L.Zh. Gumarova [et al.]. – Almaty: Qazaquniversity, 2016. – 116 p.

www.univer.kaznu.kz
https://link.springer.com/content/pdf/10.1007%2F978-3-642-25212-9.pdf
https://link.springer.com/content/pdf/bfm%3A978-3-662-46777-0%2F1.pdf
https://link.springer.com/content/pdf/bfm%3A978-1-4614-1531-2%2F1.pdf
https://link.springer.com/book/10.1007/978-981-13-2158-0
https://link.springer.com/content/pdf/bfm%3A978-1-60327-233-9%2F1.pdf
