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HISTORY OF BIOPHYSICS

Biophysics Importance

vulearninghub.xyz  |  by VU Learning HUB



vulearninghub.xyz  |  by VU Learning HUB

V IMPORTANT



Biophysical Techniques

Electrophysiology

•

•

•

•

•

•
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Hydrodynamics

•

•

•

Microscopy & Imaging

•

•

Confocal Fluorescence Microscopy

•

•

•

•

•

Atomic Force Microscopy

•

•

Magnetic Resonance Imaging

•

•

•

Modeling & Simulation

•

•

•

•
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•

•

Spectroscopy

•

•

•

•

•

•

•

•

Fluorescence

•

•

•

•

Forces of Attraction

•

•

• Johannes van
der Waals

•
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•

•

•

•

Types of intra-molecular forces of attraction

•

•

•

•

•

•

Intermolecular force of attractions

•

•

•

•

•
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 Intermolecular force

•

•

•

•

Ion-induced dipole forces

•
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•

•

•

•

Ion-Dipole Forces






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

Hydrogen Bonds

Forming a Hydrogen Bond

inter

intra

Hydrogen Bond Donor

Hydrogen Bond Acceptor

Applications for Hydrogen Bonds

Ion-Induced Dipole Force
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Dispersion Force

Temporary Dipoles

London Dispersion Forces

The Properties of Water

Properties of Water
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Properties of Water

Ka

Kb

n

Structure of Water

The Phases of Water

Solid Phase (Ice)

less
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The  hexagonal  structure  of  ice
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https://www.thoughtco.com/definition-of-dna-and-structure-604433
https://www.thoughtco.com/definition-of-rna-604642


Comparison of DNA and RNA

Comparison DNA RNA
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https://www.thoughtco.com/genetic-code-373449
https://www.thoughtco.com/definition-of-amino-acid-605822
https://www.thoughtco.com/rna-facts-ribonucleic-acid-608189
https://www.thoughtco.com/functional-groups-in-organic-chemistry-4054178


Chemistry of amino acids and protein structure

amino  acids
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Amino acid structure and its classification

alpha  amino  acids
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Isoelectric point (pI) of amino acids

zwitterion

Essential amino acids

Proteins

Protein

protein

proteios
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https://www.britannica.com/science/life
https://www.britannica.com/biography/Jons-Jacob-Berzelius
https://www.britannica.com/science/species-taxon
https://www.britannica.com/science/organ-biology
https://www.britannica.com/science/muscle
https://www.britannica.com/science/brain
https://www.britannica.com/science/liver
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Peptide
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https://www.britannica.com/science/molecule
https://www.britannica.com/science/amino-acid
https://www.britannica.com/science/amino-acid
https://www.merriam-webster.com/dictionary/composition


see

Encyclopædia
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https://www.britannica.com/plant/plant
https://www.britannica.com/animal/animal
https://www.britannica.com/science/nitrogen
https://www.britannica.com/science/potassium
https://www.britannica.com/science/carbon-dioxide
https://www.britannica.com/science/photosynthesis
https://www.merriam-webster.com/dictionary/compounds
https://www.britannica.com/science/carbohydrate
https://www.britannica.com/animal/ruminant
https://www.britannica.com/topic/food
https://www.britannica.com/science/human-nutrition
https://www.britannica.com/science/plasma-biology
https://www.britannica.com/science/red-blood-cell
https://www.britannica.com/science/red-blood-cell
https://www.britannica.com/science/water
https://www.britannica.com/science/peptide
https://www.britannica.com/science/cell-biology
https://www.britannica.com/science/tissue
https://www.britannica.com/science/enzyme
https://www.britannica.com/science/hormone
https://www.britannica.com/science/catalyst
https://www.britannica.com/science/nucleic-acid
https://www.britannica.com/science/lipid
https://www.britannica.com/science/hemoglobin
https://www.britannica.com/science/oxygen
https://www.britannica.com/science/blood-biochemistry
https://www.britannica.com/science/lung
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Britannica, Inc.

General Structure And Properties Of Proteins

The amino acid composition of proteins
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https://www.britannica.com/science/atom
https://www.britannica.com/science/hydrogen-ion
https://www.britannica.com/science/ion-physics
https://www.britannica.com/science/peptide
https://www.britannica.com/science/chemical-bonding
https://www.britannica.com/science/polypeptide
https://www.britannica.com/science/molecular-weight


Structures of common amino acids

R

R R

R

R

R
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https://www.britannica.com/science/glycine-amino-acid
https://www.britannica.com/science/alanine
https://www.britannica.com/science/methyl-group
https://www.britannica.com/science/valine
https://www.britannica.com/science/leucine
https://www.britannica.com/science/isoleucine
https://www.merriam-webster.com/dictionary/affinity
https://www.britannica.com/science/serine
https://www.britannica.com/science/cysteine
https://www.britannica.com/science/alcohol
https://www.britannica.com/science/cysteine
https://www.britannica.com/science/cystine
https://www.britannica.com/science/aspartic-acid
https://www.britannica.com/science/asparagine
https://www.britannica.com/science/threonine
https://www.britannica.com/science/methionine
https://www.britannica.com/science/threonine
https://www.britannica.com/science/methionine
https://www.britannica.com/science/proline
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https://www.britannica.com/science/glutamic-acid
https://www.britannica.com/science/glutamine
https://www.merriam-webster.com/dictionary/comprise
https://www.britannica.com/science/hydroxyproline
https://www.britannica.com/science/collagen
https://www.britannica.com/science/connective-tissue
https://www.britannica.com/science/lysine
https://www.britannica.com/science/arginine
https://www.britannica.com/science/histidine
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https://www.britannica.com/science/phenylalanine
https://www.britannica.com/science/tyrosine
https://www.britannica.com/science/tryptophan
https://www.britannica.com/science/benzene
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https://www.britannica.com/science/ultraviolet-radiation


peptide

bonds:

peptides

protein polypeptide

carboxy-terminus C-terminus

amino-terminus

N-terminus
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primary  structure

secondary structure

α-helix

ß-sheet

tertiary structure
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disulfide  bridges

Salt bridges

vulearninghub.xyz  |  by VU Learning HUB



protein subunits

quaternary  structure

Protein Structure Analysis
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Protein Structure Stability Analysis
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Thermodynamics

Thermodynamics

 The zeroth law of thermodynamics.

 The  first  law  of  thermodynamics,  or  the  law  of  conservation  of  energy.

 The second law of thermodynamics.

 The third law of thermodynamics.
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https://www.britannica.com/science/science
https://www.britannica.com/science/heat
https://www.britannica.com/science/work-physics
https://www.britannica.com/science/temperature
https://www.britannica.com/science/energy
https://www.britannica.com/biography/Sir-Benjamin-Thompson-Graf-von-Rumford
https://www.britannica.com/biography/Sir-Benjamin-Thompson-Graf-von-Rumford
https://www.britannica.com/biography/Sadi-Carnot-French-scientist
https://www.britannica.com/science/reversibility
https://www.britannica.com/technology/steam-engine
https://www.britannica.com/science/heat-transfer
https://www.britannica.com/science/heat-transfer
https://www.britannica.com/biography/Rudolf-Clausius
https://www.britannica.com/science/thermal-equilibrium
https://www.merriam-webster.com/dictionary/equilibrium
https://www.britannica.com/science/entropy-physics
https://www.merriam-webster.com/dictionary/entropy
https://www.britannica.com/science/crystal
https://www.britannica.com/science/chemical-element
https://www.britannica.com/science/absolute-zero
https://www.britannica.com/science/statistics
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Thermodynamic states

Thermodynamic equilibrium
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https://www.britannica.com/science/energy-state
https://www.britannica.com/science/atom
https://www.britannica.com/science/molecule
https://www.britannica.com/science/statistical-mechanics
https://www.britannica.com/science/state-physics
https://www.britannica.com/science/gas-state-of-matter
https://www.britannica.com/technology/piston-and-cylinder
https://www.britannica.com/technology/steam-engine
https://www.britannica.com/sports/marathon-race
https://www.britannica.com/place/Earth
https://www.britannica.com/science/neutron-star
https://www.britannica.com/science/black-hole
https://www.britannica.com/science/universe
https://www.britannica.com/science/heat
https://www.britannica.com/science/work-physics
https://www.britannica.com/science/energy
https://www.britannica.com/technology/piston-and-cylinder
https://www.britannica.com/science/temperature
https://www.britannica.com/science/pressure
https://www.merriam-webster.com/dictionary/parameters
https://www.britannica.com/science/atmosphere
https://www.britannica.com/science/water
https://www.britannica.com/science/equilibrium-thermodynamics
https://www.merriam-webster.com/dictionary/environment


Temperature

A

B C B C

A

see

Work and energy

ergon

work
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https://www.britannica.com/science/reversibility
https://www.britannica.com/science/irreversibility
https://www.britannica.com/science/motion-mechanics
https://www.britannica.com/science/friction
https://www.britannica.com/science/mechanics
https://www.britannica.com/science/temperature
https://www.britannica.com/science/temperature
https://www.britannica.com/technology/steel
https://www.britannica.com/science/wood-plant-tissue
https://www.britannica.com/science/human-skin
https://www.britannica.com/technology/thermometer
https://www.britannica.com/technology/resistance-electronics
https://www.britannica.com/technology/resistance-electronics
https://www.britannica.com/technology/Celsius-temperature-scale
https://www.britannica.com/science/freezing-point
https://www.britannica.com/science/boiling-point
https://www.britannica.com/science/atmospheric-pressure
https://www.britannica.com/science/Fahrenheit-temperature-scale
https://www.britannica.com/science/absolute-temperature-scale
https://www.britannica.com/science/absolute-temperature-scale
https://www.britannica.com/science/kelvin
https://www.britannica.com/science/Rankine-temperature-scale
https://www.britannica.com/science/absolute-zero
https://www.britannica.com/science/work-physics
https://www.britannica.com/science/energy
https://www.merriam-webster.com/dictionary/elusive
https://www.britannica.com/technology/automobile


E m

E mc c

see below

see below

Total internal energy
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https://www.britannica.com/science/kinetic-energy
https://www.britannica.com/science/potential-energy
https://www.merriam-webster.com/dictionary/conservative
https://www.britannica.com/science/physics-science
https://www.britannica.com/science/electromagnetic-field
https://www.britannica.com/science/radiation
https://www.britannica.com/technology/antenna-electronics
https://www.britannica.com/science/relativity
https://www.britannica.com/biography/Albert-Einstein
https://www.britannica.com/science/E-mc2-equation
https://www.britannica.com/science/E-mc2-equation
https://www.britannica.com/science/E-mc2-equation
https://www.britannica.com/science/E-mc2-equation
https://www.britannica.com/science/speed-of-light
https://www.britannica.com/science/conservation-of-energy
https://www.merriam-webster.com/dictionary/encompasses
https://www.britannica.com/science/heat
https://www.britannica.com/science/mechanical-energy
https://www.britannica.com/biography/Sir-Benjamin-Thompson-Graf-von-Rumford
https://www.britannica.com/technology/steam-engine
https://www.britannica.com/science/internal-energy
https://www.britannica.com/science/temperature
https://www.britannica.com/science/pressure
https://www.britannica.com/science/molecule
https://www.merriam-webster.com/dictionary/constituent
https://www.britannica.com/science/chemical-energy
https://www.merriam-webster.com/dictionary/constitutes


The First Law Of Thermodynamics

W

Q

W Q

U U Q W

U Q W

U Q

W U

i f U

Uf Ui Q W

U

Q W

dU

see d Q

d W

The Second Law Of Thermodynamics
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https://www.britannica.com/science/kinetic-energy
https://www.britannica.com/science/potential-energy
https://www.britannica.com/science/conservation-of-energy
https://www.britannica.com/science/energy
https://www.britannica.com/science/universe
https://www.britannica.com/science/gas-state-of-matter
https://www.britannica.com/technology/piston-and-cylinder
https://www.britannica.com/science/internal-energy
https://www.britannica.com/science/internal-energy
https://www.merriam-webster.com/dictionary/equilibrium
https://www.merriam-webster.com/dictionary/analogy
https://www.merriam-webster.com/dictionary/incremental
https://www.britannica.com/science/differential-equation
https://www.britannica.com/science/integral-mathematics
https://www.britannica.com/science/second-law-of-thermodynamics
https://www.britannica.com/science/conservation-of-energy


A cyclic transformation whose only final result is to transform heat extracted from a source which

is at the same temperature throughout into work is impossible.

A  cyclic  transformation  whose  only  final  result  is  to  transfer  heat  from  a  body  at  a  given

temperature to a body at a higher temperature is impossible.

Entropy

Entropy and efficiency limits

Q

T S S Q T

R R T

T Q R R

S T T
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https://www.britannica.com/science/perpetual-motion
https://www.merriam-webster.com/dictionary/hypothetical
https://www.britannica.com/biography/William-Thomson-Baron-Kelvin
https://www.britannica.com/biography/Rudolf-Clausius
https://www.britannica.com/science/electricity
https://www.britannica.com/technology/electric-heater
https://www.britannica.com/technology/electric-heater
https://www.britannica.com/science/heat-transfer
https://www.merriam-webster.com/dictionary/entropy
https://www.britannica.com/place/Atlantic-Ocean
https://www.britannica.com/science/entropy-physics
https://www.britannica.com/biography/Rudolf-Clausius
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T T S

Entropy and Life

•

•

•

•

•

•

•

•
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https://www.merriam-webster.com/dictionary/equilibrium


•

•

•

•

•

•

•

•

•

•

•

•

Gibbs Free Energy (G)

Free energy of reaction ( G)


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Standard-state free energy of reaction ( G )



Standard-state conditions





Standard-State Free Energy of Formation ( Gf )





 Endothermic

 Exothermic

 Endergonic

 Exergonic

Summary
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http://www.chem.tamu.edu/class/fyp/stone/tutorialnotefiles/thermo/enthalpy.htm


SPONTANEOUS: G  is negative ( G < 0)

NON-SPONTANEOUS: G is positive ( G  > 0)

Endergonic vs Exergonic

Endergonic Reactions

















Exergonic Reactions














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https://www.thoughtco.com/chemical-reaction-definition-606755
https://www.thoughtco.com/endothermic-reaction-examples-608179
https://www.thoughtco.com/exothermic-reaction-examples-demonstrations-to-try-606692
https://www.thoughtco.com/types-of-chemical-bonds-603984
https://www.thoughtco.com/definition-of-gibbs-free-energy-605869
https://www.thoughtco.com/definition-of-entropy-604458
https://www.thoughtco.com/types-of-chemical-bonds-603984




Notes About the Reactions









can

Perform Simple Endergonic and Exergonic Reactions

Structure of the plasma membrane

Plasma Membrane Definition
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Function of Plasma Membrane

Characteristics of Plasma Membrane

Components of Plasma Membranehttps://biology.tutorvista.com/animal-and-plant-cells/plasma-
membrane.html

Proteins in Plasma Membrane
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https://biology.tutorvista.com/animal-and-plant-cells/plasma-membrane.html
https://biology.tutorvista.com/animal-and-plant-cells/plasma-membrane.html
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Plasma Membrane Structure

Fluid mosaic model

fluid mosaic

model
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 phospholipid

phospholipid bilayer

 Cholesterol





glycoproteins glycolipids
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Phospholipids

amphipathic

Image credit: OpenStax Biology.
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hydrophilic

hydrophobic
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micelle

liposome

Proteins

membra
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Integral membrane proteins

transmembrane proteins

Peripheral  membrane  proteins

Carbohydrates

glycoproteins

glycolipids
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Membrane fluidity

Saturated

Unsaturated





Cholesterol
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https://www.khanacademy.org/science/biology/macromolecules/lipids/a/lipids
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The components of the plasma membrane

Component Location
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Component Location

Diffusion

Facilitated Diffusion
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Active Transport

E. coli

E. coli
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The Na+-glucose secondary transport mechanism
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Friction

friction

Friction

fluid

Figure
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https://www.ck12.org/c/physical-science/solid
https://www.ck12.org/physics/types-of-friction/lesson/Types-of-Friction-MS-PS/


Q

A

Q

A

Figure

fluid

Reducing friction
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https://www.ck12.org/physics/types-of-friction/lesson/Types-of-Friction-MS-PS/
https://www.ck12.org/c/physics/machine
https://www.ck12.org/c/biology/water
https://www.ck12.org/c/physics/resistance


Make the surfaces smoother.

Lubrication lubricant

Make the object more streamlined. streamline

Reduce  the  forces  acting  on  the  surfaces.

Reduce the contact between the surfaces.








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Examples of translatory motion in daily life













Linear motion







Circular motion
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





Random motion

Rotatory motion definition
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



.

Gel Filtration

Principle:
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http://physicsabout.com/simple-harmonic-motion/
http://physicsabout.com/simple-harmonic-motion/


Applications:

ION-EXCHANGE CHROMATOGRAPHY
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General steps for ion exchange chromatographic purification
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1.  Strong acidic cation exchange resins:

2.  Weak acidic cations exchange resins:
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3.  Strong basic anion exchange resins:

4.  Weak basic anion exchange resins:

Techniques of Ion Exchange Chromatography:

1. Preparation of Column

2. Preparation of Ion Exchange

3. Washing of Ion Exchangers
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4. Packing of Column

5. Sample Application

6. Development an Elution of bound ions

7. Analysis of eluate
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AFFINITY CHROMATOGRAPHY

Step 1.

Step 2.
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Step 3.

Step 4.

Applications:


















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HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)

Principle of High Performance Liquid Chromatography (HPLC)
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HPLC Mobile Phase

HPLC Mobile Phase Reservoirs

HPLC Pumps

HPLC Injectors

HPLC Column
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Column Oven

Detector

Data Acquisition & Control

MASS SPECTROMETRY

Mass Spectrometry Process

There are four key stages in the process for Mass Spectrometry.

Ionization

Acceleration

Deflection

Detection
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Stage 1 Ionization

Stage 2 Acceleration
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Stage 3 Deflection

Step 4 Detection
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Applications of Mass Spectrometry










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SPECTROSCOPY

The Mass Spectrometer
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NMR SPECTROSCOPY

NMR Spectroscopy Uses

NMR Spectroscopy Techniques
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Resonant frequency:

Acquisition  of  spectra:

Chemical shift:

FLUORESCENCE SPECTROSCOPY

Introduction
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Instrumentation

Applications








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

ATOMIC ABSORPTION SPECTROSCOPY

Introduction

Light source

Atomizer
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Light separation and detection

ATOMIC EMISSION SPECTROSCOPY
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Atomic Emission Spectroscopy Applications










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INDUCTIVELY COUPLED PLASMA EMISSION SPECTROSCOPY (ICPMS)




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





E = hc/ λ 
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X-RAY DIFFRACTION

2dsinθ = nλ.

Instrumentation - How Does It Work
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METHODS OF FRACTIONATION AND CHARACTERIZATION OF PROTEINS AND

NUCLEIC ACIDS
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1. CELL DISRUPTION:
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2. FRACTIONATION:
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3. CRUDE SAMPLE PREPARATION:

b. Dialysis:
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c. Gel Filtration Chromatography:
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4. PURIFICATION

PROTEIN ESTIMATION:
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Dissociation constant

⇌ ⇌

Dissociation constant of water

⇌ ⇌
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Acid base reactions
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Other applications

pH and pOH power of hydroxide ion concentration
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significant  digits log

values

non

[H3O+] scientific notation pH

vulearninghub.xyz  |  by VU Learning HUB



[H3O+] scientific notation pH
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+/- button 10x button
2nd function inverse log button

pH [H3O+] pOH [OH-]

pH [H3O+] pOH [OH-]

6 x 10-4 2 x 10-11
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6 x 10-9 2 x 10-6

Molecular forces stabilising ligand binding
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Methods for the experimental determination of the binding constant
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Molecular motors

Molecular  motors

tracks molecular motors 

tail domain motor

domain

Cytoskeletal

DNA Motors

Rotatory motors
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Sedimentation

•

•

•

•

•

•

•

•

•

•
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Gravity,  or  gravitation

Buoyancy

buoyant force
Drag 

Reynold’s number

•

•

•

•

•

•

•
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Molecular self-assembly
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•

•

•

•

•

•

•

•

•











•
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•

•

•

•

•

•

•

•

•

•

•

Ion channel
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Encyclopædia Britannica, Inc.

Evolution And Selectivity

Function And Structure
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Toxins And Disease

Bungarus

Role In Research
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https://www.britannica.com/science/pelagic-zone
https://www.britannica.com/science/bacteria
https://www.britannica.com/animal/puffer
https://www.britannica.com/science/nicotinic-acetylcholine-receptor
https://www.britannica.com/science/acetylcholine
https://www.britannica.com/science/receptor-nerve-ending
https://www.merriam-webster.com/dictionary/antagonist
https://www.britannica.com/animal/krait
https://www.britannica.com/science/alkaloid
https://www.britannica.com/science/strychnine
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WHAT IS RADIATION?

ATOMS AND THEIR PARTS
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IONIZING VS NON-IONIZING RADIATION
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HOW IS RADIATION MEASURED?

•

•

•

•
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Dosimeter

Personal dosimeters
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Types

MOSFET dosimete

Radiation protection instruments
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Bio-electromagnetics

•

•
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Luigi Galvani 
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•
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Electrolocation
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• Sharks and rays

•

•

•
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Echolocation in bats
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•
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•

•

•

•

•
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Human echolocation
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Molecular Imaging

•
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Magnetic resonance imaging

Optical imaging

Near Infrared imaging

Single photon emission computed tomography
Positron emission tomography
Probes and the imaging of molecular interactions

Bio-mineralization
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Bioacoustics

•

•
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•

Enzymes

amino acids

maltase
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Maltose  is  made  of  two  glucose  molecules  bonded  together  (1).  The  maltase  enzyme  is  a
protein that is perfectly shaped to accept a maltose molecule and break the bond (2). The two
glucose  molecules  are  released  (3).  A  single  maltase  enzyme  can  break  in  excess  of  1,000

maltose bonds per second, and will only accept maltose molecules.

active site

lactose intolerant

lactase

DNA microarray
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Microarray Technique
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Types of Microarrays

Microarray  Expression
Analysis: 

Microarray  for
Mutation  Analysis: 

Comparative  Genomic  Hybridization: 

Gene  Discovery:

Disease Diagnosis: 
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Drug  Discovery: 
Pharmacogenomics.

Toxicological  Research:
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