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What is biophysics ?

Use of physical methods to investigate biological
phenomena.

» Advanced physical techniques - NMR, X-ray crystallography,
optical spectroscopy, microscopy, calorimeter etc.

» Advanced physical concepts - Computational techniues,
theoretical analysis.
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BIOPHYSICAL THEORY AND MODELING:

» Bacterial Flagellar Microhydrodynamics: Laminar Flow over Complex Flagellar
Filaments, Analog Archimedean Screws and Cylinders, and Its Perturbations

> Mathematical Model of the Spatio-Temporal Dynamics of Second Messengers in V
Transduction

» Molecular Dynamics Simulation of Surfactin Molecules at the Water-Hexane Inte

» A Model of Calcium Waves in Pancreatic and Parotid Acinar Cells

» Concerted Simulations Reveal How Peroxidase Compound ITI Formation Results in
Cellular Oscillations

> Vibrational Frequency Shifts and Relaxation Rates for a Selected Vibrational Mod
in Cytochrome ¢

» Molecular Dynamics Simulation of Bacteriorhodopsin's Photoisomerization Using

Ab Initio Forces for the Excited Chromophore.

Charge Distribution in 7-Methylguanine Regarding Cation- Interaction with Prote

Factor eIF4E

Two-State Folding over a Weak Free-Energy Barrier

Thermodynamics of - and B-Structure Formation in Proteins

Conformational Dynamics of the F,-ATPase -Subunit: A Molecular Dynamics Stud

A Tree-Based Algorithm for Determining the Effects of Solvation on the Structt

of Salivary Gland Tripeptide NH;*-D-PHE-D-GLU-GLY-COO-

Similarity of Force-Induced Unfolding of Apomyoglobin to Its Chemical-Induced

Unfolding: An Atomistic Molecular Dynamics Simulation Approach
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What is Life and how do you define
a living system ?
1. Self sustain

2. Ability to propagate

> Cell is the smallest living system.
> What is Cell

> How does cell function ?

» How does cell propagate ?

1. The Evolution of Cells




(Chemical Evolution)

(prebiotic soup)
- Reducing atmosphere: N,, CO,, H,0, H,, CH,, NH;, H,S
=> amino acids = nucleic acids = proteins = cells

- O, appeared in 2.5 billion years ago :
=> Photosynthesis ( )

Miller - Urey experiment: Subject above compounds in a
right temperatures and lightening conditions to produce:

amino acids (four), urea, HCN and adenine
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(Self Organization)

(Biological Evolution)
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1. Chemical evolution,in which
biopolymers were formed
from small molecules,

/ Electrical
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Self organization, in which
biopalymers developed the
capacity for self-replication

. Biological evolution, in which
primitive living cells generated
sophisticated metabolic systems
and eventually the ability to
form multicelluiar organlsms.




(prokaryotic cells)
(eukaryotic cells)




CELLS
| DISCOVERY:

Bmid-1600’s: Robert Hooke observed “cells” iﬂ cork.

" A. Leeuwenhoek observed “bacteria” In
ke #) pond water

% A3
m1838: M. Schleideﬁ'%oncﬁ:)ded that plants were made
of cells and that the plant embryo arose from a
single cell.

m1839: Sc u{:ann: cells of plants & animals are similar
structures and proposed that:

(i) All organisms are composed of one or more
cells |

(ii) Cell is the structural unit of life
m1855: Virchow demonstrated that

(iii) Cells can arise only by division from a
" preexisting cell




(The Cell Theory) ‘

(organism)

(metabolism) WEEY)




IT. Basic Properties of Cells:

Cells are:
Highly complex and organized.
Possess a genetic program and the means to use it.
Capable of producing more of themselves.
Acquire and utilize energy.
Carry out a variety of chemical reactions.
Engage in numerous mechanical activities.
Able to respond to stimuli.
Capable of self-regulations.

= Immotalized cells (Cell line): Hela cell




Cdl
1. The Evolution of Cedlls

2. Prokaryotes vs. Eukaryotes




. Prokaryotes

VSs.
Eukaryotes

3. Organelles

pucilieriu

Hacteral Aagellum —

H EEIWLALLLTW  LAC VLN jiary s

Note: Organelles are not drawn to scale.

Ribosomes

DA
of nuclenid

Flasma mermbrang P l G nTS

Cef wall

_ Capsule
1a) [ pauclear envelope Ll ik
Mucleus Mucleoplasm — Chiorog
|_ Mucleahs 5
Smocth
Rough Eé‘:ﬂ;l::la:‘l"lﬂ
endoplasmic retculum
reficulum
Cell wall

__ Parosisome

Plasma mambrang Golgi complex

Plasmodesma
Mitochondrian
Vacuale

Ribosomas

Vesicla _

Cylosol

Maxrotubules

Animals

_ Nuclear envelope
YOS50 Hueleoplasm
Ribosomes e
Mitechondrion
MWuckeohs J
(F0MEI compiex
LysnSomse
Smaooth Rough
endaplasmic endopiasmic
reficulum reticulum

Microflamants

__ Peromsome

Plasma mesnbrane __ __ Centriole

Cytosol _ Microtubule

Wesicle



Dirreren pes o0 uman ceils

Merve cells

Loose connective tissue Red blood cells

with fibroblasts

Bone tissue

Smooth muscle
with osteocytes

Stnated muscle cells

Intestinal epithelial cells

Ficure 1.18 Pathwavs of cell differentation. A few of the types of differenti-



Relative sizes of cells
and cell components

Water molecule (44 diameter)

X

1 nmi _

Myoglobin (4.5 nm diameter)

¢
Actin filament g

{6 nm diameter) SETERSEESETRES, —

Ribosome '
{30 nm diameter)

100 nm _|

Cilium J
(250 nm diameter) e

-
Mitochondrion S
(2 gam long) |

10gm
Lymphocyte ;
{12pm diameter] |

Paramecium

—{ (& Hydrogen atom
(14 diameter)

- DNA molecule (2nm wide)
— R Electron

i microscope
, Lipid bilayer
(Snm wide)
L 10nm
¥ HIV
(100 nm diameter)
Li_ght
; microscope
1um : Bacterium
{1 gm fong)
Chloroplast
£ (8 um diametar)

EULLLLE

! "

« | Epithelial cell

|
o ! e (304m height)
*__u\l £

L

vision

(1.5mm long)

- lrnm_.._ .:.:

Frog egg

E  (25mm diameter)



celgiar moilecuiar orgariuZarnion

S OT

Level

microvilli



(prokaryotic cells)
(eukaryotic cells)

(membrane)

DNA
(ribosome)




8 CHAPTER 1 / INTRODUCTION TO THE STUDY OF CELL BIOLOGY

Bacterial flagellum

Mesosome

1 __ Ribosomes

DNA
of nucleoid

s Toplasm

Plasma membrane
Cell wall

Capsule

( 4R 7 %5 39 BE )

?ro Karyﬂffc $

FIGURE 1.9 * The structure of cells. Schematic diagr:
of a “generalized” bacterial (), plant (b), and animal (c)
Note, organelles are not drawn to scale.
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(bacteria)

Carl Woese
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Eubacteria
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The Structure of Prokaryotic Cells:

1. Cell wall: Made of a single "peptidoglycan®.
Gram-positive bacteria: Thick cell wall.
Gram-negative bacteria: Thin cell wall.

2. Plasma Membrane: Lipid bilayer w/protein embedded.

3. Flagellum: Proteins that allow cells to move around.
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(eukaryotic cells)
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LEE 1T = The structure of a eukaryotic cell, The in-
ternal structure varies greatly from one type of cell to an-
other. This particular epithelial cell lines a portion of the
male l"E‘|’JI:l}dllCti.\"E tract in the rat. A number of different or-
ganelles are indicated and depicted in schematic diagrams
around the border of the figure. { Electromn 'ﬂfi'Fl?.';-"E‘t!-II '-1..-

Darend Phallips/Visuals Unitmited.)

endoplasmic

wrdima o

-

T

Plasma
membrane




The Structure of Eukaryotic Cells:

. External framework.

1. Plasma membrane:

fluid mosaic model consists of proteins embedded in lipid
bilayers. The proteins (peripheral or integral) may have protein,
peptide or carbohydrate attached to them.

2. Cytoskeleton:

- Microfilaments: Thre3ads of 3-6 nm thick that are compouna
of two proteins, actin and myosin, and are capable of contractio
- Microtubules: Cylinders of 15-34 nm thick protein, tubulia,
wound in a spiral shape, microtubules radiate outward from a
central region in the interior of the cell in three dimension.
Microtubules are not stable components, but constantly
undergoing assembly and disassembly.




M embranes

Biological membranes are organized assemblies of lipids and
proteins with small amounts of carbohydrates.

Y et they are not barriers to the passage of materials.
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IT. Internal Components:

(1). Endoplasmic Reticulum (ER)

The extensive system of internal membranes that exists
within the cells of eukaryotic cells.

Provide channels through the interior of the cell
(Rough ER).
2. Provides a site for enzymes.
(Membrane proteins, smooth ER).
3. Creates subcompartment within the cell
[Fusion of m.b. to form various cisternae (Vesicles)].
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vesicle derived from ER, which contains
the cell’'s hereditary apparatus and isolates it from the rest
of the cell. It composes of:

The Nuclear envelope: An encircling system of double

membrane which defines the boundary of the nucleus.
- Nculear pores: Shallow depressions on the envelope

(50-80 nm apart), embedded with protein channels for

passage of proteins and RNAs.
2. The nucleoplasm: The cell substance enclosed by thenuclear

envelope (contains no ribosomesome)

3. Chromosomes: The DNA of eukaryotic cells are fragmented into
several segments, each complexed with proteins.

- Chromosomes of eukaryotic cells can be condensed into compact rods
for ready movement during cell division and later unraveled and can
no longer be distinguished individually with a light microscope.

4. Nucleolus: A dark region in the nucleus where very active rRNA
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e Golgi Complex (Aparatus) :

A collection of Golgi bodies which are flattened stacks of
membrane derived from E.R.

- Function in the collection, packaging, and distribution of molecules
synthesized elsewhere in the cell (Cell delivery system).

Advantages:

- They provide exist for the cells.

- They facilitate growth of the cell

- They isolate certain enzymes within cacs (microbodies).

(4) Microbodies:

(1). Lysosomes: Vesicles that contain in a concentrates
mixture digestive enzymes of the cell.
(lipases, proteases, lysozymes, nucleases)

(2). Peroxisome: Vesicles containing oxidative enzymes.

(3). Glyoxysomes: Vesicles containing enzymes for converting




(Lysosome)




ymbions:

(1). Mitochondria Microbodies (Not derived from ER):

1. Long tubular shape of 1-3 microns.

2. Bounded by two membrane, the outer m.b. is similar to
plasma m.b., the inner m.b. folds into lamellae which
partition the mitochondria into “Cristae’,

3. Mitochondria is cell "Power plant” and is the site of aerobic
respiration (Oxidative phosphorylation) to produce ATP.

4. It maintains a circular DNA, encoding proteins and small RN4

and robosomal components for producing essential proteins.

5. Mitochondria is capable of undergo division to produce new

mictochondria. Most of the components required to assemble
a new mitochondria are encoded as genes within the
eukaryotic nucleus.

(2). Chloroplasts ( ): The plant equivalent of mitochondria.
It contains chlorophyl ( ).
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A comparison of prokaryoTic and tukaryoTic Cells:

(1). Features held in common by the two types of cell:

. Plasma membrnane of similar construction.

. Genetic information encoded in DNA using identical genetic
code.

. Similar mechanisms for transcription and translation of
genetic information, including similar ribosomes.

. Shared apparatus for conservation of chemical energy as
ATP (located in plasma membrane of prokaryotes and the
mitochondria membrane of eukaryotes).

. Similar mechanism for synthesizing and inserting membrane
proteins.

. Proteosomes (protein digesting structures) of similar
construction (between archaebacteria and eukaryotes)
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. Division of cells into nucleus and cytoplasm, separated by a
nuclear envelope containing complex pore structures.
. Complex chromosomes composed of DNA and associated
proteins that are capable of compacting into mitotic structure
. Complex membraneous cytoplasmic organelles (includes
endoplasmic reticulum, Golgi complex ..... Etc).
4. Specialized cytoplasmic organelles for aerobic respiration
(mitochondria) and photosynthesis (Chloroplasts).
5. Complex cytoskeletal system.
6. Complex flagella and cilia.
7. Capable of ingesting fluid and particulate material by enclosu
within plasma membrane vesicles (endocytosis and phagocytosi
8. Cellulose-containing fluid walls (in plant).
9. Cell division utilizing a microtubule-containing mitotic spindle
that separate chromosomes.
10. Presence of two copies of genes per cell (diploidy), one
from each parent.
11. Sexual reproduction requiring meiotic and fertilization.




reproduce by themselves unless present within the host cells,
which, depending on the specific virus, may be a plant, animal
Or bacteriz cells.

1. Outside the cell viruses exist as “virions”.

. Virions contain a small amount of genetic material which can be DNA
(single or double stranded) or RNA.

. The virion DNA or RNA may code for few to few hundreds of proteins.

. The genetic material is surrounded by a protein capsule, or “capsid”,
which is generally made up of a specificc number of subunits organized
intfo a polyhedron.

. Virions are molecular aggregates which by themselves are unable to
reproduce, metobolize or carry out activities associated with life.

. Most virus infect only specific types of hosts.

. Modes of infections: (i) Taken over the host cell machinery leading to
the death of host cell: (ii) Insert its DNA into host cell chromosomal
DNA to become provius.

Viroid: The simplest pathogents consisting of small circular RNA molecul
that totally lack a protein coat.
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FIGURE 1.21 = Virus diversity. The structures of (a) an adenovigus, (b) a human
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