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Types of cells

Prokaryotes: Cells without nuclei (“bacteria™)

» Very little internal compartmentalization, e.g. no
mitochondria

» Typically very small, 1-2 um long

» Prokaryotes are not monophylletic: the archaea
are more closely related to eukaryotes than to
the eubacteria (true bacteria)

Eukaryotes: Cells with a nucleus, which contains their DNA

» Have many other compartments, including (but
not limited to) mitochondria, peroxisomes,
lysosomes, Golgi complex, endoplasmic reticulum

» Plant cells have additional compartments,
including chloroplasts and glyoxysomes

» Relatively large, with diameters of 5-100 ym



FEukaryotic cells

Source: BIODIDAC database
(http://biodidac.bio.uottawa.ca)


http://biodidac.bio.uottawa.ca

Membranes

» While the nucleus is the defining feature of eukaryotes,
perhaps their most important feature is the very large
membrane area within the cell.

» Some reactions can occur in solution, but many reactions
have to be carried out on membranes, or in compartments
isolated from the rest of the cell.

» Transport across membranes is therefore also critical to
eukaryotic function.



The cytoplasm

Everything outside the nucleus and inside the cell membrane
Includes all the organelles except the nucleus

The fluid phase outside the organelles is called the cytosol,
although the words cytoplasm and cytosol are often used
interchangeably.

The cytosol is the site of a great variety of biochemical
reactions, including protein synthesis (translation).

The cytosol is sometimes described as an aqueous phase,
although it is extremely viscous (about six times the viscosity
of water, similar to the viscosity of vegetable oil) due to the
high concentration of macromolecular solutes.



The nucleus

Separated from the main compartment of the cell (cytoplasm)
by a nuclear envelope which contains some pores

Contains most of the cell's DNA

Site of transcription: the mirror-image “copying” of DNA into
RNA

Site of post-transcriptional modification of RNA, including
splicing
» A eukaryotic gene is typically made up of an alternation of
expressed sequences (exons) and intervening sequences
(introns).
» The introns are cut out and the exons reassembled by the

splicing machinery, yielding a mature transcript or messenger
RNA (mRNA).



Mitochondria
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Mammalian lung mitochondria

Source: Louisa Howard, public domain image
(http://en.wikipedia.org/wiki/File:
Mitochondria, mammalian_lung_-_TEM. jpg)


http://en.wikipedia.org/wiki/File:Mitochondria,_mammalian_lung_-_TEM.jpg
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Mitochondria

Singular: mitochondrion
Major energy-production sites of cell
» Produce ATP from glucose by oxidation
Most cells have many mitochondria;
exact number very variable from one type of cell to another,
even within the same organism
Have some of their own DNA, along with the machinery to
transcribe and translate the mitochondrial genes



Chloroplasts

Source: Cell Centered Database http:
//ccdb.ucsd.edu/sand/main?mpid=3411&event=displayRaw
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Chloroplasts

Contains a light-harvesting pigment (chlorophyll)

Energy used to generate ATP

ATP used to power synthesis of carbohydrates (sugars and
starch)

Photosynthetic tissues (e.g. leaves) generally have many
chloroplasts

Have some of their own DNA, along with the machinery to
transcribe and translate these genes



The cytoskeleton

» Eukaryotes also have rigid but dynamic structures mainly
made of actin and of microtubules, collectively known as the
cytoskeleton.

» Cytoskeletal elements are continually created (by
polymerization) and destroyed (by depolymerization); the
balance between these two processes at any point in the cell
determines whether the cytoskeleton grows in a certain
direction or retracts from it.

» Functions:

» Gives the cell its shape

Cell locomotion

Positioning of organelles in the cell

Cytokinesis (final stage of mitosis)

Tracks for transport of cargos around cell
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Diffusion

Stokes-Einstein formula:

_ ksT
- 67Rn

where kg is Boltzmann's constant, T is the temperature, R is
an effective radius of the solute, and 7 is the viscosity of the
solvent.

oD x 1

n

For small molecules in water, D ~ 10~° m2/s
.. in cytoplasm, D ~ 10710 m?/s.
For macromolecules in water, D can be as small as
10711 m2 /s,
.. D for (free) macromolecules in cytoplasm may be as small
as 10712 m?/s.



Diffusion

» Consider the Einstein formula for the mean squared
displacement of a diffusing particle along a particular direction:

Xrms = V2Dt

where D is the diffusion coefficient of a substance in a
particular medium and t is the time.

» If L is a characteristic length scale for a compartment, then
L2
t H = —_—
m2D

defines a characteristic mixing time by diffusion.



Characteristic mixing times in cytoplasm

tmix/s

Cell type L/m  Small molecule Macromolecule

Prokaryote 107° 1072 1
Eukaryote  107° 1 100



Implications for modeling

Can treat bacteria as well mixed provided we are interested in
processes on time scales > 1s

Important to consider compartmentation in eukaryotes

Can treat cytosol as well mixed by diffusion provided we are
interested in processes on time scales > 100s

Active transport of cargos by cytoskeleton may make diffusion
less relevant to some processes in eukaryotes



Material from the Cell Centered Database is subject to the

following terms and conditions:

Copyright 2002-2007, The Regents of the University of California. All Rights Reserved. Permission to use, copy,
modify, and distribute any part of the Cell Centered Database (CCDB) website for educational, research, and
non-profit purposes, without fee, and without a written agreement is hereby granted, provided that the above
copyright notice, this paragraph, and the following three paragraphs appear in all copies.

Those desiring to incorporate this CCDB website into commercial products or use for commercial purposes should
contact Dr. Maryann Martone at 858-822-0745 and Technology Transfer and Intellectual Property Services,
University of California, San Diego, 9500 Gilman Drive, La Jolla, CA 92093-0910, Phone: (857) 534-5815, Fax:
(858) 534-7345, email: inventQucsd.edu.

In no event shall the University of California be liable to any party for direct, indirect, special, incidental, or
consequential damages, including lost profits, arising out of the use of this CCDB website, even if the University of
California has been advised of the possibility of such damage.

The CCDB website provided herein is on an “as is” basis, and the University of California has no obligation to
provide maintenance, support, updates, enhancements, or modifications. The University of California makes no
representations and extends no warranties of any kind, either implied or express, including, but not limited to, the
implied warranties of merchantability or fitness for a particular purpose, or that the use of the CCDB website will
not infringe any patent, trademark, or other rights.
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